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Abstract

Purpose Olanzapine-containing regimens have been reported to be effective in preventing CINV following highly emetogenic
chemotherapy (HEC), but it is unsure whether it is cost-effective. There has been no cost-effectiveness analysis conducted for
olanzapine using costs from the USA. The aim of this study is to determine whether olanzapine-containing antiemetic regimens
are cost-effective in patients receiving HEC.

Methods A decision tree model was constructed to evaluate the cost and health outcomes associated with olanzapine-containing
antiemetic regimens and otherwise-identical regimens. One-way sensitivity analyses were conducted to individually investigate
the effect of (i) lower complete response (CR) rates of olanzapine, closer to non-olanzapine-containing regimens; (ii) higher FLIE
scores for patients who achieved no/incomplete response, closer to FLIE scores of patients achieving a complete response; (iii)
differing costs of olanzapine to reflect different costs per hospitals, globally, due to different insurance systems and drug costs;
and (iv) varying costs for uncontrolled CINV, to account for varying durations of chemotherapy and accompanying uncontrolled
CINV.

Results Olanzapine regimens have an expected cost of $325.24, compared with $551.23 for non-olanzapine regimens.
Meanwhile, olanzapine regimens have an expected utility/index of 0.89, relative to 0.87 for non-olanzapine regimens.
Olanzapine-containing regimens dominate non-olanzapine-containing regimens even if CR of olanzapine-containing regimens
fall to 0.63. Only when CR is between 0.60 and 0.62 is olanzapine both more effective and more costly.

Conclusion Olanzapine-containing regimens are both cheaper and more effective in the prophylaxis of CINV in HEC patients,
compared with non-olanzapine-containing regimens. Future CINV trial resources should be allocated to understand newer
antiemetics and compare them to olanzapine-containing regimens as the control arm. Further analysis should use nationally
representative data to examine medication costs by payer type.
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Introduction

Patients receiving chemotherapy for cancer frequently experi-
ence nausea and vomiting (CINV), two burdensome adverse
events associated with significant morbidity, and deterioration
of patient quality of life [1]. Significant CINV can also lead to
other concerning clinical conditions, such as dehydration and
malnutrition [2]. As a result, this can lead to non-adherence
with chemotherapy treatments [3].

To control CINV, many different classes of antiemetic
agents have been developed. Biochemically, the majority of
these agents work as antagonists by targeting dopamine, (D,)
receptors (prochlorperazine, metoclopramide, domperidone,
metopimazine), dopamines (D;) receptors (amisulpride),
serotoning (5-HT3) receptors (ondansetron, granisetron,
palonosetron, ramosetron), or neurokinin; (NK,) receptors
(aprepitant, netupitant, rolapitant). Cannabinoids act as ago-
nists at cannabinoid; (CB,) receptors, whereas the mechanism
of action of corticosteroids (dexamethasone, prednisolone) is
unknown [4-9]. Prior to 2017, the recommended prophylactic
regimen by the American Society of Clinical Oncology
(ASCO) [10] and the Multinational Association of
Supportive Care in Cancer (MASCC)/European Society for
Medical Oncology (ESMO) [11] was a three-drug regimen of
a 5-HTj; receptor antagonist, dexamethasone, and a NK; re-
ceptor antagonist for patients receiving highly emetogenic
chemotherapy (HEC).

Over the past decade, olanzapine has been used off-label
for both the prophylaxis and rescue of chemotherapy-induced
nausea and vomiting. Olanzapine was originally approved by
the Food and Drug Administration (FDA) for the treatment of
psychotic disorders and was previously unproven in CINV.
The rationale for employing it in the CINV setting is its bio-
chemical properties—it is an inhibitor of serotonergic 5-HT»,,
5-HT,., 5-HT;, and 5-HTg receptors; dopaminergic Dy, D,,
D3, and D, receptors; adrenergic o-; receptors; and histaminic
H; receptors; conceptually, its binding affinity to multiple
receptors showed promise in treating the effects of CINV
[12, 13], in particular nausea.

