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ABSTRACT
BACKGROUND: Ulcerative colitis is a chronic 
immune-mediated inflammatory condition 
of the large intestine and rectum. Several 
targeted immune modulators (TIMs) have 
demonstrated effectiveness for the treatment 
of moderate to severe ulcerative colitis and 
are approved by the FDA. Patients may try 
multiple TIMs, and currently there are no bio-
markers or prognostic factors to guide choice 
of treatment sequence. In 2020, the Institute 
for Clinical and Economic Review (ICER) 
conducted a review of TIMs for the treatment 
of ulcerative colitis as individual agents rela-
tive to conventional treatment but did not 

address the relative ranking of various treat-
ment sequences to each other. 

OBJECTIVE: To extend the ICER framework 
to identify the optimal treatment sequence 
as informed by metrics such as maximiz-
ing incremental net health benefit (NHB), 
minimizing incremental total cost, or 
maximizing incremental quality-adjusted 
life-years (QALYs).

METHODS: The model was developed as 
a Markov model with 8-week cycles over 
a lifetime time horizon from a US payer 
perspective, including only direct health 
care costs. Health states consisted of active 
moderate to severe ulcerative colitis, clinical 

response without achieving remission, clini-
cal remission, and death. Efficacy of TIMs 
were informed by the ICER-conducted 
network meta-analysis. Up to 3 treatments 
were modeled in a sequence that consisted 
of 2 different TIMs followed by conventional 
treatment. Sequences were ranked according 
to each objective. NHB was calculated using 
a threshold of $150,000 per QALY gained. 
Probabilistic sensitivity analysis (PSA) was 
undertaken to estimate the probability of 
each sequence having the highest NHB rank 
under each objective. 

RESULTS: 21 possible sequences were 
evaluated in the base case. Two attempts 

What is already known  
about this subject

•	 Targeted immune modulators (TIMs), 
consisting of several monoclonal 
antibodies and 1 oral Janus kinase 
inhibitor, have shown effectiveness 
in inducing remission and response 
in patients with moderate to severe 
ulcerative colitis and are approved by 
the FDA for this indication.

•	 Patients may try multiple TIMs, and 
currently there are no biomarkers or 
prognostic factors to guide choice of 
treatment sequence.

•	 In 2020, the Institute for Clinical and 
Economic Review (ICER) conducted 
a review of TIMs for the treatment 
of moderate to severe ulcerative 
colitis as individual agents but did 
not address the cost-effectiveness of 
various treatment sequences. 

What this study adds

•	 This study leveraged the ICER-
developed cost-effectiveness model 
to investigate optimal treatment 
sequencing of TIMs for the treatment 
of moderate to severe ulcerative colitis 
based on 4 objectives: maximizing 
net health benefit, minimizing cost, 
maximizing QALYs, or convenience.

•	 Sequences that were most likely to 
maximize net health benefit and 
minimize cost began with the infliximab 
biosimilar product, then tofacitinib, 
adalimumab, or vedolizumab were used 
as subsequent treatment for those with 
lack of response or on discontinuation. 

•	 Sequences most likely to maximize 
QALYs began with ustekinumab, 
followed by vedolizumab, tofacitinib, 
and adalimumab.
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Ulcerative colitis is a chronic, immune-mediated, inflamma-
tory condition of the large intestine and rectum that affects 
approximately 900,000 people in the United States.1 The dis-
ease follows a relapsing-remitting course characterized by 
bleeding, diarrhea, and abdominal pain. The majority of cases 
are mild to moderate in severity.2 Active moderate to severe 
disease is associated with symptoms of stool frequency, 
fecal incontinence, weight loss, fatigue, pain, and bleeding, 
which are frequently incapacitating in adults, with the added 
potential for irreversible negative impact on growth and 
development for children with ulcerative colitis.3,4 The dis-
ease imparts significant direct and indirect costs, including 
lost productivity, psychosocial and family impact, in addition 
to the substantial impact on quality of life.5,6

Mild to moderate ulcerative colitis is often managed 
with dietary modification, corticosteroids, and systemic 
immunomodulators such as azathioprine.7 For those with 
moderate to severe disease, oral corticosteroids may 
induce remission, but repeated courses and continued 
use of corticosteroids for maintenance of remission is not 
recommended because of the potential for serious adverse 
events.8 Several monoclonal antibodies and 1 oral Janus 
kinase (JAK) inhibitor have shown effectiveness in induc-
ing remission and response in patients with moderate to 
severe ulcerative colitis, as well as maintaining response/
remission over the long term, and are approved by the US 
Food and Drug Administration (FDA) for 1 or both of these 
indications. 

