
ORIGINAL ARTICLE

Thiopurines Dosed to a Therapeutic 6-Thioguanine Level in
Combination with Adalimumab Are More Effective Than
Subtherapeutic Thiopurine-based Combination Therapy or
Adalimumab Monotherapy During Induction and Maintenance in
Patients with Long-standing Crohn’s Disease
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Background: The benefit of concomitant immunomodulation with adalimumab (ADA) in Crohn’s disease is poorly understood. We aimed to compare
ADA monotherapy with combination therapy with thiopurines, stratified by thioguanine nucleotides (TGNs).

Methods: Retrospective observational study of ADA induction and maintenance. Thiopurines were classified according to TGNs (.235 pmol/8 · 108

red blood cell therapeutic).

Results: At induction, response was more frequent in combination than ADA monotherapy (83% versus 61%, P ¼ 0.02) and with therapeutic compared
with subtherapeutic TGNs (87% versus 70% P ¼ 0.011). Among 280 maintenance semesters in 91 patients, remission was higher with combination than
monotherapy (81% versus 60%, P , 0.0001) and therapeutic versus subtherapeutic TGNs (85% versus 58%, P ¼ 0.004). Therapeutic TGN (odds ratio
[OR] 4.32, 95% CI, 1.41–13.29, P ¼ 0.01) and albumin (OR 1.09, 95% CI, 1.01–1.18, P ¼ 0.03) were predictors of response to induction. Therapeutic
TGN (OR 3.71, 95% CI, 1.87–7.34, P , 0.0001) and ileal disease (OR 0.21, 95% CI, 0.08–0.57, P ¼ 0.002) were predictors of remission semesters.
Concomitant immunomodulation at induction was associated with longer time to failure (69 versus 36 months, P ¼ 0.009). Therapeutic TGN at induction
(P ¼ 0.03) and male sex (P ¼ 0.026) were associated with time to failure.

Conclusions: Combination therapy was superior to ADAmonotherapy for induction and during maintenance. This benefit was increased further when thiopurines
resulted in therapeutic TGNs. Early use of adequately dosed thiopurines ($3 months before starting ADA) was associated with improved clinical outcomes.

(Inflamm Bowel Dis 2017;23:1555–1565)
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A dalimumab (ADA, Humira; Abbott Laboratories, Abbott
Park, IL), a fully humanized monoclonal IgG antibody

directed against tumor necrosis factor (TNF) alpha, is effective

at inducing and maintaining remission in patients with moderate-
to-severe Crohn’s disease.1–5 However, a proportion of patients
fail to respond to ADA. Of those who do respond, approximately
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30% lose response by 12 months, with a further 10% losing
response annually thereafter.5–7 Accordingly, there is a need to
understand whether there are factors that are associated with
response and loss of response to improve outcomes.

Immunogenicity is a well-recognized mechanism implicated
in ADA failure.8 Antibodies to ADA have been shown to influence
the pharmacokinetics of ADA, leading to increased drug clearance
and lower ADA levels.9 The use of concomitant immunomodulation
(CIM) with anti-TNF agents decreases antidrug antibody
formation.10–12 In the case of infliximab (IFX), combination therapy
is superior to monotherapy both for patients with Crohn’s disease
and those with ulcerative colitis.11–13 However, there is less
evidence for a similar effect with ADA. A recently published pro-
spective open-label study of 176 treatment-naive patients with
moderate-to-severe Crohn’s disease randomized to ADA monother-
apy compared with combination therapy with azathioprine (AZA)
found no difference in rates of clinical remission at week 26.14

Furthermore, there were no differences in the proportion of patients
meeting the primary endpoint when patients were stratified accord-
ing to week 12 thioguanine nucleotide (TGN) threshold of 250
pmol/8 · 108 red blood cell (RBC) (P ¼ 0.13). However, they
found significantly higher endoscopic remission at week 26 in the
combination group, indicating likely benefit of combination therapy.
Further evidence regarding the need for CIM when using ADA is
based on subanalysis of randomized controlled trials and retrospec-
tive studies.8,15 The results of these studies are conflicting, suggest-
ing that further data would be of use. Studies assessing whether the
intensity of CIM (in the case of thiopurines measured using 6-
thioguanine nucleotide metabolites [TGN]) is of importance are
lacking, an area recently addressed in 2 IFX-treated cohorts.16,17

The aim of this study was, therefore, to investigate the
influence of CIM on clinical outcomes in a well-characterized and
prospectively assessed cohort of Crohn’s disease patients treated
with ADA. In addition, we aimed to assess whether therapeutic
TGN concentrations were associated with improved outcomes
compared with subtherapeutic TGNs in patients on thiopurine
combination therapy.

METHODS

Study Design
We performed a retrospective single-center cohort study of

consecutive patients with moderate-to-severe Crohn’s disease,
who commenced ADA at Guy’s and St. Thomas’ Inflammatory
Bowel Disease Centre between January 2006 and June 2013.

