
Abstract. Background/Aim: Chemotherapy-induced nausea
and vomiting (CINV) is one of most distressing adverse events
during cancer chemotherapy. In breast cancer patients
receiving anthracycline and cyclophosphamide (AC)
chemotherapy, CINV is poorly controlled. Patients and
Methods: The prevalence of guideline-consistent antiemetic
medication and control of CINV were investigated
retrospectively in breast cancer patients receiving the first
cycle of AC chemotherapy. Risks for CINV were analyzed by
the multivariate logistic regression analysis. The effect of
olanzapine added to the standard antiemetic medication on the
incidence of CINV was subsequently evaluated in separate
patients who received the first cycle of AC chemotherapy.
Results: Although the guideline-consistent antiemetic
medication was performed in all subjects, the control rate of
nausea (32%), but not vomiting (78%) was low. Risk analysis
indicated that age younger than 55-year-old was a significant
factor that reduces the control of both nausea and vomiting.
Olanzapine (5 mg/day for 5 days), when added to the standard
three-drug antiemetic medication, significantly improved the
control of nausea and complete response. Conclusion: CINV
was poorly controlled in breast cancer patients receiving AC
chemotherapy, in which age younger than 55-year-old was a
significant risk for both nausea and vomiting. Olanzapine was
effective for improvement of the control of CINV associated

with AC chemotherapy. Therefore, care should be taken to
prevent CINV in young patients receiving AC chemotherapy
by adding olanzapine to the standard three-drug antiemetic
medication.

Chemotherapy-induced nausea and vomiting (CINV) is one
of the most distressing problems for cancer patients. This
adverse event impairs patients’ quality of life and exerts a
negative influence on patient’s desire to continue the
chemotherapy (1, 2).

Breast cancer is the most prevalent cancer in women
worldwide. Combination of anthracycline with cyclophospha-
mide (AC) has been commonly used for breast cancer as
neoadjuvant chemotherapy, adjuvant chemotherapy, or
metastatic/recurrent chemotherapy (3). The AC chemotherapy
is classified as high-emetic risk chemotherapy (HEC)
according to several clinical practice guidelines for antiemesis,
including the American Society of Clinical Oncology (ASCO)
(4), the National Comprehensive Cancer Network (NCCN) (5),
the Multinational Association of Supportive Care in Cancer
(MASCC)/European Society for Medical Oncology (ESMO)
(6), and the Japanese Society of Clinical Oncology (JSCO) (7).
The guidelines recommend the use of the three-drug antiemetic
regimen for prevention of CINV associated with HEC, in
which neurokinin-1 (NK1) receptor antagonist, dexamethasone
and 5-HT3 receptor antagonist are treated on day 1, the
combination of NK1 receptor antagonist and dexamethasone is
administered on days 2 and 3, and dexamethasone is given on
day4 (4-7). However, the control of CINV associated with AC
chemotherapy is not necessarily sufficient, even when the
guideline-consistent three-drug antiemetic premedication is
implemented. Particularly, the rate of no nausea is too low (31-
49%) (8-12) compared to the rate of no vomiting (55-92%) (9-
12, 13-16). We also previously reported that AC chemotherapy
for breast cancer is most emetogenic among various
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chemotherapy regimens that were carried out in the outpatient
setting, in which the odds ratio (OR) for incidence of CINV is
4.955 [95% confidence interval (CI)=1.863-13.18; p=0.001]
(17). Therefore, additional antiemetic agents with different
mechanisms may be required for prevention of nausea
associated with AC chemotherapy for breast cancer. 

Olanzapine is an atypical antipsychotic drug that possesses
an appetite stimulating actionis (18). Navari et al. (19)
reported by a phase III study comparing the antiemetic effect
between olanzapine and aprepitant, when used in combination
with palonosetron and dexamethasone, in chemotherapy-naive
patients receiving cisplatin ≥70 mg/m2 or cyclophosphamide
≥500 mg/m2 and doxorubicin ≥50 mg/m2 that olanzapine 
(10 mg/day, days 1-4) is similar to aprepitant in the rate of
complete response but is more effective than aprepitant in
preventing delayed nausea. Based on these findings, the
NCCN guideline has recommended the use of olanzapine in
combination with paronosetron and dexamethasone as one of
the optional antiemetic medication for HEC and moderate
emetic-risk chemotherapy (MEC) since 2014.