Olanzapine has been studied in a number of phases 1-2,
uncontrolled trials, and subsequently in randomized con-
trolled trials (RCTs) [14, 15], and several reviews of the effect
and safety of olanzapine have been published. In 2016, a sys-
tematic review and meta-analysis was conducted, comparing
olanzapine-containing regimens to other antiemetic regimens,
in both the prophylaxis and rescue of CINV [16].
Amalgamating data across 10 RCTs, the meta-analysis report-
ed that olanzapine is more efficacious than other standard
antiemetics for the rescue of CINV and its inclusion improves
control in the prevention setting. In the overall phase (0-120 h
post-chemotherapy), olanzapine achieved better emetic con-
trol (risk ratio (RR) = 1.41; 95% CI 1.18-1.68) and better
nausea control (RR = 1.53; 95% CI 1.18-1.97).
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In updated CINV guidelines, both ASCO [17] and
MASCC/ESMO [18] recommend (with some differences) a
new four-drug regimen for patients receiving HEC;
olanzapine is now an option in addition to the three-drug reg-
imen of a 5-HT; receptor antagonist, dexamethasone, and a
NK; receptor antagonist. However, this recommendation was
made without any cost analyses. Since then, Chanthawong
etal. has conducted a cost-effectiveness analysis (CEA) in this
setting, specifically using cost figures from Southeast Asian
countries [19]. However, there has been no CEA conducted
using costs from the USA, where spending on health care is
higher than in any other country [20]. In the USA, the average
treatment cost for all care associated with chemotherapy-
induced nausea and vomiting (CINV) has been reported to
be a burdensome $1854.70/day, speculating the need for
cost-effective prophylactic CINV management [21]. Given
the proven efficacy of olanzapine and recent recommendation
in international guidelines, a CEA would further inform clin-
ical guidelines and treatment practices in the USA. The aim of
this study is to determine whether olanzapine-containing an-
tiemetic regimens are cost-effective from a hospital perspec-
tive compared with other otherwise-identical regimens (i.e.
solely excluding olanzapine) in patients receiving HEC.

Methods

A decision tree model (Fig. 1) was constructed to evaluate the
cost and health outcomes associated with olanzapine-
containing antiemetic regimens and otherwise-identical regi-
mens, in TreeAge Pro Healthcare Version 2020 R1.1 by
TreeAge Software Inc.

Probability values

The probability of complete response (CR), defined as no
emesis without use of rescue medication in the overall phase,
was extracted from risk values as reported by Bahbah et al.
[22]—one of the most recent high-quality systematic review
and meta-analysis published to-date in 2020. They reported
risk ratios (RR) comparing olanzapine with non-olanzapine-
containing regimens, in the prophylaxis setting. The majority
of included studies reported on HEC patients; the risk values
per group were extracted for the model. Additionally, they
meta-analyzed only trials with 10 mg olanzapine regimens,
the standard of care as recommended by guidelines.

Utility/index values

The quality of life for chemotherapy patients experiencing
complete response or no/impartial response was extracted
from Wang et al. [23] as the mean quality of life score for
patients experiencing and not experiencing complete
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Olanzapine-Containing Regimens

Chemotherapy Patients

Cost_NotCr=$1383
Cost_Oln = $23.32
CR_OIn = 444/568
CR_Others =338/562

FLIE_CR = 115.2/(7*18)
FLIE_NOotCR = 102.6/7*18)

Legend:

Cost_NotCR — uncontrolled cost of CINV

Cost_OlIn — cost of olanzapine

CR_Oln — percentage of olanzapine patients achieving complete response

CR_Others — percentage of non-olanzapine patients achieving complete response

FLIE _CR — average quality of life of patients experiencing no nausea
FLIE NotCr — average quality of life of patients experiencing nausea

Fig. 1 Decision tree model

response, respectively. They evaluated quality of life using a
rating scale—the functional living index-emesis question-
naire, an 18-item questionnaire with 7 points per item [24].
Patients who experienced complete response had an average
FLIE of 115.2, and those who did not experience a complete
response had an average FLIE of 102.6. A higher FLIE score
denoted better quality of life. FLIE scores were linearly con-
verted to a 0-1 utility/index scale, where a score of 1 denotes
the highest possible FLIE score.

Cost values

The only difference in costs between olanzapine-containing
and non-olanzapine-containing regimens is the cost of
olanzapine, a 10-mg oral tablet administered from days 1 to
4 post-chemotherapy. The maximum cost of 1 tablet in the
USA was extracted from Drugs.com, and multiplied 4 times to
determine the total cost of olanzapine [25]. The cost of
uncontrolled CINV is reported by Shih et al. as $1383 [26],
the medical costs associated with 1 month of chemotherapy
and accompanying uncontrolled CINV.

Base case analysis

The primary outcomes were the expected costs and expected
utilities per regimen, to determine the incremental cost-
effectiveness ratio (ICER), of olanzapine-containing com-
pared with non-olanzapine-containing regimens in the event
of lack of dominance (one regimen being both cheaper and
more effective than the other).

Sensitivity analyses

One-way sensitivity analyses were conducted to individually
investigate the effect of (i) lower CR rates of olanzapine, clos-
er to non-olanzapine-containing regimens; (ii) higher index

Non-Olanzapine Regimens, Active Agents
No/Impartial Response

4271
Complete Response
<]  Cost_OIn\FLIE_CR
CR_OIn
No/Impartial Response
<]  [Cost_OIn+Cost_NotCr] \ FLIE_NotCR
#
Complete Response
<] 0\FLE_CR
CR_Others
<]  Cost_NotCr\ FLIE_NotCR

#

(FLIE scores) for patients who achieved no/incomplete re-
sponse, closer to FLIE scores of patients achieving a complete
response, to account for a smaller index gained from complete
response; (iii) differing costs of olanzapine to reflect different
costs per hospitals, globally, due to different insurance sys-
tems and drug costs in an attempt to extrapolate beyond the
USA; and (iv) varying costs for uncontrolled CINV, to ac-
count for varying durations of chemotherapy and accompany-
ing uncontrolled CINV.

