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Abstract

Background & Aims—The benefit of continuing immunomodulators when “stepping up” to 

anti-tumor necrosis factor (anti-TNF) therapy for Crohn's disease (CD) is uncertain. This study 

assessed the effectiveness and safety of immunomodulators with anti-TNF therapy in CD.

Methods—We conducted a retrospective cohort study of new users of anti-TNF therapy for CD 

in Medicare. Users of anti-TNF combination therapy with immunomodulators were matched to up 

to 3 users of anti-TNF monotherapy via propensity score and compared using 3 metrics of 

effectiveness – surgery, hospitalization, and discontinuation of anti-TNF therapy or surgery – and 

2 metrics of safety – serious infection and non-Candida opportunistic infection. Cox regression 

was used for all analyses.

Results—Among new users of infliximab, we matched 381 users of combination therapy to 912 

users of monotherapy; among new users of adalimumab, we matched 196 users of combination 

therapy to 505 users of monotherapy. Combination therapy occurred predominantly as “step up” 

after thiopurine therapy. The rates of surgery (hazard ratio [HR] 1.20, 95% CI 0.73-1.96), 

hospitalization (HR 0.82 [0.57-1.19]), discontinuation of anti-TNF therapy or surgery (HR 1.09, 

[0.88-1.34]), and serious infection (HR 0.93 [0.88-1.34]) did not differ between users of anti-TNF 

combination therapy and monotherapy. However, the risk of opportunistic infection (HR 2.64 

[1.21-5.73]) and herpes zoster (HR 3.16 [1.25-7.97]) were increased with combination therapy.

Conclusions—We found that continuation of immunomodulators after “stepping up” to anti-

TNF therapy did not improve outcomes but was associated with an increased risk of opportunistic 

infection.
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Introduction

Combination anti-TNF and thiopurine therapy is currently the most efficacious therapy for 

moderate-to-severe CD in patients naïve to treatment with either drug.1 However, the benefit 

of continuing immunomodulators when “stepping-up” to anti-TNF therapy is less clear.2-5 

The primary reasons to continue immunomodulators in this setting are to achieve higher 

drug levels of2,6,7 and lower levels of antibodies against the anti-TNF agent.8,9 However, it 

has been shown that scheduled (as opposed to episodic) anti-TNF treatment has the greatest 

impact on reduction of anti-drug antibody formation.10,11 The incremental benefit on 

clinical outcomes with continued immunomodulator use when “stepping-up” to scheduled 

anti-TNF therapy is unknown.

The use of immunosuppressive agents is not without risk, most notably serious infection and 

malignancy. While most studies have found that thiopurines increase the risk of malignancy 

whether used as monotherapy or in combination with anti-TNF medications,12-14 it is less 

clear whether addition of thiopurines to anti-TNF treatment increases the risk of serious or 

opportunistic infections. Thiopurines have been shown to increase the risk of infections, 

particularly viral infections such as herpes zoster.15 Anti-TNF therapy has also been 
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associated with susceptibility to infections.16 Limited data with combination therapy suggest 

that while the risk of serious infections may not be increased compared to monotherapy,1 

there may be an increased risk of opportunistic infections.17

The aims of our study were to assess the effectiveness and safety of immunomodulators 

when combined with anti-TNF therapy, compared to anti-TNF monotherapy, in patients 

with CD.

Methods

Study Design

We conducted a retrospective cohort study of new users of anti-TNF therapy for the 

treatment of CD among patients with Medicare drug benefits. This cohort has been 

described in detail in a previous study.18 As this dataset included only a small number of 

users of certolizumab pegol, we restricted our study to patients treated with infliximab or 

adalimumab. We used medical and pharmacy claims data from February 1, 2007 (when 

adalimumab became FDA-approved) through December 31, 2010; however, data from 

January 1, 2006 were used for collection of covariates.

Exposure Definitions

We identified all patients who newly initiated treatment with infliximab or adalimumab who 

had at least 1 diagnostic code for CD in the 12 months prior to starting anti-TNF therapy. To 

be classified as a new user of anti-TNF therapy, patients could not have received a 

dispensing of any anti-TNF agent during the 12 months preceding the date of their first anti-

TNF prescription. If there were less than 12 months of available data prior to the date of first 

anti-TNF prescription (16% of overall cohort), we required a minimum of 6 months of 

available data with no prescription for anti-TNF therapy. We excluded patients who were 

hospitalized with a diagnosis of inflammatory bowel disease during the 8 weeks prior to the 

date of first anti-TNF prescription to assure that we did not misclassify the start date of anti-

TNF therapy, since anti-TNF therapy could be initiated in the hospital. Additional exclusion 

criteria are listed in Supplementary Methods.