In the present study, the control rate and the risk factors of
CINV were investigated in patients receiving the first cycle of
AC chemotherapy for breast cancer. Subsequently, the additional
effect of olanzapine on the control of CINV was examined.

Patients and Methods
Patients. The prevalence of antiemetic medication, the control rate of
CINV, and risk factors that affect the incidence of CINV were
investigated in 73 breast cancer patients who received the first cycle
of AC chemotherapy during a period between January 2010 and
December 2014. Subsequently, the effect of olanzapine was examined
in 19 patients receiving the same chemotherapy regimen during a
period from February 2015 to March 2016. The present study was
carried out in accordance with the guidelines for the care for human
study adopted by the Ethics Committee of the Gifu Graduate School
of Medicine, and notified by the Japanese Government (approved no.
26-153 of the Institutional Review Board).

Antiemetic medication. For standard antiemetic medication, the
combination of aprepitant (125 mg, orally), an NK1 receptor antagonist,
granisetron (3 mg, intravenously) and dexamethasone (9.9 mg/day,
intravenously) was administered on day 1 before chemotherapy, and
two-drug combination such as aprepitant (80 mg, orally) and
dexamethasone (4 mg, orally) was treated on days 2 and 3, and
dexamethasone (4 mg, orally) was given on day 4. 

Evaluation of the control of CINV. The control of CINV was
evaluated as the rates of no nausea, no significant (grade 2 and more)
nausea, no vomiting, complete response (no vomiting and no rescue)
and complete control (no nausea, no vomiting and no rescue) during
acute (within 24 hours after chemotherapy), delayed (24-120 hours),
and overall (0-120 hours) periods. 

Risk analysis for CINV. Demographics of patients who received the
first cycle of AC chemotherapy were compared in patients with or
without nausea as well as in those with or without vomiting during

overall period. Risk factors for nausea or vomiting were determined
by univariate and multivariate logistic regression analyses. OR and
95%CI were determined. The cut-off values for age, body mass index
(BMI) and serum creatinine level were determined by the Youden
index method in the receiver operating characteristic curve (ROC)
analysis, in which the Youden index was calculated as the maximum
value of (sensitivity + specificity - 1), according to the methods
described earlier (20, 21).

Effect of olanzapine. In another set of study, the effect of olanzapine
(5 mg, orally, on days 1-5), when included in the standard three-drug
antiemetic medication, on the control rates of CINV was examined
in 19 patients receiving the first cycle of AC chemotherapy during
February 2015 and March 2016. Data were compared with those
obtained from different 73 patients who received the same
chemotherapy during January 2010 and December 2014. Olanzapine
(5mg/day) was administered orally for 5 days (day 1-day 5). 

Statistical analyses. Data were analyzed by using IBM SPSS
Statistics ver. 22 (IBM Japan Services Co., Ltd., Tokyo, Japan).
Parametric variables were statistically compared by t-test, while
nonparametric data were analyzed by Mann-Whitney U-test or chi-
square test. Kruscal-Wallis test was used for non-parametric analysis
of variance. p-Values of less than 0.05 were considered statistically
significant.

Results

Prevalence of guideline-consistent antiemetic medication and
the rate of CINV. The prevalence of guideline-consistent
antiemetic premedication was 100% during acute and delayed
periods in patients receiving the first cycle of AC chemotherapy.
Even under the standard antiemetic premedication, complete
response was 63%, 51% and 48% during acute, delayed and
overall periods, respectively (Figure 1). The complete control
was poor (55% for acute, 33% for delayed, and 32% for overall
periods). Although vomiting was well controlled (84% for
acute, 86% for delayed and 78% for overall periods), the rates
of no nausea were severely depressed to 33% and 32% during
delayed and overall periods, respectively.

