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Abstract
Purpose Newer drugs incorporated in prophylactic regimens
for chemotherapy-induced nausea and vomiting (CINV) have
resulted in significantly reduced rates of this feared complica-
tion of cytotoxic chemotherapy. However, both delayed
chemotherapy-induced nausea and breakthrough CINV re-
main difficult areas of management and require novel treat-
ment strategies. Recent randomized trial evidence has sug-
gested that olanzapine, an atypical antipsychotic, may have a
role in both the prevention and treatment of CINV. A system-
atic review was conducted to assess the efficacy of olanzapine
in (a) preventing CINV in highly emetogenic chemotherapy
(HEC) and moderately emetogenic chemotherapy (MEC) and
(b) the treatment of breakthrough CINV. The toxicity of
olanzapine in this setting was also reviewed.
Methods MEDLINE, Embase and Cochrane Database of
Systematic Reviews databases were searched to identify all
randomized clinical trials (RCTs) investigating olanzapine in
patients receiving chemotherapy.
Results A total of 488 patients from three trials of CINV
prophylaxis and 323 patients from three trials of breakthrough
CINV were included. Regimens including olanzapine were
associated with significant improvements in CINV prevention
with both HEC and MEC. Single agent olanzapine for break-
through nausea was superior to standard alternative options.
Conclusion Data from RCTs support the use of an olanzapine
containing combination regimen as an option for CINV pro-
phylaxis and single agent olanzapine for the treatment of
breakthrough CINV. In the included trials, the short duration
of olanzapine appears safe and well tolerated.

Keywords Olanzapine . Chemotherapy-induced nausea and
vomiting . Supportive care . Clinical trials

Background

Despite significant advances over the past two decades,
chemotherapy-induced nausea and vomiting (CINV) is still
perceived by patients as a major adverse effect of cytotoxic
therapy [1]. New classes of drugs like serotonin (5-HT3) and
neurokinin 1 (NK1) receptor antagonists have demonstrated
improved rates of CINV control in randomized control trials
(RCTs) and significant improvements in the quality of life of
patients receiving chemotherapy [2, 3]. Further, understanding
and clear categorization of cytotoxics by their emetogenic
potential, improved trial design and establishment of widely
accepted guidelines for CINV prevention have all contributed
to improved outcomes for patients [4].

Trials evaluating the prevention of CINV have reported the
occurrence of nausea and vomiting in three different phases
post-chemotherapy: acute (0–24 h), delayed (24–120 h) and
overall period (0–120 h). The two symptoms, vomiting
(emesis) and nausea, have often been considered together.
However, it has become apparent from recent trial results that
improvement in vomiting prevention has not always reflected
improved control of nausea. A common primary end point in
clinical trials is “complete response” defined as no vomiting
and no use of breakthrough antiemetic medications. Complete
response (CR) provides an important and objectively mea-
sured outcome but does not provide reliable information on
nausea control. The reporting of nausea relies on subjective
assessment through standardized visual analogue scales. The
subjective nature of data collection leads to considerable
variation over how nausea is categorized and reported [5].

The combination of aprepitant, a NK1 receptor antagonist,
and palonosetron, a second-generation 5-HT3 antagonist,
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along with steroids has demonstrated a significant improve-
ment in complete response rates in patients receiving highly
emetogenic chemotherapy (HEC). This triple combination is
recommended as routine prophylaxis in this group of patients
receiving HEC [4]. The addition of aprepitant achieved com-
plete response in over 80 % of patients in the acute phase and
70 % of patients in the delayed phase, a major improvement
compared to non-aprepitant-containing prophylaxis [3, 6, 7].
In non-aprepitant-containing prophylactic regimen,
palonosetron achieved complete responses in 75 and 57 %
in the acute and delayed phases, respectively [8]. The combina-
tion of netupitant, a novel NK1 antagonist, and palonosetron
(termed NEPA) has recently shown superiority to palonosetron
(both with dexamethasone) in achieving CR in the overall time
period (74 vs 67 %; p=0.01) [9]. This large phase III random-
ized double-blind trial consisted of, almost exclusively, female
patients receiving anthracycline chemotherapy for breast can-
cer. Rates of “no significant nausea” were also improved with
NEPA (75 vs 69 %; p=0.20). Despite these newer develop-
ments, control of nausea remains a significant challenge. The
reported rates of nausea exceeded 50 % in all the major RCTs
exploring CINV prophylaxis in HEC [3, 6, 8].

