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Purpose: To use a modeled analysis to examine the cost-effectiveness of utilizing fractional

exhaled nitric oxide (FeNO) as a biomarker to aid in the identification of omalizumab

responders in patients with moderate-to-severe allergic asthma. Omalizumab is a biological

drug used to treat asthma in adults and children 12 years and older.

Patients and methods: We conducted a decision analysis in which two alternative

strategies for predicting omalizumab response were assessed: 1) testing response via a 12-

week trial of omalizumab and 2) using FeNO measurement to screen patients for likely

omalizumab response prior to initiating a 12-week trial of omalizumab. In the standard of

care arm, trial omalizumab responders continue on to receive 12 months of continuous

omalizumab therapy. In the FeNO measurement predictor arm, patients with FeNO measure-

ments >19.5 ppb are started on a trial of omalizumab. Trial omalizumab responders in this

arm are then also tracked for 12 months of continuous omalizumab therapy.

Results: Per-patient costs during the trial and initial treatment periods total $10,943 for

FeNO + omalizumab and $13,703 for omalizumab only. The expected cost per responder

during the trial period is $4,326 for FeNO + omalizumab and $7,786 for omalizumab only.

Conclusion: Use of FeNO measurement to identify omalizumab responders decreases the

expected per-patient cost by nearly 50% during the trial period and continues to show cost savings

through the initial treatment period of 12months. Our analysis may serve as a model for policy and

clinical practice regarding the use of FeNO to determine omalizumab response and has widespread

implications for health care payers, who may choose to require FeNOmeasurement and prespecify

a minimum FeNO value to determine patient eligibility for omalizumab trial.
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Introduction
Approximately 300 million people worldwide are affected by asthma, a condition

characterized by chronic inflammation of the airways.1,2 Common symptoms of

asthma can include shortness of breath, tightness in the chest, wheezing, and

coughing.1 In 2014 according to the Center of Disease Control (CDC)’s National

Center for Health Statistics, there were 17.7 million (7.4%) adults and 6.3 million

(8.6%) children living with asthma in the United States (NCHS 2014). It is

estimated that between 5% and 10% of asthma patients have difficulty treating

the disease (persistent symptoms, frequent asthma attacks, or low lung function

despite taking asthma medications) and about 20% of these have severe disease

requiring high doses of controller medication and often biologic therapies.1–3

Correspondence: Elizabeth A Brooks
TTi Health Research & Economics, Health
Research & Economics, 1231 Tech Ct.,
Westminster, MD 21157, USA
Tel +1 800 580 2990 ext 200
Email ebrooks@tti-research.com

ClinicoEconomics and Outcomes Research Dovepress
open access to scientific and medical research

Open Access Full Text Article

submit your manuscript | www.dovepress.com ClinicoEconomics and Outcomes Research 2019:11 301–307 301
DovePress © 2019 Brooks et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.

php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the
work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

http://doi.org/10.2147/CEOR.S177207

C
lin

ic
oE

co
no

m
ic

s 
an

d 
O

ut
co

m
es

 R
es

ea
rc

h 
do

w
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php


Although difficult-to-treat asthma patients make up

about 5% to 10% of all asthmatics, they are responsible

for almost 50% of the total cost of asthma therapy.4

Furthermore, these patients experience significant burdens

such as decreased quality of life, increased health expen-

ditures, decreased productivity, and higher rates of death

and complications.4,5 In addition, severity is also asso-

ciated with increased recurrence of hospitalization, with

80–85% of all deaths occurring in those with severe

asthma.2 A prospective cohort study on patients with

severe and “difficult-to-treat” asthma demonstrated that

these patients have high rates of health care and medica-

tion use and few achieved control over a 2-year period

with substantial economic consequences. The study con-

cluded that use of improved management strategies, more

effective medications, or both in such patients might sig-

nificantly reduce the clinical and cost burden of asthma.6

Omalizumab is the first biologic drug to be approved

for the treatment of asthma. It is a monoclonal antibody

directed against serum IgE, thus improving asthma by

reducing circulating concentrations of serum IgE and

downregulation of the allergic asthma response.