Study Population
The diagnosis of Crohn’s disease was based on standard

endoscopic, histological, and radiological criteria.18 Only patients
who commenced ADA at our center were included. Data were
collected prospectively from January 2009 through our Virtual
Biologic Clinic which has been described previously.19 Within
this setting, patients are reviewed before commencing ADA and

subsequently every 3 to 6 months, unless indicated earlier. All
other data were retrieved from the electronic patient record.

Thiopurines (AZA, mercaptopurine, and thioguanine) or
methotrexate (MTX) was commenced at the treating physician’s
discretion. AZA and mercaptopurine were initially dosed according
to body weight (2–2.5 mg/kg AZA, 1–1.5 mg/kg mercaptopurine)
after measurement of thiopurine-S-methyltransferase activity20–22

with dose reduction by 50% in thiopurine-S-methyltransferase het-
erozygotes.23 We routinely measure thiopurine metabolites in all
patients (TGN and methylated metabolites)24 4 weeks after starting
therapy to guide dose adjustment; a TGN of 230 to 450 pmol/8 ·
108 RBC is considered therapeutic.25 Patients with subtherapeutic
TGNs, evidence of hepatotoxicity or intolerance in conjunction
with a metabolite profile consistent with hypermethylation (defined
as methylated metabolites to TGN ratio . 11:1), were changed to
allopurinol 100 mg coprescription with thiopurine dose reduction to
25% to 33% of the original dose.26 During maintenance, TGNs are
routinely performed in patients every 6 to 12 months. MTX was
dosed at 15 to 25 mg weekly orally with folic acid supplementa-
tion27 and thioguanine at 20 to 40 mg daily.

Biologics were started as a step-up therapy in patients who
either failed or intolerant of immunomodulators. ADA was
initiated as the first-line biologic or after failure of IFX. All
patients initiated ADA at standard induction dosing (160/80 mg
weeks 0 and 2), followed by maintenance (40 mg every other
week). In those with an incomplete response after induction or
secondary loss of response, ADA was intensified to 40 mg each
week. Dose reduction back to 40 mg every other week was
considered after attainment of remission, based on a combination
of clinical, biochemical, endoscopic, and radiological parameters.

Assessment of Response—Induction
Response to induction was assessed at 12 weeks by physician

global assessment after consideration of clinical activity
(Harvey–Bradshaw Index28 [HBI]), biomarkers (C-reactive protein,
[CRP], fecal calprotectin), and imaging or endoscopy, where avail-
able. HBI of ,4, CRP , 5 mg/L, and calprotectin ,50 mg/g were
considered as markers of response. Patient response was assessed
and documented by at least 2 or more experienced inflammatory
bowel disease physicians after considering all available parameters.

Patients maintained on a stable dose of immunomodulator
$3 months before ADA induction and who continued for a $6
months after induction were defined as CIM at induction. All
other patients were classified as not being on CIM at induction.
Patients taking thiopurines were further classified according to
TGN levels; . 235 was considered therapeutic.

Assessment of Response—Maintenance
Beginning after the first 12 months of treatment, patients

were assessed for long-term clinical response, per 6-monthly
semesters. Semesters with $3 months of CIM therapy were con-
sidered CIM semesters. Patients on thiopurines were again strat-
ified according to TGNs measured from each semester, where
available. Semesters were classified per one of 3 definitions:
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Flare semester: active clinical disease resulting in treatment
intensification (ADA dose escalation, new corticosteroids, or
addition of CIM), hospital admission due to active Crohn’s dis-
ease, new perianal disease or Crohn’s disease-related surgery not
leading to ADA withdrawal.

Remission semester: semester without a flare either on
every other week or weekly dosing.

Failure semester: Failure, defined as withdrawal of ADA due
to primary nonresponse, secondary loss of response despite dose inten-
sification, or due to development of adverse effects or complications.

Factors Associated with Clinical Response
Covariates that were assessed for response to induction,

ADA failure, dose intensification, and semester outcomes
included sex, disease duration, age at diagnosis, disease location
and behavior as per Montreal classification,29 smoking status,
weight, previous anti-TNF exposure, previous surgery, CIM $3
months before starting therapy, CIM status during semester, and
CRP and HBI at commencing ADA. Interactions between weight
and need for ADA dose intensification were also explored.