We defined anti-TNF monotherapy and combination therapy as follows (Figure 1): 1) 

monotherapy without prior immunomodulators (no use of immunomodulators [thiopurines 

or methotrexate] in the 180 days before or the 120 days after initiating anti-TNF therapy); 2) 

monotherapy with prior immunomodulators (use of immunomodulators in the 180 days 

before but not the 120 days after initiating anti-TNF therapy); 3) combination therapy 

without prior immunomodulators (use of immunomodulators in the 120 days after but not 

180 days before initiating anti-TNF therapy); and 4) combination therapy with prior 

immunomodulators (use of immunomodulators in the 120 days after and 180 days before 

initiating anti-TNF therapy). A preliminary analysis of the data revealed that only 75 

patients were new users of combination therapy (i.e. most combination therapy occurred as 

“step-up”). For this reason, we combined the 2 combination therapy groups and combined 

the 2 monotherapy groups and then adjusted all analyses for prior use of 

immunomodulators. Start of follow-up was defined as 120 days after the date of first 
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prescription for anti-TNF therapy, such that combination therapy and monotherapy status 

could be classified as accurately as possible.

Outcome Measures

To measure comparative effectiveness and safety across multiple relevant domains, we 

employed 3 effectiveness primary outcome measures – surgery, hospitalization, and 

discontinuation of anti-TNF therapy or surgery – and 2 safety primary outcome measures – 

serious infection and opportunistic infection. We elected not to include malignancy as a 

safety outcome in this study as preliminary analysis revealed a median follow-up time of <2 

years.

Surgery was defined as any CD-related bowel resection, ostomy creation, or surgical 

treatment of a perforation or abscess, based on manual review of the claims data for patients 

undergoing surgery.18 Our primary definition of hospitalization required that CD be the 

primary discharge diagnosis. A preliminary analysis of the data identified that a gap of 60 

days after the expected next dose of anti-TNF therapy was the most appropriate to define 

discontinuation.

Serious infections were defined as hospitalized bacterial infections identified using ICD-9 

codes found on principal discharge diagnosis, as in a similar prior study in Medicare.19 

Opportunistic infections were defined as in prior similar studies in Medicare and included 

infection with the following organisms: Aspergillus, Blastomyces, Coccidiodes, 

Cryptococcus, Histoplasma, Pneumocystis, Actinomyces, Legionella, Listeria, Norcardia, 

Salmonella, tuberculous and non-tuberculous mycobacteria, Toxoplasma, herpes zoster, and 

JC virus.20,21

Of note, Candida species were not included, and herpes zoster and tuberculosis were also 

analyzed separately. Opportunistic infections were identified using ICD-9 codes from 

primary or non-primary diagnoses from inpatient and outpatient records as well as 

antimicrobial therapy for certain organisms (see Supplementary Methods). For the outcomes 

of serious and opportunistic infection, we excluded patients with any of these infections in 

the 183 days prior to start of anti-TNF therapy.

Covariates

Covariate selection was based on 2 requirements: potential for confounding and adequate 

data in Medicare. Covariates were measured either in the 12 months (for demographic and 

non-CD-related information) or 90 days (for CD severity- and medication-related variables) 

prior to start of anti-TNF therapy. The covariates included: calendar year, comorbidities 

included in the Schneeweiss comorbidity index,22 age, sex, race/ethnicity, eligibility for 

Medicaid benefits (as a proxy for socioeconomic status), initial eligibility for Medicare due 

to disability, nursing home residence, bowel resection surgery, ostomy, perianal disease, 

bowel obstruction, endoscopy with stricture dilation, computed tomography of the abdomen 

and/or pelvis, colonoscopy or sigmoidoscopy, upper endoscopy, small bowel series, 

magnetic resonance imaging of the abdomen and/or pelvis, number of emergency 

department visits with a CD or related diagnosis as the primary diagnosis, other medical 
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therapies for CD (oral mesalamine, rectal mesalamine, oral steroids, rectal steroids, 

narcotics), and the number of additional medications prescribed for other conditions. Of 

note, in Medicare there are no data regarding duration of CD, and smoking data are not 

reliably captured; thus, these were not included as covariates. See Supplementary Methods 

for other details regarding covariates.

