
Abstract. Background/Aim: Risk factors for chemotherapy-
induced nausea and vomiting (CINV) with anthracycline-
containing regimen for breast cancer patients remain unknown.
The risk factors for CINV with FEC100 were investigated.
Patients and Methods: Data on CINV events and patient
backgrounds of 180 patients were collected from the first cycle
of FEC100 treatment. In this regimen, patients were
administered various antiemetics (ADs). The combinations of
ADs were classified into four categories, while body mass
index (BMI) was stratified into three categories. Risk factors

were selected based on patient characteristics and combination
of ADs. Risks for CINV were analyzed by univariate and
multivariate analyses. Results: In the univariate analysis of
nausea, BMI was a significant factor, while BMI and
combination of ADs were significant in vomiting. In the
multivariate analysis concerning nausea, BMI was a
significant factor. In the analysis concerning vomiting, the
combination of ADs and BMI were significant. Conclusion:
BMI was the most important risk factor for nausea and
vomiting, while the combination of ADs was for vomiting. 

In 1978, Rosal et al., first showed that postoperative
chemotherapy with cyclophosphamide plus methotrexate
plus 5-fluorouracil (CMF) reduced recurrence and survival
in patients with breast cancer compared to surgery alone (1).
Since the 1980s, anthracycline-containing regimens have
taken the place of CMF as standard chemotherapy (2-8). As
its anticancer effect is still high, it is one of the standard
treatment options for breast cancer patients. However,
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control of chemotherapy-induced nausea and vomiting
(CINV) for those who receive anthracycline-based treatment
is a most important supportive measure even now. 

We conducted a clinical trial to investigate whether or not
addition of bisphosphonates led to a superior clinical
outcome in the neoadjuvant setting (JONIE study) (9). In this
study, the FEC100 regimen was used in the initial treatment.
The primary endpoint of this study was the pathological
complete response (pCR) rate following neoadjuvant
chemotherapy. However, during chemotherapy, data
concerning nausea and vomiting grade were also collected. 

Although we defined the dose of anticancer drugs, the
timing and the dose reduction protocol, as well as the
selection of antiemetic agents were scheduled depending on
each physician’s personal preference. For these reasons, we
speculated that the combination of antiemetic agents may
be one significant factor affecting the CINV grade. To test
this hypothesis, we investigated the relationship between
CINV and patient characteristics and the combination of
antiemetic drugs. The purpose of this study was to elucidate
the risk factors for CINV in patients undergoing FEC100
treatment. 

Patients and Methods

Study design and patients. A randomized controlled trial was
conducted to evaluate the efficacy of zoledronic acid (ZOL) in the
neoadjuvant setting for breast cancer patients (JONIE study) (9).
From March 2010 to June 2012, 188 patients were recruited to the
JONIE study. An outline of the study design is shown in Figure 1.
The eligibility criteria have been described in our previous
publications (9,10). The raw data from 180 patients in the JONIE
study were available for analysis in this study.

Treatment. In the JONIE study, four cycles of FEC100 (5-fluorouracil
500 mg/m2, epirubicin 100 mg/m2, cyclophosphamide 100 mg/m2)
were administered by intravenous infusion every 3 weeks followed by
12 cycles of paclitaxel at 80 mg/m2 by intravenous infusion weekly in
the groups treated with and without ZOL. Study participants were
stratified into two groups: i) a chemotherapy plus zoledronic acid
(CTZ) group and ii) a chemotherapy alone (CT) group.

In the CTZ group, ZOL (4 mg) was administered by intravenous
infusion on day 1 of every FEC treatment cycle. Following the
completion of the FEC therapy, ZOL was also administered three
times every 4 weeks during weekly paclitaxel treatment (Figure 1).

Variables. Table I shows the variables used in this study: i) age at
randomization, ii) menopausal status, iii) tumor-node-metastasis
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Figure 1. Diagram showing the study design of the JONIE study. A total of 188 patients were enrolled in this study. Two protocol violations occurred
in the CTZ group. Three patients refused surgery in each of the groups. Finally, CINV data from the first cycle of FEC100 treatment were collected
and used in this study. CTZ: Chemotherapy plus Zoledronic acid; CT: chemotherapy; FEC100: 5-FU plus Epirubicin 100 mg/m2 plus
Cyclophosphamide treatment; wPTX: weekly paclitaxel treatment; CINV: chemotherapy-induced nausea and vomiting.



(TNM) stage, iv) lymph node metastasis, v) type of study treatment,
vi) combination of antiemetic drugs and vii) BMI.