For patients who continue to experience debilitating and 
potentially life-threatening symptoms of ulcerative colitis 
despite maximal medical treatment, surgical removal of the 
colon (colectomy) is an option.8 While curative, colectomy 
does not modify the underlying inflammatory cause of 
ulcerative colitis. Extraintestinal manifestations, such as 
sclerosing cholangitis and arthropathy may still occur.9,10 

The disease may reoccur elsewhere in the gastrointestinal 
tract as Crohn disease.11,12 Even if curative for ulcerative 
colitis, colectomy is associated with short- and long-term 
complications of the ileal pouchitis and negative conse-
quences such as infertility.13,14 For these reasons, multiple 
rounds of advanced pharmaceutical treatment are often 
attempted before consideration of colectomy. 

The approved monoclonal antibodies and JAK inhibitor, 
which as a group is referred to here as targeted immune 
modulators (TIMs), include antitumor necrosis factor (TNF) 
inhibitors (adalimumab, golimumab, infliximab, and inflix-
imab biosimilars); a JAK inhibitor (tofacitinib); an IL-12/23 
inhibitor (ustekinumab); and a gut-specific α4β7 integrin 
inhibitor (vedolizumab). Although adalimumab biosimilars 
are approved, none were marketed or available to patients 
at the time of analysis. 

In a recent review of the comparative effectiveness of 
TIMs for the treatment of moderate to severe ulcerative 
colitis conducted by the Institute for Clinical and Economic 
Review (ICER), the TIMs were found to be largely similar 
with regards to efficacy and safety. The ICER-conducted 
network meta-analysis (NMA) resulted in lower efficacy of 
induction and maintenance for adalimumab compared with 
other TIMs in the biologic-naive and biologic-experienced 
populations. This indirect evidence is further supported 
by direct evidence from a head-to-head study that showed 
substantial and statistically significant differences in remis-
sion and response in favor of vedolizumab vs adalimumab.15 

While similar in efficacy, the TIMs were wide-ranging in 
annual costs.15 These results are based on average gains 
across patients enrolled in randomized controlled trials. 

In clinical practice, response to therapy is highly hetero-
geneous, and unfortunately, there are no known biomarkers 
or predictive factors to inform TIM treatment selection.16 
This leads to a process of trial and error in search of the 
right drug for each patient.17 Guidelines from the American 
Gastroenterology Association list all agents except tofaci-
tinib as potential initial treatment options, with sparse 
recommendations based on low-quality evidence for choice 
of any given subsequent TIM over another.8,18 In the cur-
rent practice landscape, insurance coverage and step edit 
requirements often influence the selection of TIM agents, 
with formulary placement driven by cost and contractual 

at conventional treatment represented the lowest cost option and, 
while yielding the fewest QALYs, resulted in the highest NHB. None 
of the sequences had an incremental cost per QALY below $150,000 
relative to 2 attempts with conventional treatment, so the resulting 
NHB was negative for all sequences. The sequence with the high-
est NHB was infliximab-dyyb followed by tofacitinib (−0.116). This 
regimen also had the lowest incremental costs ($37,266). For orally 
and subcutaneously administered TIMs, the sequence of golimumab-
tofacitinib had the highest NHB (−0.344). Ustekinumab-vedolizumab 
was the top-ranked sequence as measured by QALY maximization 
(0.172 incremental QALYs) but also had the highest total incremental 
cost ($166,094). Results of the PSA were consistent with deterministic 
rankings for the top-ranking sequences but also showed that the top 
2 or 3 regimens were often close together. 

CONCLUSIONS: Based on the results of this analysis, the optimal 
sequence of TIMs as measured by NHB and cost minimization was 
infliximab or biosimilars as first-line treatment, then moving to 
tofacitinib, adalimumab, or vedolizumab. Sequences that generated 
the most QALYs began with ustekinumab, followed by vedolizumab, 
tofacitinib, and adalimumab. 
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the assumption that opportunity costs can be converted 
into the health lost using a willingness-to-pay (WTP) 
threshold.19 A positive NHB indicates that the treatment 
is cost-effective at the chosen WTP threshold. An NHB 
approach has been used to inform technology assessments 
where treatment sequencing is an issue.20,21 Choosing a 
sequence that maximizes the NHB may be of value to 
inform formulary decision makers, physicians, and patients; 
however, prioritization of treatment sequences may also be 
driven by other measures of value. 