Comparison of demographics between patients with CINV and
those without CINV. As shown in Table I, nausea occurred in
50 patients (69%). Age was younger and smoking was less
prevalent in patients with nausea than in those without nausea
(52.0 years old versus 58.9 years old, p=0.014; 4.0% versus
42.1%, p<0.001). On the other hand, vomiting appeared in 16
patients (22%), in which age was again significantly younger
than in patients without vomiting (46.9 years old versus
56.2 years old, p=0.0004). Interestingly, body mass index was
significantly lower in patients with vomiting (20.5±1.8 versus
22.3±4.1, p=0.011). Serum creatinine level was also lower in
case vomiting occurred. 

Risk analysis for CINV. The cut-off values calculated from
Youden index method of ROC analysis were 56.5 years old for
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nausea and 53.5 years old for vomiting, 22.7 for body mass
index and 0.58 mg/dl for serum creatinine level in case of
vomiting. In the present study, the cut-off values were set to 55
years old, 23 for body mass index, and 0.6 mg/dl for serum
creatinine. As shown in Table II, univariate analysis showed that
age younger than 55 years old (OR=4.623; 95%CI=1.551-
13.776, p=0.006) was only a significant risk factor that reduces
the control of nausea. In contrast, smoking significantly reduced
the risk for nausea. On the other hand, age younger than 55
years old (OR=10.348; 95%CI=2.416-49.9, p=0.004) and lower
BMI score than 23 (OR=8.75; 95%CI=1.077-71.066, p=0.042)
were significant risk factor for vomiting. A multivariate analysis
indicated that only age younger than 55 years old was a
significant risk for nausea as well as for vomiting.

Comparison of the control of CINV between patients younger
than 55 years old and those 55 years old of age and older. As
shown in Table III, the rates of complete response, complete
control, no nausea, no significant nausea, and no vomiting were
all dramatically reduced in patients younger than 55 years old.
It was notable that no patient had acute vomiting compared
with 25 of 37 patients (68%) younger than 55 years old
experienced acute vomiting. The OR for control of vomiting

was 0.097-0.213, while the value for control of nausea was
between 0.194 and 0.216 during the emetic risk period.

Effect of olanzapine added to the standard antiemetic
medication on the control of CINV. Addition of olanzapine
(day 1-5) to the standard three-drug antiemetic medication
significantly improved the complete response during delayed
but not acute period (Figure 2). Notably, the rate of no
significant nausea but not the rate of no nausea during delayed
period was significantly improved by the additional treatment
with olanzapine, although the rate of no vomiting was not
significantly improved by olanzapine.

Discussion

In the present study, we surveyed the rate of the control of
CINV in 78 breast cancer patients who received the first cycle
of AC chemotherapy. Adverse drug reactions were monitored
in all patients by health professionals, including pharmacists
and nurses. Additionally, we checked the prescription
regarding the guideline consistent antiemetic medication and
promoted appropriate use of antiemetic drugs according to the
clinical practice guideline. As a consequence, the prevalence
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Figure 1. Complete response, complete control, rate of no nausea, rate of no significant nausea and rate of no vomiting during acute, delayed and
overall periods in 73 patients who received the first cycle of anthracycline /cyclophosphamide (AC) chemotherapy for breast cancer. Patients were
all pretreated with granisetron (3 mg/day on day 1), dexamethasone (12 mg intravenously on day 1 and 8mg/day orally on days 2-4) and oral
aprepitant (125 mg/day on day 1 and 80 mg/day on days 2-3). 



rate of the guideline-consistent antiemetic medication during
overall period was 100%. However, under such a condition,
the control of CINV was insufficient: 48% for complete
response, 32% for complete control, 32% for the rate of no
nausea, and 48% for the rate of no significant nausea during
overall period, although vomiting was well controlled (78%
for no vomiting during overall period). The rates of control of
CINV during overall period observed in the present study
were generally consistent with those reported by other
investigators in breast cancer patients receiving AC
chemotherapy: the complete response rate was similar to the

data (47%) by Yeo et al. (12), that (50%) by Hesketh et al.
(14) and within a range (36-82%) reported by others (8, 11,
13, 15, 22, 23). The rates of no nausea and no vomiting were
also within the range reported by other investigators [31-49%
for nausea (8-12); 55-92% for vomiting (9-12, 13-16)].

