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Summary
BackgroundWe examined the efficacy of mirtazapine in preventing delayed nausea and vomiting following highly emetogenic
chemotherapy (HEC). Patients and methods Patients who had experienced delayed emesis and would be subsequently scheduled
for at least threemore cycles of the same chemotherapywere randomly assigned to either a mirtazapine (15mg daily on days 2–4)
or a control group. In addition, both groups received a standard triplet regimen comprising aprepitant, a 5-HT3 receptor
antagonist, and dexamethasone (7.5 mg on days 2–4). The chemotherapy regimens were either an epirubicin plus cyclophos-
phamide regimen or cisplatin-containing regimens. The primary end point was a complete response (no emesis and no rescue
treatment) to the delayed phase (25–120 h post-chemotherapy) during Cycle 1. The impact on quality of life (QOL) was assessed
using the Functional Living Index–Emesis (FLIE) questionnaire. Results Of 95 enrolled patients, 46 were assigned to the
mirtazapine group and 49 to the control group. The complete response rate in the delayed phase during Cycle 1 was significantly
higher with mirtazapine than in the control group (78.3% versus 49.0%,P = 0.003). The main adverse effects of mirtazapine were
mild to moderate somnolence and weight gain. Mean total FLIE scores were similar between the two arms. Conclusions This is
the first randomized prospective study to show that adding mirtazapine has a substantial and statistically significant benefit with
good tolerance in patients with breast cancer who have experienced delayed emesis following the same prior HEC. (Trial
registration: ClinicalTrials.gov NCT02336750).
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Introduction

Chemotherapy-induced nausea and vomiting (CINV) is
a source of major anxiety for patients with cancer re-
ceiving chemotherapy, significantly impairing their qual-
ity of life (QOL). It is therefore recognized as one of
the most distressing adverse effects (AEs) of chemother-
apy [1, 2]. Highly emetogenic chemotherapy regimens
(HEC; >90% frequency of emesis) typically include
a g e n t s s u c h a s c i s p l a t i n , me ch l o r e t h am i n e ,
streptozotocin, or high-dose cyclophosphamide. The
antiemesis approach to preventing CINV following
HEC recommended by multiple international antiemetic
guidelines [3–5] is a triplet regimen comprising a 5-
HT3 receptor antagonist (RA) combined with dexameth-
asone and aprepitant.
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Although many studies have shown that the recommended
triplet antiemesis therapy based on palonosetron achieves a
more than 80% complete response rate in the acute phase
and 70% in the delayed phase [6–9], there is still a need for
additional antiemetic agents.

Olanzapine, an atypical antipsychotic agent [10, 11],
blocks multiple neurotransmitter receptors including dopa-
mine (D1, D2, D4), serotonin (5HT2A, 5HT2C, 5HT3),
alpha-1 adrenergic, histamine (H1), and multiple muscarinic
receptors. Many randomized trials have confirmed the bene-
ficial effect of adding olanzapine to standard antiemetic regi-
mens [12–16]. The National Comprehensive Cancer Network
(NCCN) guideline panel has therefore listed olanzapine-
containing regimens as another option for HEC antiemesis
[5]. However, long-term use of olanzapine is associated with
adverse metabolic effects, including weight gain, dyslipid-
emia, and onset of diabetes mellitus [17].

Like olanzapine, mirtazapine, a new antidepressant [18],
has a similar affinity for 5-HT2, 5-HT3, and H1 receptors;
however, it has almost no anticholinergic effect. Compared
with olanzapine, mirtazapine has been reported to more effec-
tively achieve nausea reduction and appetite increase, with
better tolerance, less dizziness, and fewer cardiovascular tox-
icities [19, 20].

Several small studies have investigated the antiemetic ef-
fect of mirtazapine [21–24] and found that it is a successful
and safe antiemetic agent for CINV, post-operative anesthesia-
related toxicity, and pregnancy-induced nausea.

To the best of our knowledge, there are no published data
concerning the use of mirtazapine as a secondary prophylactic
when a conventional antiemetic regimen has failed. This study
was conducted to evaluate the efficacy and safety of
mirtazapine combined with aprepitant, a 5-HT3 RA, and
dexamethasone, when used as a secondary prophylactic, in
controlling delayed CINV following HEC.

