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ABSTRACT
Although infliximab (IFX) is effective for inducing and maintaining remission in patients with
Crohn’s disease (CD), it is much more expensive
than other treatments. The aim of this study is to
evaluate the cost-effectiveness of several therapies, including IFX, for moderately to severely
active CD. A Markov cohort model was constructed to simulate treatment effectiveness and
costs. Transition probabilities, utilities, direct
medical costs, and productivity costs were estimated using the results of published research.
The primary effectiveness measurement was
quality-adjusted life years (QALYs), as estimated
by the 15D instrument. Expected effectiveness
and total costs were calculated for a 10-year
period using a yearly discount rate of 3% for
QALYs and costs. Multiple one-way sensitivity
analyses were performed by varying parameters
that were likely to change QALYs and costs. As
compared with nonbiologic therapy, therapy with
IFX alone resulted in more QALYs and lower
costs for the 10-year period. Combination therapy with IFX and elemental diet yielded an additional 0.252 QALYs at an additional cost of
$18,522 as compared with nonbiologic therapy
over 10 years. The resulting incremental costeffectiveness ratio (ICER) of combination therapy vs nonbiologic therapy was $73,500/QALY.
Patient body weight was the most important
factor for cost-effectiveness. In conclusion it
Copyright © 2014 SciRes.

was revealed that combination therapy with IFX
plus elemental diet appears not to be a costeffective treatment for moderately to severely
active CD.
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1. INTRODUCTION
Crohn’s disease (CD) is a chronic inflammatory disorder of the gastrointestinal tract, and the etiology is unknown. CD is characterized by relapsing and remitting
episodes that progress to stricture, fistulas, and/or abscesses [1]. Onset of CD is typically between age 15 and
30 years. There is currently no established curative therapy for CD, and the incidence of CD has been increasing
in many countries [2,3]. In the United States and Canada,
the number of CD patients has been estimated at 630,000,
and in Europe between 23,000 and 41,000 new cases of
CD are diagnosed annually [2]. In Japan, the incidence of
CD was 5715 in 1989 and 30,891 in 2009, which represents
a 440% increase during that period [3].
During the last decade, the advent of biologic therapy
has significantly improved the clinical management of
CD. Infliximab (IFX) has been shown to induce and
maintain clinical remission in patients who do not respond to conventional drug therapies such as a corticosteroid and immunomodulators. The ACCENT1 trial revealed that scheduled maintenance therapy with IFX was
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significantly more effective than placebo in maintaining
clinical remission in patients who had responded to an
initial infusion [4]. However, the 1-year maintenance remission rate for 8-week scheduled maintenance therapy
with IFX was estimated to be 29% to 38%.
Some trials have investigated the efficacy of combination therapy with IFX plus elemental diet [5,6]. In prospective clinical trials, Yamamoto et al. showed that concomitant elemental diet during IFX maintenance therapy
for patients with CD increased the 1-year maintenance
remission rate from 67% for IFX maintenance therapy
alone to 78%, although the difference was not significant
due to the small sample size [6].
With respect to direct medical costs, the high prevalence of CD results in a significant use of health services
and is a considerable economic burden to society. On
average, the annual total direct medical costs per patient
for US patients with active CD were estimated at $18,022
to $18,932 in 2006 [7]. Moreover, direct medical costs
increased with disease severity. Indeed, the costs for patients with severe CD are 17 times those of patients with
mild disease [5]. In addition, progression of CD has a
substantial adverse impact on an individual’s productivity and quality of life [8]. Munkholm et al. reported that
15% to 24% of patients with CD work with some restrictions 5 years after diagnosis and that 15% of patients are
unable to work 15 years after diagnosis [9].
Several studies have attempted to estimate the costeffectiveness of IFX in CD [10-14]. However, in our
review of the literature, we found no study of the costeffectiveness of combined therapy with IFX and elemental diet. Thus, we assessed the cost-effectiveness of
combination therapy with IFX plus elemental diet for
moderately to severely active CD among non-responders
to conventional drug therapies.