Omalizumab has been used to treat adults and children

12 years and older who suffer from moderate-to-severe

allergic asthma not well controlled by medium- to high-

dose inhaled steroids in addition to other asthma controller

medications. It has been shown in clinical trials and in

real-world studies to be effective in reducing exacerbations

in such populations.7 However, because of its high cost,

health care payers tend to restrict access to it.8,9 Numerous

cost-effectiveness analyses of omalizumab use in asthma

have already been conducted and demonstrate that it can

be cost-saving in a number of populations including aller-

gic asthmatic patients, those with high health care utiliza-

tion (patients who are hospitalized five or more times or 20

days or longer per year), and those with severe, uncon-

trolled disease, by reducing exacerbations and improving

quality of life.8,10–17 However, incremental cost-

effectiveness ratios for omalizumab have been shown to

be above conventional National Health Service (NHS)

thresholds of cost-effectiveness in broader patient

populations.16 One report suggests that omalizumab may

not be currently cost-effective for most patients with

severe asthma but that projected cost-effectiveness ratios

could fall within a favorable range if the cost of omalizu-

mab decreases in the future.18 The collective results of

these cost-effectiveness analyses suggest that omalizumab

is an appropriate treatment for uncontrolled and severe

asthma; however, a more cost-effective predictor model

of patient treatment response is warranted due to treatment

costs.

Biomarkers have been recommended to help identify

patients who are candidates for treatment with a biologic

and also to monitor treatment response. Fractional exhaled

nitric oxide (FeNO) is a validated biomarker of allergic

airway inflammation. Airway inflammation is driven by

the activation of antigen-specific T-helper cells (Th) type 2

that produce a variety of inflammatory cytokines. Of these

inflammatory cytokines, IL- 4 and IL-13 have been shown

to induce gene transcription to produce the enzyme indu-

cible nitric oxide synthase (iNOS) in the epithelial cells of

the airway which then release nitric oxide (NO) in expired

breath.19 Some studies show that FeNO is a predictor of

both asthma exacerbation and patient response to omali-

zumab treatment.20,21 One recent study examining the

benefit and persistence of response in long-term omalizu-

mab treatment found that an increase in FeNO values from

omalizumab discontinuation (baseline) to week 12 was

a predictor of exacerbations.22 Studies have also shown

that cost-effectiveness of omalizumab improves when

a trial of omalizumab to gauge response is used prior to

treatment,8 Many payers require a trial of omalizumab to

test for response before approving the prescription.23 The

ability of FeNO to identify omalizumab responders aligns

with payer interest in cost-effective treatment with omali-

zumab. We undertook this study to examine the cost-

effectiveness of FeNO measurement as an aid in the pre-

diction of response to omalizumab in patients with asthma.

Patients and methods
A decision analysis was conducted to examine the cost-

effectiveness of utilizing FeNO to identify omalizumab

responders. The decision tree model was built and analyzed

with TreeAge Pro Healthcare 2017 (Figure 1). Two alter-

native strategies for predicting omalizumab response were

assessed: 1) testing response via a 12-week trial of omalizu-

mab and 2) using FeNO measurement to screen patients for

likely omalizumab response prior to initiating a 12-week

trial of omalizumab. In the standard of care arm, trial oma-

lizumab responders continue on to receive 12 months of

continuous omalizumab therapy. In the FeNO measurement

predictor arm, patients with FeNO measurements >19.5

ppb21 are started on a trial of omalizumab. Trial omalizumab

responders in this arm are then also tracked for 12 months of

continuous omalizumab therapy.
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As hypothetical patients (adults and children 12 years

and older) traverse the model, costs associated with the

prediction of omalizumab response (eg, FeNO measurement

and/or omalizumab trial) and the continued use of omalizu-

mab through an initial 12-month post-trial treatment cycle

accrue as applicable. Model transition probabilities and their

data sources are displayed in Table 1. Cost variables and

their data sources are displayed in Table 2.

The cost, effectiveness, and cost-effectiveness mea-

surements of interest are: 1) expected per-patient omalizu-

mab costs during the trial period (short-term cost); 2)

expected per-patient omalizumab costs during the trial

period plus the initial omalizumab treatment period

(longer-term cost); 3) expected rate of responders identi-

fied; and 4) the expected cost per omalizumab responder

identified during the trial period (inclusive of omalizumab

trial costs and FeNO measurement costs, as applicable, but

not of longer-term omalizumab treatment).

Model assumptions and parameters
Model assumptions were drawn from recent literature per-

taining to probabilities, durations, and treatment costs. In

order to be conservative with costs, the likelihood that

a predicted omalizumab responder (FeNO >19.5 ppb) will

be confirmed as a responder following a trial of omalizu-

mab therapy is 1.000. The model assumes that all FeNO

predicted responders will be identified as omalizumab

responders following the 12-week trial of therapy solely to

capture the maximum cost that could be generated in this

arm. Movement through the model is governed by the

patient’s predicted response or nonresponse to omalizumab

as measured by FeNO testing and/or the patient’s response

to omalizumab during the trial period. Table 1 shows the

estimates and sources used for the analysis as well as the

ranges used for the sensitivity analyses.

