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Abstract

Background & Aims—oOral 5-aminosalicylic acid drugs (5-ASA) are widely used for mild to
moderate ulcerative colitis (UC). However, these drugs are costly, and long-term adherence is
poor. The purpose of this study was to quantify the cost-utility of inflammation-targeted,
intermittent therapy versus universal, continuous maintenance therapy with 5-ASA agents in
patients with mild to moderate UC.

Methods—We developed a Markov cohort model that simulated a population of adult patients
with newly diagnosed, quiescent UC after induction of remission with 5-ASA agents. Model
inputs were obtained from published literature. The perspective taken was that of a short-term
payer (health insurance provider) over a 5 year time period. Three treatment strategies were
modeled: (1) symptom-targeted treatment (i.e., treatment for symptomatic disease flares only)
(SYMPT); (2) continuous 5-ASA maintenance for all patients (CONT); and, (3) inflammation-
targeted treatment (i.e., 5-ASA therapy only for patients with a positive stool inflammatory
marker) (INFLAM). Disease flares, quality-adjusted life years (QALYS), costs (2009 US dollars),
and incremental cost-effectiveness ratios (ICERS) were measured.

Results—INFLAM was the least costly strategy, with a cumulative per patient cost of $22,798,
compared to $24,378 and $25,621 for the SYMPT and CONT strategies, respectively. Despite the
lower cost, INFLAM was comparable to SYMPT and CONT in terms of effectiveness (4.4986
versus 4.5014 QALYsS, respectively), making it the optimal strategy. Several variables proved to
be important in sensitivity analysis, but the CONT strategy (current standard of care) was optimal
only if the cost of 5-ASA medications was markedly reduced.

Conclusions—Inflammation-targeted treatment of UC has the potential to produce favorable
clinical outcomes while limiting costs. Prospective trials of inflammation-targeted treatment are
warranted.
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Background & Aims

Methods

Though ulcerative colitis (UC) does not have a high population prevalence, its early age of
onset and associated long-term morbidity results in substantial negative effects on quality of
life and high health care utilization and costs 1-3. Patients with newly diagnosed UC are
commonly treated with a 5-aminosalicylic acid (5-ASA) agent to reduce the likelihood of
subsequent disease flares 4. Such agents are generally safe and well tolerated. However,
patients often discontinue these medications during prolonged periods of disease

remission > 6. Furthermore, they are expensive, with prior studies suggesting that continuous
5-ASA maintenance therapy may be cost-ineffective /. Sulfasalazine, a less expensive
option, is cost-effective, but it is poorly tolerated in up to 30% of patients 8. Sulfasalzine
must also be taken two to three times per day, compared to once daily for newer 5-ASA
compounds, again contributing to non-adherence 2. Reports suggest that 5-ASA compounds
are the agents of choice in both the United States and Europe, accounting for up to 88% of
the market for such medications 10,

One approach that can improve the cost-effectiveness of 5-ASA therapy is to target therapy
to patients who are at increased risk for disease flare. ldentifying patients at increased risk
for a flare could improve clinical outcomes while reducing costs and resource utilization.
Recent studies have suggested that stool tests for bowel inflammation can detect subclinical
UC and identify patients who are at risk for impending flare before symptoms develop 1112,
Though the accuracy of these stool tests varies, some (e.g., fecal calprotectin) 13 are
reasonably sensitive and specificl? 14 15and could be used to predict imminent disease flare
in individual patients before symptoms develop, allowing treatment to be targeted to at-risk
patients to preventa symptomatic disease flare. The paradigm of targeted therapy has been
shown to reduce resource utilization and costs while improving clinical outcomes in a
variety of other disease states 16: 17, However, it remains unknown whether targeted therapy
has a role in the management of UC.

The purpose of this study was to model the clinical and economic effects of inflammation-
targeted, intermittent 5-ASA therapy for mild to moderate UC compared to universal,
continuous maintenance therapy or symptom-targeted therapy. We also sought to identify
the characteristics of predictive tests (such as fecal calprotectin) that would be required to
yield cost-effective inflammation-targeted treatment strategies in UC.

Decision Analytic Model

We constructed a Markov cohort model using TreeAge Pro decision modeling software
(TreeAge Software, Inc., Williamstown, MA). We modeled disease states and outcomes
(quality-adjusted life-years, or QALYS) in a simulated cohort of adult patients with newly
diagnosed UC. The perspective taken was that of an insurance provider with a time horizon
of 5 years. The basic structure of the model is outlined in Figure 1.