Age at randomization was divided into four categories: i) 39
years old or less, ii) 40 to 49 years inclusive, iii) 50 to 59 years
inclusive and iv) 60 years old or more. TNM staging was also
divided into four categories: i) IIA, ii) IIB, iii) IIIA and iv) IIIB. 

Study treatment was divided into: i) the CTZ group and ii) the
CT group. Various types of antiemetic agents were administered in
the first cycle of the FEC100 regimen in this study. The antiemetic
drugs were combined into four categories: i) Dexamethasone (DEX)
+ 5-HT3 receptor antagonist (5-HT3) + neurokinin-1 receptor
antagonist (NK1), ii) DEX+5-HT3, iii) DEX+5-HT3+ dopamine
receptor antagonist (DRA) and iv) DEX+5-HT3+NK1+DRA.

BMI was stratified into three categories: i) less than 18.5, ii) 18.5
or more but less than 25, and iii) 25 or more.

Outcomes. The outcomes of this study were defined as two event
occurrences: i) nausea and ii) vomiting, and were evaluated
separately. Each adverse event (AE) was graded according to
CTCAE version 3.0(11). No AEs was defined as grade 0 and grades
1 to 3 were positive AEs. All AEs were estimated based on the
worst symptoms experienced during the first cycle of FEC100
treatment. We did not divide these AEs into acute (occurring within
24 hours) and delayed (24 hours or later) phase emesis. 

Ethics. The study was performed in accordance with the
International Conference on Harmonization guidelines concerning
Good Clinical Practice (12) and the Declaration of Helsinki (13).
Furthermore, it was approved by the institutional review board of
every participating institution and all patients showed their
willingness to take part in the JONIE study by providing a written
informed consent. This study was registered at the University
Hospital Medical Information Network as UMIN000003261
(www.umin.ac.jp/english/).

Statistical analysis. Univariate analysis was performed to clarify the
relationship between CINV and candidate factors. Pearson’s Chi-
square or Fisher’s exact tests were performed to compare the
proportions of several groups for discrete variables. The Mann–
Whitney U-test was used to test the equality of distribution of the
two groups for continuous and ordered variables. Univariate logistic
regression analysis was performed to calculate the odds ratio (OR)
for each factor. Multiple logistic regression analysis using the
forward stepwise method was carried out to elucidate the significant
risk factors for nausea and vomiting.
p-Values of less than 0.05 were considered to indicate statistical

significance. All estimation and testing was performed using SPSS
software, version 17.0 (SPSS Inc., Chicago, IL, USA). 

Results

Median age (25th percentile, 75th percentile) of 180 patients
were 49 (43, 58), and eighty-eight patients underwent CTZ
treatment. The numbers of patients suffering from nausea
and vomiting were 84 and 27, respectively.

Table II shows the results of cross tabulation between
clinical characteristics and nausea. Analysis by Chi-squared
test and Mann–Whitney U-test indicated that BMI
significantly associated with the occurrence of nausea; that

is, patients with a BMI of less than 18.5 were more likely to
experience nausea. 

Similarly, the results of univariate analysis for the outcome
of vomiting are shown in Table III. The combination of
antiemetics and BMI were variables significantly associated
with the occurrence of vomiting. In particular, the occurrence
rates in the DEX+5-HT3 and DEX+5-HT3+DRA groups were
23.8% and 32.0%, respectively, which were considerably
higher compared to the rates of 7.1% and 13.3% in the
DEX+5-HT3+NK1 and DEX+5-HT3+NK1+DRA groups,
respectively. Moreover, the patient group with the lower BMI
had a higher occurrence rate of vomiting.

In univariate logistic regression analysis of nausea, the
chi-square test and Fisher’s exact test showed that
menopausal status, lymph node metastasis and type of study
treatment were not statistically-significant variables. The
Mann–Whitney U-test revealed that age at randomization,
TNM stage and combination of antiemetics were not
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Table I. Patient characteristics.

Variables                                                  Number of           Percentage of 
                                                                   patients                   patients

Overall                                                           180                       100
Age (years)                                                                                       
  ≤39                                                                26                         14.4
  40-49                                                             65                         36.1
  50-59                                                             53                         29.4
  ≥60                                                                36                         20.0
Menopausal status                                                                           
  Premenopausal                                           104                         57.8
  Postmenopausal                                            76                         42.2
TNM stage                                                                                       
  IIA                                                                 55                         30.6
  IIB                                                                 83                         46.1
  IIIA                                                               30                         16.7
  IIIB                                                                12                           6.7
Lymph node metastasis                                                                   
  Negative                                                        64                         35.6
  Positive                                                       116                         64.4
Type of study treatment                                                                  
  CTZ                                                               88                         48.9
  CT                                                                 92                         51.1
Combination of antiemetics                                                            
  DEX+5-HT3+NK1                                       98                         54.4
  DEX+5-HT3                                                 42                         23.3
  DEX+5-HT3+DRA                                      25                         13.9
  DEX+5-HT3+NK1+DRA                             15                           8.3
BMI (kg/m2)                                                                                    
  <18.5                                                             21                         11.7
  18.5≤BMI<25                                             126                         70.0
  25≤BMI                                                        33                         18.3