Statistical Analysis
Categorical variables are presented as number and percentage,

and quantitative data as mean with standard deviation or median
with interquartile range, as appropriate. Between-group comparisons
were performed using Pearson’s Chi-squared, independent sample t
test, or Mann–Whitney U test. Multivariate analysis was performed
using Cox regression for time to failure and binary logistic regres-
sion for factors associated with induction outcome, dose escalation,
and semesters of remission. Covariates identified a priori with P ,
0.1 on univariate analysis were entered into a multivariate backward
stepwise model. Variables with P , 0.05 were retained in the final
model and reported as adjusted hazard ratios (HRs) in the Cox
regression and odds ratios (ORs) in logistic regression with 95%
confidence intervals (CIs). Time to ADA failure was calculated
using Kaplan–Meir survival analysis, and comparisons between
groups were made using the log-rank test. Two-sided P values
,0.05 were considered significant. Statistical analyses were carried
out using SPSS v23.0 (SPSS Inc., Chicago, IL).

Ethical Consideration
According to the guidelines of the U.K. Health Research

Authority, as the data collected were done so as part of routine
clinical care and were evaluated retrospectively, ethical approval
was not required.30

RESULTS

Patient Characteristics
One hundred fifty-six patients commenced ADA between

January 2006 and June 2013; 123 met inclusion criteria for the
induction analysis (Fig. 1). Patient characteristics are shown in
Table 1. CIM was prescribed for $3 months before starting ADA

in 77/123 (63%); thiopurines were used in 67/77, MTX in 6, thio-
guanine in 3, and mycophenolate mofetil in 1. Fifty-seven percent
and 59% of patients had previously been exposed to anti-TNF in the
CIM and no-CIM cohorts, respectively. No significant differences in
baseline CRP, (P ¼ 0.49), albumin (P ¼ 0.19), or HBI (P ¼ 0.052)
were observed between CIM and no-CIM groups. Follow-up was
similar in both groups (20 versus 22 months, P ¼ 0.4).

A total of 280 semesters among 91 patients were available for
the maintenance analysis; 201 (72%) were classified as CIM semesters
(143 with immunomodulators$3 months before starting ADA versus
58 who were not) compared with 79 (28%) ADA monotherapy se-
mesters (20 in patients treated with immunomodulators $3 months
before starting ADA versus 59 who were not) (P , 0.001). Thiopur-
ines were used in 84% of semesters, of these TGNs were available in
92%; 135 (88%) were therapeutic and 19 (12%) were subtherapeutic.

Primary Response
Complete response was seen in 92/123 (75%) at week 12;

the mean CRP improved from 18.8 to 4.4 mg/L and the HBI from
7.5 to 1.6 (see Table, Supplemental Digital Content 1a, http://links.
lww.com/IBD/B547). Among complete responders’ clinical remis-
sion with HBI#4 was seen among 92% and biochemical remission
with CRP normalization (,5 mg/L) in 84%. A total of 76.5%
achieved both clinical and biochemical remission (see Table, Sup-
plemental Digital Content 1b, http://links.lww.com/IBD/B547).
The rate of primary nonresponse was significantly lower among
patients treated with CIM (12% versus 30%, P ¼ 0.02) (Fig. 2). In
addition, complete response was also higher among those treated
with CIM compared with those not treated with CIM (83% versus
61%, P ¼ 0.02).

Most (97%) patients treated with thiopurines had TGNs
measured before starting ADA; 16% were subtherapeutic.
Response to induction was seen in 48 (87%), 7 (70%), and 28
(61%) of those with therapeutic TGNs, subtherapeutic TGNs, and
no-CIM, respectively (P ¼ 0.011) (Fig. 3).

FIGURE 1. Flow diagram of patient recruitment.
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In univariate analysis, CIM use at induction and serum
albumin were significantly associated with response at week 12
(Table 2). On multivariate analysis, therapeutic TGN levels (OR
4.32, 95% CI, 1.41–13.29, P ¼ 0.01) and albumin level (OR 1.09,
95% CI, 1.01–1.18, P ¼ 0.03) were independent predictors of
response to induction (Table 2).

Semester Analysis
Of 280 semesters, every other week dosing was observed in

200 (72%) and weekly in 80 (29%). A similar proportion of CIM
and non-CIM semesters were observed in each dosing regimen
(every other week 74 versus weekly 68%, P ¼ 0.31). More CIM

TABLE 1. Baseline Characteristics at Adalimumab (ADA) Initiation (n ¼ 123)

Characteristics CIM (n ¼ 77) No-CIM (n ¼ 46) P

Male, n (%) 40 (51.9) 25 (54.3) 0.79

Age at diagnosis, median (IQR) 21 (17–28) 22 (18–29) 0.32
Disease duration years, median (IQR) 11 (4.5–16) 9 (3.5–17.2) 0.46

Location L1:L2:L3 (%) 15.6:19.5:64.9 10.9:28.3:60.9 0.46

Upper GI involvement (%) 16.9 19.6 0.71

Behavior B1:B2:B3 (%) 36.4:44.2:19.4 37.0:43.5:19.5 0.99

Perianal disease (%) 31.2 41.3 0.25

EIM (%) 19.7 21.7 0.79

Weight (kg), median (IQR) 66.0 (54.4–78.9) 69.5 (59.5–83.5) 0.35

Current smoker (%) 10.6 22.0 0.28
Family history (no:first deg:other) (%) 90.3:6.5:3.2 84.6:12.8:2.6 0.54