At its inception, the cohort consisted of an otherwise healthy population of 22 year-old
patients with recently diagnosed 5-ASA-responsive UC, after induction of clinical
remission. Patients cycled between the principal health states every three months, with
transition probabilities derived from published literature. During a three-month cycle,
disease could remain quiescent or become active (clinical flare) (Figure 2).

Modeled patients who developed disease flare were initially treated as outpatients with a
combination of “intensive” oral and rectal 5-ASA compounds, and treatment was escalated
in non-responders as outlined in Figure 2. Patients who did not respond to intensive 5-ASA
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therapy after 1 month were placed on oral corticosteroids. Non-response to oral
corticosteroids resulted in admission for intravenous corticosteroids. Those with disease that
was refractory to intravenous steroids were treated with infliximab. Finally, lack of response
to infliximab resulted in colectomy. To minimize complexity, we did not include
cyclosporine rescue therapy in the model, particularly in light of recent data suggesting that
cyclosporine and infliximab have equivalent efficacy for treatment of acute steroid-
refractory UC 18, We assumed that outpatients successfully treated with 5-ASA compounds
incurred 2 physician office visits for management of the disease flare, and those who
required corticosteroids incurred 2 additional physician office visits.

Successful medical treatment of a flare resulted in return to a quiescent disease state. If a
patient experienced two flares that required oral or intravenous corticosteroids, they were
started on azathioprine (AZA). If a patient experienced a flare on AZA, the patient was
placed on infliximab therapy. If a patient experienced a flare on infliximab, they proceeded
to colectomy. If a colectomy was performed, medical therapy was discontinued, and the
patient entered a colectomy state. We did not model specific colectomy related
complications; instead, we assumed that patients in a colectomy state incurred ongoing long-
term costs due to these complications based on observed data from a recent study of post-
colectomy patients 12, Any state in the model could transition to a death state (due to natural
causes, with rates obtained from National Center For Health Statistics life tables) 20,
Treatment adherence was assumed to be 100% in the base-case analysis (and was varied
widely in an exploratory analysis).

Strategies Modeled

We explored three strategies for management of UC: (1) a symptom-targeted treatment
strategy, where 5-ASA medications were only used for symptomatic disease flares
(SYMPT); (2) a continuous maintenance strategy, where continuous 5-ASA maintenance
therapy was used in all patients with quiescent disease (CONT) (current standard of care);
and, (3) an inflammation-targeted treatment strategy, where all patients underwent
predictive stool testing every 3 months and those with a positive test were treated with a 3
month course of 5-ASA medication to potentially avert a symptomatic disease flare
(INFLAM). Under the INFLAM strategy, we assumed that a subset of patients were
destined to clinically flare within a 3 month period (22% probability in those on no therapy
and 12% probability in those on 5-ASA, based on published data). Stool test sensitivity and
specificity were then applied to determine what proportion of patients would have positive
and negative stool tests, and inflammation-targeted treatment with 5-ASAs was applied
accordingly. Due to a paucity of data on the topic, we did not assume a within-patient
correlation of false negative or false positive results. An overview of treatment strategies is
displayed in Figure 2.

Transition Probabilities

Probabilities were derived from published literature, with systematic reviews utilized if
available. All probabilities were converted to three-month probabilities to match the cycle
length of the model (Table 1).

Quiescent Disease—The natural history of disease activity without 5-ASA therapy and
the effectiveness of 5-ASA maintenance therapy were obtained from a 2006 Cochrane meta-
analysis . Specifically, we extracted the 3-month probability of disease flare in the absence
of 5-ASA therapy (0.22, range: 0.19 — 0.25) and the odds of disease flare during 5-ASA
maintenance therapy (0.47, range: 0.36-0.62) (yielding a base-case probability of disease
flare of 0.12 for patients using 5-ASA therapy). The probability of disease flare during AZA
maintenance therapy was obtained from a 2007 Cochrane review on this topic (0.13, range:
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0.10-0.18) 2L, The probability of flare during infliximab maintenance therapy was obtained
from a randomized controlled trial (ACT 1) that enrolled patients who had failed
corticosteroids +/- azathioprine (0.21, range: 0.17-0.26) 22,