2. METHODS
2.1. Model
A Markov cohort model was designed to assess the
cost-effectiveness of combination therapy with IFX plus
elemental diet for moderately to severely active CD. The
model began in the initial state, and patients remained in
the same state or transit to a possible subsequent state
according to the transition probabilities at each cycle [15].
As shown in Figure 1, our model has nine Markov states:
biologic remission, medical remission, mild disease, drugresponsive, drug-dependent, drug-refractory, surgery, surgical remission, and death. When the Markov cohort
analysis was stopped at a projected endpoint, the total
number of patient cycles for each state was divided by
the person-years of the original cohort. Finally, the expected time and cost that each patient incurred in each
state was added to estimate total quality-adjusted life
Copyright © 2014 SciRes.

Figure 1. Structure of Markov cohort model for the cost-effectiveness analysis of treatments for Crohn’s disease.

years (QALYs) and total cost. In our model, treatment
with IFX alone, combination therapy with IFX plus elemental diet, and nonbiologic therapy were analyzed. Table 1 shows the definitions of the nine Markov states.
They were defined by type of therapy used and by the
magnitude of patient responses.

2.2. Assumptions
The model’s base-case consisted of a hypothetical cohort of 30-year-old, 60-kg males with moderately to severely active CD that was refractory to conventional drug
therapies. An age of 30 years was chosen as the entry age
because CD onset typically occurs in the late teens to age
30 years [3].
All patients were assumed to have been diagnosed in
the drug-refractory state and to have received intravenous infusion of IFX 5 mg/kg at week 0. Initial response
to IFX was defined as a Crohn’s Disease Activity Index
(CDAI) score of less than 150 points at week 2 after induction of the 5-mg/kg dose at baseline. We assumed
that administration of IFX at 2 weeks and 6 weeks and
every 8 weeks thereafter was continued for responders,
i.e., those with a CDAI score less than 150 points.
Combination therapy consisted of consecutive administration of IFX (every 8 weeks) and an elemental diet
(Elental; Ajinomoto Pharma Co., Tokyo, Japan). For the
elemental diet, patients are given 1200 kcal/day through
a self-inserted tube and/or oral intake, which is known as
the “half elemental diet” [16].
We assumed that serious adverse effects related to IFX
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Table 1. Definition of Markov model treatment states according to requirements for medication and surgery in patients with Crohn’s
disease.
1) Biologic remission Treatment with infliximab maintenance therapy with/without elemental diet (1200 kcal/day)
2) Medical remission No medication (except antidiarrheals as needed)
3) Mild disease

Treatment with any sulfasalazine, 5-aminosalicylates, metronidazole, ciproxin, topical corticosteroid, including maintenance
5-aminosalicylates

4) Drug-responsive

Treatment with systemic corticosteroids and/or immunomodulators for ≤3 months with documented improvement (patient
transits to states 2 or 3 in next cycle)

5) Drug-dependent

Treatment with systemic corticosteroids and/or immunomodulators for >3 months with documented improvement (patient
transits to states 2 or 3 in next cycle; patients on long-term immunomodulators remain in same state)

6) Drug-refractory

Treatment with systemic corticosteroids and/or immunomodulators for 3 months without documented improvement (patient
transits to states 7 or 9 in next cycle) or occurrence of disease flare while on corticosteroids

7) Surgery

Inpatient surgical procedures

8) Surgical remission No medication after inpatient surgical procedures (except antidiarrheals as needed)
9) Death

occurred at initial infusion (i.e., at week 0) and that patients who do not achieve remission at the initial administration of IFX or in consecutive administrations of IFX
would not be offered retreatment with IFX and that they
would have the same prognosis as those receiving nonbiologic therapy. Nonbiologic therapy included 5-aminosalicylic acid, antibiotics, immunomodulators, corticosteroids, and surgical treatment.
Some recent studies have suggested that survival rates
in patients with CD are similar to those of the general
population, after adjustment for age and gender [17,18].
Therefore, the current analysis assumed that mortality in
CD patients was equivalent to that of the general population of Japan.

2.3. Model Parameters
Transition probabilities, utilities, and costs were derived from published studies (Table 2). The response
rate of 56.4% for initial administration of IFX was based
on research by Matsumoto et al. [19]. The maintenance
remission rates for combination therapy and therapy with
IFX alone were assumed to be 78.1% and 35.1%, respectively, based on the findings of the ACCENT1 trial and
Yamamoto et al. [4,6]. The rate of serious adverse effects associated with IFX was assumed to be 10.0%,
based on a systematic review of the literature, as previously reported [20]. The age-specific death rates for the
general population were estimated from the 2008 abridged life table for Japan [21].
This study accounted for direct medical costs and productivity costs. Table 3 shows estimated direct medical
costs and productivity costs at 3 months. Odes et al. [22]
reported mean direct medical costs at 3 months for each
health state of patients with CD. Then, we used these
estimates of direct costs at 3 months and the transition
probability for nonbiologic therapy. The productivity
costs at different stages of CD were estimated using data
Copyright © 2014 SciRes.