Some decision makers who place a higher value on 
clinical benefit and a lower value on relative cost may look 
for the QALY-maximizing sequence, or if clinical benefit 
across TIMs is viewed to be relatively similar, a higher value 
could be placed on relative cost (eg, cost minimizing). The 
American Gastroenterology Association practice guidelines 
state that patients who place higher value on the conve-
nience of self-administered subcutaneous injection, and a 
lower value on the relative efficacy of medications, may rea-
sonably choose a less effective self-administered treatment 
option as an alternative to a more effective intravenously 

arrangements rather than by efficacy or cost-effectiveness 
and often not in concordance with clinical guidelines.15

Given that there is no reliable way to predict which 
individual patient will benefit from one TIM or another, the 
TIMs for moderate to severe ulcerative colitis represent a 
scenario in which the preferred option is to try the most 
cost-effective option first, a combination of relative efficacy 
and relative cost. The 2020 ICER review assessed the cost-
effectiveness of TIMs vs conventional treatment, informed 
by the placebo arms of clinical trials, separately in biologic-
naive and biologic-experienced populations. However, the 
scope of this review did not address optimal sequencing of 
treatments.

We sought to extend the ICER framework to investi-
gate the cost-effectiveness of each treatment sequence 
informed by various objectives: net health benefit (NHB), 
quality-adjusted life-year (QALY) maximization, cost mini-
mization, or convenience. NHB is a metric of the impact of 
a treatment on total population health that combines health 
gains for patients who receive the treatment with the health 
opportunity cost experienced by other patients, under 

FIRST TIM SECOND TIM CONVENTIONAL 
TREATMENT

Active UC

Active UC Active UC Active UC

Response
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remission

Response
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INDUCTION INDUCTIONMAINTENANCE MAINTENANCE
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Death
From any state

FIGURE 1 Model Structure

TIM = targeted immune modulator; UC = ulcerative colitis. 
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the induction phase. Those with no response or remission 
initiated treatment with a subsequent TIM. Those with no 
response or remission on the subsequent TIM initiated 
treatment with conventional treatment for the remainder 
of the model time horizon. 

A constant per-cycle probability of colectomy was 
applied to the active ulcerative colitis health state. Drug 
acquisition cost was based on wholesale acquisition cost 
(WAC) for subcutaneously administered products and aver-
age sales price plus 9.5% for intravenously administered 
products. Average discounts sourced for SSR Health were 
applied to WAC to estimate net prices. Other costs included 
cost of administration, colectomy and colectomy complica-
tions, severe infection, hospitalization, outpatient visits, 
and emergency department visits. Health state and health 
care resource use costs from the literature were inflated to 
2019 US dollars. 

Drug costs were updated to reflect prices as of May 2020. 
QALYs were derived based on time spent in health states of 
nonresponse, response without remission, response with 
remission, and postcolectomy. A utility decrement was 
applied for perioperative colectomy complications, chronic 
pouchitis postcolectomy, and severe infection. All costs and 
outcomes were discounted at an annual rate of 3%. Efficacy 
of TIMs in the biologic-naive and biologic-experienced 
populations were informed by the ICER-conducted NMAs 
of TIMs in each of these populations. 

administered option.18 Therefore, identifying the treatment 
sequence with the greatest NHB among self-administered 
options may be informative for decision making in some 
circumstances. The objective of this study was to assess the 
clinical and economic impact of ulcerative colitis treatment 
sequences informed by various objectives, including the 
NHB approach. 

Methods
The structure and inputs of the ICER model have been pre-
sented previously.15 Briefly, the model was constructed as a 
Markov model with 8-week cycles over a lifetime time hori-
zon. The model was developed in Microsoft Excel. 

Health states consisted of active moderate to severe 
ulcerative colitis, clinical response without achieving remis-
sion, clinical remission, and death (Figure 1). The base-case 
analysis used a US payer perspective, considering only 
direct health care costs. Patients entered the model in 
the active health state and were treated with a TIM or 
conventional treatment. Treatment was aimed at inducing 
clinical response or complete remission in the short-term 
(induction phase, 6-14 weeks) and maintaining response or 
remission in the longer term (maintenance phase). In align-
ment with clinical practice, those who achieved clinical 
response (with or without clinical remission) at the end of 
induction were assumed to remain on treatment as main-
tenance, often at a lower dose than administered during 