Active Disease—The probability of response (induction of remission during flare) to
intensive 5-ASA therapy was obtained from a 2005 study on this topic (0.64, range:
0.50-0.76) 23. The probability of response to oral corticosteroids was obtained from a 2001
retrospective cohort study of patients with ulcerative colitis (0.84, range: 0.50-0.92) 24,
Finally, the probabilities of response to intravenous corticosteroids and infliximab were
obtained from recent systematic reviews of studies enrolling patients who had failed usual
outpatient disease management (0.67, range: 0.48-0.85 and 0.70, range: 0.50-0.90,
respectively) 25-27,

Stool Tests—A variety of stool tests could be used to assess inflammation in patients with
ulcerative colitis. Some of these tests, such as fecal leukocytes, are widely available and
inexpensive but have limited accuracy 28 29, Others, such as fecal calprotectin, are more
expensive but have better predictive test characteristics 11 15, Because fecal calprotectin has
the most robust data supporting its use as a predictor of impending disease flare in
inflammatory bowel disease patients, we used fecal calprotectin as the “prototype” stool test
in our base-case analysis 11. Specifically, we assumed a stool test sensitivity of 77% and
specificity of 71% based on results of a recent meta-analysis 1°. In sensitivity analysis, these
values were varied widely to examine the potential role of both less accurate tests (such as
fecal leukocytes) and more accurate tests (such as future generation fecal calprotectin).

Probability of Death—~Probability of death from natural causes was obtained from
National Center for Health Statistics life tables and was age-dependent 2. Probability of
death in the peri-operative period after colectomy was assumed to be 2.3% based on an
analysis of data from the Nationwide Inpatient Sample 3.

The costs of outpatient medications were obtained from the 2009 Red Book (Table 1) 31,
The cost of outpatient infliximab infusion was obtained from 2006 study that utilized
insurance claims data 32. Costs of inpatient medications were generally assumed to be
included in the total costs of hospitalization, described below. Finally, because fecal
calprotectin is not specifically reimbursed by Medicare (see HCPCS code 83993), the cost
of this test ($185) was obtained from our local hospital laboratory and was varied widely in
an exploratory analysis.

The costs of medical care were obtained from the 2009 Medicare Physician Fee Schedule,
the Healthcare Cost and Utilization Project (HCUP), and published literature on long-term
costs after colectomy in patients with UC 19:33-35_ Specifically, the cost of an outpatient
physician visit (beyond the cost of medications) was assumed to be $69 (HCPCS code
99214, facility price for outpatient visit) 34. The cost of hospitalization for a course of
intravenous corticosteroids was assumed to be $5,861 (2008 mean hospital cost for
diagnosis related group (DRG) 387 for inflammatory bowel disease) 33. Patients with steroid
refractory disease (requiring infliximab) incurred additional costs for ongoing
hospitalization (HCPCS 99232 for 7 days) and infliximab induction 32 34, For the in-
hospital cost of colectomy, we assumed the mean cost for ICD-9 code 45.8 (total colectomy)
in patients between ages 18-44, yielding a value of $25,623 33, This value was corroborated
by a recent study that reported hospital charges of $49,739 for colectomy with ileal pouch
anal anastamosis (IPAA) 3°. Finally, long-term post-colectomy costs were obtained from a
recent study by Holubar and colleagues in which authors assessed immediate and long-term
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costs associated with colectomy with IPAA 19, Specifically, the combined direct costs of
surgery and the 6 month period following surgery were reported to total $52,283 per patient.
We subtracted the cost of colectomy obtained from HCUP from this value, yielding an
initial 6 month “recovery period” cost of $26,660 after colectomy with IPAA. The mean
total cost in the 2 years after recovery from surgery in this study was $6,659, yielding an
annual long-term cost of $3,329 after colectomy with IPAA 19,

We did not specify additional costs related to routine laboratory monitoring, though these
relatively small expenditures were addressed within the ranges of our sensitivity analyses.
All costs were varied between half and twice the base-case value in sensitivity analysis
(Table 1). Costs were also discounted at a rate of 3% per year and adjusted for inflation to
2009 U.S. dollars based on the Consumer Price Index (CPI).