Risk factors that enhance the incidence of CINV have
been reported by several investigators. Younger age is one
of risks that reduce the control of CINV (24-30). However,
the cut-off age that influences the control of CINV is
uncertain. Patients younger than 65 years old (26, 27), 55
years old (28, 29), 50 years old (30), or 40 years old (24, 25)
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Table I. Comparison of patients' demographics between patients with and without nausea or vomiting after AC chemotherapy.

                                                                           With nausea            Without nausea       p-Value       With vomiting        Without vomiting      p-Value 
                                                                               (N=50)                       (N=23)                                        (N-16)                        (N-57)

Age (mean, range)                                         52.0        (37-74)       58.9        (25-77)       0.014a         46.9       (37-65)        56.2        (25-77)       0.0004a
                                                                      mean          S.D.         mean          S.D.                            mean         S.D.          mean         S.D.                
Body mass index                                           21.6            3.3           22.6            4.8           0.334b         20.5           1.8            22.3           4.1            0.011b
Body surface area (m2)                                 1.53           0.12          1.48           0.17          0.269b         1.50          0.10           1.52          0.15           0.774b
Serum creatinine (mg/mL)                            0.56           0.09          0.57           0.07          0.709b         0.53          0.06           0.57          0.09           0.037b
Serum albumin (g/dL)                                   4.30           0.31          4.39           0.23          0.234b         4.35          0.26           4.31          0.30           0.660b
Dose (mg/m2)                                               mean          S.D.         mean          S.D.                            mean         S.D.          mean         S.D.                
  Epirubicin (EPI)                                           91               2              92               4            0.152a          91              2               92              4             0.694a
  Cyclophosphamide(CPA)                            594             24            583             39           0.127a         594            24             583            39            0.610a
Regimens                                                         N              %              N               %            0.619c           N              %              N              %                  
  EC (EPI 90/CPA 600)                                  44            88.0           19             82.6                               15           93.8            48            84.2           0.315c
  FEC (5-FU 500/EPI 100/CPA 500)              3              6.0             4              17.4                                1             6.3              6             10.5                
  AC (DXR 60/CPA 600)                                3              6.0             0                                                    0                                3              5.3                 
Smoking, % (yes/no)                                    4.0%        (2/48)       42.1%        (8/11)        0.001d        6.3%        (1/15)       17.0%       (9/44)         0.507d
Drinking, % (yes/no)                                   16.0%       (8/42)       26.3%        (5/14)        0.526d       31.3%       (5/11)        15.1%       (8/45)         0.279d
Diabetes mellitus, % (yes/no)                      2.0%        (1/49)        5.3%         (1/18)        1.000d         0%         (0/16)        3.8%        (2/51)         1.000d

aMann-Whitney U-test, bt-test, cKruscal-Wallis test, dChi-square test.

Table II. Risk factors for nausea and vomiting in patients receiving AC chemotherapy for breast cancer.

                                                                           Univariate analysis                                                               Multivariate analysis

                                                                                     95%CI                                                                                     95%CI                

                                                                 OR               Lower              Upper             p-Value               OR                Lower            Upper              p-Value

Nausea                                                                                                                                                                                                                               
  Age<55-year-old                                 4.623              1.551              13.776              0.006               4.826               1.567            14.865               0.006
  Body mass index<23                          1.021              0.349               2.990               0.970               0.719               0.223             2.320                0.581
  Creatinine<0.6 (mg/mL)                     1.366              0.489               3.814               0.552               1.144               0.378             3.464                0.812
  Drinker                                                0.533              0.150               1.900               0.332                                                                                           
  Smoker                                                0.057              0.011               0.308               0.001                                                                                           
Nausea                                                                                                                                
  Age<55-year-old                                10.348             2.416              49.900              0.004               8.903               1.705            46.478               0.010
  Body mass index<23                          8.750              1.077              71.066              0.042               7.168               0.802            67.054               0.078
  Creatinine<0.6 (mg/mL)                     2.724              0.696              10.654              0.150               1.603               0.337             7.617                0.553
  Drinker                                                2.557              0.699               9.357               0.156               2.814               0.595            13.299               0.192
  Smoker                                                0.326              0.038               2.791               0.306                                           