Previous surgery, n (%) 41 (53.2) 18 (39.1) 0.13

Perianal surgery, n (%) 13 (16.9) 7 (15.2) 0.81

Steroids at ADA induction (%) 19.5 41.3 0.01

5-ASA (%) 6.5 17.4 0.06

Previous anti-TNF exposure (%) 55.8 58.7 0.76

IFX/ADA/both (%) 50.0; 2.6; 3.9 45.7; 2.2; 10.9 0.52

CRP (mg/L), mean (SD) 20.7 (28.5) 25.1 (30.3) 0.49
Albumin (g/L), mean (SD) 42.3 (6.6) 42.0 (4.1) 0.20

HBI, mean (SD) 7.1 (4.4) 9.0 (4.5) 0.05

EIM, extraintestinal manifestation; IQR, interquartile range.

FIGURE 2. Clinical response after induction comparing concomitant
immunomodulation to adalimumab monotherapy. Complete
response to induction was observed more frequently in patients
treated with ADA and CIM compared with ADA monotherapy (83.1%
versus 60.9%, P ¼ 0.02).

FIGURE 3. Clinical response after induction stratified by TGN and ADA
monotherapy. Complete response was observed more frequently in
patients with therapeutic TGN versus subtherapeutic TGN versus ADA
monotherapy (87.3% versus 70.0% versus 60.9%, P ¼ 0.011).
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semesters were classified as remission compared with non-CIM
semesters (81% versus 60%, P , 0.0001, Fig. 3). Considering
CIM semesters, patients with therapeutic TGNs were more likely
to be in remission compared with those with subtherapeutic TGNs
(86% versus 58%, P ¼ 0.004) (Fig. 4).

In univariate analysis, ileal location (P ¼ 0.001), extrain-
testinal manifestations of disease (P ¼ 0.03), and semesters with
therapeutic TGNs (P , 0.0001) were associated with remission
(Table 3). These covariates remained significant after multivariate
analysis (ileal disease location: OR 0.21, 95% CI, 0.08–0.57, P ¼
0.002, therapeutic TGN: OR 3.71, 95% CI, 1.87–7.34, P ,
0.0001).

Factors Associated with ADA Failure
Thirty-five of 123 (29%) ceased ADA during the study; 5/

35 withdrew because of sustained clinical remission. A further 2/
35 prescribed ADA to downstage inflammation preoperatively
were not continued postoperatively. Hence, 28 patients were
subsequently analyzed with regard to ADA failure. The mean
time to failure was 58 months (95% CI, 50.5–66.3). CIM $3
months before ADA was associated with longer time to failure

compared with those not treated with CIM (68.5 versus 35.7
months, P ¼ 0.009log rank) (Fig. 5).

On univariate analysis, male sex (P ¼ 0.033) and therapeu-
tic TGN (P ¼ 0.03) were associated with time to failure (Table 4).
Therapeutic TGN $3 months before ADA (HR 0.37, 95% CI,
0.15–0.89, P ¼ 0.026) and male sex (HR 0.39, 95% CI,
0.17–0.91, P ¼ 0.028) were independently associated with time
to failure on Cox regression analysis. Dose escalation did not
predict subsequent ADA failure (P ¼ 0.20). CIM $3 months
before ADA was independently associated with time to failure
(HR 0.37, 95% CI, 0.17–0.81, P ¼ 0.012).

Dose Escalation and Factors Associated with
Dose Escalation

ADA was escalated to weekly dosing in 34/123 (28%)
patients. The mean time to dose escalation was 12.5 months (SD
8.7). All baseline characteristics were considered for univariate
analysis (see Table, Supplemental Digital Content 2, http://links.
lww.com/IBD/B548). On multivariate analysis CIM $3 months
before starting ADA was not associated with time to dose esca-
lation (HR 0.55, 95% CI, 0.28–1.09, P ¼ 0.088). Baseline CRP

TABLE 2. Univariate and Multivariate Predictors of Response at Week 12

Covariant

Univariate Multivariate

OR (95% CI) P OR (95% CI) P

Sex 0.51 (0.20–1.28) 0.15

Age at diagnosis 1.02 (0.97–1.08) 0.46

Disease duration at start of ADA 1.00 (0.95–1.05) 0.99
Montreal location (reference L3)

L1 0.65 (0.18–2.31) 0.51

L2 0.73 (0.25–2.16) 0.57

Montreal location L4 1.04 (0.32–3.43) 0.94

Montreal behavior (reference B3)