Statistical analysis

The statistical analyses compared the effectiveness and safety of anti-TNF monotherapy and 

combination therapy, separately for users of infliximab and adalimumab, as efficacy data on 

combination therapy with adalimumab and immunomodulators are lacking and there are 

data suggesting that adalimumab levels may not increase to the same degree as infliximab 

levels when combined with immunomodulators.23 Combined anti-TNF cohort analyses were 

also performed. Because of the large number of potential covariates relative to the number 

of outcomes, we combined the covariates into a single propensity score, which was 

estimated from a logistic regression model with monotherapy relative to combination 

therapy as the dependent variable. See Supplementary Methods for further details regarding 

the propensity score.

Propensity score matched Cox regression was used for all outcomes, which were analyzed 

as time-to-event. End of follow-up was defined as the earliest of the following: outcome of 

interest, initiation of another anti-TNF agent, end of available data, death, or loss of 

Medicare medical or prescription benefits. Patients who experienced any of these events 

prior to the first 120 days after start of anti-TNF therapy (start of follow-up) were excluded. 

We also performed a number of pre-specified secondary and sensitivity analyses as well as 1 

post-hoc analysis (see Supplementary Methods). Given the sample sizes and numbers of 

outcomes observed, we had 80% power at the 0.05 significance level to detect HRs for 

surgery, hospitalization, discontinuation of anti-TNF therapy or surgery, serious infection, or 

opportunistic infection of 2.2, 1.7, 1.5, 1.8, or 3.2, respectively, for the infliximab cohort, 

and 2.3, 1.9, 1.9, 2.2, or 4.7, respectively, for the adalimumab cohort.

The study was approved by the institutional review boards at the University of Pennsylvania 

and University of Alabama Birmingham.

Results

Our original cohort included 1,459 new users of infliximab and 871 new users of 

adalimumab.18 Among patients treated with infliximab, 381 users of combination therapy 

were matched to 912 users of monotherapy. Of the 381 patients receiving infliximab 

combination therapy, 54 (14%) were new users of combination therapy and 327 (86%) had 

received prior immunomodulators (“step-up” therapy). Among patients treated with 

adalimumab, 196 users of combination therapy were matched to 505 users of monotherapy. 

Of the 196 patients receiving adalimumab combination therapy, 21 (11%) were new users of 

combination therapy and 175 (89%) had received prior immunomodulators. Notably, 

thiopurines constituted 92% and 89% of the immunomodulator use among the combination 

infliximab and adalimumab cohorts, respectively. The median time from the first 

documented immunomodulator prescription to start of anti-TNF therapy among patients 
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treated with “step-up” combination therapy was 423 days (interquartile range [IQR] 153-960 

days) in the infliximab cohort and 750 days (IQR 286-1712 days) in the adalimumab cohort; 

84% and 87% of these patients started immunomodulators ≥90 days prior to starting 

inflximab and adalimumab, respectively. More women than men were included, most 

patients were white, and nearly half were treated with oral steroids in the 90 days prior to 

start of anti-TNF therapy (Table 1). The matching produced excellent balance with respect 

to all covariates.

For all primary outcomes, patients in the study cohorts were followed for a median of 

1.4-1.7 years. Among users of infliximab or adalimumab, combination therapy with 

immunomodulators did not alter the risk of surgery (combined anti-TNF adjusted hazard 

ratio [HR] 1.20, 95% CI 0.73-1.96), hospitalization (HR 0.82 [0.57-1.19]), or 

discontinuation of anti-TNF therapy or surgery (HR 1.09 [0.88-1.34]) (Table 2). Overall 

rates of dose escalation were 16% for infliximab users (11% in the first year) and 13% for 

adalimumab users (8.4% in the first year). There was also no difference in time to the 

composite outcome of discontinuation, surgery, or dose escalation between users of 

combination therapy and anti-TNF monotherapy (HR 1.09 [0.83-1.44]). Moreover, 

effectiveness did not seem to vary by past immunomodulator use, as tests for interaction 

between prior immunomodulator use and therapy group for the 3 primary effectiveness 

outcomes were not significant (p >0.09 for all outcomes).