are reportedly more likely to reveal CINV. In the present
study, the cut-off value for age was estimated from the
Youden index method by the ROC curve analysis. The
values were 56.5 years old for nausea and 53.5 years old for
vomiting, in which the area under the curve (AUC) was
0.722 (95%CI=0.596-0.847) for nausea and 0.789
(95%CI=0.673-0.906), indicating moderate accuracy
prediction (>0.7). Then, the values were set to 55 years old
for practical use. The present multivariate analysis showed
that age younger than 55 years old was a significant risk for
nausea (OR=4.826; 95%CI=1.567-14.865; p=0.006) and

vomiting (OR=8.903; 95%CI=1.705-46.478; p=0.010). Our
data were similar to the data reported by Warr et al. (31) who
showed in breast cancer patients receiving AC chemotherapy
that age younger than 55-year-old is significantly associated
with enhanced likelihood of vomiting. It was noteworthy that
the rates of CINV, including no nausea, no vomiting,
complete response and complete control were markedly
reduced in patients younger than 55 years old compared with
those 55 years old of age and older. It has been reported that
34% of breast cancer patients are younger than 55 years old
(32), although, in the present study, the percentage of
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Figure 2. Effect of olanzapine added to the standard three-drug antiemetic medication on the rates of complete response, complete control, no
significant nausea and no vomiting in patients who received the first cycle of AC chemotherapy for breast cancer. Patients in control group were
treated with granisetron (3 mg, intravenously, on day 1), dexamethasone (12 mg, intravenously, on day 1, 8 mg/day, orally on days 2-4) and oral
aprepitant (125 mg on day 1 and 80 mg/day on days 2-3). Olanzapine was administered orally at 5 mg/day for five consecutive days starting at the
day of chemotherapy. Data were statistically compared by the Fisher’s exact probability test.



patients younger than 55 years old was 51%. Therefore, care
should be taken to control CINV in patients receiving AC
chemotherapy for breast cancer. 

Olanzapine, an atypical antipsychotic drug, shows high
affinity for not only dopamine D1, D2, and D4 receptors but
also 5HT2A, 5-HT2B, 5-HT2C, and 5-HT3 receptors, 

α1-adrenergic receptor, histamine H1 receptor, and
muscarinic receptor subclasses (33, 34). However, weight
gain due to appetite stimulation is a frequent adverse
reaction of this compound (18). The enhancement of ghrelin
release (35) or ghrelin signaling (36) is considered to be one
of mechanisms underlying olanzapine-induced appetite
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Table III. Comparison of the control rates of CINV associated with AC chemotherapy between patients whose age was under 55-year-old and those
55 years of age or older.

                                                       Age<55-year-old                         Age>55-year-old                                           95%CI                                  p-Value

                                                 Control          (Absence/            Control          (Absence/               OR                  Lower             Upper                  
                                                     rate              presence)               rate              presence)

Complete response                                                                                                                                                                                                        
   Acute                                      45.9%              (17/20)               80.6%               (29/7)                 0.205                 0.072              0.585              0.005
   Delayed                                   40.5%              (15/22)               61.1%              (22/14)                0.434                 0.170              1.108              0.128
   Over all                                   37.8%              (14/23)               58.3%              (21/15)                0.435                 0.170              1.111              0.129
Complete control                                                                                                                                                                                                           
   Acute                                      35.1%              (13/24)               75.0%               (27/9)                 0.181                 0.066              0.497              0.001
   Delayed                                   16.2%               (6/31)                50.0%              (18/18)                0.194                 0.065              0.576              0.005
   Over all                                   16.2%               (6/31)                47.2%              (17/19)                0.216                 0.073              0.645              0.009
No nausea                                                                                                                                                                                                                      
   Acute                                      37.8%              (14/23)               75.0%               (27/9)                 0.203                 0.074              0.554              0.003
   Delayed                                   16.2%               (6/31)                50.0%              (18/18)                0.194                 0.065              0.576              0.005
   Over all                                   16.2%               (6/31)                47.2%              (17/19)                0.216                 0.073              0.645              0.009
No significant nausea                                                                                                                                                                                                   
   Acute                                      48.6%              (18/19)               80.6%               (29/7)                 0.229                 0.080              0.652              0.009
   Delayed                                   40.5%              (15/22)               61.1%              (22/14)                0.434                 0.170              1.108              0.009
   Over all                                   37.8%              (14/23)               58.3%              (21/15)                0.435                 0.170              1.111              0.129
No vomiting                                                                                                                                                                                                                  
   Acute                                      67.6%              (25/12)               100%                (36/0)                                                                                         0.001
   Delayed                                   78.4%               (29/8)                94.4%               (34/2)                 0.213                 0.042              1.085              0.098
   Over all                                   62.2%              (23/14)               94.4%               (34/2)                 0.097                 0.020              0.466              0.002

Table IV. Comparison of demographics of patients between the control and olanzapine group.