Utility Valuations

Health state utility valuations were obtained from published studies in patients with
inflammatory bowel disease that used the time trade-off technique. Specifically, we assumed
utilities of 0.98, 0.90, and 0.92 for quiescent disease, active disease not requiring
hospitalization, and the post-colectomy state. These values were obtained from a recent
study examining health state utilities in patients with UC 38, The utility of active disease
requiring hospitalization was obtained from two studies of patients with severe UC awaiting
colectomy (0.59, range: 0.47-0.71) 1. 37,

To model the decrease in quality of life associated with chronic medication use, we assumed
a small disutility of 0.005 in patients taking 5-ASA maintenance therapy, similar to that used
by Hayward in patients taking high-dose statins 7. Notably, patients with UC have
repeatedly been shown to discontinue their maintenance medications in remission,
suggesting an inherent disutility of these medications > 9. Similarly, because stool testing
requires collection of stool by the patient (which is time consuming and potentially
unpleasant), we also incorporated a small disutility for stool testing. Specifically, we
conservatively assumed that one “stool testing day” (when a stool sample was collected for
the stool test, for a total of 4 days per year) was similar to one day of life with severe back
pain (utility = 0.79), yielding an annual stool testing disutility of 0.0025 38, Because the true
values of these disutilities are not well defined, base-case assumptions were widely varied in
sensitivity analysis (from zero to 0.01). All utilities and disutilities were discounted at a rate
of 3% per year 3.

Clinical and Economic Outcomes

For each strategy, clinical and economic outcomes were measured and reported. Clinical
outcomes included: (1) average number of flares per patient; (2) proportion of patients who
had undergone colectomy; (3) proportion of simulation cycles where asymptomatic patients
were assigned 5-ASA therapy; and, (4) quality-adjusted life-years (QALYS). Economic
outcomes included costs and incremental cost-effectiveness ratios (ICERS).

Model Validation

To validate that our model output was predictive of observed data, we compared our results
with those of long-term observational studies of the natural history of treated mild to
moderate UC 40-42, Though natural history studies have not traditionally reported the
volume and frequency of disease flares, these studies do commonly report on the proportion
of patients undergoing colectomy, with 5-year cumulative rates ranging from 7.5% in adult
patients 41 to 24% in older pediatric patients 9. We compared these observed colectomy
rates to the colectomy rates predicted by our model.
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Sensitivity Analysis

Results

Sensitivity analysis was used to identify variables that had important effects on the choice of
optimal management strategy. One-way sensitivity analyses were performed on each
variable in the model. Two-way sensitivity analyses were performed using variables
identified in one-way analyses. Probabilistic sensitivity analysis was also performed, where
35 variables were simultaneously varied over their sensitivity analysis ranges according to
specified probability distributions (10,000 Monte Carlo trials). Beta, gamma, and normal
distributions were assumed for proportions, costs, and log odds ratios, respectively 43. For
disutilities (for which the distribution is undefined), we assumed a uniform distribution. For
each distribution, we assumed that the mean was equal to the point estimate and that the
standard deviation was equal to the sensitivity analysis range / [ 2 x1.96]. Acceptability
curves were generated for each strategy across a wide range of willingness-to-pay (WTP)
thresholds ($0 to $100,000) using net health benefit calculations.

Model Validation

The model predicted 5-year cumulative colectomy rates ranging from 10.6% (for continuous
maintenance therapy (CONT) with 100% adherence) to 24.4% (symptom-targeted treatment
(SYMPT)). Assuming a realistic adherence rate of 60% % 41, the model predicted a 5-year
colectomy rate of 16.2% (95% CI: 7.8%-27.2%) under the CONT strategy, a value between
the observed colectomy rates for adult and older pediatric patients (7.5% and 24%,
respectively) 40 41,

Base-Case Analysis

Results of the base-case analysis are shown in Table 2. The CONT strategy resulted in the
fewest flares (2.14 per patient) and the lowest cumulative colectomy rate of the three
strategies (10.6%), albeit at the expense of maximum exposure to 5-ASA agents (mean
exposure time 55 months). This strategy resulted in 4.5014 QALY per patient per 5 years.
The SYMPT strategy yielded the most flares (3.49 per patient) and the highest colectomy
rate (24.4%) of the various strategies. However, by avoiding the disutility of chronic
medication use incurred by those under the CONT strategy, this strategy resulted in the same
number of QALY per patient as the CONT strategy.

