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Proactive Vs Reactive Therapeutic Drug Monitoring of 
Infliximab in Crohn’s Disease: A Cost-Effectiveness Analysis in a 
Simulated Cohort

Diana M. Negoescu, PHD,* Eva A. Enns, PHD,† Brooke Swanhorst,* Bonnie Baumgartner,* James P. Campbell, 
MD,‡ Mark T. Osterman, MD, MSCE,§ Konstantinos Papamichael, MD, PhD,¶ Adam S. Cheifetz, MD,¶ and 
Byron P. Vaughn, MD‡

Background: Therapeutic drug monitoring (TDM) is increasingly performed for Infliximab (IFX) in patients with Crohn’s disease (CD). 
Reactive TDM is a cost-effective strategy to empiric IFX dose escalation. The cost-effectiveness of proactive TDM is unknown. The aim of this 
study is to assess the cost-effectiveness of proactive vs reactive TDM in a simulated population of CD patients on IFX.

Methods: We developed a stochastic simulation model of CD patients on IFX and evaluated the expected health costs and outcomes of a pro-
active TDM strategy compared with a reactive strategy. The proactive strategy measured IFX concentration and antibody status every 6 months, 
or at the time of a flare, and dosed IFX to a therapeutic window. The reactive strategy only did so at the time of a flare.

Results: The proactive strategy led to fewer flares than the reactive strategy. More patients stayed on IFX in the proactive vs reactive strategy 
(63.4% vs 58.8% at year 5). From a health sector perspective, a proactive strategy was marginally cost-effective compared with a reactive strategy 
(incremental cost-effectiveness ratio of $146,494 per quality-adjusted life year), assuming a 40% of the wholesale price of IFX. The results were 
most sensitive to risk of flaring with a low IFX concentration and the cost of IFX.

Conclusions: Assuming 40% of the average wholesale acquisition cost of biologic therapies, proactive TDM for IFX is marginally cost-effective 
compared with a reactive TDM strategy. As the cost of infliximab decreases, a proactive monitoring strategy is more cost-effective.
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INTRODUCTION
Infliximab (IFX) is widely used for the treatment of in-

flammatory bowel disease (IBD), including Crohn’s disease 
(CD). Unfortunately, over 50% of patients eventually lose 
response, with an estimated loss of response rate of 13% per 
year.1 Therapeutic drug monitoring (TDM) involves measuring 
the serum concentration of a drug and the antidrug antibody 

status and titrating the dose to achieve a drug concentration 
within a therapeutic window. Therapeutic drug monitoring 
can be done in a reactive setting, when a patient is having clin-
ical recurrence of the underlying disease, or in a proactive set-
ting, when a patient is in remission and the goal is to prevent 
future flares related to subtherapeutic drug concentrations or 
the development of antidrug antibodies.
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A key limitation of TDM for IFX is the potential added 
cost to therapy.2, 3 Reactive TDM is a cost-effective strategy 
compared with empiric dose escalation of IFX.4, 5 This is due to 
effective triaging of patients to identify those who would benefit 
from a dose escalation and those who should change therapy. 
However, it is unknown if  a proactive TDM strategy is cost-ef-
fective. In a key randomized trial to study the clinical utility of 
proactive TDM, the TAXIT (Trough Concentration Adapted 
Infliximab Treatment) trial, it was noted that both proactive 
TDM and a dosing strategy based on clinical features yielded 
similar costs.6 However in TAXIT, all participants underwent 
an initial proactive dose optimization, limiting the ability to 
truly compare proactive- and reactive-only TDM strategies. 

The aim of our study was to determine the cost-effectiveness 
of a proactive TDM strategy in managing CD patients on IFX 
over a 5-year time frame. We hypothesized that proactive TDM 
would be associated with fewer CD flares and would thus be a 
cost-effective strategy.

