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Inflammatory bowel disease (IBD) is a chronic, lifelong 
disorder of the gastrointestinal tract associated with an 
unpredictable relapsing and remitting disease course.1 

Ulcerative colitis (UC) and Crohn’s disease (CD) are 2 
common phenotypes of IBD.1,2 Patients with IBD often 
have considerable symptom burden despite appropriate 
treatment, and IBD frequently leads to debilitating com-
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adalimumab, infliximab, and golimumab) and CD (ie, adalimumab, certolizumab, infliximab, and ustekinu
mab). Clinical inputs included therapy response probabilities, disease remission, and surgery risk. Given the 
lack of head-to-head clinical trials, we estimated indirect comparisons of treatment efficacy based on clini-
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RESULTS: Including vedolizumab in a hypothetical formulary with currently preferred first-line biologic 
treatment options (Scenario 1) resulted in cost-savings compared with vedolizumab as a preferred sec-
ond-line biologic option (Scenario 2). The total cost-savings were from $0.13 million to $1.63 million in year 
1, and from $0.38 million to $4.68 million in year 3. The per-member per-month cost-savings were from 
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CONCLUSION: Based on our model’s results, including vedolizumab among the current health plan for-
mulary biologic options as a preferred first-line treatment for UC and CD can result in substantial cost-sav-
ings compared with including vedolizumab as a preferred second-line treatment only.
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plications that may require hospitalization, surgery, and/
or the escalation of therapy.3

According to the Centers for Disease Control and 
Prevention (CDC), up to approximately 3.1 million 
Americans have IBD.4 Medical claims data from ap-
proximately 12 million commercially insured Ameri-
cans indicate that in 2009, the prevalence of UC and 
CD in adults was 263 and 241 per 100,000, respective-
ly.5 IBD has considerable economic implications be-
cause of its chronic nature, associated morbidity and 
disability, and the common need for patients to be 
hospitalized and have surgery.6,7 As such, the impact of 
UC and CD on healthcare resource utilization and 
costs is significant, especially for patients who experi-
ence suboptimal response to treatment or loss of re-
sponse to treatment.3,8,9

By extrapolating data from available studies, the 
Crohn’s & Colitis Foundation of America estimated in 
November 2014 that the total annual direct cost for all 
US patients with IBD was between $11 billion and  
$28 billion.6 However, this number may considerably 
underestimate the true economic burden of IBD in the 
United States, because it relied on a lower prevalence of 
patients with IBD (ie, 1.6 million)6 than the CDC re-
ported in 2015-2016 (ie, 3.1 million).2,4 

The available pharmacologic treatments for UC or 
CD include conventional agents (ie, aminosalicylates, 
corticosteroids, and immunomodulators) and biologic 
therapies (ie, tumor necrosis factor [TNF]-α antagonists, 
including adalimumab; infliximab, brand-name and bio-
similar; golimumab; certolizumab pegol [certolizumab 
hereafter]; and the interleukin [IL]-12/IL-23 ustekinu
mab); and anti-integrin monoclonal antibodies. 

Historically, the standard approach to treatment for 
UC and CD has been the step-up paradigm, in which 
conventional agents are used first and biologics are re-
served for moderate-to-severe disease in patients whose 
disease is refractory to or who are intolerant of conven-
tional therapy.10 Despite the efficacy of TNF-α antago-
nists compared with conventional treatments, between 
20% and 40% of patients with IBD will not respond to 
induction therapy with TNF-α antagonists, and up to 
40% will lose the response to TNF-α antagonist therapy 
over time.11-13 As such, there is a need for safe options for 
the treatment of moderate-to-severe IBD with therapies 
that offer new mechanisms of action.

Vedolizumab is a humanized monoclonal antibody 
and an α4β7 integrin receptor antagonist that was ap-
proved by the US Food and Drug Administration (FDA) 
in 2014 as a biologic therapy. Like adalimumab and in-
fliximab, vedolizumab is indicated for the treatment of 
adults with moderately to severely active UC or CD who 
have had an inadequate response to, lost response to, or 
were intolerant of TNF-α antagonist or immunomodula-
tor therapy, and for adults with IBD who had an inade-
quate response to, were intolerant of, or demonstrated 
dependence on corticosteroid therapy.14 In clinical trials, 
vedolizumab has demonstrated efficacy in patients with 
IBD who have failed conventional therapy and are bio-
logic naïve, as well as those who previously failed TNF-α 
antagonist therapy.14-16 Therefore, vedolizumab may offer 
a novel biologic treatment option for patients with UC 
or CD as a first-line biologic option, that is, for patients 
who have not received biologic treatments or for patients 
who failed TNF-α antagonist therapy.

Furthermore, the American Gastroenterological Asso-
ciation care pathway for UC includes vedolizumab as one 
of the first-line biologic options for high-risk patients.17 
However, the latest American Gastroenterological Asso-
ciation guidelines do not include vedolizumab for the 
management of CD: these guidelines were finalized in 
2013, before vedolizumab’s approval.18 These guidelines 
include infliximab, adalimumab, and certolizumab, but 
they do not provide specific recommendations regarding 
the line of therapy among biologics. The most frequently 
used biologic treatments for moderate-to-severe UC or 
CD are infliximab and adalimumab.19

The objective of this study was to develop a deci-

KEY POINTS

➤	 Patients with inflammatory bowel disease often 
have considerable symptom burden despite 
available treatment.

➤	 This budget impact model of a 1-million-member 
hypothetical health plan compared currently 
available biologic treatments for ulcerative colitis 
(UC) and Crohn’s disease (CD).