The rates of serious infection did not differ between patients treated with combination 

therapy or anti-TNF monotherapy (HR 0.93 [0.88-1.34]), with nearly identical results when 

adjusting for oral steroid use in a time-updating manner (Table 3). In contrast, the rates of 

non-Candida opportunistic infection overall and herpes zoster in particular were increased 

by more than 2.5-fold with combination therapy in the infliximab (HR 2.65 [1.05-6.66] and 

3.38 [1.15-9.94], respectively) and combined anti-TNF (HR 2.64 [1.21-5.73] and 3.16 

[1.25-7.97], respectively) cohorts. Kaplan-Meier survival curves for time to opportunistic 

infection for the combined anti-TNF cohorts are shown in Figure 2. Of the 50 cases of 

opportunistic infection among the anti-TNF cohorts, 34 (68%) were due to herpes zoster; 

there were no cases of tuberculosis.

None of the results of the primary or secondary analyses changed appreciably when follow-

up was censored at 60 days after last dispensing of the anti-TNF agent or when patients 

changed from combination therapy to anti-TNF monotherapy or vice versa, except the risk 

of overall opportunistic infection and herpes zoster in the infliximab and combined anti-TNF 

cohorts which increased even further with combination therapy (Supplementary Table 1). 

There were also no appreciable changes when the definition of start of follow-up was 

changed to date of first prescription for anti-TNF therapy (Supplementary Table 2) or when 

excluding patients who initiated immunomodulators in the period 89 days before to any time 

after initiating anti-TNF therapy (Supplementary Table 3). When restricting the analyses to 

the 824 patients with at least 2 years of data prior to first prescription for an anti-TNF agent, 

there was no longer an increased risk of opportunistic infection or herpes zoster with 

combination therapy in the infliximab cohort, and combination therapy was associated with 

a decreased risk of hospitalization in the adalimumab cohort (Supplementary Table 4); 
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however, given the small number of events in this restriction analysis, we urge caution when 

interpreting these results.

Because our cohort was relatively old, we tested for interaction by age (<65 vs. ≥65 years) 

for all primary analyses and found no evidence of interaction for any of the outcomes (p 

>0.05 for all outcomes). For the post-hoc analysis of impact of thiopurine dose or use of 

methotrexate, we found that the risk of all outcomes, compared to anti-TNF monotherapy, 

was comparable among users of low-dose thiopurines, high-dose thiopurines, and 

methotrexate, given mostly overlapping 95% CIs (Supplementary Table 5); however, given 

the small number of events in each of these substrata, we urge caution when interpreting 

these results.

Discussion

In this large cohort of patients with CD, in which combination therapy occurred 

predominantly in the setting of “step-up” therapy after thiopurines, we found that 

combination therapy did not increase the frequency of beneficial outcomes or serious 

infection but was associated with an increased risk of non-Candida opportunistic infections, 

including herpes zoster. Our results were robust to changes in definitions of outcomes and 

follow-up time and also did not differ by age (<65 vs. ≥65 years). Propensity score matching 

succeeded in balancing the therapy groups with respect to multiple potential confounders.

In contrast to the indisputable superiority of de novo combination therapy with infliximab 

and azathioprine over monotherapy in patients with CD naïve to both therapies1 (“top-

down” therapy), it is unclear whether immunomodulators should be continued when 

“stepping-up” to anti-TNF therapy.2-5 While immunomodulators may inhibit the formation 

of anti-TNF drug antibodies, even in the setting of scheduled anti-TNF therapy, it appears 

that the amount of anti-TNF drug given may be more important.3 Whether dosing anti-TNF 

drugs by level can obviate the need for concomitant immunomodulators in this setting 

(albeit at potentially greater cost) is unknown. It is possible that over time (likely >2 years2), 

incremental increases in anti-TNF drug levels and/or decreases in anti-TNF drug antibody 

levels affected by continuing immunomodulator therapy may translate into increased clinical 

efficacy.