The other area of significant unmet need is the effective
treatment of CINV that occurs despite standard prophylaxis,
termed breakthrough CINV. This scenario represents a very
difficult clinical problem. No clinical trial data exists to sup-
port a particular antiemetic agent in this setting, and as such
clinical practice guidelines lack specific recommendations for
optimal treatment [4, 10].

Olanzapine, an atypical antipsychotic agent, antagonizes
multiple neuronal receptors including dopamine (D1, D2, D4),
serotonin (5HT2A, 5HT2C, 5HT3), alpha-1 adrenergic, hista-
mine (H1) and multiple muscarinic receptors [11]. Olanzapine
is FDA-approved for the treatment of schizophrenia and bi-
polar disorder since 1996 with well-documented long-term
safety data [12]. Common toxicities include dizziness, seda-
tion and extrapyramidal symptoms such as akathisia [12].
Long-term use of olanzapine is associated with metabolic
effects including weight gain, dyslipidemia and onset of dia-
betes mellitus [5]. Dopamine and serotonin are well-
recognized mediators of CINV, with the 5HT2 receptor a key
factor in cisplatin-induced emesis in pre-clinical studies [13].
The demonstration that olanzapine is an effective antagonist
of the serotonin-mediated 5-HT receptors provides biological
rationale for its efficacy in the CINV setting [11]. Case reports
and retrospective trials have demonstrated the efficacy of
olanzapine in treating nausea and vomiting in various cancer
settings [14–16] and led to several early-phase single-arm
trials evaluating olanzapine in preventing CINV [17–19]. In
this systematic review, we aimed to provide a comprehensive
overview of the current evidence regarding the efficacy of
olanzapine as an antiemetic option for both the prevention and
treatment of CINV.

Objectives

The two primary objectives of this review are to investigate
the clinical efficacy of olanzapine in the primary prevention of
CINV and treating breakthrough CINV in patients receiving
moderate or highly emetogenic chemotherapy.

The secondary objective is to examine information on
adverse effects with olanzapine when used for the prevention
and treatment of CINV.

Methods

A study protocol was prospectively developed outlining the
objectives and methods of our systematic review. We defined
the types of studies for inclusion into the review, the methods
for searching, and data extraction and analysis.

Studies for inclusion

Studies were assessed against predefined eligibility criteria.
Eligible studies were trials of adult patients receiving moder-
ate or highly emetogenic chemotherapy for any indication
where olanzapine was used as an intervention. Only random-
ized controlled trials were included.

Search methods and trial selection

Electronic databases MEDLINE® (PubMed), Embase and
Cochrane Central Register of Controlled Trials were searched.
A literature search was conducted using the following terms:
“nausea AND chemotherapy”, “vomiting AND chemothera-
py” with these results then searched against “AND
olanzapine”. The search included all references up until 9
April 2013. Bibliographies and references listed in primary
sources were also reviewed for additional trials.

The two authors (CH and GK) undertook a first screening
of all results (title and abstracts) independently against the
inclusion criteria. A second independent screening occurred
with full-text articles to identify the final trials for inclusion
into this systematic review. Unpublished trials were included
if adequate information on study design, intervention and
outcomes were available. A total of six RCTs were included
in the final analyses, three assessing olanzapine for prophy-
laxis against CINVand three for the treatment of breakthrough
CINV (Fig. 1).

Assessment of methodological quality

Methodological qualities of the six trials included in this
review were assessed using the Jadad scale, the most widely
used assessment scale of methodologic quality in a clinical
trial [20]. A higher score (range 0–5) indicates greater
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methodological rigor in areas of randomization, blinding and
accountability of participants.

Of the three trials assessing olanzapine for the prevention
of CINV, two scored 4 out of 5 on the Jadad scale [21, 22],
while one of the reports scored 3 out of 5 [23]. Of the three
trials assessing the use of olanzapine for breakthrough CINV,
one trial scored 5 on the Jadad scale [24], while the other two
[25, 26] (both unpublished reports) scored 2 out of 5, indicat-
ing significant deficiency of methodology and reporting.

Analysis

Data extraction from the included RCTs was undertaken and
recorded on separate data extraction forms. Results from the
trials of olanzapine as prophylaxis and treatment of break-
through CINV were tabulated in separate tables. Data was not
considered adequate to attempt meta-analysis.

Results

Prophylaxis of CINV

Patient characteristics

A total of 488 patients were included from three RCTs [21–23]
(see Table 1). The age range was 18 to 81 years and included

267 females and 221 males. Primary sites of cancer and spe-
cific chemotherapy regimens were not able to be accurately
identified in one of the included trials contributing 18 patients
[22]. The remaining 470 patients had cancer diagnoses includ-
ing breast cancer (38 %), non-small cell lung cancer (29 %)
and lymphoma (9 %). HEC consisted of cisplatin (>70 mg/m2)
in 56.5 %, doxorubicin and cyclophosphamide (AC regimen)
in 42.9 % and dacarbazine in less than 1 %.