➤	 The model compared costs for adding vedolizumab as 
a first-line biologic option in a formulary’s preferred 
biologic options as well as a second-line treatment.

➤	 The total cost-savings of adding vedolizumab to 
existing preferred first-line options were up to $1.63 
million in year 1 and up to $4.68 million in year 3.

➤	 In this model, adding vedolizumab as a preferred 
first-line treatment reduced per-member per-month 
costs in this model’s 3-year time frame.

➤	 The greatest cost-savings were seen with 
vedolizumab as a preferred first-line biologic option 
in a formulary with adalimumab and infliximab as 
preferred first- and second-line options.

➤	 Based on this model, adding vedolizumab as a first-
line biologic option for patients with UC or CD 
may save health plans’ costs.
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sion-analytic model to assess the potential budget impact 
of including vedolizumab on a health plan’s formulary 
among the preferred first-line biologic treatment options 
for patients with UC or CD rather than including it only 
as a preferred second-line biologic treatment.

Methods
We developed a budget impact model to examine the 

incremental impact on a health plan’s budget of includ-
ing vedolizumab among existing, preferred first-line bio-
logic treatments for eligible patients with UC or CD. 
The model was programmed using Microsoft Excel 2010 
for Windows (Microsoft Corporation; Redmond, WA).

In the model, we first filtered the health plan’s popu-
lation to include patients who are eligible for treatment 
with vedolizumab (Figure 1). The eligible patient popu-

Figure 1 Budget Impact Model Structure

Total population = 1 million enrollees

Number diagnosed with UC or CD

Number with moderate-to-severe 
UC or CD

Patients  
eligible for 
biologic

Scenario 1 costs:
Drug costs

Medical costs

Population entering model  
eligible for vedolizumab

Scenario 1: vedolizumab on  
parity with preferred treatments  

in first and second line

Treatment-specific 
data: 

Response
Remission
Drug costs

Health-state data:
Resource use costs

Risk of surgery

Incremental budget impact of 
Scenario 1 minus Scenario 2

Scenario 2: vedolizumab on  
parity with preferred treatments  

in second line only

Treatment-specific 
data: 

Response
Remission
Drug costs

Health-state data:
Resource use costs

Risk of surgery

Scenario 2 costs:
Drug costs

Medical costs

CD indicates Crohn’s disease; UC, ulcerative colitis.
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lation was divided into subpopulations by type of disease 
(ie, UC or CD) and experience with TNF-α antagonist 
therapy (naïve or treatment failure). These patients were 
then assigned to currently available biologic treatments 
based on their current market share.

Given the distribution of patients among treatments, 
the model estimated the proportion of patients who are 
responding to therapy or are in remission. The estimates 
of response and remission were calculated by an indirect 
comparison method using published estimates from 
phase 3 clinical trials of each treatment, following the 
Bucher method.20 Direct medical costs were assigned to 
patients based on treatment response. Although patients 
could incur out-of-pocket expenses and indirect costs 
(eg, resulting from workdays missed), the analysis did not 
consider these costs, because our study’s perspective is 
from the health plan’s perspective.

Patients who did not respond to or stopped respond-
ing to treatment had an estimated annual risk for surgery. 
Patients were followed annually over a 3-year time hori-
zon. The costs of therapy were undiscounted in accor-
dance with the standard practice for budget impact 
analyses reported by the International Society for Phar-
macoeconomics and Outcomes Research.21

The target patient population reflected the FDA-ap-
proved indication for vedolizumab. The model cohort’s 
characteristics in terms of patient age, sex, and weight 
were based on pooled population means from the clinical 
trials included in the calculation of treatment efficacies 

(Table 1).5,16,22-25 Because of the limited availability of 
data, we assumed that the patient demographics in these 
trials were similar among all subgroups.

Comparators
We estimated the budget impact of including vedoliz

umab among the existing preferred first-line (ie, inflix-
imab and adalimumab) and second-line (ie, infliximab, 
adalimumab, golimumab [UC only], certolizumab [CD 
only], and ustekinumab [CD only]) biologic treatments 
in a hypothetical health plan formulary versus vedoliz
umab as a preferred second-line biologic option. To esti-
mate this impact, we assumed that the hypothetical 
health plan formulary already included vedolizumab 
among its preferred second-line treatments. The compar-
ators included the currently approved biologic agents for 
UC and CD, including vedolizumab, infliximab (brand 
name and biosimilar), adalimumab, and golimumab for 
UC, and vedolizumab, infliximab, adalimumab, certoliz
umab, and ustekinumab for CD.

We did not include natalizumab in the model because 
of low utilization.24

Health Plan Variation
To account for differences in health plans, we consid-

ered the following 3 hypothetical formulary cases before 
the introduction of vedolizumab among existing pre-
ferred first-line biologic treatments:
•	� Case 1: adalimumab as the existing preferred first-line 

biologic treatment and infliximab as the existing pre-
ferred second-line treatment

•	� Case 2: infliximab and adalimumab as the existing 
preferred first-line biologic treatments and infliximab 
and adalimumab as the existing preferred second-line 
treatments

•	� Case 3: infliximab as the existing preferred first-line 
biologic treatment and adalimumab as the existing 
preferred second-line treatment.
In patients with CD, ustekinumab was also considered 

a preferred second-line treatment in all hypothetical 
health plan formularies.