However, the risks of such a strategy must be considered. Thiopurines increase the risk for 

infections, especially viral, such as herpes zoster (3-fold increased risk)15 and Epstein-Barr 

virus,26 which have the possible long-term consequences of post-herpetic neuralgia and 

lymphoma, respectively. Thiopurine use is also associated with other malignancies, 

including non-melanoma skin cancer (2-6-fold increased risk)13 and potentially overall 

cancers (1.4-1.8-fold increased risk).27,28 These risks may be further increased with 

combination therapy.14,17 Thus, to justify continuing thiopurines when “stepping-up” to 

anti-TNF therapy, the benefits must outweigh the risks, and currently there are no 

prospective randomized data to guide us in this regard. An alternative strategy, other than 

discontinuation of thiopurines, is to consider using methotrexate instead of thiopurines to 

help increase anti-TNF drug levels and decrease anti-TNF drug antibody levels, as 

methotrexate has been shown to be as effective as thiopurines in these capacities.6 Pooled 
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analyses of anti-TNF use, often in combination with methotrexate, in various autoimmune 

diseases have demonstrated no increased risk of malignancies, other than a 2-fold increased 

risk of non-melanoma skin cancer.29 Additionally, although unknown for CD, low-dose oral 

methotrexate may be sufficient to increase anti-TNF drugs levels and suppress antibodies, 

given that this is the way that methotrexate is used for many patients receiving combination 

therapy for rheumatoid arthritis.

An important issue implicit in our results is the need for vaccination in the 

immunosuppressed. Both thiopurines and anti-TNF agents have been shown to increase the 

risk of herpes zoster infection.15,16 Thus, we were not surprised to find that patients 

receiving combination infliximab and immunomodulators had an increased risk of herpes 

zoster compared to those receiving infliximab alone. Vaccination against this and other 

organisms should be considered, ideally prior to commencement with immunosuppressive 

therapy.30

Our study has several notable strengths. By using 3 different clinically relevant metrics of 

effectiveness and 2 metrics of safety, we were able to rigorously compare anti-TNF 

combination therapy and monotherapy. With respect to opportunistic infections, we 

excluded infections by Candida species and focused instead on more virulent organisms, 

which we felt were more clinically meaningful. Additionally, our sample sizes were 

relatively large, which enabled us to detect relatively small differences in effect.

Our study also has several limitations. As with all observational studies, there is potential for 

residual confounding from unmeasured variables. However, we included a large number of 

covariates in our propensity score and the matching produced excellent balance with respect 

to all covariates. Nondifferential misclassification of exposure or outcome is also possible in 

any large administrative dataset. However, with respect to exposure, we limited our study to 

patients with Part D prescription benefits and excluded those with a hospitalization within 8 

weeks of starting anti-TNF therapy in order to capture all anti-TNF prescriptions. 

Misclassification of immunomodulator use is possible if patients filled a prescription but did 

not take the medication. We required patients to have filled at least 1 prescription in the 120 

days following initiation of anti-TNF therapy to be considered exposed. Most of these 

patients had filled a prescription prior to starting anti-TNF therapy, so it is unlikely that they 

would fill another prescription if they were not taking the medication. With respect to 

outcomes, the effectiveness and safety outcomes we selected have all been used in multiple 

prior studies in Medicare.18-21 Missing data is also a possibility but not captured in 

Medicare in that if an event or diagnosis is not recorded, it may have not occurred or be 

missing. Although our study was conducted among Medicare beneficiaries, a substantial 

proportion of our study population was <65 years old and received Medicare benefits 

because of disability. As we found no significant interaction by age for any of the outcomes, 

we suspect that our results may be generalizable to the broader population of patients with 

CD. Lastly, we studied predominantly “step-up” combination therapy. Similar studies in 

populations treated with de novo combination therapy are needed to determine whether our 

results are generalizable to that population.
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In conclusion, in our cohort of patients with CD, in which combination therapy was largely 

“step-up” therapy after thiopurines, we found that combination therapy did not improve 

outcomes but was associated with an increased risk of opportunistic infection. These data 

highlight the need for large comparative effectiveness trials of alternative treatment 

strategies. Until such trials are completed, for patients “stepping-up” from thiopurine to anti-

TNF therapy, consideration should be given for discontinuation of the thiopurine or 

changing to another immunomodulator, such as methotrexate, once remission is achieved 

with anti-TNF therapy. Our results also highlight the importance of herpes zoster 

vaccination and potentially other vaccinations prior to initiation of immunosuppressive, and 

especially combination, therapy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Classification of monotherapy vs. combination therapy and start of follow-up
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Figure 2. Kaplan-Meier survival curves for time to opportunistic infection for combined 
infliximab and adalimumab cohorts
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