CTZ: Chemotherapy plus Zoledronic acid; CT: Chemotherapy alone;
DEX: Dexamethasone; 5-HT3: 5-HT3 receptor antagonist, NK1:
neurokinin-1 receptor antagonist; DRA: dopamine receptor antagonist;
BMI: body mass index.



significantly related to the incidence of nausea, while BMI
was the only significant variable (p=0.002) (Table II).

Compared to the control group (BMI of 18.5 or more but
less than 25), the group with BMI less than 18.5 showed a
significantly higher risk of nausea (p=0.002) and the OR of
BMI less than 18.5 was 7.745 [95% confidence interval
(95%CI)=2.171-27.634] (Figure 2). 

On the other hand, in univariate logistic regression analysis
of vomiting, chi-square test and Fisher’s exact test showed
that menopausal status, lymph node metastasis and type of
study treatment were not statistically-significant variables.
The Mann–Whitney U-test showed that age at randomization
and TNM stage were not significant, whereas the combination
of antiemetics and BMI were significant variables, with p-
Values of 0.009 and 0.008, respectively (Table III).
Furthermore, as the combination of antiemetics in the
DEX+5-HT3+NK1 group was the control combination, the
ORs of the DEX+5-HT3 group and the DEX+5-
HT3+NK1+DRA group were 4.502 and 6.118 (95%CI=1.427-
11.569 and 1.959-19.108), respectively (Figure 3). In

addition, compared to the control group (BMI of 18.5 or more
to 25), BMI of less than 18.5 showed a significantly higher
risk of vomiting (p=0.008), and the OR of BMI of less than
18.5 was 3.946 (95%CI=1.425-10.923) (Figure 3). 

Multiple logistic regression analysis for nausea indicated
that the BMI category of less than 18.5 had a p-Value of
0.002, while the OR was 7.745 (95%CI-2.171-27.634)
compared to the control BMI as baseline. This result was the
same as the result of the univariate analysis of nausea. Thus a
BMI of less than 18.5 was associated with a 7.745-times
higher incident risk of nausea. However, a BMI of 25 or more
showed no significant association (p=0.286) (Figure 2). 

On the other hand, in multiple logistic regression analysis
for vomiting, BMI and the combination of antiemetic drugs
were significant variables, with p-Values of 0.025 and 0.023,
respectively. The OR of BMI less than 18.5 was 3.481
(95%CI=1.183-10.241, p=0.023) compared to the control
BMI group. However, a BMI of 25 or more was not
significant, indicating that a BMI of less than 18.5 was
associated with a 3.481-times higher incident risk of vomiting. 
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Table II. Univariate analysis of nausea. 

Variables                                                         Number of patients                 Patients without nausea               Patients with nausea               p-Value*
                                                                              n=180 (%)                                     n=96 (%)                                    n=84 (%)

Age (years)                                                                                                                                                                                                                  0.83
   ≤39                                                                      26 (100)                                       12 (46.2)                                     14 (53.8)                                
   40-49                                                                   65 (100)                                       37 (56.9)                                     28 (43.1)                                
   50-59                                                                   53 (100)                                       28 (52.3)                                     25 (47.7)                                
   ≥60                                                                      36 (100)                                       19 (52.8)                                     17 (47.2)                                
Menopausal status                                                                                                                                                                                                     0.171
   Premenopausal                                                  104 (100)                                       60 (57.7)                                     44 (42.3)                                
   Postmenopausal                                                  76 (100)                                       36 (47.4)                                     40 (52.6)                                
TNM stage                                                                                                                                                                                                                 0.903
   IIA                                                                       55 (100)                                       31 (56.4)                                     24 (43.6)                                
   IIB                                                                       83 (100)                                       42 (50.6)                                     41 (49.4)                                
   IIIA                                                                     30 (100)                                       16 (53.3)                                     14 (46.7)                                
   IIIB                                                                      12 (100)                                         7 (58.3)                                       5 (41.7)                                
Lymph node metastasis                                                                                                                                                                                             0.371
   Negative                                                              64 (100)                                       37 (57.8)                                     27 (42.2)                                
   Positive                                                             116 (100)                                       59 (50.9)                                     57 (49.1)                                
Type of treatment                                                                                                                                                                                                        0.78
   CTZ                                                                     88 (100)                                       46 (52.3)                                     42 (47.7)                                
   CT                                                                       92 (100)                                       50 (54.3)                                     42 (45.7)                                
Combination of antiemetics                                                                                                                                                                                      0.522
   DEX+5-HT3+NK1                                             98 (100)                                       56 (57.1)                                     42 (42.9)                                
   DEX+5-HT3                                                       42 (100)                                       20 (47.6)                                     22 (52.4)                                
   DEX+5-HT3+DRA                                            25 (100)                                       11 (44.0)                                     14 (56.0)                                
   DEX+5-HT3+NK1+DRA                                  15 (100)                                         9 (60.0)                                       6 (40.0)                                
BMI (kg/m2)                                                                                                                                                                                                             0.002*
   <18.5                                                                   21 (100)                                         3 (14.3)                                     18 (85.7)                                
   18.5≤BMI<25                                                   126 (100)                                       71 (56.3)                                     55 (43.7)                                
   25≤                                                                      33 (100)                                       22 (66.7)                                     11 (33.3)                                