METHODS

Overview
We developed a stochastic microsimulation model of 

IBD progression in patients on IFX therapy (Fig. 1A). The 
simulation model tracks individuals’ antibody levels, IFX drug 
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FIGURE 1. A, Transition states for stochastic microsimulation of patients on IFX. The probability of transition to a flare was dependent on presence 
of a flare at prior time step, current IFX concentration, and the presence of anti-IFX antibodies. If a flare did not resolve over 2 time steps (16 weeks) 
without further medical escalation, the patient was transitioned off IFX to adalimumab. B, Transition states for progression of medical and surgical 
therapy following IFX. If subjects had an initial response, they progressed to maintenance of response. If there was no induction response, they 
proceeded to the subsequent medical induction. Post-surgical states were terminal states. Surgical complication included death and immediate and 
prolonged surgical complications.
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concentrations, flares, and IFX discontinuation over a 5-year 
period in a cohort of patients in clinical remission on IFX. 
Patients who discontinue IFX during the 5-year period exit the 
stochastic simulation model and enter a Markov model that is 
used to evaluate their remaining expected health utilities and 
costs while on subsequent therapies (Fig. 1B). These models 
evaluate the expected health outcomes and costs of 2 TDM 
strategies: “proactive TDM” and “reactive TDM.” For compar-
ison, a “no TDM” strategy (control) was modeled, consisting 
of patients empirically escalated to a high dose of IFX (10 mg/
kg) after a CD flare.

Model Population
We simulated 100,000 average-weight (70  kg) patients 

with CD for 30 eight-week time increments (approximately 
5 years). Patients were initialized to a stable clinical response 
on IFX maintenance monotherapy (ie,, no immunomodulator 
use), as this reflects common clinical practice.7 Initial IFX 
concentrations were randomly sampled such that at the start 
of the cohort, 15% of the patients had undetectable IFX drug 
concentrations, 33% had low IFX concentrations (average of 
2.5 μg/mL), 29% had therapeutic drug concentrations (average 
of 7.5 μg/mL), and 23% had high concentrations (average of 
15 μg/mL), reflective of the population from the optimization 
phase of TAXIT.8 Of the patients with undetectable initial 
IFX concentration, 75% were initialized to have low levels of 
antibodies present, whereas the rest were initialized with no de-
tectable antibodies.8 Changes in IFX over time or due to a dose 
change were modeled using data from a previously described 
clinical cohort from 2 tertiary care academic centers.9 Details of 
the stochastic simulation model are found in the Supplemental 
Methods online, with full model parameters summarized 
in Supplemental Table 1. Table 1 shows the QALY and cost 
parameters for the stochastic simulation model.

TDM Strategies
Monitoring policies and clinical decision points are 

summarized in Fig. 2. Under the “proactive TDM” strategy, 
IFX serum concentration and antibody status were assessed 
every 6 months. Those with low IFX drug concentrations re-
ceived a dose increase of IFX by 2.5  mg/kg, or if  they were 
already at the maximum dose of 10 mg/kg and with low an-
tibody levels, then they received IMM. Any change in dose or 
addition of IMM led to retesting after 8 weeks. The addition of 
IMM impacted probability of anti-IFX antibody development, 
thus indirectly affecting the probability of a flare. Those with 
asymptomatic high IFX antibody concentrations and undetect-
able drug concentrations were transitioned off  IFX and onto 
an alternative therapy (adalimumab). Patients also underwent 
reactive testing if  they experienced a flare. Under the “reactive 
TDM” strategy, IFX serum concentration and antibody testing 
was only done in response to a flare. Those with high antibody 

status were transitioned to alternative therapy. Those with low 
IFX drug concentrations received a dose increase of IFX, un-
less already at the maximum dose of 10 mg/kg, in which case 
IMM was added. Those with therapeutic or high concentrations 
were transitioned off  IFX. Under the “no TDM” strategy, no 
serum concentration or antibody testing was ever conducted; 
instead, IFX dose was increased in response to a flare to 10 mg/
kg. If  the flare continued, the patients were transitioned to an 
alternative therapy (adalimumab). Due to lack of data, none of 
our policies consider dose de-escalations.

Markov Cohort Model for Patients Taken off IFX 
Therapy by Year 5

Patients removed from IFX therapy entered a Markov co-
hort model where they spent the remaining time steps until year 
5 (Fig. 1B). The order of therapies in the Markov cohort was 

TABLE 1. Health Utilities and Medical Costs Used in the 
Simulation Model

Parameter Value Source

Health utility weights (per year)  28

 Flare 0.62  
 Remission 0.89  
Health care costs (per 8 week period) – 2016 USD   
No flarea  14, 15

  Office Visit $54.83  
  Blood work $13.46  
Total $68.29  
New flare (one-time costs)  14, 15

  Office Visit  $118.80  
  Blood and stool workb  $69.60  
  CT Scan  $265.02  
  Colonoscopy  $877.60  
  Surgical pathology  $39.70  
 Total $1370.72  
Continuing flare (per 8-week period)  14, 15