Methods

Study design

This was an open label, randomized, multicenter phase III trial
conducted in five hospitals in China (ClinicalTrials.gov
number, NCT02336750). Eligible patients were randomly
assigned to either a mirtazapine or control group, both of
which received aprepitant, a 5-HT3 RA, and dexamethasone.
Patients were assessed for three consecutive cycles of chemo-
therapy. The ethics committees of the participating centers
approved the protocol.Written informed consent was obtained
from each patient before enrollment. The stratification factor
was EC (epirubicin plus cyclophosphamide) versus cisplatin-
containing regimens.

Eligibility and exclusion criteria

Eligible patients were women aged 18 years or older with
breast cancer who had experienced delayed emesis after re-
ceiving EC (epirubicin at a dose of 80–100 mg/m2 plus cyclo-
phosphamide at a dose of 600 mg/m2) or a cisplatin-
containing regimen.

Patients were expected to undergo at least three cycles of
the same chemotherapy. Additional eligibility criteria includ-
ed a European Cooperative Oncology Group (ECOG) perfor-
mance status of 0–2, a life expectancy of at least 12 weeks,
and adequate hematologic, hepatic, and renal function.
Women of childbearing age were required to have a negative
pregnancy test performed within 7 days before enrollment and
agree to use appropriate birth control throughout their partic-
ipation in the study.

Patients were excluded if they had one of the following:
nausea/vomiting in the 24 h before enrollment, administration
of aprepitant in the most recent cycle of chemotherapy before
enrollment, serious emotional or mental disorders, treatment
with benzodiazepines or opioids (including oxycodone/acet-
aminophen) within 48 h of entry to the study (except for a
single daily dose of triazolam, temazepam, or midazolam),
concurrent abdominal or pelvic radiotherapy, known hyper-
sensitivity to mirtazapine, known history of myocardial in-
farction or severe epilepsy, uncontrolled diabetes mellitus or
active infection, concurrently receiving CYP3A4 inducers
(such as carbamazepine, phenytoin, or phenobarbital), concur-
rent administration of any other investigational drug, or prior
enrollment in other clinical trials within 4 weeks of the start of
this study treatment.

Treatment regimen

All participants received aprepitant (125 mg on Day 1 and
80 mg on Days 2 and 3), a 5-HT3 RA (a standard dose of
palonosetron, granisetron, or ondansetron intravenously) and
dexamethasone (7.5 mg orally on Days 2–4). In addition, pa-
tients in the experimental group received oral mirtazapine
(15 mg, once daily) on Days 2–4. Rescue therapy was permit-
ted only when patients had breakthrough vomiting.

Study visits and assessment

Daily records (diary cards) of vomiting or retching (number of
episodes, severity, and time) between 0 and 120 h were com-
pleted by patients. AEs were assessed and graded in accor-
dance with the Common Terminology Criteria for AEs, ver-
sion 4.0 [25]. In addition, the Functional Living Index–Emesis
(FLIE) questionnaire was completed by patients on Days 2
and 6 of each cycle. Investigators recorded AEs until 28 days
after the last dose of mirtazapine and recovery to grade 1 or 0
of any acute toxicities associated with mirtazapine.
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Outcomes

The primary end point was a complete response (CR, no eme-
sis and no rescue treatment) for the delayed phase (25–120 h
post-chemotherapy) during Cycle 1. Secondary end points
included CR rates for the delayed phase of Cycles 2 and 3,
the acute (0–24 h post-chemotherapy) and overall phases (0–
120 h post-chemotherapy) of Cycles 1–3, complete control
(CC, no emesis, no rescue medication use, and no more than
grade 1 nausea) during the three phases throughout three cy-
cles, toxicities, and impact on QOL.

QOL was assessed by the FLIE questionnaire on Days 2
and 6 of each cycle [26]. No impact on daily life was defined
as an average FLIE item score exceeding 6 on the 7-point
scale (or total score > 108).