We initially distributed patients among available bio-
logic treatments according to their up-to-date market 
share estimates, which were stratified by disease and 
treatment experience.24

For UC and CD, the changes in the distribution of 
biologic-naïve patients based on current market share26 

occurred by assigning new patients entering the model to 
a specific agent. We assigned these new patients random-
ly to a preferred treatment based on the health plan case 
and scenario. For example, if infliximab was the only 
preferred first-line option, then 100% of new biologic-
naïve patients entering the model received infliximab as 

Table 1 Study Population Characteristics

Characteristic

Crohn’s disease22 Ulcerative colitis23

Input Cases, N Input Cases, N

Total members in health plan 1 million 1 million 1 million 1 million

Incidence22,23 0.0001 55 0.0002 160

Prevalence5 0.0024 2413 0.0026 2630

With moderate-to-severe diseasea 64% 1544 57% 1499

TNF-α antagonist naïvea 47% 718 64% 959

TNF-α antagonist experienceda — 826 — 540

Responding to biologic treatmenta 38% 314 40% 216

TNF-α antagonist treatment failure — 512 — 324

Patients naïve to or have failed TNF-α antagonists — 1230 — 1283

Basic demographicsb,c — — — —

Age, mean 36.74 yrs — 40.36 yrs —

Male patients 42.9% — 57.8% —

Weight 69.34 kg — 76.29 kg —

aVedolizumab market share.24

bPooled data from Crohn’s disease clinical trials in the mixed-treatment comparison.16

cPooled data from ulcerative colitis clinical trials in the mixed-treatment comparison.25

TNF-α indicates tumor necrosis factor alpha.
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a first-line treatment. If vedolizumab was introduced to a 
health plan with infliximab as an existing preferred first-
line option, then 50% of new biologic-naïve patients re-
ceived infliximab and 50% received vedolizumab.

For patients who were biologic naïve at baseline and 
subsequently failed treatment with a biologic, we did not 
explicitly model treatment switching. Instead, we as-
sumed that the proportion of biologic-naïve patients rel-
ative to patients who failed biologic treatment remained 
constant each year. To achieve this, we assumed that 3% 
of anti-TNF–naïve patients annually moved to the popu-
lation of patients who failed a TNF-α antagonist. These 
patients who newly failed a biologic were then distributed 
equally among the preferred second-line treatments.

We included the brand-name and the biosimilar form 
of infliximab in the model. As such, we made assump-
tions regarding the uptake of infliximab therapy. We did 
not allow the infliximab biosimilar to shift market share 
away from other treatments. Instead, we assumed that 
physicians who were likely to prescribe other treatments 
would continue to prescribe their preferred treatment, 
whereas a proportion of physicians who preferred inflix-
imab would choose to prescribe the infliximab biosimilar 
form to new patients. We assumed that 15% of new bio-
logic-naïve patients who began taking infliximab each 
year were assigned to the biosimilar. We varied this as-
sumption in the sensitivity analysis.

Treatment Efficacy
Because there is a lack of head-to-head clinical trial 

data comparing modeled treatments, we used a method 
of indirect comparison using the available clinical trial 
data to estimate the treatment efficacy for assigning pa-
tients to health states given a treatment, using the Buch-
er method.20 Specifically, we estimated the odds ratios 
relative to placebo for response and remission at the end 
of the maintenance period for each of the treatment 
comparators. We then estimated the probabilities using 
odds ratios and the probability of response and remission 
for conventional therapy (assumed to be the pooled pla-
cebo rates from the phase 3 clinical trials).15,16,25-32 

Because clinical trials data for infliximab’s biosimilar 
were not available at the time of this analysis, we as-
sumed that the treatment efficacy for the infliximab bio-
similar was the same as that of brand-name infliximab 
(ie, Remicade) for UC and CD. We varied this assump-
tion in the sensitivity analysis. Table 2 presents the esti-
mated probabilities of response and remission for patients 
with UC or CD.15,16,25-32 

The definitions of response and remission in the 
model were consistent with the definitions from the 
clinical trials for all treatments. For UC, we defined re-
sponse as a decrease in Mayo score of ≥3 (≥30%) from 

baseline and remission as a Mayo score of ≤2 and no in-
dividual subscore of >1. For CD, we defined response as 
a reduction of ≥70 points in the Crohn’s Disease Activi-
ty Index (CDAI) score from baseline and remission as a 
CDAI score of ≤150. These classifications of disease se-
verity are consistent with previous models.33,34

For simplicity, the patients who responded to treat-
ment were classified as being in remission or having mild 
disease. Nonresponders were assumed to have continu-
ous moderate-to-severe disease. For UC, mild disease was 
defined as having a Mayo score of 3 to 5, and moder-
ate-to-severe disease was defined as having a Mayo score 
of 6 to 12. For CD, a CDAI score of 150 to <220 and a 
CDAI score of 220 to 600 defined mild and moder-
ate-to-severe diseases, respectively. Nonresponders also 
incurred an annual risk for surgery of 4.9% and 16.3% for 
UC and CD, respectively.35

Costs
The model included drug acquisition and administra-

tion costs associated with the available treatment options 
in the model (Table 3A and Table 3B).3,36-41 The annual 
costs for each biologic drug in the study were estimated 
for standard and dose-escalation treatment regimens 
using wholesale acquisition costs from RED BOOK On-
line.36 We assumed dose escalations (see Supplementary 
Appendix at www.AHDBonline.com) for all treatments 
based on the findings from 2 real-world analyses.3,42

The health-state costs were taken from previously 
published economic analyses and were adjusted to 2016 

Table 2 Percentage of Patients Achieving Response and 
Remission After 1 Year of Treatment  