Study design

All three studies were randomized controlled trials. Only one
was a double-blind trial [22]. However, this trial randomized a
small cohort of 18 patients and was available in abstract form
as a conference presentation.

Efficacy

All three trials reported CR as the primary end point. CR was
evaluated in the acute and delayed phases in all trials. Two
trials reported CR in the overall time period [21, 23], while
one did not report this outcome measure [22]. In the large trial
by Navari et al. comparing olanzapine to aprepitant (the
current standard of care) in patients receiving HEC, the nu-
merically improved rates of CR with olanzapine were not
statistically significant in any time period including the pri-
mary end point: CR in the overall period (77 vs 73%; p>0.05)
[21]. Statistically significant improvements in olanzapine-
treated patients were seen in secondary end points: no delayed
nausea (69 vs 38 %; p<0.01) and no nausea in the overall
period (69 vs 38 %; p<0.01). No nausea was defined as a
score of 0 out of 10 in the nausea domain of theMDAnderson
Symptom Inventory (MDASI).

In the other large trial evaluating CINV for both HEC
and moderately emetogenic chemotherapy (MEC) regimens
[23], a NK1 antagonist was not used. The investigational
arm involved the addition of olanzapine to the control arm
(5-HT3 antagonist, dexamethasone). CR rates were not
significantly different in the acute period for either chemo-
therapy regimen. There was a statistically significant differ-
ence in delayed and overall CR rates in both HEC-treated
(overall CR; 79 vs 57 %; p<0.05) and MEC-treated (over-
all CR; 89 vs 76 %; p<0.05) patients. Nausea control was
also significantly improved in the delayed and overall
periods in both HEC- and MEC-treated patients. The def-
inition of nausea control in this trial involved a quality of
life (QoL) questionnaire and the absence of breakthrough
antiemetics.

In the trial by Shumway et al., 18 patients receiving HEC,
olanzapine was compared to aprepitant [22]. While there was
a numerical trend to improved CR with olanzapine, no statis-
tical analysis was reported. Interestingly in this report, the
rates of nausea control were not improved with olanzapine.

Fig. 1 Study schema
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Toxicity

The Navari et al. study used items (beyond nausea and
vomiting) on the MDASI to evaluate for any treatment-
related toxicities [21]. The MDASI uses 13 core symptom
items and 6 items reflecting interference with daily life. This
inventory is patient-reported and includes the most common
symptoms found in patients with various cancers and treat-
ment types. Symptoms are scored from 0 (not present) to 10
(most severe) on a visual analogue scale. MDASI scores were
recorded on day 1 (commencing chemotherapy) and day 5.
There was no significant difference between the olanzapine
and aprepitant groups in any of theMDASI items. Specifically,
no differences were observed in drowsiness or fatigue.

In the study by Tan et al., patients completed a quality of
life questionnaire (EORTC QLQ-C30) on days 0 and 6 of
chemotherapy [23]. Seventy-three percent of patients receiv-
ing olanzapine described sleepiness during chemotherapy.
Severity was not described nor was the rate of sleepiness in
the control group. There were no differences in patient’s
weight, blood lipid nor blood glucose levels. No grade III or
IV toxicities were seen. In the group receiving olanzapine,
significant improvements were seen across many QoL items
including global health status, emotional functioning, social
functioning, fatigue, nausea and vomiting, insomnia and ap-
petite loss when compared to the control group (p<0.01).

In the Shumway trial, toxicity was not reported in detail
[22]. Here the absence of grade III or IV toxicities is the extent
of toxicity reporting.

Treatment of breakthrough CINV

Patient characteristics

A total of 323 patients were included from three RCTs, all
conducted by one investigator group [24–26] (see Table 2).
The age range was 37 to 85 years and included 154 females
and 169 males. Specific cancer diagnosis and chemotherapy
regimens were not described in two trials contributing 215
patients [25, 26]. In the remaining trial of 108 patients, diag-
noses included cancer of the breast (50%), non-small cell lung
(34 %), lymphoma (9 %) and bladder (6 %) [24]. Patients in
this trial received HEC consisting of cisplatin (>70 mg/m2) in
41 % and AC in 59 %. In the other two trials in which patients
received MEC, the specific regimens were not described.

Study design

All three trials were randomized controlled trials; however,
only one trial involved double blinding [24]. The two other
trials did not involve any blinding, contained three treatment
arms and were only available in abstract form as conference
presentations [25, 26].