Incremental cost
Incremental cost 

minimization rank Incremental QALYs
Incremental QALY 
maximizing rank NHB

Incremental NHB 
rank

Biologic-naive population

Infliximab-dyyb $10,859 1 0.071 2 0.00 1

Infliximab-abda $11,174 2 0.071 2 0.00 2

Infliximab $12,347 3 0.071 2 −0.01 3

Golimumab $38,135 4 0.026 4 −0.23 4

Adalimumab $41,057 5 0.022 5 −0.25 5

Vedolizumab $53,646 6 0.068 3 −0.29 6

Ustekinumab $124,927 7 0.108 1 −0.72 7

Biologic-experienced population

Tofacitinib $26,430 1 0.053 3 −0.12 1

Adalimumab $30,725 2 0.017 4 −0.19 2

Vedolizumab $42,657 3 0.054 2 −0.23 3

Ustekinumab $70,532 4 0.057 1 −0.41 4

NHB = net health benefit; QALY = quality-adjusted life-year; TIM =targeted immune modulator. 

TABLE 1 Incremental Cost, QALYs, and NHB of TIMs Compared With Conventional Treatment
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lowest incremental NHB. Incremental NHB was calculated 
using a threshold of $150,000 per QALY gained using the fol-
lowing equation19:

	 Incremental QALYs−
	Incremental cost

		  Threshold

Thresholds of $50,000 and $100,000 per QALY were 
explored as alternative scenarios. We also ranked the 
interventions according to incremental QALYs generated 
(QALY maximizing) and lowest incremental total costs (cost 
minimizing). 

Finally, the route of administration for TIMs varies. 
Golimumab and adalimumab are administered subcutane-
ously; ustekinumab is administered intravenously during 
induction and subcutaneously for maintenance; tofaci-
tinib is taken orally; and infliximab and vedolizumab are 

This study had 2 primary phases: an intervention-
ranking exercise to construct the sequences, followed by an 
evaluation phase comparing the chosen sequences. 

PHASE 1: INDIVIDUAL LINES OF THERAPY 
In the original ICER analysis, the treatment pathway for 
TIMs and conventional treatment consisted of initial 
treatment, subsequent treatment, and then conventional 
treatment. For phase 1, we removed subsequent treatment 
from the pathways of TIMs and conventional treatment to 
remove any influence of subsequent TIMs on the evalua-
tion of initial treatment—an approach used by other health 
technology assessment agencies.20,21 We then calculated the 
incremental NHB of each TIM in a biologic-naive population 
and biologic-experienced population, compared with con-
ventional treatment to rank order the TIMs from highest to 