Disease/
current drug Study

Patients untreated with 
TNF-α antagonists, %

Patients failing  
TNF-α antagonists, %

Response Remission Response Remission

Ulcerative colitis

Vedolizumab Feagan et al, 201325 65.3 45.8 37.6 28.5

Infliximab Rutgeerts et al, 200526 54.2 41.3 28.9 18.8

Adalimumab Sandborn et al, 201227 51.1 30.2 27.2 16.5

Golimumab Sandborn et al, 201428 47.2 33.2 25.2 19.2

Crohn’s disease

Vedolizumab Sandborn et al, 201316 48.1 42.0 37.9 37.9

Infliximab Hanauer et al, 200229 54.3 37.5 42.8 31.5

Adalimumab Colombel et al, 200730

Sandborn et al, 200731
51.7 49.0 40.6 35.2

Certolizumab Sandborn et al, 200732 47.8 31.3 37.6 25.3

Ustekinumab Feagan et al, 201615 41.2 34.3 39.3 32.8

NOTE: Response and remission rates were estimated using the Bucher method based on pooled 
maintenance trial data.20

TNF-α indicates tumor necrosis factor alpha.
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Table 3A Cost During Standard 1-Year Treatment 
Biologic drug Dose and frequency Patients, % Cost (WAC) per vial, $ Administration cost,a $ Weighted total annual cost,b $

Vedolizumab

Standard dose 300 mg every 8 wks 94.8 (UC)
94.8 (CD)

5212.23 136.41 36,434.94 (UC) 
36,434.94 (CD)

Dose escalation 300 mg every 4 wks 5.2 (UC)  
5.2 (CD)

5212.23 136.41

Infliximab (brand name)

Standard dose 5 mg/kg every 8 wks 71.1 (UC) 
69.7 (CD)

1113.27 165.05 38,382.96 (UC) 
38,788.19 (CD)

Dose escalation 10 mg/kg every 8 wks 28.9 (UC) 
30.3 (CD)

1113.27 165.05

Infliximab (biosimilar)

Standard dose 5 mg/kg every 8 wks 71.1 (UC) 
69.7 (CD)

946.28 165.05 32,786.44 (UC) 
33,130.90 (CD)

Dose escalation 10 mg/kg every 8 wks 28.9 (UC) 
30.3 (CD)

946.28 165.05

Adalimumab

Standard dose 40 mg every 2 wks 86.9 (UC) 
83.3 (CD)

2048.54 0.00 60,239.22 (UC) 
62,156.65 (CD)

Dose escalation 40 mg every wk 13.1 (UC) 
16.7 (CD)

2048.54 0.00

Golimumab 

Standard dose 100 mg every 4 wks 86.9 (UC) 4382.87 0.00 64,441.34 (UC)

Dose escalation 200 mg every 4 wks 13.1 (UC) 4382.87 0.00

Certolizumab 

Standard dose 400 mg every 4 wks 65.2 (CD) 3510.15 0.00 66,243.55 (CD)

Dose escalation 800 mg every 4 wks 34.8 (CD) 3510.15 0.00

Ustekinumab 

Standard dose 90 mg every 8 wks 100 (CD) 17,680.44 136.41 115,863.08 (CD)

Dose escalation N/A N/A N/A N/A

Table 3B Health-State Costs During Standard 1-Year Treatment
Health-state variables Weighted total annual cost,b $

Ulcerative colitisc

Remission 2650.63

Mild disease (applied to responders without remission)c 7564.30

Moderate-to-severe disease (nonresponders)c 18,154.32

Surgeryd 91,767.17

Crohn’s diseasec

Remission 3916.78

Mild disease (applied to responders without remission)c 11,177.61

Moderate-to-severe disease (nonresponders)c 26,826.26

Surgeryd 91,767.17

aAdministration costs for infliximab were estimated using CPT codes 96413 and 96415 and for vedolizumab, CPT code 96413.38

bTotal treatment cost includes acquisition and administration costs. Acquisition costs are from RED BOOK Online.36

cCohen et al estimated nonpharmacy costs of $17,133 for patients with moderate-to-severe UC in 2013 US dollars.39 We converted this to 2016 US dollars using the medical Consumer Price 
Index.37 For mild disease and remission, we estimated the costs assuming similar costs relative to moderate-to-severe disease, as seen in Malone et al, who presented monthly costs of $212 
for remission, $605 for mild disease, and $1452 for moderate-to-severe disease in 2008 US dollars.40 For Crohn’s disease, Rubin et al estimated total annual costs of $18,736 for CD and 
$12,679.54 for UC.3 This equated to CD costs being 1.48 times higher than those of UC. As such, we estimated the CD costs per health state by multiplying the UC costs by 1.48.
dCohen et al presented a cost of surgery of $77,097 in 2008 US dollars.41 We inflated this to 2016 US dollars using the medical Consumer Price Index.37

CD indicates Crohn’s disease; CPT, Current Procedural Terminology; N/A, not applicable; UC, ulcerative colitis; WAC, wholesale acquisition cost.
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US dollars using the medical Consumer Price Index.37 

Because of the short time horizon and because clinical 
trials do not suggest a significant difference in mortality 
between biologic treatments, we did not consider mor-
tality in the model.15,16,25-32

The model estimated the total annual and per-mem-
ber per-month (PMPM) costs. The PMPM budget im-
pact provided a way to translate the total annual 
cost-savings into the cost-savings each member of the 
health plan would have. The total annual and PMPM 
costs were reported for 2 scenarios of a hypothetical for-
mulary: (1) a market mix with vedolizumab included 
with existing preferred first- and second-line biologic 
treatments, and (2) vedolizumab included only with ex-
isting preferred second-line biologic treatments. The 
model estimated the budget impact of including vedo
lizumab as a preferred first-line biologic treatment by 
subtracting the costs of Scenario 2 from Scenario 1.