CTZ: Chemotherapy plus Zoledronic acid; CT: Chemotherapy alone; DEX: Dexamethasone; 5-HT3: 5-HT3 receptor antagonist; NK1: neurokinin-1
receptor antagonist; DRA: dopamine receptor antagonist; BMI: body mass index.



Meanwhile, the p-Value of the combination of antiemetics
was 0.023. ORs in the DEX+5-HT3+DRA group and the
DEX+5-HT3 group were 5.005 (95%CI=1.543-16.239,
p=0.007) and 4.178 (95%CI=1.428-12.222, p=0.009)
compared to the DEX+5-HT3+NK1 group as baseline. This
indicates that treatment with DEX+5-HT3+DRA or
DEX+5HT3 was associated with a 5.005 and 4.148-times
higher incident risk of vomiting, respectively, compared to
DEX+5-HT3+NK1 treatment (Figure 4). 

With regards to vomiting, we also conducted another
analysis. Because the categories of antiemetic drug
combinations were complicated and hard to understand, we
re-stratified the treatments into two categories: i) an NK1-
containing group and ii) a no-NK1 group. After re-
categorizing, this factor was included as a risk factor. In this
additional study, BMI and antiemetic combination were
significant variables for vomiting in the multivariate
analysis. The p-Values of antiemetic combination and BMI
were 0.002 and 0.025, respectively. The OR of the no-NK1-
containing group was 3.906 (95%CI=1.621-9.434, p=0.002).

This result revealed that antiemetic drug combinations
without NK1 resulted in a 3.906-times higher risk of
vomiting compared to NK1-containing combinations. The
OR of BMI less than 18.5 was 3.639 (95%CI=1.251-10.586,
p=0.018) compared to the control BMI group; however, BMI
of 25 or more was not significant (Figure 5).  

Discussion

This study involved post-hoc analysis of the data from the
JONIE study. Endpoints of this study were as follows. First,
it aimed to investigate significant risk factors for nausea and
vomiting by univariate analysis among the first cycle of
FEC100 treatment. Second, significant factors identified by
univariate analysis were examined by multivariate analysis. 

With regard to nausea, BMI was the most important risk
factor. Despite antiemetic drug support, low body-weight
patients were more likely to experience nausea compared to
standard or overweight patients. On the other hand, with
regard to vomiting, both BMI and the combination of
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Table III. Univariate analysis of vomiting.

Variables                                                         Number of patients                Patients without vomiting            Patients with vomiting              p-Value*
                                                                              n=180 (%)                                   n=153 (%)                                   n=27 (%)