B1 1.22 (0.35–4.23) 0.76

B2 1.16 (0.35–3.85) 0.81

EIM 1.91 (0.52–7.00) 0.33
Weight (kg) 1.02 (0.98–1.05) 0.31

Current smoker 0.83 (0.45–1.54) 0.55

Family history of IBD 1.39 (0.36–5.33) 0.63

Previous bowel resection 1.01 (0.41–2.49) 0.98

Exposure to anti-TNF 1.02 (0.41–2.54) 0.97

Steroids at induction 0.66 (0.25–1.73) 0.39

5-ASA at induction 0.74 (0.19–2.94) 0.67

CIM (reference no-CIM)
Subtherapeutic TGN 3.94 (0.45–34.12) 0.21 3.36 (0.38–29.79) 0.28

Therapeutic TGN 3.57 (1.24–10.26) 0.18 4.32 (1.41–13.29) 0.01

CRP at induction 0.99 (0.98–1.00) 0.09 Removed 0.35

Albumin at induction 1.08 (1.01–1.17) 0.03 1.09 (1.01–1.18) 0.03

HBI at induction 0.95 (0.86–1.05) 0.95

5-ASA, 5-aminosalicylic acid; EIM, extraintestinal manifestation; IBD, inflammatory bowel disease.
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(HR 1.01, 95% CI, 1.001–1.024, P ¼ 0.035) and 5-aminosalicylic
acid treatment at ADA initiation (HR 3.97, 95% CI, 1.68–9.40,
P ¼ 0.002) were significant independent predictors associated
with time to dose escalation on multivariate analysis.

Adverse Events
Serious adverse events occurred in 5 patients during the

study. Two malignancies occurred; metastatic breast cancer
after 19 months of combination treatment with thioguanine and
ADA and transitional cell carcinoma of the bladder after 27
months of ADA monotherapy. A 25-year-old male treated with
thioguanine and ADA developed primary EBV infection and
recovered after discontinuing both drugs. Two patients devel-
oped intraabdominal sepsis, 4 and 10 months into treatment;
one was on ADA monotherapy, and the other on combination
therapy with AZA.

DISCUSSION
We have demonstrated that in patients with Crohn’s disease

starting ADA, combination therapy with an immunomodulator
was associated with higher rates of clinical response after induc-
tion compared with ADA monotherapy and observed lower rates
of subsequent ADA failure. During maintenance, combination
therapy was associated with a decrease in the proportion of flare
semesters. We assessed the relationship of thiopurines stratified
according to TGN levels, not previously reported in the literature,
and found that subtherapeutic TGNs at induction and during
maintenance therapy were associated with worse clinical

outcomes and an increased risk of ADA failure compared with
patients with therapeutic TGNs.

The situation regarding combination therapy in patients
taking IFX has been studied extensively. In a retrospective
analysis of 584 semesters among 121 patients with inflammatory
bowel disease, Sokol et al found a significantly decreased
incidence of flares (32% versus 19%), perianal complications
(12% versus 4%), and mean CRP (11% versus 9%) in those
treated with combination therapy compared with IFX monother-
apy.31 Many of the patients in this cohort started IFX on failure of
immunomodulator therapy and continued CIM after initiating
IFX, suggesting that there is a benefit of combination therapy in
all patients starting IFX, not just those naive to immunomodula-
tors. This has also been supported by a recent meta-analyses of
patient-level data in the biological registration trials.32 In addition,
combination therapy has been shown to improve rates of deep
remission (defined as clinical remission together with normaliza-
tion of CRP and mucosal healing), compared with IFX monother-
apy in patients who were previously naive to both drugs (65%
versus 25%, P ¼ 0.037).17

Although the benefits of combination therapy with IFX
seem robust, evidence to support the same benefit with ADA is
relatively sparse. The same meta-analysis of randomized con-
trolled trials demonstrating a benefit of combination therapy in
induction of clinical remission at 6 months with IFX found no
such association for combination therapy with ADA (OR 0.88,
95% CI, 0.58–1.35).32 A recent prospective study randomizing
treatment-naive patients with moderate-to-severe Crohn’s disease
to either ADA monotherapy or combination therapy with a thio-
purine found no difference in clinical remission at week 26
between the 2 treatment arms (72% versus 68%) although an
improvement in endoscopic activity at week 26 and higher
ADA trough levels were observed in those treated with combina-
tion therapy.14

Conversely, a recent meta-analysis among patients with
Crohn’s disease found that ADA monotherapy was slightly infe-
rior to combination therapy for induction of remission (OR 0.78,
95% CI, 0.64–0.96, P ¼ 0.02) although no such benefit was seen
for maintenance of clinical remission (OR 1.08, 95% CI,
0.79–1.48, P ¼ 0.48) nor was combination therapy superior to
monotherapy in terms of need for dose escalation (OR 1.13, 95%
CI, 0.69–1.85, P ¼ 0.62).33