Sensitivity Analysis
We performed a one-way sensitivity analysis (varying 

1 parameter at a time while simultaneously fixing other 
parameters) to test the robustness of the model’s assump-
tions and parameter estimates, given their uncertainty. 
The impact of all parameters was examined, excluding 
treatment costs. Uncertainty regarding model parameter 
estimates was based on their calculated or reported pa-
tient counts, standard errors, or range, depending on the 

parameter. Specifically, we used beta distribution to esti-
mate the confidence interval for response or remission 
probabilities and the gamma distribution for health-state 
costs. We also estimated the impact of specifically vary-
ing the dose-escalation assumptions (see Supplementary 
Appendix at www.AHDBonline.com).

Results 
Figure 2A and Figure 2B present the incremental 

total cost-savings of including vedolizumab among the 
existing preferred first-line biologic treatments for UC 
and CD for each hypothetical formulary case (see Sup-
plementary Appendix at www.AHDBonline.com for 
detailed budget impact results) in a 1-million-member 
health plan. In all hypothetical formulary cases, includ-
ing vedolizumab on parity with current options as a pre-
ferred first-line biologic treatment reduced health plan 
costs across all 3 years in the analysis.

The model demonstrated the most cost-savings as-
suming Case 1’s hypothetical formulary (Figure 2A). 
The total annual cost-savings in Case 1 increased from 
$1.63 million in the first year to $4.68 million in the 
third year. The total annual cost-savings increased from 
$587,000 in the first year to $1.69 million in the third 
year for Case 2, and from $134,000 to $378,000 from the 
first year to the third year in Case 3.

The drug cost-savings differed depending on which 
hypothetical health plan formulary was assumed. For 

Figure 2 Medical, Drug, and Total Annual and PMPM Cost-Savings of Adding Vedolizumab as a Preferred Biologic Option 
in 3 Hypothetical Formulary Cases During 3 Years
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2 includes infliximab and adalimumab as existing preferred first- and second-line treatments. Hypothetical formulary Case 3 includes infliximab as an existing preferred first-line treatment and 
adalimumab as an existing preferred second-line treatment. Ustekinumab was included as an existing preferred second-line treatment for patients with CD in all cases.
ADA indicates adalimumab; CD, Crohn’s disease; IFX, infliximab; PMPM, per-member per-month; VDZ, vedolizumab.
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example, the drug cost-savings represented approximate-
ly 94% of the total budget impact in each year in Case 1. 
In Case 2, 91% of the total annual cost-savings resulted 
from savings in drug costs, whereas approximately 58% 
of the total cost-savings using Case 3 as a hypothetical 
formulary resulted from drug costs.

The PMPM cost-savings followed the same pattern as 
the total annual budget impact for all 3 years; in all hy-
pothetical formulary cases, the introduction of vedo
lizumab as a preferred first-line treatment resulted in 
PMPM reduced costs during the 3 years (Figure 2B). The 
largest cost-savings were seen in Case 1, with total 
PMPM cost-savings of approximately −$0.14, −$0.27, 
and −$0.39 in years 1, 2, and 3, respectively.

Sensitivity Analysis Results
The results of a one-way sensitivity analysis on the 

total difference in year 3 PMPM budgets (representing 
the largest total budget impact) for the inclusion of vedo
lizumab among existing preferred first-line biologic op-
tions in the first hypothetical formulary case are shown in 
Figure 3. Because the 2 alternative market scenarios 
represent only a change in the treatment-naïve popula-
tion, only varying parameters tied to this population and 
preferred first-line treatments affected the results.

The model was most sensitive to the estimates of 
vedolizumab’s treatment efficacy for UC. For example, in 
Case 1, shifting the vedolizumab efficacy (ie, response 
and remission) parameter estimates to its upper bound 
(ie, assuming vedolizumab was more efficacious) resulted 
in an incremental PMPM budget savings of −$0.414, 
whereas varying the parameters to their lower bound 
(assuming vedolizumab is less efficacious) resulted in a 

PMPM budgetary impact of −$0.370. Other parameters 
to which the model was sensitive were the treatment 
efficacy of the preferred first-line treatment(s) on the 
formulary and health-state costs. Overall, the model 
showed robustness of results in the sensitivity analysis 
while varying all parameters, because none of the varia-
tions in parameter estimates resulted in a net increase in 
the PMPM cost.

Discussion
Our findings indicated that for each hypothetical 

health plan formulary we examined, including vedoliz
umab as a preferred first-line biologic treatment for pa-
tients with UC and CD produced cost-savings each year 
during a 3-year period. The majority of the cost-savings 
came from drug costs, with medical costs representing a 
smaller portion of the overall savings. Real-world dose-es-
calation patterns contributed to the observed differences 
in cost-savings across the plans. For example, approxi-
mately 30% and 15% of patients with UC and CD re-
ceived an escalated dosing pattern for infliximab and 
adalimumab, respectively, versus approximately 5% for 
vedolizumab. The dose-escalation patterns for patients 
with UC and CD who received adalimumab led to ap-
proximately twice the annual cost of vedolizumab, 
whereas infliximab dose escalation resulted in an equiv-
alent annual cost of vedolizumab. Thus, for Case 1, the 
introduction of vedolizumab as a preferred first-line 
treatment substantially saves more in treatment costs 
because vedolizumab reduces the use of adalimumab 
more in Case 1 than in the other cases.

To our knowledge, although a few studies examined 
the cost-effectiveness of biologic treatments in IBD, no 
published studies have estimated the health plan budget 
impact of including vedolizumab as a preferred first-line 
biologic treatment for UC and CD. In the cost-effective-
ness assessments of vedolizumab, Wilson and colleagues 
developed a hybrid decision tree/Markov model to com-
pare vedolizumab with other biologics for biologic-naïve 
patients with UC in the United Kingdom.43 Erim and 
colleagues developed a Markov model to estimate the 
cost-effectiveness of vedolizumab with or without dose 
escalation of adalimumab in US patients with CD who 
failed treatment with adalimumab.44 Both studies showed 
that treatment with vedolizumab was cost-effective and 
potentially cost-saving. 