  Office visit (every 8 weeks) $118.80  
  Blood workc  $21.46  
 Total $140.26  
IFX test cost (every 6 months) $250.00 12

IFX infusion cost $82.22 15

IFX drug cost (dose of 5 mg/kg for a 70 kg patient) $1558.58 12

IMM cost $75.6 12

aAssuming 3 established office visits per year and routine blood work 4 times a year 
including complete blood count with differential, aspartate aminotransferase, alkaline 
phosphatase, and total bilirubin. Cost expressed as 8-week interval.

bCost of blood work to evaluate a new flare episode includes complete blood count 
with differential, C-reactive protein, erythrocyte sedimentation rate, and stool 
Clostridium difficile PCR testing.

cCosts of blood work to evaluate an ongoing flare includes complete blood count, 
C-reactive protein, and erythrocyte sedimentation rate
IMM: immunomodulatory—azathioprine 2 mg/kg used for costing estimates
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determined by the chronological approval of medical therapies 
for CD, with surgery reserved until after medical therapies were 
exhausted. Probabilities of response to subsequent therapies were 
based on populations who were prior anti-TNF failures. Primary 
nonresponders to adalimumab were switched to vedolizumab, 
whereas secondary loss of response to adalimumab switched first 
to certolizumab and then to vedolizumab if response was again 
lost. After vedolizumab, patients were switched to ustekinumab 
upon loss of response. Loss of response to ustekinumab resulted 
in surgery. The probabilities for initial and subsequent response 
to each therapeutic are summarized in Table 2. No TDM was 
performed for patients in the Markov model. Surgery carries a 
0.15% risk of death and a 21% risk of long-term complications.10, 

11 Over half of patients undergoing surgery achieved a sustained 
response; for those who did not, we did not model any additional 
changes in therapy or repeat surgeries. Health utility weights for 

flaring were the same as those used in the stochastic model. Drug, 
health care, and surgical-related costs are summarized in Table 2.

Costs
The average wholesale price (AWP) of medications in-

cluded in our model were obtained from Red Book Online av-
erage wholesale acquisition cost package price.12 Forty percent 
of a medication’s listed AWP was used as an estimate of its 
true societal cost.13 Physician services were obtained from the 
centers for medicare and medicaid services (CMS) physician fee 
schedule online search using the national payment amount.14 
Procedure, ancillary, and laboratory costs were obtained from 
the CMS hospital outpatient prospective payment system using 
the national limit for 2017.15 Costs are summarized in Table 1 
and 2. Only direct health care costs were considered.
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Reactive TDM
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FIGURE 2. Clinical algorithm for medication change based on TDM monitoring strategy and results.

D
ow

nloaded from
 https://academ

ic.oup.com
/ibdjournal/article/26/1/103/5513405 by guest on 25 April 2024



Inflamm Bowel Dis • Volume 26, Number 1, January 2020 

107

Cost Effectiveness of Proactive TDM for IFX

Outcomes
Our principal outcomes were the expected quality-

adjusted life-years (QALYs) and direct health care costs accrued 
by patients initially on IFX therapy over a 5-year time horizon. 
Health utility weights for relevant health states were derived from 
Gregor et al and Kennedy et al10, 16, 17 and are listed in Tables 1 and 
2. We used the expected cost and QALY outcomes, discounted 
at 3% per year, to evaluate the cost-effectiveness of proactive vs 
reactive IFX TDM strategies from a health sector perspective. 
A modern willingness-to-pay (WTP) threshold was used where 
an increment cost-effectiveness ratio less than $50,000 USD 

per QALY was considered extremely cost-effective, $50,001 to 
$100,000 USD per QALY was considered cost-effective, $100,001 
to $150,000 USD per QALY was considered marginally cost-ef-
fective, and > $150,000 USD per QALY was considered not 
cost-effective (based on 1 to 3 times the average per capita gross 
domestic product in the United States in 2016).18, 19

We hypothesized that key parameters would affect the 
overall cost-effectiveness of various strategies and, therefore, 
planned 1-way sensitivity analysis based on our assumptions 
surrounding IFX pharmacokinetics and pharmacodynamics: 
the rate of flaring based on a high or low IFX concentration, 
the rate of change in IFX concentration depending on the pres-
ence of antibodies, and the magnitude of the uncertainty when 
sampling IFX concentration (ie, IFX distribution). We also 
tested key cost parameters that we hypothesized would be real 
or perceived limitations: the cost of IFX concentration testing, 
the cost of all biologics, and the cost of disease flaring. All sta-
tistical analyses and model simulations were performed using 
R v3.1.2.