Our study builds on previously published open data. A
retrospective study from 2 large centers described 207 patients
with Crohn’s disease and found that CIM maintained for 3 months
or more within 6 months of initiating ADA was associated with
a lower risk of ADA failure and fewer flare semesters during
maintenance.15 CIM was not, however, associated with improved
rates of response to induction therapy nor was ongoing CIM
associated with fewer semesters of flare nor with a lower risk of
ADA failure. Semesters in which ADA was dosed weekly, rather
than every other week, were classified as flares, even if the patient
remained well during the semester, which may have influenced
these results. It is recognized that secondary loss of response

FIGURE 4. Association between semester outcomes overall and ac-
cording to CIM and TGN status.
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occurs in a significant proportion of patients during ADA main-
tenance, and that dose escalation can recapture response in many.6

It is possible to argue that patients who regain response on dose
escalation and remain well on weekly dosing are, therefore, not
treatment failures but, rather, represent a subgroup of patients who
require higher dosing to achieve therapeutic drug levels to main-
tain remission.34 In the current study, therefore, a semester requir-
ing dose escalation was classified as a flare; subsequent semesters
were classified according to clinical status and were not automat-
ically recorded as flare semesters based on the need for weekly
dosing. Interestingly, dose escalation was not associated with time
to failure, supporting our study design.

For the first time, we report the association between
adequate dosing of thiopurines (TGN . 235 pmol/8 · 108

RBC) and clinical response. We found significantly higher
response rates in patients with therapeutic compared with sub-
therapeutic TGNs at both induction (88% versus 70%) and during

maintenance (85% versus 58%). In this regard, data are beginning
to emerge demonstrating that the intensity of CIM influences the
pharmacokinetics of anti-TNF therapy and subsequent clinical
outcomes. A Dutch group found that MTX reduced immunoge-
nicity to IFX in a dose-dependent manner, with the odds of devel-
oping antidrug antibodies being 0.36 (95% CI, 0.18–0.74) in the 5
to 10 mg/wk, 0.22 (95% CI, 0.10–0.46) in the 12.5 to 20 mg/wk,
and 0.14 (95% CI, 0.07–0.28) in patients on .22.5 mg/wk rela-
tive to patients not treated with MTX.35 In addition, in a post hoc
analysis of the SONIC study, patients on combination therapy
with AZA with an increase of 7 femtoliters in the mean corpus-
cular volume (delta MCV), used as a surrogate marker for thera-
peutic TGN levels, were more likely to achieve mucosal healing
(75% versus 47% for delta MCV . 7, P ¼ 0.017) and maintain
therapeutic trough IFX levels . 3 mg/mL at week 30 (68% versus
39% for delta MCV . 7, P ¼ 0.003).36 Similarly, in a cross-
sectional analysis of 72 patients with inflammatory bowel disease,

TABLE 3. Univariate and Multivariate Predictors of Remission Semesters

Covariant

Univariate Multivariate

OR (95% CI) P OR (95% CI) P

Sex 1.69 (0.97–2.95) 0.06 1.77 (0.91–3.44) 0.09

Age at diagnosis 0.99 (0.97–1.02) 0.72

Disease duration at start of ADA 1.03 (0.99–1.07) 0.09 Removed 0.26
Montreal location (reference L3)

L1 0.25 (0.11–0.56) 0.001 0.21 (0.08–0.57) 0.002

L2 0.57 (0.29–1.09) 0.09 0.50 (0.24–1.04) 0.064

Montreal location L4 0.83 (0.43–1.59) 0.57

Montreal behavior (reference B3) Removed

B1 0.54 (0.23–1.31) 0.17 0.49

B2 0.46 (0.20–1.07) 0.07 0.25

EIM 2.08 (1.07–4.07) 0.03 Removed 0.11
Weight, kg 1.00 (0.98–1.02) 0.87

Current smoker 0.93 (0.63–1.36) 0.69

Family history of IBD 0.97 (0.53–1.93) 0.97

Previous bowel resection 0.91 (0.53–1.56) 0.73

Previous perianal surgery 0.47 (0.24–0.91) 0.25 Removed 0.99

Exposure to anti-TNF 0.79 (0.44–1.42) 0.44

Steroids at induction 0.76 (0.43–1.33) 0.33

5-ASA at induction 0.50 (0.24–1.03) 0.06 Removed 0.15
CIM induction (reference no-CIM)

Subtherapeutic TGN 0.71 (0.24–2.05) 0.52

Therapeutic TGN 1.58 (0.83–3.02) 0.17

Semester CIM (reference no-CIM)

Subtherapeutic TGN 0.94 (0.34–2.58) 0.90 1.11 (0.37–3.26) 0.86

Therapeutic TGN 3.91 (2.04–7.53) ,0.0001 3.71 (1.87–7.34) ,0.0001

CRP at induction 0.56 (0.97–1.01) 0.56

Albumin at induction 1.01 (0.86–1.06) 0.81

5-ASA, 5-aminosalicylic acid; EIM, extraintestinal manifestation; IBD, inflammatory bowel disease.
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IFX drug levels were higher among those on combination therapy
with a thiopurine compared with IFX monotherapy (13 versus 4.8
mg/mL,), and a TGN cutoff of 125 pmol/8 · 108 RBC best pre-
dicted a significantly higher IFX trough level.16 Taken together
with the findings that higher anti-TNF drug levels are associated
with improved rates of remission,37,38 these findings suggest that
the dose of thiopurine may be of significant importance.