from Mesterton et al. [23], who estimated the value of
lost productivity using the human capital approach. According to this approach, the cost of reduced productivity
in a patient is the amount employers would be willing to
pay for the lost output. All costs were converted into US
dollars using 2008 exchange rates reported by the Organization for Economic Co-operation and Development
[24].
The primary effectiveness measure in this study was
QALYs. Estimated values, which reflect quality of life
for various CD health states, were assigned, and QALYs
represents the sum of the values. The values for healthrelated quality of life, which varied from 0 (death) to 1
(perfect health), are taken from Mesterton et al. [23],
who examined the estimated health-state preferences of
CD patients (n = 420) using the 15D instrument in Sweden. We could not obtain the evidence of health-state
preferences associated with IFX in CD. Therefore, a utility of 0.95 was assumed in this study. Other utilities were
estimated from the work of Kaplan et al [11]. Costs and
benefits were discounted at a rate of 3% per year in the
base-case analysis [27].

2.4. Cost-Effectiveness Analysis
The overall costs and QALYs for patients with CD
were calculated for a 10-year (3-month/cycle) follow-up
period in the cost-effectiveness analysis. Cost-effectiveness
was evaluated by using the incremental cost-effectiveness ratio (ICER), i.e., the ratio of increments in costs to
increments in QALYs. An ICER lower than $80,000 was
defined as cost-effective, based on Kaplan’s criteria [11].
In cost-effectiveness analysis, when a new protocol or
treatment shows superior effectiveness and reduced cost,
it is referred to as dominant.
First, we performed a base-case analysis incorporating
the baseline parameters shown in Tables 2 and 3. Second,
to assess the variability of the model results, multiple
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Table 2. Model input parameters.
Parameter estimate
Transition probabilities
IFX* initial response rate (2 weeks later)
Maintenance remission rate
IFX alone
Maintenance of remission at 1 year
3-month rate
Combination therapy
Maintenance of remission at 1 year**
3-month rate
Adverse effect associated with IFX
Serious adverse effect
Death due to serious adverse effect
Mortality
Age-specific death rates
Nonbiologic therapy
Medical remission to mild disease
Medical remission to drug-responsive
Medical remission to drug-dependent
Medical remission to drug-refractory
Medical remission to surgery
Mild disease to medical remission
Mild disease to drug-responsive
Mild disease to drug-dependent
Mild disease to drug-refractory
Mild disease to surgery
Mild disease to death
Drug-responsive to medical remission
Drug-responsive to mild disease
Drug-responsive to drug-refractory
Drug-responsive to surgery
Drug-dependent to medical remission
Drug-dependent to mild disease
Drug-refractory to medical remission
Drug-refractory to mild disease
Drug-refractory to drug-responsive
Drug-refractory to surgery
Drug-refractory to death
Surgery to mild disease
Surgery to drug-responsive
Surgery to drug-dependent
Surgery to drug-refractory
Surgery to surgical remission
Surgical remission to mild disease
Surgical remission to drug-responsive
Surgical remission to drug-dependent
Surgical remission to drug-refractory
Surgical remission to surgery
Surgical remission to death
Quality of life utilities
Biologic remission
Medical remission
Mild disease
Drug-responsive
Drug-dependent
Drug-refractory
Surgery
Surgical remission
Death
Cost of drug and infusions ($)
IFX (100-mg vial)
Administration of intravenous infusion
Elental (300-kcal pack)
Discount rate (%)

Value

Range

Reference

0.564

0.371 - 0.756

[19]

0.350
0.769

0.249 - 0.451
0.706 - 0.819

[4]

0.781
0.940

0.638 - 0.924
0.894 - 0.981

[4,6]

0.100
0.004

0.036 - 0.160
0.000 - 0.010

[20]
[20]

2008 life-table

[21]