                                                                                                Control (N=73)                                               Olanzapin (N=19)                           p-Value

                                                                                Mean                Min                 Max                Mean                  Min                Max                      

Age                                                                           54.2                   25                    77                   50.3                     26                   73                   0.220a
                                                                                Mean                S.D.                                        Mean                  S.D.                                             
Body mass index                                                     21.9                  3.8                                          22.3                    2.7                                         0.695b
Body surface area (m2)                                           1.51                 0.14                                         1.53                   0.11                                        0.716b
Serum creatinine (mg/mL)                                     0.56                 0.09                                         0.53                   0.09                                        0.229b
Dose (mg/m2)                                                         Mean                S.D.                                        Mean                  S.D.                                             
   Epirubicin (EPI)                                                    91                     3                                             94                       5                                          <0.01a
   Cyclophosphamide(CPA)                                     590                   30                                           558                     51                                         <0.01a
Regimens                                                                   N                     %                                             N                       %                                          0.002c
   EC (EPI 90/CPA 600)                                           63                   86.3                                           10                     52.6                                             
   FEC (5-FU 500/EPI 100/CPA 500)                       7                     9.6                                             8                      42.1                                             
   AC (DXR 60/CPA 600)                                         3                     4.1                                             1                       5.3                                              

aMann-Whitney U-test; bt-test; cKruscal-Wallis test; dChi-square test.



stimulation. Navari et al. (19) reported that olanzapine is
almost equivalent to aprepitant for the complete response
but is more effective than aprepitant for prevention of
delayed nausea in patients receiving HEC. Tan et al. (37)
also showed by a randomized controlled study comparing
the antieffect between olanzapine group (olanzapine 10
mg/day, days 1-5; azasetron, day 1; dexamethasone, day 1)
and control group (azasetron, day 1; dexamethasone, days
1-5) in patients receiving HEC or MEC that olanzapine
group is more effective than control group for prevention of
delayed nausea. However, few studies have reported the
effect of olanzapine added to the standart three-drug
antiemetic regimen in breast cancer patients receiving AC
chemotherapy. Sato et al. (38) reported in breast cancer
patients who experienced nausea or vimiting in a previous
AC chemotherapy cycle that nausea is improved by the
inclusion of low-dose olanzapine (2.5 mg/day, days 1-4) to
the three-drug antiemetic medication in the subsequent
chemotherapy cycle. In the present study, the effect of
olanzapine (5 mg/day, days 1-5) added to the standard three-
drug antiemetic medication was evaluated in breast cancer
patients receiving the first cycle of AC chemotherapy, and
found that the contol rates of complete response and nausea
during delayed period were significantly higher than those
of the olanzapine non-treated group.

These findings suggest that addition of olanzapine to the
standard three-drug antiemetic medication is potentially useful
for the effective control of CINV in breat cancer patients
receiving AC chemotherapy, particularly in patients younger
than 55-year-old.

In conclusion, the control of CINV was poor in breast
cancer patients receiving AC chemotherapy, in spite of the
premedication with the standard three-drug antiemetic
regimen. The control rate of delayed nausea was particularly
low (33%). A multivariate logistic regression analysis
indicated that age under 55-year-old was a significant risk for
both nausea and vomiting. Olanzapine, when added to the
standard antiemetic medication, was highly effective for the
improvement of complete response and the control of nausea
during delayed period. Therefore, it is suggested that addition
of olanzapine to the standard antiemetic medication is
potentially useful to improve the control of CINV in patients
receiving AC chemotherapy for breast cancer, particularly in
those younger than 55-year-old.
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