Statistical analysis

On the basis of a previously reported study on mirtazapine
[27], the CR rates in the delayed phase were estimated as
64% and 80% in the control and mirtazapine groups, respec-
tively. The study design was two-sided, with α = 0.05 and
80% power. It was calculated that a sample size of 96 per
group was required. Assuming that 10% of patients would
withdraw or drop out, the target sample size was 212 patients
(106 for each group).

All patients who received at least one dose of the study med-
ication were included in the efficacy and safety analysis. The χ2

test was used to compare CR andCC rates between the two arms.
Univariable and multivariable logistic regression analyses were
performed to evaluate independent risk factors. Differences in
FLIE scores between treatment arms were assessed by
Student’s t test. A P value of 0.05 was considered to denote
statistical significance. All tests are reported as two-sided.

The Statistical Package for the Social Sciences software
(SPSS) version 16.0 (IBMSPSS, Chicago, IL, USA) was used
for all statistical analyses.

Results

Patients

Between 16 January 2015 and 26 September 2017, a total of
100 patients were enrolled in this study and randomized.
Ninety-five patients (46 assigned to the mirtazapine group
and 49 assigned to the control group) began the study and
received at least one cycle of treatment.

Sixty-five and 43 patients entered the second and third
cycles, respectively (Fig. 1). Most of the patients (20.4% in
the mirtazapine group and 21.7% in the control group before
Cycle 2; 16.7% and 14.3%, respectively before Cycle 3)
discontinued participation in the study because of difficulties
in completing diary cards or FLIE questionnaires. A χ2 test
showed that the proportions of patients who received one,
two, or three cycles of treatment were similar between the

Fig. 1 CONSORT diagram
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two arms (P = 0.266). The study was closed prematurely in
January 2018 because of the slow enrollment.

The baseline clinical characteristics of the 95 enrolled pa-
tients are listed in Table 1. There were no significant differ-
ences between the two arms in age, chemotherapy regimen
administered, ECOG performance status, TNM stage, or 5-
HT3 RA received.

Efficacy

Compared with the control group, the CR rates in the first
cycle were significantly higher in the mirtazapine group:
78.3% versus (vs.) 49.0% (OR 3.75, 95% CI: 1.529–9.196,
P = 0.003) in the delayed phase and 58.7% vs. 34.7% (OR
2.68, 95% CI: 1.165–6.140, P = 0.019) during all phases.
The results were similar in the third cycle during the delayed
phase: 88.2% vs. 50.0% (OR 7.50, 95% CI: 1.421–39.590,
P = 0.010) (Tables 2, 3 and 4), and in the whole study (OR
3.30, 95% CI: 1.414–6.452, P = 0.0033).

The CC rates were also significantly higher with
mirtazapine: in the first cycle, 76.1% vs. 49.0% (OR 3.31,
95% CI: 1.376–7.983, P = 0.006) in the delayed phase and
56.5% vs. 32.7% (OR 2.68, 95% CI: 1.164–6.176, P =
0.019) during all phases; in the second cycle, 70.0% vs.
45.7% (OR 2.77, 95% CI: 0.993–7.728, P = 0.049) in the
delayed phase and 50.0% vs. 25.7% (OR 2.89, 95% CI:
1.019–8.194, P = 0.043) during all phases; and in the third
cycle, 88.2% vs. 50.0% (OR 7.50, 95% CI: 1.421–39.590,
P = 0.010) in the delayed phase.

Nonetheless, no significant differences were identified in the
incidence of nausea between the two groups (including acute,
delayed, and all phases) throughout the three study cycles.

With respect to CR in the delayed phase in the first cycle,
subgroup analysis demonstrated that benefits of mirtazapine
were most evident in the following subgroups: age ≥ 50 years;
those receiving cisplatin-containing regimens; those with an
ECOG performance status of 1–2; and those taking
palonosetron as a 5-HT3 RA treatment (Table 5).
Multivariate analysis demonstrated that, in the first cycle,
use of mirtazapine was the only independent risk factor for
CR in the delayed phase of vomiting (Table 6).