RESULTS

Model Calibration/Validation
We calibrated our simulation model by optimizing for 

the flare rate that minimized the mean squared error between 
our model’s overall flare-free survival and the flare-free survival 
reported in Roblin et  al, a prospective observational cohort 
that classified loss of response.20 For validation, the calibrated 
model’s flare-free survival was then compared with that reported 
in Teshima et al, an independent clinical cohort of patients on 
IFX.21 Flare-free survival projected by our model and the flare-
free survival under no TDM strategies (ie, control) observed in 
the calibration and validation cohorts are shown in Fig. 3.

Flares
A proactive TDM strategy led to fewer flares compared 

with a reactive TDM strategy (Fig. 4A). One year after IFX 
initiation, 71.8% (95% CI, 71.5%–72.1%) of patients under the 
proactive strategy were flare-free, compared with 67.8% (95% 
CI, 67.6%–68.14%) under the reactive strategy. At 5 years, 36% 
(95% CI, 35.7%–36.3%) in the proactive strategy remained 
flare-free vs 11.8% (95% CI, 11.6%–12%) in the reactive-only 
strategy (Fig. 4B). Those undergoing proactive TDM were ini-
tially more likely to move to an alternative therapy due to early 
identification of individuals with antibodies to IFX who had 
not yet flared. However, by the end of our simulation (5 years), 
a higher proportion of patients were on an alternative therapy 
under a reactive TDM strategy (63.4%; 95% CI, 63.1%–63.7%) 
compared with proactive TDM (58.8%; 95% CI, 58.5%–59.1%).

IFX Level and Antibodies
The average IFX serum concentration was highest 

among patients on a proactive TDM strategy at any time in 

TABLE 2. 8-Week Probability and Cost Parameters 
for the Markov Model of Therapies for Patients Who 
Discontinue IFX

Parameter Value Source

Adalimumab   
Probability of initial response 0.52 29 
Probability of maintaining response 0.95 30

Cost of first 8-week period $7932.488 12

Cost of subsequent 8-week periods $3345.956 12

Certolizumab   
Probability of initial response 0.64 31

Probability of maintaining response 0.93 31

Cost of first 8-week period $9801.52 12

Cost of subsequent 8-week periods $5684.54 12

Vedolizumab   
Probability of initial response 0.47 32

Probability of maintaining response 0.88 33

Cost of first 8-week period $7649.416 12

Cost of subsequent 8-week periods $2170.762 12

Ustekinumab   
Probability of initial response 0.38 34

Probability of maintaining response 0.94 34

Cost of first 8-week period $3470.35 12

Cost of subsequent 8-week periods $7140.30 12

Surgery   
Probability of surgical death 0.0015 10

Probability of surgical complicationsa 0.21 11

If  no long-term complications,  
probability of sustained response  
following surgery

0.76 35

Cost of surgery (one-time) $11,613.65 14, 15

Cost of surgical complications $27,205.22 14, 15

Health care costs for those with a  
sustained response following surgery

$21.98 14, 15

Health care costs for those without  
sustained response following surgery

$1954.75 14, 15

Utility weight of surgical complications 0.15 17

aSurgical complications combined into immediate and delayed
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our simulation (Fig. 4C). Additionally, the proactive strategy 
led to a lower prevalence of antibodies to IFX compared 
with the reactive strategy or no TDM strategy (Fig. 4D). In 
our model, this is due to both decreased antibody formation 
under proactive TDM and earlier identification and removal of 

individuals who were not flaring but had developed high levels 
of antibodies to IFX.

Dose
Patients on the proactive TDM strategy received higher 

doses of IFX than those on the reactive policy (Supplemental 
Fig. 1). A  year after start of TDM, 56.9% (95% CI, 56.6%–
57.2%) of patients on the proactive TDM strategy were on a 
medium (7.5 mg/kg) IFX dose, and 10% (95% CI, 9.7%–10.1%) 
of those patients were on a high (10 mg/kg) IFX dose, compared 
with 0% of reactive strategy patients on a medium dose and 
17.8% (95% CI, 17.5%–18%) of them on a high dose. At the 
end of our simulation, 76.5% (95% CI, 76.1%–77%) of patients 
were on a medium dose under the proactive TDM strategy, and 
the rest were on a high dose. Under the reactive TDM strategy, 
66.7% (95% CI, 66.2%–67.1%) were on a high dose, and the rest 
(33.3%, 95% CI, 32.9%–33.8%) were on a low dose.