A recent Australia New Zealand Consortium cohort study
comparing IFX/ADA with or without IM suggested that cortico-
steroids used at induction or in the preceding 12 months were
associated with 9 to 13 times greater risk of flare semester during
maintenance.39 There was significantly higher use of steroids at
induction in the no-CIM arm in the current cohort. However, most
of these patients were either intolerant of or failed IM therapy, and
steroids were used as a bridge to biological therapy. In addition,
there was no difference in steroid use between patients with ther-
apeutic and subtherapeutic TGN levels at induction (21.8% versus
37.5%, P ¼ 0.07).

The utility of measuring TGN in patients taking thiopurines
as combination therapy is perhaps even greater when one
considers rates of nonadherence and the impact of hypermethy-
lation. Adherence to thiopurines is a well-recognized problem in
inflammatory bowel disease.40 Similarly, underdosing with thio-
purines has been reported in 29% when weight-based dosing is
used.24 Thiopurine hypermethylation, whereby shunting occurs
away from the therapeutic TGNs toward a methylated metabolite
profile, is seen in 15% to 20% and is associated with an inability
to achieve therapeutic TGN.41 Without thiopurine metabolite test-
ing, a large proportion of patients will fail to achieve a therapeutic
TGN; the structured approach to optimization of thiopurines in
our cohort may explain why a greater benefit of CIM was
observed compared with other cohorts.

The development of antibodies against ADA has been
implicated as a mechanism leading to secondary loss of response

and treatment failure.42,43 Combination therapy can improve the
pharmacokinetics of IFX by increasing drug levels44 and by
decreasing anti-IFX antibody production (RR: 0.50, 95% CI,
0.42–0.59, P , 0.00001).44 A recent study demonstrated the
beneficial effect of concomitant thiopurine in reducing immuno-
genicity, regardless of previous clinical response to thiopurines.45

In a retrospective analysis of 536 samples collected from 148
patients analyzed using a drug-tolerant homogenous mobility shift
assay, antibodies to ADA were detected in 20% after a median of
34 weeks.8 CIM was associated with decreased antibody forma-
tion (HR: 0.23, 95% CI, 0.06–0.86), and antibodies were associ-
ated with future elevated CRP (P ¼ 0.0013) and discontinuation
of ADA due to loss of response (OR 3.04, 95% CI, 1.039–9.093).
Such immunogenicity occurs early during ADA therapy. A pro-
spective observational cohort study of 272 patients treated with
ADA for rheumatoid arthritis found antibodies to ADA in 28%
over a 3-year follow-up; in 67% antibodies occurred within the
first 28 weeks of therapy.46 Similarly, antibodies to IFX have also
been found to occur early. In a prospective observational study of
125 patients with inflammatory bowel disease, antidrug antibodies
occurred in 46% at a median time of 1.5 months (interquartile
range 0.5–5.5); 90% developed within 12 months and antidrug
antibody free survival was longer in patients taking combination
therapy compared with IFX monotherapy (P ¼ 0.003).47 These
findings suggest that early CIM, perhaps even before starting anti-
TNF therapy is important, as has previously been shown in
murine models.48 Thiopurines have a slow onset of action, with
a mean time to response of 3.1 months.21 Therefore, it is possible
that some of the beneficial effects of combination therapy may be
greater in those patients who are established on therapy before
starting ADA.

Given the findings from our study (and some others) that
early combination therapy is beneficial, and that immunogenicity
occurs largely in the first 12 months of ADA therapy, a key
question is whether combination therapy should be continued
during maintenance. Such a decision must weigh up the benefits
and risks of continued combination therapy against withdrawal to
ADA monotherapy. In this regard, we demonstrated higher rates
of remission semesters in those treated with CIM versus ADA
monotherapy (81% versus 60%) and in those with therapeutic
compared with nontherapeutic TGNs (85% versus 58%). Further,
CIM use during a semester was an independent predictor of
remission (OR 2.92, 95% CI, 1.62–5.25, P, 0.0001). Our results
are in agreement with those from the Oxford/Liege cohort, where
combination therapy beyond 6 months was associated with fewer
semesters with flares (14% versus 36%, P ¼ 0.02, OR ¼ 0.31).15