Adverse events

All AEs were grade 1–2; those that occurred in ≥2% of pa-
tients are listed in Table 7. Most of the AEs, including anorex-
ia, fatigue, and dyspepsia, were comparable between the two
groups. However, somnolence (17.4% vs. 4.1%, P = 0.035)
and weight gain (8.7% vs. 0, P = 0.035) occurred more fre-
quently in the mirtazapine group than in the control group.

Quality of life

During Cycle 1, 86.3% (82/95) of patients completed
the FLIE questionnaire on Days 2 and 6. In Cycles 2
and 3, 81.5% (53/65) and 76.7% (33/43) of patients,
respectively, completed the questionnaire. Throughout
the three cycles, there were no significant differences
in mean FLIE total scores between the two arms on
either Day 2 or Day 6. As shown in supplemental on-
line Table 8, the proportion of patients who reported no
impact on their daily life was similar between the two
groups.

Table 1 Baseline clinical
characteristics of the participants
according to study group

Characteristics Mirtazapine group(n = 46) Control group (n = 49) P value

Median age (range), years 48 48 0.084

Chemotherapy regimen, no. (%) 0.838
cisplatin-containing regimen 21(45.7) 21(42.9)

EC 25(54.3) 28(57.1)

ECOG PS, no. (%) 0.332
0 13(28.3) 9(18.4)

1 33(71.7) 39(79.6)

2 0(0) 1(2.0)

TNM stage, no. (%) 0.838
I-III 24(52.2) 27(55.1)

IV 22(47.8) 22(44.9)

5-HT3–receptor antagonist, no. (%) 0.355
palonosetron 42(91.3) 39(79.6)

granisetron 1(2.2) 3(6.1)

ondansetron 1(2.2) 0(0)

Unknown 2(4.3) 7(14.3)
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Discussion

To the best of our knowledge, this open label, multicenter,
phase III trial was the first randomized, prospective study to
investigate the efficacy of mirtazapine as a secondary prophy-
lactic agent for delayed CINV following HEC. When used as
a secondary prophylactic, a four-drug antiemetic regimen in-
cluding mirtazapine more effectively prevented delayed
CINV in patients with breast cancer who have experienced
delayed vomiting than the recommended triplet regimen
[3–5] without mirtazapine.

All patients in our study had experienced delayed vomiting
before enrollment. Among patients in the control arm, the CR
rate in the delayed phase was 49.0%–54.3%, whereas it was
substantially and significantly better with mirtazapine. Our
findings indicate that our new experimental regimen was sig-
nificantly superior to standard therapy in Cycle 1 (CR rate in
the delayed phase 78.3% vs. 49.0%, P = 0.003), and in Cycle
3 (88.2% vs. 50.0%, P = 0.010). Thus, our data demonstrate
that addition of mirtazapine provides a benefit that will likely
be sustained over several cycles of HEC.

Although in our study addition of mirtazapine substantially
improved the CINV outcomes, the CR rates for the delayed
phase in the control arm of the study (nearly 50%) were much

lower than those reported in previous studies (approximately
70%) [6–9]. One possible explanation for this difference is
that all our patients had already experienced delayed vomiting
during the previous chemotherapy cycle, which could reduce
the assessed impact of any subsequent antiemesis therapy.
Another possible reason could be that we used a lower dose
of dexamethasone in this study. In our protocol, the dose of
dexamethasone was 7.5 mg orally on Days 2–4, the dose on
Day 1 not being specified. In comparison, in several published
antiemetic guidelines [3–5], the dexamethasone starting dose
is higher at 12 mg and starts on Day 1. Dexamethasone can be
a very effective antiemetic therapy for controlling both acute
and delayed CINV; however, its potential toxicity when used
for several days could be problematic. The reported AEs of
insomnia (45%), indigestion/epigastric discomfort (27%), ag-
itation (27%), diabetes, and immunosuppression are of partic-
ular concern with higher dose dexamethasone therapy [28]. In
addition, physicians in China are more cautious about using
dexamethasone than are physicians in other countries because
of the high incidence of gastritis in China. In the PRACTICE
survey [29], which enrolled 648 patients from Australia and
five Asia–Pacific countries (China, India, Singapore, South
Korea, and Taiwan), details of prophylaxis for the acute and
delayed phase of CINV showed that dexamethasone was used
less frequently in China than in Korea: 70.1% versus 88.8%,
respectively, for the acute phase, and 24.7% versus 76.3%,
respectively, for the delayed phase.