0.054
0.037
0.011
0.126
0.210
0.033
0.021
0.010
0.020
0.011
0.001
0.167
0.497
0.134
0.020
0.121
0.379
0.019
0.041
0.001
0.032
0.001
0.421
0.167
0.040
0.105
0.180
0.039
0.014
0.002
0.005
0.025
0.002
0.95
0.92
0.91
0.90
0.82
0.81
0.77
0.86
0
580.94
193.00
5.06
3

[22]
[22]
[22]
[22]
[22]
[22]
[22]
[22]
[22]
[22]
[22]
[22]
[22]
[22]
[22]
[22]
[22]
[22]
[22]
[22]
[22]
[22]
[22]
[22]
[22]
[22]
[22]
[22]
[22]
[22]
[22]
[22]
[22]
0.92 - 0.98
[23]
[23]
[23]
[23]
[23]
[23]
[11]

0-5

[25]
[11]
[26]
[27]

*

IFX, Infliximab; **Base value was weighted mean.
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Table 3. Estimated cost at 3 months.
Treatment states

Direct medical cost [22]

Productivity cost [23]

Total cost ($)

IFX* alone

3402

794

4196

Combination therapy

5244

794

6038

Medical remission

256

794

1050

Mild disease

440

1584

2024

Drug-responsive

2818

2374

5192

Drug-dependent

1435

3399

4834

Drug-refractory

1119

3765

4884

Surgery

9719

13,357

23,076

Surgical remission

331

794

1125

Biologic remission

*

IFX, Infliximab.

one-way sensitivity analyses were conducted by varying
the parameters for patient body weight, follow-up period,
baseline age, response rate to initial administration of
IFX, maintenance remission rate, serious adverse effect
rate, and utility of biologic remission state.
All analyses were performed using the TreeAge Pro
2009 software program (TreeAge Software, Williamstown, MA, USA).

Table 4. Base-case analysis in Markov model, by treatment
strategy.

3. RESULTS

*

Nonbiologic therapy
Cost ($)

120,415

Difference
QALYs**

7.458

IFX* alone Combination therapy
117,111

138,522

−3304

18,522

7.608

7.71

Difference

0.15

0.252

ICERs***

Dominant

73,500

IFX, Infliximab; **QALYs, Quality-adjusted life years;
mental cost-effectiveness ratio.

***

ICER, Incre-

3.1. Base-Case Analysis
Costs, QALYs, and ICERs were calculated for each
treatment strategy by using base-case analysis (Table 4).
Therapy with IFX alone was superior to nonbiologic
therapy in cost and QALY. Combination therapy yielded
an additional 0.252 QALY at an additional cost of $18,522
as compared with nonbiologic therapy. The resulting ICER
of combination therapy versus nonbiologic therapy was
estimated at $73,500/QALY, which is lower than $80,000.
Therefore, combination therapy was cost-effective in comparison with nonbiologic therapy (Table 4). However,
compared to IFX alone, the combination therapy would
not to be perceived as a cost-effective strategy for moderately to severely active CD.

3.2. Sensitivity Analysis
Table 5 shows the results of sensitivity analysis. For
all parameters except patient body weight, therapy with
IFX alone resulted in more QALYs and lower cost. Therapy with IFX alone was the dominant strategy in comparison with nonbiologic therapy.
One-way sensitivity analyses confirmed that the results remained in the range of $46,698 to $127,095 at 10
years for combination therapy when patient body weight
changed. This suggests that patient body weight is the
most important factor in ICER for both combination therapy and therapy with IFX alone. The maintenance remission rate was also an important parameter for ICER in
Copyright © 2014 SciRes.

Table 5. Sensitivity analysis of important variables.
Base-case Sensitivity Cost/QALYs** (ICER***)
Parameter

Estimate

Patient weight

60 kg

Time horizon

10 years

Baseline age

30 years

Discount rate

3%

IFX initial
response rate

0.564

Estimate

IFX* alone†

Combination
Therapy‡

50 kg

Dominant

46,698

80 kg

1260

127,095

5 years

Dominant

68,584

30 years

Dominant

63,193

20 years

Dominant

73,524

40 years

Dominant

73,079

0%

Dominant

74,377

5%

Dominant

72,925

0.371

Dominant

87,855

0.756

Dominant

67,415

Maintenance remission rate
IFX alone
Combination
therapy
Serious adverse
effect rate
Mortality associated
with IFX
Biologic remission
utility

0.350
0.781
0.100
0.004
0.95

0.249

Dominant

73,500

0.451

Dominant

73,500

0.638

Dominant

46,985

0.924

Dominant

104,353

0.036

Dominant

69,494

0.160

Dominant

106,608

0.000

Dominant

67,404

0.010

Dominant

85,538

0.92

Dominant

97,484

0.98

Dominant

58,800

†
Base-case = Dominant; ‡Base-case = 73,500; *IFX, Infliximab; **QALYs,
Quality-adjusted life years; ***ICER, Incremental cost-effectiveness ratio.
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combination therapy.