The inflammation-targeted treatment (INFLAM) strategy resulted in 2.49 flares per patient
and a colectomy rate of 13.6%. Though these values were slightly greater than those
observed under the CONT strategy, patients were exposed to 5-ASA agents for only 24
months on average under the INFLAM strategy (a 56% reduction compared to 55 months
under the CONT strategy). As a result of this substantial improvement in 5-ASA efficiency,
INFLAM resulted in a similar number of QALY's per patient to the other two strategies
(4.4986 versus 4.5014 QALY s per patient per 5 years) at lower cost, making INFLAM the
optimal strategy (i.e., SYMPT and CONT were cost-ineffective compared to INFLAM)
(Table 2).

Sensitivity Analysis

In one-way sensitivity analysis, several variables emerged as having potentially important
effects on the choice of optimal strategy (WTP = $100,000 per QALY) (Figure 3): (1) the
annual cost of oral mesalamine (2.4 g po qday); (2) the annual cost of stool testing; (3) the
effectiveness of 5-ASA maintenance therapy (expressed as an odds ratio); (4) probability of
response to treatment with intensive 5-ASA (high-dose oral and rectal mesalamine) during
active disease; (5) the utility of active disease without hospitalization; and, (6) the disutility
of stool testing.

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2013 May 03.
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First, the optimal strategy varied across assumptions about the annual cost of mesalamine
(base = $3,408), with CONT favored at costs less than $2,402 per year, INFLAM favored at
costs between $2,402 and $4,366 per year, and SYMPT favored at costs greater than $4,366
per year. Similarly, the annual cost of stool testing also had important effects, with INFLAM
being the optimal strategy unless the cost exceeded $1,054 per year. A two-way sensitivity
analysis on these variables is shown in Figure 4.

Two variables related to effectiveness of 5-ASA therapy had important effects on choice of
optimal strategy. Namely, as 5-ASA therapy became more effective (odds of flare < 0.53),
INFLAM was the favored strategy, compared to SYMPT when odds of flare was > 0.53
(Figure 3). Similarly, the effectiveness of intensive 5-ASA therapy for aborting an active
disease flare also had important effects, with INFLAM favored when the probability of
remission with intensive therapy was < 0.69 (and SYMPT favored when the probability was
> 0.69) (Figure 3).

Finally, variables related to the utility and disutility of UC disease states and treatments also
had important effects. Specifically, as the disutility of stool testing increased to > 0.006
(base = 0.0025), the SYMPT strategy was favored (and INFLAM was favored when this
disutility was < 0.006). The utility of active disease without hospitalization (“moderate
flare” state) also impacted the choice of optimal strategy, with SYMPT favored when the
utility was > 0.96 (base = 0.90) and INFLAM favored when this variable was < 0.96. In
addition, the choice of strategy was further affected by the disutility of maintenance
medication. A three-way sensitivity on these variables is shown in Figure 5.

In an exploratory analysis, we assessed the impact of the cost, sensitivity, and specificity of
stool testing. Under base-case assumptions for test sensitivity and specificity (77% and 71%,
respectively), we found that INFLAM remained the optimal strategy unless predictive stool
testing cost more than $1,054 per year ($264 per test) (base: $740 per year, or $185 per test).
At lower stool testing costs, INFLAM was optimal even if the sensitivity and specificity of
stool testing were reduced below base case values (Figure 6). Specifically, at the base-case
stool testing cost of $740 per year, INFLAM was the optimal strategy when test sensitivity
and specificity were each at least 70%. At a stool testing cost of $200 per year (the
approximate cost of fecal leukocytes at our local hospital laboratory), INFLAM was optimal
when test sensitivity and specificity were each at least 60% (the approximate sensitivity and
specificity for fecal leukocytes reported in a prior meta-analysis) 44. If stool testing cost $80
per year (or $20 per test, comparable to a home pregnancy test, which uses similar
technology), INFLAM was optimal if the sensitivity and specificity of stool testing were
each at least 57%. Finally, if stool testing were free (cost = $0), INFLAM was optimal
provided that the sensitivity and specificity of stool testing were each at least 55%. Below
these values, INFLAM was no longer an optimal strategy compared to CONT and SYMPT.
Finally, if sensitivity and specificity were high (~ 85% each), INFLAM became a dominant
strategy (meaning that it cost less and was more effective than other strategies).