Post-chemotherapy nausea is always hard to control,
despite significant improvements in vomiting prevention
having been reported recently [17, 30]. It has been re-
ported that olanzapine improves nausea control in pa-
tients receiving HEC. In a phase III study [31], the
p r opo r t i o n o f p a t i e n t s w i t h f u l l c on t r o l o f
chemotherapy-induced nausea was significantly greater
in the olanzapine group for all phases of post-
chemotherapy nausea and vomiting than in the placebo
group (for the acute phase, 74% vs. 45%, P = 0.002; for
the delayed phase, 42% vs. 25%, P = 0.002; and for the
overall period, 37% vs. 22%, P = 0.002)].

Table 2 Complete response during Cycle 1 according to study group

Mirtazapine group
(n = 46), n(%)

Control group
(n = 49), n(%)

P value

Delayed(24-120 h) 0.003
No 10(21.7) 25(51.0)

Yes 36(78.3) 24(49.0)

Acute(0-24 h) 0.105
No 15(32.6) 24(49.0)

Yes 31(67.4) 25(51.0)

Overall(0-120 h) 0.019
No 19(41.3) 32(65.3)

Yes 27(58.7) 17(34.7)

Table 3 Complete responses during Cycle 2 according to study group

Mirtazapine group
(n = 30), n(%)

Control group
(n = 35), n(%)

P value

Delayed(24-120 h) 0.113
No 8(26.7) 16(45.7)

Yes 22(73.3) 19(54.3)

Acute(0-24 h) 0.515
No 13(43.3) 18(51.4)

Yes 17(56.7) 17(48.6)

Overall(0-120 h) 0.200
No 15(50.0) 23(65.7)

Yes 15(50.0) 12(34.3)

Table 4 Complete responses during Cycle 3 according to study group

Mirtazapine group
(n = 17), n(%)

Control group
(n = 26), n(%)

P value

Delayed(24-120 h) 0.010
No 2(1.18) 13(50.0)

Yes 15(88.2) 13(50.0)

Acute(0-24 h) 0.342
No 6(35.3) 13(50.0)

Yes 11(64.7) 13(50.0)

Overall(0-120 h) 0.233
No 6(35.3) 14(53.8)

Yes 11(64.7) 12(46.2)
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In this study, patients who received additional mirtazapine
treatment had better complete control than the control group
for the delayed phases throughout the three study cycles (first
cycle: 76.1% vs. 49.0%, P = 0.006; second cycle: 70.0% vs.
45.7%, P = 0.049; third cycle: 88.2% vs. 50.0%, P = 0.010).
This may indicate that mirtazapine can potentially control
nausea in the delayed phase; the differences in the incidence
of nausea were not statistically significant.

We found that the antiemetic regimens in both arms were
well tolerated, with no grade 3/4 toxicities or serious adverse
events (SAEs) related to mirtazapine. Most AEs were similar
between the two groups with the exception of somnolence
(17.4% vs. 4.1%, P = 0.035) and weight gain (8.7% vs. 0,
P = 0.035), which both occurred more frequently in the
mirtazapine group.

Somnolence is commonly induced by psychotropic agents.
In previous studies, the incidence of mirtazapine-induced
somnolence was 26.5% at a dose of 15 mg/day, the benefits
of mirtazapine for nausea control being particularly evident in

patients with cancer and sleep disturbance [19, 32]. Weight
gain, a typical AE in patients with advanced breast cancer
receiving chemotherapy, is paradoxically a potential benefit
of mirtazapine, particularly in patients with pronounced
weight loss. It remains to be shown whether the mirtazapine-
associated weight gain observed in our study is a reflection of
better control of chemotherapy-induced nausea and vomiting,
and thus better overall nutrition during chemotherapy.