4. DISCUSSION
The results of our model indicate that combination
therapy with IFX plus elemental diet was more cost-effective than nonbiologic therapies for moderately to severely active CD, but more costly than IFX alone therapy.
Several studies have attempted to estimate the costeffectiveness of IFX for patients with CD [10-14]. Using
appropriate assumptions regarding cost estimation and
survival times for certain health states, a French lifetime
cost-utility analysis of IFX reported that IFX therapy
could be cost-effective in cases of relapse after first infusion only, although the ICER exceeded the predetermined
threshold value according to their criteria for maintenance therapy [10]. In contrast, Lindsay et al. performed a
cost-effectiveness analysis using a Markov model of hypothetical 60-kg adult CD patients treated with IFX (5
mg/kg every 8 weeks) based on the regimen in the ACCENT1 trial and found that IFX maintenance therapy
was cost-effective for both active luminal and fistulizing
CD [12]. They used an ICER threshold of £30,000 for
the definition of cost-effective based on the criteria of the
National Institute for Health and Clinical Excellence in
the United Kingdom. As a result, the scheduled administration of IFX for maintaining remission was considered
cost-effective in the treatment of CD in the United Kingdom.
Productivity cost is very important in evaluating costeffectiveness among patients with CD, because the onset
of CD nearly always occurs in the third decade of life,
when patients are in their prime. Therefore, our costeffectiveness analysis also included productivity costs
and showed that therapy with IFX alone was dominant
when compared with nonbiologic therapy.
Sensitivity analyses were performed by varying each
base-case input parameter to assess variability of the
model results. In one-way sensitivity analysis, a single
variable is tested over its range of plausible values while
all other variables remain constant. Body weight of CD
patients was an important parameter affecting cost-effectiveness. Because of the weight-based dosing of IFX,
patient weight had the greatest impact on the ICER,
which increased to $127,095 for combination therapy for
an 80-kg patient. The other variable that affected ICER
was the maintenance remission rate for combination therapy. Use of IFX and Elental markedly increased as the
maintenance remission rate rose.
Some studies have investigated the long-term efficacy
of the elemental diet for CD. The elemental diet was
useful in maintaining remission and significantly reduced
clinical and endoscopic recurrence after resection in patients with CD [16,28,29]. In Japan, the elemental diet
Copyright © 2014 SciRes.

has been the first-line therapy for both active and quiescent CD, in accordance with the guidelines established
by the Ministry of Health, Labour and Welfare; 38.1%
and 27.2% of Japanese patients with CD were treated
with an elemental diet and IFX therapy, respectively, in
13 university hospitals in 2009. Although the 1-year maintenance remission rates in CD patients treated with IFX
maintenance therapy plus elemental diet versus IFX
maintenance therapy alone were 78% and 67%, respectively, the difference was not statistically significant [6].
However, the enhanced effectiveness of biologic therapy
with concomitant elemental diet should reduce the need
for further medications and thus spare patients from adverse effects associated with long-term drug use. Therefore, the effectiveness of combination therapy with IFX
and elemental diet should be assessed in large-scale studies with longer follow-up periods.
Although IFX is effective for patients with moderately
to severely active CD, loss of response to the 5-mg/kg
dose can occur. In our analysis, initial responders who
lost response after stopping IFX treatment were switched
back to nonbiologic therapy without IFX. However, in
clinical practice, these patients receive escalating doses
of IFX (to 10 mg/kg), a reduction in dose interval to
every 4 or 6 weeks, or an alternative anti-TNF-α agent
such as adalimumab or certolizumab pegol [8,30,31].
The IFX double-dosing and shortened dose-interval regimens were not included in this analysis because there
are few data to support their efficacy.
Future cost-effectiveness analyses of CD are needed to
determine the effectiveness of other biologics and regimens.

5. CONCLUSION
Combination therapy with IFX plus elemental diet
appears not to be a cost-effective treatment for moderately to severely active CD.
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