Probabilistic sensitivity analysis (multivariable Monte Carlo selection of model parameters)
corroborated these findings, finding that INFLAM or SYMPT was the favored strategy in
78% of iterations, while CONT (the current standard of care) was favored in only 22% of
iterations. Additionally, incorporating realistic rates of 5-ASA non-adherence and/or stool
testing non-adherence had no effect on which strategy was optimal.

Discussion

Patients with newly diagnosed mild to moderate UC are commonly treated with 5-ASA
compounds to maintain disease remission. These medications, though effective, are costly
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and carry a small risk of adverse events, such as acute interstitial nephritis. Less costly
drugs, such as sulfasalazine, are poorly tolerated in up to 30% of patients and may require
frequent dosing 8, making 5-ASA agents the maintenance treatment of choice in both the
United States and Europe 9. In this study, we found that inflammation-targeted therapy
(INFLAM) was the optimal strategy under base-case assumptions, resulting in similar
outcomes to the other modeled strategies but at lower cost, primarily due to less use of 5-
ASA medications. However, if a patient had low aversion to disease flares and stool testing,
and had high aversion to taking daily medication for flare prevention, SYMPT was the
favored strategy. Furthermore, SYMPT was also favored if the cost of maintenance 5-ASA
and/or stool testing were high, or if effectiveness of maintenance 5-ASA was low and/or
effectiveness of intensive 5-ASA “rescue” therapy was high. Probabilistic sensitivity
analysis found that INFLAM and SYMPT were optimal in 40% and 38% of trials,
respectively. Therefore, based on our current knowledge of treatment costs and
effectiveness, the choice of which of these strategies is optimal for a given patient appears to
largely be driven by patient preference. Notably, under most circumstances, CONT (current
standard of care) was not the optimal strategy. Exceptions include situations when the cost
of 5-ASA is low (such as with sulfasalazine) or when a patient has a strong aversion to
disease flares and stool testing, and has little aversion to taking daily medication for flare
prevention.

Studies on the use of targeted therapy in inflammatory bowel disease and other high
expense, low prevalence (HELP) diseases (e.g., rheumatoid arthritis, systemic lupus
erythematosus) are limited. However, the paradigm of targeted therapy has been widely
advocated in the management of chronic diseases and preventive care. Multiple studies have
shown that targeted, benefit-based treatment has the potential to enhance the efficiency of
care, improving clinical outcomes while appropriately limiting costs and resource
utilization. In a recent modeling study, Hayward and colleagues demonstrated that targeting
statin therapy for primary prevention to patients based on overall cardiovascular risk rather
than lipid profile produced better outcomes with less statin use 17. Similarly, Saini and
colleagues demonstrated that targeting surveillance colonoscopy to patients at high risk for
colorectal cancer was a safe and highly cost-effective preventive strategy compared to
untargeted surveillance in all patients with colorectal adenomas 18. Finally, Zulman and
colleagues demonstrated that targeted prevention for cardiovascular disease was preferred to
universal, population-based prevention when the preventive strategy carried even a minimal
disutility 4°.

Our study, building on this work and the work of other investigators, demonstrates that
inflammation-targeted therapy in UC has the potential to be cost-effective while achieving
similar quality of life and comparable rates of disease flare and colectomy when compared
to those on either universal, untargeted continuous maintenance therapy or on symptomatic
treatment. Though not a primary outcome in our study, the decrease in overall medication
usage under an inflammation-targeted strategy (56% reduction) could also reduce both costs
to the patient (through reduced copayments) and medication-related adverse events.

Several important limitations of our study should be highlighted. First, our model is limited
by the logic and assumptions of the model. However, these assumptions were tested and
were robust in multiple sensitivity analyses. We also validated our model by comparing
predicted colectomy rates to observed colectomy rates, finding that our model was
consistent with real-world observations. Though we focused on short-term (5 year)
outcomes and did not model potential long-term benefits of 5-ASA medications, such as the
controversial possibility of colorectal cancer prevention 46, studies suggest that any
chemopreventive effects of 5-ASAs are mediated through treatment of inflammation and the
prevention of flares (the aim of our targeted approach) 47. Furthermore, carefully done
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population-based studies have found no reduction in colorectalcancer in patients using 5-
ASA medications 48. Second, data on the disutility of stool testing and the effectiveness of
serial stool testing to predict and prevent disease flares are limited. However, we were
conservative in our base-case disutility estimate.