Cost-effectiveness
For our base case, a reactive TDM strategy yielded more 

QALYs at a lower cost than no monitoring, consistent with 
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previous studies.4 Proactive TDM yielded on average per pa-
tient 0.025 additional QALYs at an incremental cost of $3688 
compared with reactive TDM for an incremental cost-effective-
ness ratio (ICER) of $146,494, which is below the cost-effective 
thresholds used in the United States, making proactive TDM 
a marginally cost-effective monitoring strategy compared with 
reactive testing (Table 3).18

We conducted a number of 1-way sensitivity analyses on 
key parameters, including the rate of flaring based on a high 
or low IFX concentration, the rate of change in IFX concen-
tration depending on the presence of antibodies, the magnitude 
of the uncertainty when sampling IFX concentration, the cost 
of IFX concentration testing, and the cost of IFX (Table 3 and 
Supplemental Table 2). Our results were most sensitive to the 
value of the relative rate of a flare for an IFX level below vs above 
5.5 μg/mL. A very low flare rate with IFX level <5.5 μg/mL (ie, 
similar rate of flare for high or low IFX concentrations) makes 
monitoring IFX levels less informative and thus not cost-effec-
tive, since flares are likely to develop even at higher IFX levels. 
In contrast, higher flare rates at low IFX levels make TDM more 
informative, as an IFX level falling below 5.5 μg/mL becomes a 
more accurate predictor of flares, increasing the cost-effective-
ness of a proactive TDM strategy. The purchase price of IFX was 
the second most important factor in the overall cost-effectiveness 
of a proactive strategy. If the IFX dose cost is at or below 40% of 
the AWP, a proactive strategy was more cost-effective; however 

at a cost above 40% of the AWP, proactive TDM is not a cost-ef-
fective strategy. The order of medications following IFX failure 
was also varied, with no change in the overall results in terms of 
proactive TDM vs reactive TDM; although in some situations, 
reactive TDM was no longer cost saving compared with control, 
the ICER remaining below $50,000USD/QALY.

To further examine the impact of costs, specifically the 
cost of performing TDM testing on the cost-effectiveness of 
the monitoring policies, we performed a 2-way sensitivity anal-
ysis where we varied the cost of a dose of biologic drug (in-
cluding IFX) from 20% to 120% of the wholesale value and 
the cost of an IFX test (assumed at $250) from 0% to 800% 
of our base case value (Supplemental Fig. 2). Our base case 
cost was 40% of the average wholesale price of IFX. Assuming 
the cost of IFX concentration testing is $250 per test, increases 
to IFX acquisition cost render proactive TDM not cost-effec-
tive. However, with discounted or no charge for IFX concen-
tration testing, a proactive TDM strategy can be cost-effective 
at higher IFX acquisition costs and may be extremely cost-ef-
fective (ICER < $50,000/QALY) at very discounted IFX costs.

To explore how sensitive our results were to our baseline 
estimate of IFX concentrations (based on the optimization 
data from the TAXIT trial),8 we varied the initial distribution 
of IFX concentrations to all low concentration (2.5 ug/mL), 
medium (7.5 ug/mL), or high (15 ug/mL) (Supplemental Table 
2). In both extremes, proactive TDM was not a cost-effective 

TABLE 3. Results of Base Case and Varying 1-Way Sensitivity Analysis

Parameter values / Policies  Proactive Reactive Control ICER Reactive-Proactive ICER Control–Reactive