Efficacy

The large double-blind trial (Navari et al. 2013) compared
olanzapine with metoclopramide, one of the common drugs
used for the treatment of breakthrough CINV in patients who
had received HEC [24]. The primary end point for this trial
was the proportion of patients with no episodes of emesis in
the 72 h following initiation of study treatment. This was the
only trial of the three to use single agent olanzapine (the other
two trials used olanzapine in combination with dexametha-
sone) and was the only trial to use these end points. The other
two non-blinded trials used CR (no emesis and no use of
additional antiemetics) as the end point [25, 26]. Across these
three trials, all end points were superior in the olanzapine-
treated patients compared to control groups.

The largest double-blind study compared 10 mg daily of
olanzapine with 10 mg three times daily of metoclopramide in
those patients experiencing breakthrough CINV (defined as
any emesis or moderate to severe nausea as indicated by >3 on
the MDASI for nausea) [24]. There was a statistically signif-
icant improvement in the rate of no further emesis in the
olanzapine-treated patients compared to metoclopramide (70
vs 31 %; p<0.01) and a significantly improved rate of no
nausea (68 vs 23 %; p<0.01).

The two other studies were three-arm randomized trials in
which olanzapine was given in combination with a single dose
of IV dexamethasone [25, 26]. In the trial comparing
olanzapine with metoclopramide and dexamethasone, the
CR rates were 66, 36 and 37 %, respectively [25]. In the trial
comparing olanzapine (plus single dose of dexamethasone)
with metoclopramide and prochlorperazine, the complete re-
sponse rate for each arm was 66, 36 and 20 %, respectively
[26].

Toxicity

The large double-blind trial also used the MDASI to evaluate
for any treatment-related toxicities [24]. MDASI scores were
recorded on day 1 (commencing breakthrough treatment) and
day 3. There were no significant differences in average
MDASI scores in any item between the two treatment arms
or between days 1 and 3. Specifically, scores of fatigue and
drowsiness were not different between groups or days. In the
two three-arm trials available as abstracts, toxicity was not
reported beyond stating there were no grade III or IV
treatment-related toxicities [25, 26].

Discussion

In this systematic review, we have presented the randomized
clinical trial data evaluating the effect of olanzapine in the
prevention and treatment of CINV. Despite the described
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limitations in terms of methodological rigor in the included
trials, the overall weight of evidence clearly demonstrates the
efficacy of olanzapine for the prevention and treatment of
CINV. The results of these trials could direct optimal clinical
use of olanzepine for CINV.

In all, we have included six randomized clinical trials
evaluating olanzapine for CINV (three for prophylaxis and
three for treating breakthrough CINV). Each of these trials
demonstrated numerical superiority for the olanzapine-
containing treatment compared to the non-olanzapine-
containing treatment, with many of the end points reaching
statistical significance. In the trials addressing CINV pro-
phylaxis, two were well conducted and relatively large RCTs
although neither involved blinding [21, 23]. The Navari
et al. trial [21] is most noteworthy and generalizable to
clinical practice as the control group received the current
optimal prophylaxis including the potent second-generation
5-HT3 antagonist palonosetron and the NK1 receptor antago-
nist aprepitant. All patients received HEC, and in the
investigational group, aprepitant was replaced with
olanzapine. An additional benefit of the investigational
protocol was that dexamethasone was not given beyond
day 1 in contrast to the control group where dexametha-
sone was administered from days 1 to 4. The finding of a
statistically significant improvement in delayed and over-
all nausea control in the olanzapine arm provides the
strongest support for olanzapine in the prophylaxis set-
ting. The significantly improved nausea control is partic-
ularly clinically relevant as nausea is a common and well-
recognized unmet need in oncology practice.

In the treatment of breakthrough CINV, only one of the
three included trials was available as a final publication [24].
In over 100 patients experiencing breakthrough CINV after
HEC and optimal prophylactic antiemetic regimen, the rates
of vomiting and nausea control were significantly higher in
the olanzapine group compared to the metoclopramide control
group. The magnitude of the difference with olanzapine treat-
ment is noteworthy (no emesis, 70 vs 31 %; no nausea, 68 vs
23 %). Most importantly, this trial is the only double-blind
RCT evaluating treatment in the breakthrough CINV setting
and therefore represents the best available evidence for any
specific therapeutic approach. As stated previously, interna-
tional guidelines do not recommend a specific therapeutic
strategy for breakthrough CINV due to the lack of high-
qua l i ty ev idence . Recen t ly publ i shed Nat iona l
Comprehensive Cancer Network (NCCN) 2014 guidelines
now include olanzapine as an option for breakthrough CINV
and olanzapine, palonosetron and dexamethasone (OPD) reg-
imen as an alternate prophylactic regimen in both HEC and
MEC [27]. Given the overall paucity of trial data, ongoing
clinical trials in the breakthrough CINV setting are urgently
needed to define optimal current therapeutic strategies and
identify novel therapies.