Sequence Cost ΔCost

Incremental 
cost  

minimizing 
rank QALYs ΔQALYs

Incremental 
QALY  

maximizing 
rank NHB

Incremental 
NHB rank

Infliximab-dyyb > tofacitinib $414,580 $37,266 1 15.650 0.133 21 −0.116 1

Infliximab > tofacitinib $416,067 $38,753 2 15.650 0.133 20 −0.125 2

Infliximab-dyyb > adalimumab $417,938 $40,625 3 15.619 0.102 19 −0.169 3

Infliximab > adalimumab $419,425 $42,112 4 15.619 0.102 18 −0.178 4

Infliximab-dyyb > vedolizumab $429,859 $52,546 5 15.652 0.135 17 −0.215 5

Infliximab > vedolizumab $431,346 $54,033 6 15.652 0.135 16 −0.225 6

Golimumab > tofacitinib $442,247 $64,934 7 15.606 0.089 15 −0.344 7

Adalimumab > tofacitinib $445,204 $67,891 8 15.602 0.085 14 −0.368 8

Infliximab-dyyb > ustekinumab $457,115 $79,802 10 15.653 0.136 13 −0.396 9

Golimumab > adalimumab $445,650 $68,336 9 15.575 0.058 12 −0.397 10

Vedolizumab > tofacitinib $457,389 $80,075 11 15.647 0.130 11 −0.403 11

Infliximab > ustekinumab $458,602 $81,289 13 15.653 0.136 10 −0.406 12

Golimumab > vedolizumab $457,748 $80,434 12 15.608 0.091 9 −0.445 13

Vedolizumab > adalimumab $460,750 $83,436 15 15.617 0.100 8 −0.456 14

Adalimumab > vedolizumab $460,724 $83,410 14 15.604 0.087 7 −0.469 15

Golimumab > ustekinumab $485,400 $108,086 16 15.610 0.093 6 −0.628 16

Adalimumab > ustekinumab $488,410 $111,096 17 15.605 0.089 5 −0.652 17

Vedolizumab > ustekinumab $499,960 $122,646 18 15.651 0.134 4 −0.684 18

Ustekinumab > tofacitinib $528,315 $151,001 19 15.686 0.170 3 −0.837 19

Ustekinumab > adalimumab $531,636 $154,323 20 15.656 0.139 2 −0.889 20

Ustekinumab > vedolizumab $543,407 $166,094 21 15.688 0.172 1 −0.936 21

Conventional treatment $377,313 – 15.52 – –

Δ = difference; NHB = net health benefit; QALY = quality-adjusted life-year; TIM = targeted immune modulator. 

TABLE 2 Cost, QALYs, and NHB of TIM Sequences Compared With Conventional Treatment
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OUTCOMES 
The outcomes of our analysis included incremental  
NHB, costs, and QALYs, comparing across the treat-
ment sequences, with ranking informed by each objective. 
Probabilistic sensitivity analysis (PSA) was undertaken to 
estimate the probability of each treatment sequence hav-
ing the highest NHB rank, QALY maximizing rank, and cost 
minimizing rank. PSA was implemented by simultaneously 
varying all model parameters over 1,000 simulations using 
parameter distributions and NMA coda samples as in the 
original ICER evaluation.

Results
PHASE 1: INDIVIDUAL LINES OF THERAPY 
The incremental NHB, incremental cost minimizing, and 
incremental QALY maximizing ranking of each TIM com-
pared with conventional treatment in the biologic-naive and 
biologic-experienced populations are presented in Table 1. 
None of the TIMs had an incremental cost per QALY below 
$150,000 compared with 2 attempts at conventional treat-
ment in the base-case analysis. As such, the resulting NHB 
was negative for all TIMs at the $150,000 per QALY threshold. 
In the biologic-naive population, infliximab-dyyb, an inflix-
imab biosimilar, had the least negative (ie, most favorable) 
NHB. Ustekinumab resulted in the maximum incremental 
QALYs, followed by infliximab and its biosimilars. In the 
biologic-experienced population, tofacitinib had the least 
negative NHB. However, tofacitinib ranked third behind 
ustekinumab and vedolizumab for incremental QALYs. 
Among orally or subcutaneously administered TIMs in the 
biologic-naive population (ie, golimumab, adalimumab, and 
ustekinumab), golimumab had the least negative NHB, but 
ustekinumab resulted in the highest QALYs. 

administered via intravenous infusion. Because of conve-
nience or other factors, some patients may not prefer an 
intravenous route of administration. For this reason, we 
also investigated which treatment sequence of orally or 
subcutaneously administered TIMs led to the highest NHB. 

PHASE 2: SEQUENCE RANKING
In phase 2, we reinstated the subsequent TIM structure in 
order to calculate the outcomes for each sequence of TIMs. 
We compared sequences within each objective, ie, NHB, 
QALY maximizing, and cost minimizing vs a sequence of 
2 attempts at conventional treatment with transition prob-
abilities for biologic-naive patients in the first conventional 
treatment line and transition probabilities for biologic-
experienced patients in the second conventional treatment 
line. Finally, we compared the highest-ranking sequence for 
each objective to each other and conventional treatment. 
It was assumed that patients would not use a specific TIM 
twice (ie, in first-line and second-line treatments).

Tofacitinib was not included as an option for initial 
TIM treatment because of labeling that limits use to after 
failure of an anti-TNF inhibitor.22 Infliximab and golimumab 
were not included as an option for subsequent treatment 
after initial TIM in the original ICER analysis because of 
the lack of randomized controlled trial data in a biologic-
experienced population, which would allow for inclusion 
in the biologic-experienced NMA. However, infliximab is 
commonly used following other TIMs in real-world prac-
tice.23,24 We conducted a scenario analysis where infliximab 
was included as an option as second-line TIM. Efficacy in a 
biologic-experienced (eg, second line) population is often 
reduced compared with a biologic-naive population. The 
exact magnitude of this difference is highly variable across 
TIMs. For this scenario, we assumed a 20% reduction in the 
efficacy of infliximab in inducing response/remission and 
no difference in maintenance efficacy. 