Base case (*) QALYs 3.68 3.65 3.65 $146,509.12 Dominated
 Costs $82,927.12 $79,238.46 $79,268.40   
RR of flare with low IFX (2.35) QALYs 3.62 3.62 3.61 $2,298,719.48 Dominated
 Costs $87,156.33 $82,165.81 $82,208.46   
RR of flare with low IFX (9.4) QALYs 3.71 3.67 3.67 $59,405.89 3468.88
 Costs $80,076.36 $77,576.56 $77,559.84   
All costs reduction of 15% compared with (*) QALYs 3.68 3.65 3.65 $124,532.71 Dominated
 Costs $70,488.05 $67,352.69 $67,378.14   
All costs reduction of 40% compared with (*) QALYs 3.68 3.65 3.65 $87,905.63 Dominated
 Costs $49,756.27 $47,543.07 $47,561.04   
Flare costs -40% QALYs 3.68 3.65 3.65 $156,796.68 Dominated
 Costs $82,656.15 $78,708.48 $78,726.81   
Flare costs + 40% QALYs 3.68 3.65 3.65 $136,221.55 Dominated
 Costs $83,198.08 $79,768.43 $79,809.99   
IFX initialized to low concentration  

(2.5 mg/mL)
QALYs 3.68 3.67 3.67 $590,058.56 Dominated
Costs $87,297.51 $83,770.73 $83,798.13   

IFX initialized to medium concentration  
(7.5 mg/mL)

QALYs 3.68 3.63 3.62 $78,369.39 6992.8
Costs $81,385.67 $77,738.28 $77,705.26   

IFX initialized to high concentration (15 mg/kg) QALYs 3.69 3.67 3.66 $165,910.83 Dominated
Costs $75,963.57 $71, 765.86 $71.962.54   

Abbreviations: RR, relative rate; comparison between rates of flaring for a low < 5.5 ug/mL IFX concentration vs a high IFX concentration
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strategy compared with reactive TDM. However at the me-
dium IFX concentration, a proactive TDM strategy was more 
cost-effective than in our base case estimate.

DISCUSSION
We found proactive TDM to be a marginally cost-effec-

tive strategy over a 5-year period compared with reactive TDM. 
Our findings confirm that using updated costs of biologics, re-
active TDM is extremely cost-effective and even—under certain 
assumptions—cost-saving, compared with empiric dose escala-
tion in the setting of a CD flare. The cost-effectiveness of a pro-
active TDM strategy was highly dependent on the effectiveness 
of preventing flares and antibodies when proactively dosing 
IFX to a higher concentration and the purchase price of IFX.

A key assumption in our model was the extent to 
which flare rates are reduced at therapeutic or high IFX 
concentrations vs low concentrations. When the rate of  CD 
flaring is similar for low and high IFX concentrations, pro-
active TDM is not cost-effective. However, as the flare rate 
decreases with a higher IFX concentration, proactive TDM 
becomes increasingly cost-effective. For our base case assump-
tion, we chose a relative flare rate of  4.7 times for a low IFX 
concentration compared with a high concentration.20 This was 
chosen as a conservative assumption based on an external pro-
spective cohort of  patients on IFX data to validate our model. 
However, some retrospective studies suggest that the benefit of 
achieving a concentration over 5 ug/mL is closer to an odds 
ratio of  9.4 for preventing a flare.22 Most studies suggest an 
odds ratio or relative risk of  between 5 and 10 for response or 
remission with a higher drug concentration, although the exact 
cutoff  can vary per study.23–25

Proactive TDM results in a “dose creep” phenomenon, 
which increases the cost of care. However, the benefits of pro-
active TDM of IFX are in preventing flares6, 22 and decreased 
hospitalizations and surgery rates.9 Under a reactive TDM 
strategy or no TDM strategy, the dose of IFX also increases, al-
beit only after a flare. However, by the end of our simulation, all 
strategies resulted in a similar mean IFX concentration in the 
patient cohort. In this sense, overall cost-effectiveness of a pro-
active TDM strategy can be thought of as a balance between an 
initial cost of IFX and the cost of disease exacerbation followed 
by subsequent increases in IFX cost. Central to this balance is 
the cost of biologics, which are escalating rapidly and may ac-
count for up to 64% of the total cost of care in IBD.26 The av-
erage wholesale price of IFX increased almost 70% from 2010 
to 2016. Discounts (eg, 340b drug discount program, which can 
discount a drug 20%–50%)27 and pharmacy rebates often de-
crease the purchase price of biologics for a system. However, 
costs are not transparent, and the actual cost of IFX may vary 
widely between regions and health systems. If  the cost of IFX 
is decreased relative to the cost of other biologics (eg, due to 
competition from IFX biosimilars), then proactive TDM is 
even more cost-effective than in our base case analysis.