Cost estimates and cost-influencing variables were taken

from the literature and updated to 2016 US dollars using the

Decision tree: use of feno in assessment of omalizumab resonse

Severe T2 
Mediated allergic 
asthma patient 
eligible for trial of 
omalizumab 

No attempt to 
predict omalizumab 
responsiveness; 
omalizumab trial 
initiated 

Response predictor 
utilized: FeNO

FeNO > 19.5 ppb; 
omalizumab trial 
initiated 

FeNO < 19.5 ppb; 
omalizumab trial not 
initiated 

Omalizumab 
responder; Rx 
continued for 12 
months 

Omalizumab non- 
responder; Rx 
discontinued 

Omalizumab 
responder; Rx 
continued for 12 
months 

Omalizumab non- 
responder; Rx 
discontinued 

P1 

1-P1 

P3 

1-P3 

P2 

1-P2 

PATH 1

PATH 2

PATH 3

PATH 4

PATH 5

Figure 1 Decision tree of FeNO use in assessment of omalizumab response.

Abbreviation: FeNO, fractional exhaled nitric oxide; Rx, omalizumab therapy.
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consumer price index for medical care services. Medicare

2016 payment rates are used for FeNO measurements and

omalizumab costs, and vial assumptions are identified from

the literature. Payer policies were reviewed to guide omali-

zumab therapy assumptions. All costs included in the model

were estimated from the perspective of a health care payer.

Table 2 shows the cost and cost-influencing variable esti-

mates used for the base-case analysis.

In order to demonstrate the robustness of the prelimin-

ary results, a series of one-way sensitivity analyses were

performed using TreeAge.

Results
Base-case analysis
Individual patient-level outcomes were assessed for FeNO

cost-effectiveness as shown in Table 3. For trial costs alone,

the expected per-patient cost is $2,207 for FeNO + omali-

zumab vs $4,282 for omalizumab only. Per-patient costs

during the trial and initial treatment periods total $10,943

for FeNO + omalizumab and $13,703 for omalizumab only.

The expected cost per responder during the trial period is

$4,326 for FeNO + omalizumab and $7,786 for omalizu-

mab only. Use of FeNO measurement to identify omalizu-

mab responders decreases the expected per-patient cost by

nearly 50% during the trial period and continues to show

cost savings through the initial treatment period of

12 months in our study (Table 3). Formulas for cost and

cost-effectiveness calculations in Table 3 are presented in

Appendix A.

Sensitivity analyses
The results of one-way (only one parameter at a time is

allowed to vary) sensitivity and threshold analyses are

presented in Table 4; in these analyses, the variables are

increased and decreased by 15% to determine the impact

these changes may have upon the cost-effectiveness find-

ings. Note that for the range of values investigated, across

all parameters allowed, use of FeNO measurement in

addition to omalizumab remains the dominant strategy

when compared to use of omalizumab alone.

Table 1 Model transition probabilities and sources

Variable description Base-
case
value

Range Source

Likelihood that omalizumab candidate will be identified as an

omalizumab “responder” following a trial of therapy

0.550 0.468–0.633 Hanania et al 201321

Likelihood that omalizumab candidate will have FeNO>19.5 ppb 0.510 0.434–0.587 Hanania et al 201321

Likelihood that patient predicted to be an omalizumab

responder (FeNO >19.5 ppb) will be confirmed as an oma-

lizumab responder following a trial of therapy

1.000 0.850–1.000 This value in actual practice is unknown. To be conser-

vative (with respect to the cost findings), we have

assumed that all FeNO predicted responders will be

identified as omalizumab responders following the 12-

week trial of therapy

Abbreviation: FeNO, fractional exhaled nitric oxide.

Table 2 Cost and cost-influencing variables

Variable description Payer
cost

Notes

Payer cost of FeNO measurement to predict

ICS response

$23.20 Private payer payment estimated as 120% of 2016 Medicare national average reim-

bursement for CPT code 95012 (FeNO measurement) ($19.33)

Payer cost of one 150 mg vial of omalizumab $713.70 Justification: Adams et al, 201026 updated to 2016 US$

Average number of omalizumab vials required

per patient per month

2 Justification: Wu et al 200718

Number of months of omalizumab trial 3 Justification: Typical payer policy

Number of months of omalizumab prescription

following successful omalizumab trial

12 Justification: Typical payer policy

Abbreviations: FeNO, fractional exhaled nitric oxide; ICS, inhaled corticosteroid; CPT, current procedural terminology.
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Discussion
Omalizumab is an effective biologic for the treatment of

patients with moderate-to-severe allergic asthma who are

uncontrolled with standard therapy. However, the cost of

a trial of omalizumab is significant, as are the costs of

omalizumab use, highlighting the need for the ability to

predict response prior to initiation. In a previous study, we

have shown that FeNO can predict omalizumab response.21

The current model shows that use of FeNO measurement to

identify omalizumab responders prior to initiating a trial of

omalizumab therapy is a cost-effective predictor of omali-

zumab response. In addition, the model demonstrates that

use of FeNO decreases the expected per-patient cost by

nearly 50% during the trial period and continues to be cost-

effective through the initial treatment period of 12 months.