Our analysis complements these studies by consider-
ing real-world dose-escalation patterns among patients 
receiving biologic treatments for UC and CD. Although 
these studies assess different outcomes (cost-effectiveness 
rather than budget impact), they suggest similar benefits 
of vedolizumab in terms of reductions in other medical 
costs and the potential for overall cost-savings.

Figure 3
One-Way Sensitivity Analysis: Incremental Year 3 
PMPM Total Costs of Adding Vedolizumab as Preferred 
First-Line Biologic Option in a Hypothetical Formulary

Vedolizumab treatment efficacy: 
UCa (95% CI)

–$0.453

Incremental budget impact, PMPM

 Lower bound 
 Upper bound

–$0.433 –$0.413 –$0.393 –$0.373 –$0.353 –$0.333

Adalimumab treatment efficacy: 
UCa (95% CI)

Vedolizumab treatment efficacy: 
CDa (95% CI)

Adalimumab treatment efficacy: 
CDa (95% CI)

Health-state costs: UC (±20%)

Health-state costs: CD (±20%)

aAnti-TNF treatment naïve. 
CD indicates Crohn’s disease; CI, confidence interval; PMPM, per member per month; TNF, tumor necrosis 
factor; UC, ulcerative colitis.
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Finally, Yokomizo and colleagues estimated that the 
cost-effectiveness of 3 biologics (adalimumab, inflix-
imab, and vedolizumab) was based on mucosal healing.19 
They found that vedolizumab would be cost-effective at 
a lower drug cost, whereas infliximab was cost-effective 
in the base case.19 However, a significant limitation of 
the study is that it did not consider the nondrug medical 
costs, which is a critical component of the total IBD 
treatment cost. In addition, although Yokomizo and 
colleagues controlled for placebo response differences 
across the phase 3 clinical trial data, their model consid-
ered only mucosal healing as the outcome of interest,19 
whereas clinical response and remission (based on Mayo 
score for UC and CDAI score for CD) are typically used 
to assess efficacy in clinical trials. Using response and 
remission as the bases for effectiveness, the National In-
stitute of Health and Care Excellence in the United 
Kingdom concluded that vedolizumab was cost-effective 
or dominant compared with infliximab and adalimumab 
for the treatment of UC.45,46

The strength of our model relies on the use of ad-
vanced methods to capture the relative efficacies among 
a menu of currently available treatment options (brand 
name and biosimilar), real-world treatment pattern 
input data, and a robust array of hypothetically existing 
preferred formularies in health plans. First, to reflect the 
current treatment paradigms in the care of patients with 
UC and CD, we modeled the most current treatment 
options available in potential health plans, including 
newly approved therapies and biosimilars. Incorporating 
a biosimilar in our budget impact analysis of including 
vedolizumab as a preferred first-line biologic treatment 
represents a conservative approach, because the use of 
any biosimilar may result in lower costs for the payer.

Second, we included indirect comparisons of treat-
ment efficacy that were estimated based on clinical trial 
data using the Bucher method, which controlled for dif-
ferences in placebo efficacy across trials. Failing to adjust 
for these differences introduces error into estimating the 
relative efficacies among treatments. Next, we used re-
cent real-world dose-escalation patterns among patients 
with UC or CD who were receiving treatments because 
of the known influences of dose escalation on cost. We 
also considered 3 hypothetical health plan formularies to 
present a holistic analysis of including vedolizumab on 
parity with existing preferred first-line treatments.

Limitations
Decision makers should be aware of several limitations 

of this analysis. First, no published head-to-head clinical 
trials for the biologics in this study are available. This 
requires an indirect-comparison approach to determine 
the efficacy of these treatments relative to one another. 

In addition, limited data are available for patients 
who failed previous TNF-α antagonist therapy. As such, 
assumptions were required about the efficacy of treat-
ments in populations for which no published clinical 
trial data were available (eg, infliximab in patients who 
failed a previous TNF-α antagonist therapy). 

We also assumed that study populations included in 
the indirect comparison were representative of the gen-
eral populations with UC and CD. It is not clear, how-
ever, what the directional difference of changing this 
assumption would have on our results. 

Furthermore, limited data also exist on the treatment 
efficacy of combination therapy and dose escalation; 
therefore, we did not consider combination therapy in 
the model. We assumed similar efficacy for dose escala-
tion, but with increased costs. 

Moreover, limited market uptake information was 
available on ustekinumab and the biosimilar form of in-
fliximab because of their recent introductions to the 
market. Finally, because of limited data, the cost offsets 
of corticosteroid-free remission and mucosal healing 
were not considered in the model.

Conclusion
The inclusion of vedolizumab on parity with existing 

preferred first-line biologic treatments is expected to have 
a substantial cost-savings impact to a health plan. The 
cost-savings in this study were most pronounced in Case 
1, when vedolizumab was introduced as a parity-preferred 
treatment alongside adalimumab as first-line treatment 
and alongside infliximab as second-line treatment (in 
addition to ustekinumab as second-line treatment for CD 
only), as a result of Case 1 having the largest decrease in 
the use of adalimumab. Based on these findings, vedoliz
umab may offer substantial cost-savings to a health plan 
as a first-line treatment option in UC or CD. n

Funding Source
This study was funded by Takeda Pharmaceuticals.