Results
Base case analysis

Olanzapine-containing regimens dominated non-olanzapine-
containing regimens; no ICER values were calculated.
Olanzapine regimens have an expected cost of only $325.24,
compared with $551.23 to non-olanzapine-containing regimens.
Meanwhile, olanzapine regimens have an expected index of
0.89, relative to 0.87 for non-olanzapine regimens (Fig. 2).

Sensitivity analyses

Olanzapine-containing regimens dominate non-olanzapine-
containing regimens even if CR of olanzapine-containing reg-
imens falls to 0.63. Only when CR is between 0.60 and 0.62 is
olanzapine both more effective and more costly. Olanzapine-
containing regimens are dominating, when CR is equal to
those of non-olanzapine-containing regimens (Table 1).
Olanzapine regimens dominate for all simulations where in-
dex for no/impartial response is higher and approaches the
index of complete response (Table 2). Olanzapine regimens
dominate in all scenarios, where drug costs vary between $0
and $60 (Table 3). When the cost of uncontrolled CINV is
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Complete Response

Olanzapine-Containing Regimens
$325.2410.89; P = 1.000

Chemotherapy Patients

Cost_NotCr=81383
Cost_OIn =$23.32
CR_Oln = 444/568
CR_Others = 338/562
FLIE_CR = 115.2/(7*18)
FLIE_NOtCR = 102.6/(7*18)

Non-Olanzapine Regimens, Active Agents
$551.2310.87 P = 1.000

Legend:

Cost_NotCR — uncontrolled cost of CINV

Cost_Oln — cost of olanzapine

CR_Oln — percentage of olanzapine patients achieving complete response

No/Impartial Response

No/Impartial Response

[Cost Oln \ FLIE_CR = $23.321 0.91; P = 0.782 |

0.782

[[Cost_OIn+Cost_NotCr] \ FLIE_NotCR = $1406.32\ 0.81, P = 0.218 ]

0218

Complete Response

[0\FLIE CR=80.0010.91: P=0601 |

0.601

[Cost_NotCr\ FLIE_NotCR = $1383.00 \ 0.81; P = 0.399 ]

0.399

CR_Others — percentage of non-olanzapine patients achieving complete response

FLIE CR - average quality of life of patients experiencing no nausea
FLIE NotCr — average quality of life of patients experiencing nausea

Fig. 2 Base case analysis

either increased or decreased, olanzapine regimens still dom-
inate (Table 4).

Discussion

This is the first CEA analysis of olanzapine, using US cost
data. US spending on health care is higher than in any other
country, with the clinical and economic burden of CINV spe-
cifically, shown to be approximately $1854.70/day between
2007 and 2009 [21]. In this study, olanzapine-containing

regimens dominate non-olanzapine-containing regimens—
they are demonstrated to be both cheaper and more effective.
Given the proven efficacy of olanzapine and recent
recommendation/option in international guidelines to employ
olanzapine as part of a four-drug regimen for patients receiv-
ing HEC, the results of this study provide further support for
the clinical guidelines in recommending olanzapine for pro-
phylaxis of CINV.

The probability values for our model are sourced from
Bahbah et al. [22]. There are other more-recent systematic
review and meta-analysis, but they were not appropriate for

Table 1 One-way sensitivity

analysis—complete response Olanzapine-containing regimens Non-olanzapine-containing Interpretation
(CR) rates regimens
CR  Expected cost Expected index  Expected cost Expected index
0.60  $576.72 0.87 $551.23 0.87 Non-olanzapine dominates
0.61  $562.69 0.87 ICER = $13,360.54
0.62 $548.86 0.87 Olanzapine dominates
0.63  $535.03 0.88
0.64  $521.20 0.88
0.65  $507.37 0.88
0.66  $493.54 0.88
0.67 $479.71 0.88
0.68  $465.88 0.88
0.69  $452.05 0.88
0.70  $438.22 0.88
0.71  $424.39 0.89
0.72  $410.56 0.89
0.73  $396.73 0.89
0.74  $382.90 0.89
0.75  $369.07 0.89
0.76  $355.24 0.89
0.77  $341.41 0.89
0.78  $327.58 0.89
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Table 2 One-way sensitivity