We investigated the impact on QOL using the FLIE ques-
tionnaire [26]. Both the mean total scores and the proportion
of patients that experienced no impact on their daily life were
similar between the two groups, showing that mirtazapine had
no adverse impact on overall QOL. While it is unclear why a

Table 5 Subgroup analysis of
complete response rate in the
delayed phase of Cycle 1

CR in Mirtazapine group, n(%) CR in Control group, n(%) P value

Age

<50 19/27(70.4) 12/24(50.0) 0.137

≥50 15/17(88.2) 11/21(52.4) 0.018

Chemotherapy regimen

Cisplatin-containing regimens 18/21(85.7) 11/21(52.4) 0.019

EC 18/25(72.0) 13/28(46.4) 0.059

ECOG PS

0 11/13(84.6) 7/9(77.8) 0.683

1–2 25/33(75.8) 17/40(35.0) 0.004

TNM stage

I-III 18/24(75.0) 13/27(48.1) 0.050

IV 18/22(81.8) 11/22(50.0) 0.026

5-HT3–receptor antagonist

Palonosetron 33/42(78.6) 17/39(43.6) 0.001

non-Palonosetron 1/2(50.0) 3/3(100) 0.171

Abbreviations: EC Epirubicin plus Cyclophosphamide, ECOG PS European Cooperative Oncology Group per-
formance status

Table 6 Multivariate logistic regression analysis of risk factors for
delayed vomiting in Cycle 1

Odds Ratio 95% CI P value

Mirtazapine v Control 4.253 1.577 to 11.471 0.004

Cisplatin-containing
regimens v EC

0.266 0.068 to 3.076 0.178

age <50 v ≥ 50 0.548 0.199 to 1.507 0.244

stage I-III v IV 0.456 0.064 to 2.825 0.420

ECOG ps 0 v 1–2 0.533 0.102 to 1.334 0.367

Palonosetron v
non-Palonosetron

0.410 0.037 to 4.515 0.467

Table 7 Treatment-related adverse events occurring in ≥2% of patients
according to treatment group

Adverse Event Mirtazapine
group(n = 46), n(%)

Control
group(n = 49),
n(%)

P
value

Anorexia 30(65.2) 29(59.2) 0.673

Constipation 0(0) 6(12.2) 0.027

Increased ALT/AST
concentration

2(4.3) 5(10.2) 0.437

Fatigue 12(26.1) 9(18.4) 0.460

Diarrhea 2(4.3) 3(6.1) 0.699

Dizziness 3(6.5) 3(6.1) 0.936

Hypersomnia 8(17.4) 2(4.1) 0.035

Dyspepsia 5(10.9) 3(6.1) 0.405

Neutropenia 8(17.4) 5(10.2) 0.401

Weight gain 4(8.7) 0 0.035

Abbreviation: ALT/ALT alanine/aspartate aminotransferase
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much smaller proportion of patients reported no impact on
their daily life in both arms of our study (7.7%–22.0%) than
in other similar studies (59%–75.6%) [33, 34], one possible
explanation is that the patients in our study had experienced
delayed emesis in the cycle of chemotherapy before enroll-
ment. Thus, their anticipatory anxiety about vomiting prior
to entry into the study may have negated the improvement in
QOL induced by the higher CR to vomiting resulting from
mirtazapine. Thus, it seems that mirtazapine has clear ben-
efits for both acute and delayed nausea and vomiting, with
no apparent adverse impact on QOL.

One limitation of our randomized trial is that it did
not include a placebo-controlled blind arm. In addition,
some patients withdrew consent during the study, mostly
because of difficulties in completing the FLIE question-
naire or diary cards. However, it is unlikely that any of
these limitations would have substantially influenced the
study results.

Conclusions

To the best of our knowledge, this is the first randomized
prospective study to show that addition of mirtazapine as a
secondary prophylactic against HEC-induced delayed
vomiting not only has a substantial and statistically significant
benefit, but also has no serious adverse impacts on QOL in
women with breast cancer who have had delayed emesis fol-
lowing the same prior HEC.
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