Incremental cost minimizing Incremental QALY maximizing Incremental NHB maximizing

31% Infliximab-dyyb-tofacitinib 23% Ustekinumab-vedolizumab 24% Infliximab-dyyb-tofacitinib

27% Infliximab-dyyb-adalimumab 19% Ustekinumab-tofacitinib 22% Infliximab-dyyb-vedolizumab

16% Infliximab-dyyb-vedolizumab 17% Ustekinumab-adalimumab 19% Infliximab-dyyb-adalimumab

10% Infliximab-tofacitinib 11% Vedolizumab-ustekinumab 15% Infliximab-dyyb-ustekinumab

8% Infliximab-adalimumab 7% Infliximab-dyyb-ustekinumab 7% Infliximab-adalimumab

NHB = net health benefit; PSA = probabilistic sensitivity analysis; QALY = quality-adjusted life-year. 

TABLE 3 Results of PSA for Top 5 Sequences Compared With Conventional Treatment
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PROBABILISTIC SENSITIVITY ANALYSIS 
Table 3 presents the top 5 sequences as measured by lowest 
cost, greatest QALYs, or greatest NHB as ranked by results 
of the PSA. Results of the PSA were generally consistent with 
deterministic estimates for the top ranking sequence under 
each objective, with some differences in ranking the second 
and onward. In all cases, the top 3 sequences listed in Table 
3 resulted in optimal outcomes in at least 60% of PSA itera-
tions, and the top 2 covered at least 40% of PSA iterations. 

SCENARIO ANALYSIS
NHB rankings using WTP thresholds of $50,000 per QALY 
gained and $200,000 per QALY gained resulted in rankings 
that were identical to the base case.

The scenario where infliximab is used as second-line 
treatment after adalimumab, golimumab, ustekinumab, 
or vedolizumab is presented in Table 4. Assuming a 20% 
reduction in induction efficacy for a biologic-experienced 
population relative to a biologic-naive population, none of 
the sequences with infliximab as second-line treatment 
were in the top 5 rankings as measured by NHB, cost 
minimization, or QALY maximization. This finding is main-
tained for NHB and cost minimization if the 20% efficacy 
penalty for infliximab in a biologic-experienced population 
is removed. However, once removed, the ustekinumab-
infliximab ranks third for QALY maximization (incremental 
gain of 0.142).

Discussion
In the previous evaluation of TIMs for the treatment of 
ulcerative colitis conducted by ICER, no TIMs were found to 
be cost-effective relative to conventional treatment in the 
biologic-naive or biologic-experienced populations, with 
incremental cost per QALY gained ranging from $186,000 
for infliximab-dyyb in the biologic-naive population to 

PHASE 2: SEQUENCE RANKING
Sequence Ranking Based on NHB. Table 2 compares all 
possible TIM sequences to a sequence of 2 attempts at 
conventional treatment. No sequences had a positive NHB, 
suggesting that 2 attempts at conventional treatment 
resulted in higher total population health relative to any of 
the TIM sequences. Infliximab-abda was assumed to have 
equal efficacy to that of infliximab and infliximab-dyyb, 
with a marginally higher net price than infliximab-dyyb, 
and thus always ranked 1 place behind infliximab-dyyb 
(data not shown). The sequence with the highest NHB 
was infliximab-dyyb followed by tofacitinib (infliximab-
dyyb-tofacitinib). The sequence with the lowest NHB was 
ustekinumab-vedolizumab. For orally and subcutaneously 
administered TIMs, the sequence of golimumab-tofacitinib 
had the highest NHB.

Sequence Ranking Based on Cost Minimization. The 5 
sequences with the lowest incremental cost compared 
with conventional treatment are also presented in Table 2. 
This ranking was identical to the ranking based on NHB. 
Incremental costs ranged from $37,266 for infliximab-dyyb-
tofacitinib to $166,094 for ustekinumab-vedolizumab.

Sequence Ranking Based on QALY Maximization. 
Although having a higher NHB, the sequence of inflix-
imab-tofacitinib did not result in the greatest number of 
QALYs gained. All 5 sequences with the greatest QALY 
gains over conventional treatment contained ustekinumab. 
Ustekinumab-vedolizumab, ustekinumab-tofacitinib, and 
ustekinumab-adalimumab held the top 3 rankings, respec-
tively, followed by infliximab-dyyb-ustekinumab and 
infliximab-ustekinumab. The incremental QALY gain with 
ustekinumab-vedolizumab over infliximab-dyyb-tofacitinib 
was 0.039 at an incremental cost of $128,828, yielding an 
incremental cost per QALY of $3,319,214. 