Author Disclosure Statement
Mr Wilson and Dr Lucas are employees of RTI Health 

Solutions, which received funding from Takeda for this study. 
Dr Cameron is an employee of Xcenda and a consultant for 
Takeda. Dr Luo is an employee and a stockholder of Takeda.

References
1. Abraham C, Cho JH. Inflammatory bowel disease. N Engl J Med. 
2009;361:2066-2078.
2. Xu F, Dahlhamer JM, Zammitti EP, et al. Health-risk behaviors and chronic 
conditions among adults with inflammatory bowel disease—United States, 
2015 and 2016. MMWR Morb Mortal Wkly Rep. 2018;67:190-195.
3. Rubin DT, Mody R, Davis KL, Wang CC. Real-world assessment of therapy 
changes, suboptimal treatment and associated costs in patients with ulcerative 
colitis or Crohn’s disease. Aliment Pharmacol Ther. 2014;39:1143-1155.

Copyright © 2018 by Engage Healthcare Communications, LLC; protected by U.S. copyright law. 
Photocopying, storage, or transmission by magnetic or electronic means is strictly prohibited by law.



BUSINESS

262 l  American Health & Drug Benefits  l  www.AHDBonline.com July 2018  l  Vol 11, No 5

4. Centers for Disease Control and Prevention. Epidemiology of the IBD. Up-
dated March 31, 2015. www.cdc.gov/ibd/ibd-epidemiology.htm. Accessed June 
13, 2018. 
5. Kappelman MD, Moore KR, Allen JK, Cook SF. Recent trends in the prev-
alence of Crohn’s disease and ulcerative colitis in a commercially insured US 
population. Dig Dis Sci. 2013;58:519-525.
6. Crohn’s & Colitis Foundation of America. The facts about inflammatory 
bowel diseases. November 2014. www.ccfa.org/assets/pdfs/updatedibdfactbook.
pdf. Accessed April 20, 2017.
7. Reinisch W, Sandborn WJ, Bala M, et al. Response and remission are asso-
ciated with improved quality of life, employment and disability status, hours 
worked, and productivity of patients with ulcerative colitis. Inflamm Bowel Dis. 
2007;13:1135-1140.
8. Billioud V, Sandborn WJ, Peyrin-Biroulet L. Loss of response and need for 
adalimumab dose intensification in Crohn’s disease: a systematic review. Am J 
Gastroenterol. 2011;106:674-684.
9. Kappelman MD, Rifas-Shiman SL, Porter CQ, et al. Direct health care costs 
of Crohn’s disease and ulcerative colitis in US children and adults. Gastroenter-
ology. 2008;135:1907-1913.
10. Kornbluth A, Sachar DB. Ulcerative colitis practice guidelines in adults: 
American College of Gastroenterology, Practice Parameters Committee. Am J 
Gastroenterol. 2010;105:501-523; quiz 524. Erratum in: Am J Gastroenterol. 2010; 
105:500.
11. Allen PB. Anti-adhesion molecules: is gut specificity the key for a good 
safety profile? Curr Drug Deliv. 2012;9:333-337.
12. Allez M, Karmiris K, Louis E, et al. Report of the ECCO pathogenesis 
workshop on anti-TNF therapy failures in inflammatory bowel diseases: defini-
tions, frequency and pharmacological aspects. J Crohns Colitis. 2010;4:355-366.
13. Yanai H, Hanauer SB. Assessing response and loss of response to biological 
therapies in IBD. Am J Gastroenterol. 2011;106:685-698.
14. Entyvio (vedolizumab) for injection prescribing information. Deerfield, IL: 
Takeda Pharmaceuticals; February 2018. 
15. Feagan BG, Sandborn WJ, Gasink C, et al; for the UNITI–IM-UNITI study 
group. Ustekinumab as induction and maintenance therapy for Crohn’s disease. 
N Engl J Med. 2016;375:1946-1960.
16. Sandborn WJ, Feagan BG, Rutgeerts P, et al; for the GEMINI 2 study group. 
Vedolizumab as induction and maintenance therapy for Crohn’s disease. N Engl 
J Med. 2013;369:711-721.
17. Dassopoulos T, Cohen RD, Scherl EJ, et al. Ulcerative colitis care pathway. 
Gastroenterology. 2015;149:238-245.
18. Terdiman JP, Gruss CB, Heidelbaugh JJ, et al; for the AGA Institute Clin-
ical Practice and Quality Management Committee. American Gastroenterolog-
ical Association Institute guideline on the use of thiopurines, methotrexate, 
and anti–TNF-α biologic drugs for the induction and maintenance of remission 
in inflammatory Crohn’s disease. Gastroenterology. 2013;145:1459-1463. 
19. Yokomizo L, Limketkai B, Park KT. Cost-effectiveness of adalimumab, in-
fliximab or vedolizumab as first-line biological therapy in moderate-to-severe 
ulcerative colitis. BMJ Open Gastroenterol. 2016;3:e000093.
20. Bucher HC, Guyatt GH, Griffith LE, Walter SD. The results of direct and 
indirect treatment comparisons in meta-analysis of randomized controlled tri-
als. J Clin Epidemiol. 1997;50:683-691.
21. Mauskopf JA, Sullivan SD, Annemans L, et al. Principles of good practice 
for budget impact analysis: report of the ISPOR Task Force on Good Research 
Practices—Budget Impact Analysis. Value Health. 2007;10:336-347.
22. Loftus EV Jr, Silverstein MD, Sandborn WJ, et al. Crohn’s disease in Olm
sted County, Minnesota, 1940–1993: incidence, prevalence, and survival. Gas-
troenterology. 1998;114:1161-1168. Erratum in: Gastroenterology. 1999;116:1507. 
23. Burisch J, Munkholm P. Inflammatory bowel disease epidemiology. Curr 
Opin Gastroenterol. 2013;29:357-362.
24. Takeda Pharmaceuticals. Personal communication. Data on file. September 
6, 2016.
25. Feagan BG, Rutgeerts P, Sands BE, et al; for the GEMINI 1 study group. 
Vedolizumab as induction and maintenance therapy for ulcerative colitis. N Engl 