analysis—Functional Living Index  Olanzapine-containing regimens Non-olanzapine-containing regimens ~ Interpretation
Index-Emesis Questionnaire
(FLIE)-Derived Index Scores Expected cost ~ Expected index ~ Expected cost Expected index
0.82 $551.23 0.89 $325.24 0.88 Olanzapine dominates
0.83 0.90 0.88
0.84 0.90 0.88
0.85 0.90 0.89
0.86 0.90 0.90
0.87 0.90 0.90
0.88 091 0.90
0.89 091 0.90
0.90 091 091
091 091 091

this study. Zhou et al. [27], published in 2020, appropriately
reported RR comparing olanzapine to non-olanzapine regi-
mens, but pooled the efficacy data of both prophylaxis and
rescue regimens. Other reviews, by Yang et al. [28] and
Chelkeba et al. [29], were not as recent and undertook less-
than-ideal methodology—not reporting complete response
endpoint, pooling olanzapine studies of both 5 and 10 mg,
and pooling prophylaxis and breakthrough regimens,
respectively.

Our conclusions mirror a CEA analysis done in Southeast
Asia by Chanthawong et al., who reported olanzapine as cost-
effective [19]. Chanthawong et al. concluded olanzapine-
containing regimens to be cost-effective based on the CEA’s
ICER falling below an assumed cost-effectiveness threshold.
The results reported in our study reports olanzapine-
containing regimens to be both cheaper and more effective.
While Chanthawong et al.’s conclusion may change based on

the magnitude of the cost-effectiveness threshold, our results
find olanzapine-containing regimens to be more cost-effective
than non-olanzapine-containing regimens, regardless of will-
ingness to pay.

Sensitivity analyses do note that olanzapine-containing
regimens no longer dominate non-olanzapine-containing reg-
imens only when CR of olanzapine-containing regimens falls
below 0.62. Such a large downward revision of CR from 0.78
to 0.63 is unlikely, given the fact that olanzapine has already
been extensively studied with over 1000 patients in random-
ized controlled trials [22]. It is therefore unlikely that
olanzapine-containing regimens will not dominate non-
olanzapine-containing regimens when accounting for uncer-
tainty in the base case analysis.

This CEA is not without limitations. CR, FLIE scores,
and costs may differ based on clinical practice and
healthcare pay structure. Sensitivity analyses were

Table 3 One-way sensitivity
analysis—cost of olanzapine

Cost  Olanzapine-containing regimens

Non-olanzapine-containing regimens Interpretation

Expected cost

Expected index

Expected cost Expected index

$0 $301.92 0.89
$5 $306.92
$10 $311.92
$15 $316.92
$20 $321.92
$25 $326.92
$30 $331.92
$35 $336.92
$40 $341.92
$45 $346.92
$50 $351.92
$55 $356.92
$60 $361.92

$551.23 0.87 Olanzapine dominates
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Table 4 One-way sensitivity

analysis—cost for uncontrolled Cost Olanzapine-containing regimens Non-olanzapine-containing regimens  Interpretation
chemotherapy-induced nausea
and vomiting (CINV) Expected cost  Expected index ~ Expected cost Expected index
$800 $197.97 0.89 $318.86 0.87 Olanzapine dominates
$900 $219.80 $358.72
$1000  $241.63 $398.58
$1100  $263.46 $438.43
$1200  $285.29 $478.29
$1300  $307.12 $518.15
$1400  $328.95 $558.01
$1500  $350.78 $597.86
$1600  $372.62 $637.72
$1700  $394.45 $677.58
$1800  $416.28 $717.44
$1900  $438.11 $757.30
$2000  $459.94 $797.15

performed to account for uncertainty, and the results re-
main unchanged. In fact, one-way sensitivity analyses of
cost data may even allow for extrapolation of these results
to countries with different healthcare costs. Additionally,
the employed model did not factor in explicit consider-
ation of adverse events known to be associated with
olanzapine, such as sedation [30]. However, one-way sen-
sitivity analyses of FLIE scores and uncontrolled CINV
costs decreased the differences in index and cost between
olanzapine-containing and non-olanzapine-containing regi-
mens, thereby simulating a smaller gain in quality of life
and greater cost associated with sedation for olanzapine
regimens. Olanzapine still dominates in these sensitivity
analyses; olanzapine is still cheaper and more effective.
Therefore, although there is uncertainty around the base
case analysis, the results are nevertheless robust. Finally,
this analysis is conducted from a hospital rather than larg-
er societal perspective; it does not account for out-of-
pocket costs and the burden of costs incurred by public
and private payers and patients and caregivers.

In conclusion, olanzapine-containing regimens are both
cheaper and more effective in the prophylaxis of CINV in
HEC patients than non-olanzapine-containing regimens.
Future CINV trial resources should be allocated to understand
newer antiemetics and compare them to olanzapine-
containing regimens as the control arm.
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