Sequence Cost ΔCost

Incremental 
cost  

minimizing 
rank QALYs ΔQALYs

Incremental 
QALY  

maximizing 
rank NHB

Incremental 
NHB rank

Golimumab-infliximab $424,373 $47,060 5 15.570 0.053 26 −0.261 7

Adalimumab-infliximab $427,307 $49,994 6 15.566 0.049 27 −0.284 8

Vedolizumab-infliximab $439,759 $62,446 9 15.611 0.095 18 −0.322 9

Ustekinumab-infliximab $510,921 $133,607 23 15.651 0.134 10 −0.756 23

Δ = difference; NHB = net health benefit; QALY = quality-adjusted life-year. 

TABLE 4 Ranking of Sequences with Infliximab as Second Line Compared With Conventional Treatment
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the more convenient subcutaneously administered regimen 
resulted in 0.044 fewer QALYs and $27,668 higher costs, 
driven by a lack of less expensive biosimilar TIMs with 
subcutaneous administration. A NHB loss of 0.228 thus 
could be contributed to choosing a sequence with a more 
convenient mode of administration. 

Strengths of our study are the robustness of efficacy 
parameters on which is it is based, arising from a systematic 
literature review and NMA conducted by ICER. In addition, 
the model structure and inputs were developed and refined 
throughout the ICER assessment of TIMs for the treatment 
of moderate to severe ulcerative colitis with input from 
patients, manufacturers, clinicians, and other stakeholders.

Previous studies of optimal sequencing of TIMs in 
ulcerative colitis generally align with our findings. Current 
treatment guidelines by the American Gastroenterological 
Association suggest that infliximab and vedolizumab may 
be preferred first-line therapy, with ustekinumab and 
tofacitinib as preferred second-line therapy.18 Our find-
ings suggest that the sequencing of vedolizumab and 
ustekinumab could be flipped depending on the goals of 
treatment, with the sequence of vedolizumab followed by 
ustekinumab having the higher NHB, but the sequence of 
ustekinumab followed by vedolizumab having the greater 
QALYs. In a study of optimal vedolizumab place in therapy, 
vedolizumab was cost-effective as first-line treatment 
in a scenario where adalimumab was commonly used as 
first-line treatment, but not when infliximab was used as 
first line.25 

Because FDA-approved labeling of tofacitinib limits its 
approved use to after failure of an anti-TNF inhibitor due to 
safety concerns, we did not consider tofacitinib as an option 
for first-line treatment.22 A cost-minimization analysis of up 
to 4 lines of treatment centered around the optimal place 
in therapy for tofacitinib found that tofacitinib was cost 
saving compared with adalimumab as first-line treatment 
in ulcerative colitis.26 

The findings of our study may inform current practice 
and access to TIMs in several ways. Step therapy in ulcer-
ative colitis may be supported in this case, given that no 
predictive biomarkers exist; small QALY differences are 
observed between agents; and costs differ substantially 
between agents. However, current step therapy sequences 
may not be aligned to maximum NHB or maximal QALYs. 
Adalimumab, a current market leader that can be used for 
multiple auto-immune disorders, ranks near the lowest 
when used as the first-line treatment of moderate to 
severe ulcerative colitis because of its relatively modest 
efficacy compared with other TIMs, coupled with rela-
tively high cost. 

$1,885,000 for adalimumab in the biologic-experienced 
population.15 Results were driven by the high cost of TIMs 
and relatively modest efficacy relative to placebo in induc-
ing and maintaining response. 

In this study, we leveraged the ICER ulcerative coli-
tis model framework developed for the evaluation of 
the long-term cost-effectiveness of individual TIMs and 
reframed it to consider optimal treatment sequences 
based on different objectives, ie, NHB, cost minimization, 
QALY maximization, or convenience for all TIMs. These 
sequences were constructed by ranking the interventions 
in the biologic-naive and biologic-experienced popula-
tions by each objective and then combining the top ranked 
interventions without rechallenge. The sequences were 
then compared with a sequence of conventional treatment 
alone. The top sequences for each objective were also 
compared with each other. 

Results of our analysis showed that the top-ranking 
sequences as measured by NHB or cost minimization started 
with infliximab or biosimilars as first-line treatment, then 
moved to tofacitinib, adalimumab, or vedolizumab, ranked 
in that order. However, none of these sequences resulted in 
maximum QALY gain. The finding that the ranking based 
on net benefit closely aligned with cost minimization and 
that no re-ranking occurred with lower cost per QALY 
thresholds suggests that differences in cost between TIMs 
are the major driver of rankings rather than differences in 
QALYs gained. 