Sensitivity analyses showed these results to be robust.

Our analysis only accounts for estimated savings through

cost-effectively identifying responders; however, additional

cost savings can be expected due to improved clinical out-

comes with omalizumab treatment. Hospitalization of

asthma patients accounts for half of all asthma-related expen-

ditures, and previous studies have shown that 6 months of

therapy with omalizumab reduced the number of hospitaliza-

tions, bed days, and use of oral corticosteroids, resulting in

overall cost savings with the introduction of omalizumab24,25

and the introduction of FeNO before a trial of omalizumab is

expected to further increase these cost savings.

While our economic model has its strengths, it is also

subject to restrictions that may limit its generalizability.

Due to the nature of this model, some pre-set values or

assumptions may not directly transfer to different patient

populations, payer networks, or other countries. In addi-

tion, the costs of omalizumab may not reflect immediate

current market costs due to fluctuations in price.

Conclusion
This cost-effectiveness analysis may serve as a model for

the advancement of the health care system and insurer

policy, and ultimately, clinical practice regarding the use

of FeNO to determine omalizumab response. It also has

widespread implications for health care payers, who may

choose to require FeNO measurement and prespecify

a minimum FeNO value to determine patient eligibility

for omalizumab trial. Our model demonstrates that per-

Table 4 Sensitivity analyses

Comparing methods for identifying omalizumab responders Most cost-effective
alternative

Threshold

Likelihood that omalizumab candidate will be identified as an omalizumab responder via a trial of

omalizumab therapy: 0.468

FeNO measurement +

omalizumab trial

No

threshold

Likelihood that omalizumab candidate will be identified as an omalizumab responder via a trial of

omalizumab therapy: 0.633

No

threshold

Likelihood that omalizumab candidate will have FeNO >19.5 ppb: 0.434 FeNO measurement +

omalizumab trial

No

threshold

Likelihood that omalizumab candidate will have FeNO >19.5 ppb: 0.587 No

threshold

Likelihood that patient predicted to be an omalizumab responder (FeNO >19.5 ppb) will be

confirmed as an omalizumab responder following a trial of therapy: 0.850

FeNO measurement +

omalizumab trial

No

threshold

Likelihood that patient predicted to be an omalizumab responder (FeNO >19.5 ppb) will be

confirmed as an omalizumab responder following a trial of therapy: 1.000

No

threshold

Abbreviation: FeNO, fractional exhaled nitric oxide.

Table 3 Cost-effectiveness of FeNO + omalizumab vs omalizumab only

Strategy to identify
responders

Expected per-
patient costs (trial
period only)

Expected rate of
responders
identified

Expected cost per
responder
(trial period only)

Expected per-patient
costs
(trial + initial Tx period)

FeNO measurement +

omalizumab trial

$2,207 0.51 $4,328 $10,943

Omalizumab trial only $4,282 0.55 $7,786 $13,703

Abbreviations: FeNO, fractional exhaled nitric oxide; Tx, treatment.
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patient costs decrease by nearly 50% during the trial

period when FeNO measurements are used to identify

omalizumab responders. This cost savings also continue

through the initial treatment period of 12 months. A future

comparative study will be important to validate the find-

ings of the current modeled analysis and also to examine

the impact of other biomarkers (eg, blood eosinophil) in

addition to FeNO on the cost-effectiveness of identifying

omalizumab responders.
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Appendix A. Formulas for Cost-effectiveness calculations of FeNO + Omalizumab vs Omalizumab Only

Strategy to iden-
tify responders

Expected per-patient
costs (trial period only)

Expected rate of
responders identified

Expected cost
per responder
(trial period
only)

Expected per-patient
costs
(trial + initial Tx
period)

FeNO Measurement

+ omalizumab Trial

dþ 0:51 abcð Þ 0.51 Trial Period Costs
0:51

ð0:51abeÞ þ Trial period costs

Omalizumab trial only abcð Þ 0.55 Trial Period Costs
0:55

ð0:55abeÞ þ Trial period costs

Notes: FeNO measurement + omalizumab trials include pathways 1 and 2. Omalizumab trial only includes pathways 3–5. Patients do not continue treatments on pathways

2, 4, or 5, so no treatment costs are incurred for those pathways.

a, payor costs of 1 vial of 150 mg of omalizumab ($713.70); b, number of vials per month (2); c, number of months in omalizumab trials (3); d, payer cost of FeNO

measurements to predict ICS response ($23.20); e, number of months of omalizumab prescription following successful omalizumab trial (12).

Abbreviation: FeNO, fractional exhaled nitric oxide.
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