Recent studies have called into question the benefit of continued
CIM during maintenance therapy, suggesting that a lower dose of
thiopurine may be equally efficacious as full weight-based dos-
ing.49 We were unable to explore this association in the current
study as only a small proportion of patients (3/65) were found to
have TGNs ,125. The benefits of combination therapy must, of
course, be balanced with the risks particularly in light of recent
safety signals regarding the use of thiopurines.50,51

FIGURE 5. Time to adalimumab failure. Kaplan–-Meier analysis illus-
trating time to ADA failure (months) in patients treated (n ¼ 77) and
not treated (n ¼ 46) with CIM for $3 months before commencing
ADA (and continued for first 6 months).
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We acknowledge several limitations with the study. First,
patients were not randomized to combination therapy or ADA
monotherapy; hence, despite the groups being similarly matched in
terms of phenotype, previous anti-TNF exposure, and disease
severity they are not directly comparable. Second, as we did not
measure ADA drug levels or antibodies to ADA, we cannot prove
that the benefit seen with CIM was due to improvements in ADA
pharmacokinetics and reductions in immunogenicity. Third, assess-
ment of response to induction and during maintenance was made
using a combination of HBI, CRP, and fecal calprotectin. Fourth,
a relatively high number of patients were treated with cortico-
steroids during induction (53%) which may contribute to the
relatively high response rate seen overall (75%). However, there
was no difference in corticosteroid use in patients who had
therapeutic and subtherapeutic levels of TGN. Finally, a relatively
small proportion of patients had subtherapeutic TGNs during
induction (15%) and maintenance (12%); hence, the conclusion

that response rates are superior with therapeutic compared with
subtherapeutic TGNs should be interpreted with caution until it has
been confirmed in other cohorts. We acknowledge that this
distribution of TGNs limited our ability to apply further relevant
statistical methodology such as a quartile or ROC analysis.

CONCLUSION
Combination therapy was found to be superior to ADA

monotherapy in this cohort of patients with moderate-to-severe
Crohn’s disease with improved response at induction, more se-
mesters in remission, and a longer time to ADA failure. Further,
adequately dosed thiopurines when used as CIM were associated
with improved clinical outcomes. We propose that, after carefully
balancing the risk and benefit and noting the association of
increased risks of lymphoma, nonmelanoma skin cancer and pos-
sibly other malignancies,50 immunomodulators should be initiated

TABLE 4. Univariate and Multivariate Predictors of ADA Failure

Covariant

Univariate Multivariate

OR (95% CI) P OR (95% CI) P

Sex (reference female) 0.42 (0.19–0.93) 0.03 0.39 (0.17–0.91) 0.028

Age at diagnosis 0.99 (0.96–1.04) 0.94

Disease duration at start of ADA 1.01 (0.97–1.06) 0.60
Montreal location (reference L3)

L1 1.74 (0.63–4.80) 0.28

L2 1.34 (0.55–3.26) 0.51

Montreal location L4 0.82 (0.45–2.75) 0.82

Montreal behavior (reference B3)

B1 0.49 (0.17–1.39) 0.18

B2 0.84 (0.34–2.09) 0.71

Perianal disease 1.15 (0.54–2.47) 0.72
EIM 0.40 (0.12–1.32) 0.13

Weight (kg) 0.98 (0.95–1.01) 0.18

Current smoker 1.07 (0.64–1.78) 0.80

Family history of IBD 0.32 (0.52–2.02) 0.23

Previous bowel resection 0.73 (0.34–1.55) 0.41

Previous perianal surgery 1.10 (0.42–2.89) 0.85

Exposure to anti-TNF 1.19 (0.54–2.60) 0.67

Steroids at induction 1.61 (0.76–3.42) 0.21
5-ASA at induction 1.81 (0.73–4.48) 0.20

CIM induction (reference no-CIM)

Subtherapeutic TGN 0.31 (0.04–2.38) 0.52 0.42 (0.04–2.38) 0.263

Therapeutic TGN 0.38 (0.16–0.91) 0.03 0.37 (0.15–0.89) 0.026

CRP at induction 1.01 (0.99–1.02) 0.37

Albumin at induction 0.98 (0.92–1.03) 0.40

HBI at induction 1.00 (0.91–1.10) 0.99

ADA dose escalation 0.46 (0.19–1.11) 0.08 Removed 0.203

5-ASA, 5-aminosalicylic acid; EIM, extraintestinal manifestation; IBD, inflammatory bowel disease.

Inflamm Bowel Dis � Volume 23, Number 9, September 2017 Thiopurine and Adalimumab Therapy in Crohn’s Disease

www.ibdjournal.org | 1563

Copyright © 2017 Crohn’s & Colitis Foundation. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 https://academ

ic.oup.com
/ibdjournal/article/23/9/1555/4560726 by Biom

edical Library user on 19 August 2020



early when considering ADA therapy, dosed to a TGN . 235,
and continued during maintenance therapy. Further randomized
controlled studies are needed that incorporate thiopurine metabo-
lite testing during both induction and maintenance.
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