The cost of the IFX concentration assay also impacted 
the cost-effectiveness of a proactive TDM strategy. Under cer-
tain conditions with a substantially reduced purchase price of 
IFX and free IFX concentration testing, proactive TDM was 
extremely cost-effective. A proactive TDM strategy resulted in 
a 3.5-fold increase in number of IFX concentration tests; thus 
the price of concentration testing can substantially impact the 
cost-effectiveness of the strategy. However, similar to the pur-
chase price of IFX, the importance of the cost of IFX concen-
tration testing is lessened when the odds of a flare with a high 
serum IFX concentration are much lower than the odds of a 
flare with a low serum IFX concentration.

Our results were sensitive to the population’s initial distri-
bution of IFX concentration. We based the distribution of the 
sample population on the optimization phase of TAXIT. This 
provided a real-world sample of IFX concentrations in patients 
on a stable clinical response in maintenance IFX dosing. If  in-
stead, a patient population starts with low IFX concentrations, 
there is little difference between proactive and reactive 
monitoring as most people experience a flare early on and un-
dergo reactive testing. If  the population is initialized to have 
high IFX concentrations, there is also little value in proactively 
measuring concentrations to identify those with subtherapeutic 
concentrations or antidrug antibodies. When the patient cohort 
was initialized to have a medium IFX concentration, proactive 
TDM was more cost-effective than our baseline population as-
sumption. In this situation, there was a beneficial mix of those 
flaring from low drug concentrations or antibodies such that 
proactively identifying and preventing those flares by escalating 
the dose or changing therapy was cost-effective.

There remain potential benefits of a proactive TDM 
strategy that we did not effectively capture in our model due to 
lack of data. First, the ability to dose de-escalate IFX is a key 
benefit of proactive TDM estimated to occur between 15% and 
30% of the time.6, 22 Second, we limited our dose escalations 
to a medium dose (IFX at 7.5 mg/kg) and a high dose (IFX 
at 10  mg/kg). In actuality, many dose escalations occur with 
only 50 to 100 mg of IFX or an interval shortening of 1 to 2 
weeks.22 Smaller dose increases would limit the overall cost of 
the drug while still attaining a therapeutic drug concentration 
and, therefore, the benefits of proactive TDM.

Our study has several important limitations. First, as noted 
previously, we did not account for IFX dose de-escalations and 
smaller dose increases or dose interval changes. Although this 
may limit the generalizability, this also likely biased our results 
against proactive TDM being cost-effective. Indeed, by the end of 
our simulation, no one in the proactive TDM strategy was on a 
standard dose due to the strict design assumptions that governed 
decision-making and the inability to de-escalate the dose. Second, 
we did not consider indirect costs associated with flaring, which 
would again likely benefit a proactive TDM strategy. Third, 
we initialized our population to mimic the optimization phase 
of TAXIT, in which the median time on IFX was 4.5  years. 
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Antibodies to IFX frequently occur in the first year, and thus 
proactive TDM from the start of maintenance IFX may be more 
cost-effective than in established patients. Fourth, we transitioned 
all patients from IFX to adalimumab, regardless of the mech-
anism of IFX failure. This was done to standardize the time in 
the Markov model prior to surgery. Choosing subsequent therapy 
based on how a patient failed IFX would improve the chance of 
response, reducing costs and increasing benefits to patients post-
IFX. Fifth, we did not model adverse events associated with IFX. 
Infusion reactions may have been prevented in a proactive TDM 
strategy. Lastly, due to the opacity of costs in our health care 
system, we are subject to making our best assumptions regarding 
the purchase price of biologics. Transparency in costing would 
allow for more accurate assessment of optimal strategies.

CONCLUSION
We found that for patients with CD on IFX, proactive 

TDM is a marginally cost-effective strategy compared with 
reactive TDM. A  proactive strategy prevented CD flares but 
brought a higher cost of IFX therapy. At higher purchase prices 
of IFX or when the risk of a CD flare is similar regardless of 
the IFX concentration, proactive TDM is not cost-effective 
compared with reactive TDM. As the cost of IFX or associ-
ated costs of testing are decreased, proactive TDM becomes a 
more cost-effective strategy. Societal interventions to limit phar-
maceutical cost increases and competition from biosimilars will 
likely create a more favorable environment for proactive TDM. 
Incorporating a proactive TDM strategy for IFX should be 
based on a given health care system’s cost of biologic therapy 
and the underlying cost of care for patients with CD.

SUPPLEMENTARY DATA
Supplementary data is available at Inflammatory Bowel 

Diseases online.
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