J Med. 2013;369:699-710. 
26. Rutgeerts P, Sandborn WJ, Feagan BG, et al. Infliximab for induction and 
maintenance therapy for ulcerative colitis. N Engl J Med. 2005;353:2462-2476. 
Erratum in: N Engl J Med. 2006;354:2200. 
27. Sandborn WJ, van Assche G, Reinisch W, et al. Adalimumab induces and 
maintains clinical remission in patients with moderate-to-severe ulcerative 
colitis. Gastroenterology. 2012;142:257-265.e3.
28. Sandborn WJ, Feagan BG, Marano C, et al; for the PURSUIT-SC study 
group. Subcutaneous golimumab induces clinical response and remission in 
patients with moderate-to-severe ulcerative colitis. Gastroenterology. 2014;146: 
85-95; quiz e14-e15. 
29. Hanauer SB, Feagan BG, Lichtenstein GR, et al. Maintenance infliximab for 
Crohn’s disease: the ACCENT I randomised trial. Lancet. 2002;359:1541-1549. 
30. Colombel JF, Sandborn WJ, Rutgeerts P, et al. Adalimumab for mainte-
nance of clinical response and remission in patients with Crohn’s disease: the 
CHARM trial. Gastroenterology. 2007;132:52-65.
31. Sandborn WJ, Hanauer SB, Rutgeerts P, et al. Adalimumab for mainte-
nance treatment of Crohn’s disease: results of the CLASSIC II trial. Gut. 2007; 
56:1232-1239.
32. Sandborn WJ, Feagan BG, Stoinov S, et al; for the PRECISE 1 study inves-
tigators. Certolizumab pegol for the treatment of Crohn’s disease. N Engl J Med. 
2007;357:228-238.
33. Tsai HH, Punekar YS, Morris J, Fortun P. A model of the long-term cost 
effectiveness of scheduled maintenance treatment with infliximab for moder-
ate-to-severe ulcerative colitis. Aliment Pharmacol Ther. 2008;28:1230-1239.
34. Bodger K, Kikuchi T, Hughes D. Cost-effectiveness of biological therapy for 
Crohn’s disease: Markov cohort analyses incorporating United Kingdom pa-
tient-level cost data. Aliment Pharmacol Ther. 2009;30:265-274.
35. Frolkis AD, Dykeman J, Negrón ME, et al. Risk of surgery for inflammatory 
bowel diseases has decreased over time: a systematic review and meta-analysis 
of population-based studies. Gastroenterology. 2013;145:996-1006.
36. RED BOOK Online. Micromedex 2.0. Greenwood Village, CO: Truven 
Health Analytics. www.micromedexsolutions.com. Accessed October 12, 2016. 
37. US Bureau of Labor Statistics. Medical Consumer Price Index. US city av-
erage, not seasonally adjusted medical care. http://data.bls.gov/timeseries/CUUR 
0000SAM?output_view=data. Accessed September 1, 2016.
38. Optum360. The Essential RBRVS (Annual) 2016: A Comprehensive List-
ing of RBRVS Values for CPT and HCPCS Codes. Ingenix; 2015. 
39. Cohen R, Skup M, Ozbay AB, et al. Direct and indirect healthcare resource 
utilization and costs associated with ulcerative colitis in a privately-insured 
employed population in the US. J Med Econ. 2015;18:447-456.
40. Malone DC, Waters HC, Van Den Bos J, et al. A claims-based Markov 
model for Crohn’s disease. Aliment Pharmacol Ther. 2010;32:448-458.
41. Cohen RD, Yu AP, Wu EQ, et al. Systematic review: the costs of ulcerative 
colitis in Western countries. Aliment Pharmacol Ther. 2010;31:693-707.
42. Raluy-Callado M, Li Q, Luo M, et al. Patterns of dose escalation among 
patients with ulcerative colitis or Crohn’s disease treated with vedolizumab 
versus infliximab in the United States. Poster presented at the American Col-
lege of Gastroenterology Annual Scientific Meeting; October 14-19, 2016; Las 
Vegas, NV.
43. Wilson MR, Bergman A, Chevrou-Severac H, et al. Cost-effectiveness of 
vedolizumab compared with infliximab, adalimumab, and golimumab in pa-
tients with ulcerative colitis in the United Kingdom. Eur J Health Econ. 2018; 
19:229-240.
44. Erim DO, Mahendraratnam N, Okafor PN, Wheeler SB. The value of 
vedolizumab as rescue therapy in moderate-severe Crohn’s disease patients with 
adalimumab non-response in the USA. J Crohns Colitis. 2015;9:669-675.
45. Tsai HH, Black C. A review of the cost-effectiveness of vedolizumab for 
treating moderate-to severely active ulcerative colitis. Expert Rev Pharmacoecon 
Outcomes Res. 2016;16:679-683.
46. National Institute for Health and Care Excellence. Vedolizumab for treat-
ing moderately to severely active ulcerative colitis. June 5, 2015. www.nice.org.
uk/guidance/ta342. Accessed July 7, 2017.

Copyright © 2018 by Engage Healthcare Communications, LLC; protected by U.S. copyright law. 
Photocopying, storage, or transmission by magnetic or electronic means is strictly prohibited by law.