The QALY-maximizing approach to sequence optimiza-
tion resulted in a small gain in incremental QALYs at 
substantially higher added costs. Absolute differences in 
the incremental QALYs gained vs conventional treatment 
for any sequence were small, ranging from 0.172 QALYs with 
ustekinumab-vedolizumab to 0.058 QALYs for golimumab-
adalimumab, with a difference of 0.113. 

In contrast, the differences in incremental cost were sub-
stantial, ranging from $166,094 for ustekinumab-vedolizumab 
to $37,266 for infliximab-dyyb-tofacitinib (Δ $128,828). The 
QALY-maximizing sequence of ustekinumab-vedolizumab 
was not cost-effective compared with the NHB-maximizing 
sequence of infliximab-dyyb-tofacitinib. The differences 
for the QALY-maximizing sequence vs the highest NHB 
were 0.039 incremental QALYs and $128,828 incremental 
costs. This yielded an incremental cost-effectiveness ratio 
of more than $3.3 million, indicating that the QALY-
maximizing sequence was far from cost-effective vs the 
highest NHB sequence.

Among subcutaneously administered TIMs, the sequence 
with the highest incremental NHB was golimumab-tofaci-
tinib. Compared with the highest-ranking regimen in terms 
of incremental NHB (infliximab-dyyb-tofacitinib) overall, 
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biologic-experienced populations. Not 
all TIMs have data in both populations, 
which limited our ability to investigate 
all possible sequences. In addition, the 
patient experience of ulcerative coli-
tis is highly heterogeneous. Our study 
relied on average response and remis-
sion values obtained from clinical 
trials and did not intend to override 
individual patient-level selection of 
TIMs based on clinical judgement and 
shared decision making. We did not 
investigate treatment sequences of 
more than 2 TIMs. 

For the purposes of our analysis, 
modeling additional lines of treatment 
would have reduced the relative dif-
ferences between sequences of first 
and second TIMs, the treatment deci-
sions of greatest interest. However, 
many patients will try and fail more 
than 2 TIMs. For these patients, hav-
ing multiple treatment options is 
important, since all TIMs have been 
shown to be superior to conventional 
treatment. 

Conclusions
Based on the results of this analy-
sis, the optimal sequence of TIMs as 
measured by NHB and cost minimi-
zation was infliximab or biosimilars 
as first-line treatment, then moving 
to tofacitinib, adalimumab, or vedoli-
zumab. Because efficacy across agents 
was relatively similar, results were 
driven by cost. Sequences that gen-
erated the most QALYs began with 
ustekinumab, followed by vedoli-
zumab, tofacitinib, and adalimumab. 
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This study was based on an evidence syn-
thesis and economic evaluation sponsored 
by the Institute for Clinical and Economic 
Review (ICER). Pandey and Fazioli are 
employees of ICER. 

Formulary policies to “step through” 
adalimumab in ulcerative colitis are 
not supported by the findings of our 
study. In fact, adalimumab as first line 
was never ranked in the top 5 optimal 
sequences by any measure except in 
a scenario where it is followed by inf-
liximab. However, this finding should 
be interpreted with caution, since the 
high failure rates with golimumab and 
adalimumab give an earlier transition 
to the next line of treatment with a 
more cost-effective option, infliximab. 

Because of the lack of randomized 
controlled trials in the biologic-expe-
rienced population, efficacy data for 
infliximab as second-line treatment 
is based on data in the biologic-naive 
population—where TIMs often have 
higher efficacy compared with the 
biologic-experienced population. 
Evidence suggests that switching 
between TIMs with the same mecha-
nism of action (eg, trial of 2 TNF-α 
antagonist) may result in worse out-
comes than switching to a TIM with 
a different mechanism of action. Both 
of these factors would contribute 
to lower efficacy for infliximab as 
second-line treatment than assumed 
in our analysis. Thus, the NHB of 
sequences with infliximab as a second-
line treatment may be overestimated.

Although one of the first TIMs 
approved for ulcerative colitis, inf-
liximab still remains comparable in 
efficacy to newer TIMs at a lower 
cost, in part because of the availability 
of biosimilars. Our findings reinforce 
infliximab’s position as a commonly 
used TIM for ulcerative colitis and 
demonstrate that the downward price 
pressure with the introduction of 
biosimilars may change optimal treat-
ment sequencing. 

LIMITATIONS
This study has some limitations to 
consider. Our model relied on the 
results of randomized controlled tri-
als of TIMs in the biologic-naive and 
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