A further objective of this reviewwas to evaluate the role of
olanzapine in patients receiving HEC and MEC. All included
trials specified whether patients received HEC or MEC, but
only the three trials with complete publications detailed the
specific chemotherapy regimens used (see below). The two
trials with the most robust methodological quality [21, 24],
and hence the strongest evidence for the efficacy of olanzapine
in the prophylaxis and treatment of CINV, respectively, are in
HEC-treated patients. Tan et al. was the only trial to include
both HEC and MEC chemotherapy and demonstrated benefit
in both groups, though the magnitude of difference was higher
in the HEC-treated patients [23]. This greater absolute benefit
is likely due to the higher incidence of CINV with HEC
compared to MEC rather than any difference in the relative
efficacy of olanzapine between the groups.

The major limitation of this current review is due to three of
the included trials being available only as conference abstracts
and lacking full details of methodology, patient population
and toxicity [22, 25, 26]. Lack of blinding in two published
trials of CINV prophylaxis [21, 23] creates a possible bias in
the interpretation of the results. The paper by Tan et al. did not
provide detailed numerical data on the toxicity of each treat-
ment group, instead providing a descriptive analysis of the
toxicities experienced and concluding that no higher rate of
toxicity was seen in the control group compared to the inves-
tigational group and that no grade 3 or higher toxicities were
reported.

In reviewing the toxicity data from the included trials, there
does not appear to be any significant safety concerns of
olanzapine in either setting. The daily dose of olanzapine
was equivalent across all trials (10 mg daily) and ranged from
3 to 5 days in duration. Side effects of olanzapine are already
well documented from use in the mental health setting for
many years. Patients with psychiatric illness are treated with
olanzapine at an optimal dosing of 10 mg daily indefinitely.
Sedation, weight gain, increased blood glucose and cholester-
ol are common toxicities. Fatigue and rarely extrapyramidal
side effects such as akathisia may occur [12]. With short-term
use in patients receiving chemotherapy, it appears that the
metabolic effects of olanzepine will be uncommon and is
supported by the trials of this review. The co-administration
of benzodiazepines (CNS depression) or anticholinergic med-
ications (delirium) may cause clinically significant interac-
tions with olanzapine and would require caution.

The intervention of olanzapine for CINV is an example of a
commonly used drug with proven efficacy for an alternative
indication being evaluated in a novel setting. This has the
significant advantages of a well-established toxicity profile
and is relatively inexpensive. Despite well-conducted clinical
trials, the use of olanzapine in oncology practice has not
picked up due to lack of clinician familiarity, non-inclusion
in international consensus guidelines and possibly poor phar-
maceutical industry support. In Australia, the cost of the OPD
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regimen (Australian $72) is significantly lower than the stan-
dard aprepitant, palonosetron and dexamethasone (APD)
(Australian $169) when calculated using the Australian
Government Pharmaceutical Benefits Scheme (PBS) dispens-
ing price [28]. The reduced cost of this regimen has also been
identified in the Japanese setting [29]. Any cost benefits to the
use of olanzapine for CINV, however, should be interpreted
with caution given the variability throughout geographic re-
gions based on differing government reimbursement practices
and use of generic pharmaceuticals. A cost analysis incorpo-
rated into future CINV trials would provide a more robust
estimate of these differences.

Future studies in the area of CINV prophylaxis are ongoing
with novel NK1 antagonists, casopitant, rolapitant and
netupitant. Alternative methods of delivery of prophylactic
CINVagents (transdermal patch and intranasal spray) are also
being investigated. Despite the significant progress made in
the past 20 years in CINV prophylaxis, the current areas of
unmet need appear to be in the prevention of nausea (partic-
ularly delayed) and in treatment options of breakthrough
CINV. While olanzapine appears to have a role in both of
these areas, future studies in CINV are needed to focus on
these outcomes with better therapeutics.

In summary, we recommend that olanzapine-containing
triplet antiemetic regimen (OPD) should be added as an alter-
native option for the prophylaxis of CINV following moder-
ately or highly emetogenic chemotherapy. Similarly,
olanzapine is probably the drug of choice for breakthrough
CINV, especially for delayed nausea (Table 3).
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