In summary, our study shows that inflammation-targeted treatment with 5-ASA in patients
with mild to moderate ulcerative colitis may be an optimal strategy compared to continuous
maintenance or symptom-targeted therapy. Such an approach appropriately limits
medication exposure and costs while achieving similar or better outcomes than the more
costly continuous maintenance approach that is the current standard of care. Our results
were robust to a wide range of assumptions in sensitivity analysis. Future studies should
prospectively examine the clinical and economic effects of inflammation-targeted therapy in
patients with ulcerative colitis.
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uc Ulcerative colitis

5-ASA 5-aminosalicylic acid

QALY quality-adjusted life year

ICER incremental cost-effectiveness ratio
WTP willingness to pay
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Figure 1. Schematic of Markov Model Structure

Terminal (death) states (not shown) can be reached from any state; patients with active
disease can undergo modification in medical therapy before returning to a quiescent disease
state.
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Quiescent Disease Active Disease
Strat <2 Flares 2 Flares Flare on Outpatient Inpatient
rategy Requiring Steroids Requiring Steroids | Azathioprine utpatl patl
Symptom-
Targeted None
(SYMPT) 1 5-ASA x 1 month* IV steroids
Continuous S {
S s
Maintenance 5-ASA* Azathioprine Infliximab Oral steroids Infliximab
(CONT) { {
Inflammation- Stool test q3 months Hospitalization Colectomy
Targeted {
(INFLAM) 5-ASA x 3 months*

Figure 2. Treatment Strategies
* In quiescent disease, the 5-ASA dose was mesalamine 2.4 g po gD (“maintenance 5-
ASA”). In active disease, the oral 5-ASA dose was doubled, and mesalamine enemas (4 g
per rectum each day) were added (“intensive 5-ASA”). ** Flare on infliximab therapy led to

colectomy.
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$1,704 $2,402 $3,408 $4,366 $6,816
Annual Cost 5-ASA | ’ | I
$3,70 $7,40 $1,054 $1,480
Annual Cost Stool Testing I ’ | |
0.50 0.64 0.69 0.78
Probability of Response
with Intensive 5-ASA | ¢ I | [] INream
D SYMPT
0.36 0.47 0.53 0.68 I:l
Odds of Flare on 5-ASA | ’ | | CONT
0.79 0.90 0.96 0.99
Utility of Moderate Flare | ’ | |
0 0.0025 0.0056 0.01
Disutility of Stool Testing | ’ | |

! ! !

Lower Limit Value Base Case Value Upper Limit Value

Figure 3. Variables Found to be Important in One-Way Sensitivity Analysis

Diamond indicates base-case value for given variable. White region indicates values for
which INFLAM is the optimal strategy. Light gray region indicates values for which
SYMPT is the optimal strategy. Dark gray region indicates values for which CONT is the
optimal strategy.
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Annual Cost of Stool Testing

T T T T T
$2,000 $3,000 $4,000 $5,000 $6,000 $7,000

Annual Cost of Maintenance 5-ASA

Figure 4. Two-Way Sensitivity Analysison Cost of 5-ASA Maintenance Medication and Cost of
Stool Testing

White region indicates values for which INFLAM is the optimal strategy. Light gray region
indicates values for which SYMPT is the optimal strategy. Dark gray region indicates values
for which CONT is the optimal strategy.
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White region indicates values for which INFLAM is the optimal strategy. Light gray region
indicates values for which SYMPT is the optimal strategy. Dark gray region indicates values

for which CONT is the optimal strategy.
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1.00
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o

©

o
L

Specificity of stool testing
5
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0.50 0.60 0.70 0.80 0.90 1.00

Sensitivity of stool testing

Figure 6. Two-Way Sensitivity Analysison Stool Test Sensitivity and Specificity

The dark gray area at the upper right indicates the sensitivity/specificity ranges over which
inflammation-targeted therapy (INFLAM) was dominant over other strategies. The light
gray area (center) indicates the sensitivity/specificity ranges for which INFLAM was the
optimal strategy (i.e., the cost of other strategies exceeded $100,000 per QALY). The dark
gray area at the bottom left indicates the sensitivity/specificity ranges where INFLAM was
no longer the optimal strategy, with the threshold differing depending on the cost of stool
testing (dashed lines).
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