Age (years)                                                                                                                                                                                                                 0.887
   ≤39                                                                      26 (100)                                       23 (88.5)                                       3 (11.5)                                
   40-49                                                                   65 (100)                                       54 (83.1)                                     11 (16.9)                                
   50-59                                                                   53 (100)                                       46 (86.8)                                       7 (13.2)                                
   ≥60                                                                      36 (100)                                       30 (83.3)                                       6 (16.7)                                
Menopausal status                                                                                                                                                                                                     0.500
   Premenopausal                                                  104 (100)                                       90 (86.5)                                     14 (13.5)                                
   Postmenopausal                                                  76 (100)                                       63 (82.9)                                     13 (17.1)                                
TNM stage                                                                                                                                                                                                                 0.657
   IIA                                                                       55 (100)                                       46 (83.6)                                       9 (16.4)                                
   IIB                                                                       83 (100)                                       73 (88.0)                                     10 (12.0)                                
   IIIA                                                                     30 (100)                                       25 (83.3)                                       5 (16.7)                                
   IIIB                                                                      12 (100)                                         9 (75.0)                                       3 (25.0)                                
Lymph node metastasis                                                                                                                                                                                             0.794
   Negative                                                              64 (100)                                       55 (85.9)                                       9 (14.1)                                
   Positive                                                             116 (100)                                       98 (84.5)                                     18 (15.5)                                
Type of treatment                                                                                                                                                                                                      0.617
   CTZ                                                                     88 (100)                                       76 (86.4)                                     12 (13.6)                                
   CT                                                                       92 (100)                                       77 (83.7)                                     15 (16.3)                                
Combination of antiemetics                                                                                                                                                                                     0.009*
   DEX+5-HT3+NK1                                             98 (100)                                       91 (92.9)                                       7 (7.1)                                  
   DEX+5-HT3                                                       42 (100)                                       32 (76.2)                                     10 (23.8)                                
   DEX+5-HT3+DRA                                            25 (100)                                       17 (68.0)                                       8 (32.0)                                
   DEX+5-HT3+NK1+DRA                                  15 (100)                                       13 (86.7)                                       2 (13.3)                                
BMI (kg/m2)                                                                                                                                                                                                             0.008*
   <18.5                                                                   21 (100)                                       13 (61.9)                                       8 (38.1)                                
   18.5≤BMI<25                                                   126 (100)                                     109 (86.5)                                     17 (13.5)                                
   25≤                                                                      33 (100)                                       31 (93.9)                                       2 (6.1)                                  

CTZ: Chemotherapy plus Zoledronic acid; CT: chemotherapy alone; DEX: dexamethasone; 5-HT3: 5-HT3 receptor antagonist; NK1: neurokinin-1
receptor antagonist; DRA: dopamine receptor antagonist; BMI: body mass index.



antiemetic drugs were significant risk factors. To simplify
the effect of antiemetic drugs, we opted to select according
to whether NK1 was added or not as a prognostic factor, and
found that low BMI and no NK1 were risk factors for
vomiting. NK1-containing antiemetic regimens were
associated with a 3.906-times lower vomiting risk compared
to regimens without NK1.

Risk factors for CINV have been investigated in many
studies (14-17). Sekine et al., have investigated risk factors
for CINV in 1,549 chemotherapy-naïve patients. They
revealed that female gender, younger age (<55 years old),
non-habitual alcohol consumption and non-smoking were
associated with treatment failure in the acute phase. On the
other hand, only female gender was associated with
treatment failure in the delayed phase (14). Warr also
reviewed prognostic factors for CINV. He associated risk of
CINV with type of antiemetic drugs, anxiety, expectation,
concomitant administration of opioids and concomitant
administration of serotonin specific reuptake inhibitors

(SSRI) (15). However, in his review, low body weight and
additional administration of NK1 were not mentioned as risk
factors for CINV. 

Hesketh et al., conducted a randomized controlled trial
to estimate the effectiveness of aprepitant-containing
antiemetic drug regimens in CINV. They compared a
DEX+5-HT3+NK1 group to a DEX+5-HT3 group and
assessed the relationship between other risk factors and
CINV. They found that NK1-containing regimens, male
gender, lower cisplatin dose, older age (65 years or more),
and five or more alcoholic drinks per week were
significantly associated with improved complete response
(16). Lorusso et al., have recently emphasized that it is
important to use DEX+NK1 (netupitant) and 5-HT3
(palonosetoron) in patients with anthracycline plus
cyclophosphamide (AC)-based chemotherapy (17). Their
result that NK1-containing regimens were a significant
factor was consistent with our study. However, age was not
a significant factor in our study. 
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Figure 2. The results of univariate analysis of nausea. BMI was a significant variable, with a p-Value of 0.002. Asterisk points to statistical
significance. BMI: body mass index.



There have only been a few studies into the relationship
between body weight and CINV. Davidson et al., have
investigated the relationship between malnutrition and CINV
during chemotherapy in Australian patients. They concluded
that 26% of patients were malnourished during chemotherapy.
Furthermore, CINV had a significant relationship with intake
limitation. Among participants, obese or overweight patients
(BMI ≥25) tended to experience body weight loss (18). This
result contrasts with the findings of our study. This may be
because they enrolled only a small number of low BMI patients
in the study. Among the Australian population, only 2.1% of
females aged 18 years or more was underweight (BMI<18.5)
in 2014 (19). On the other hand, 11.7% of participants were
categorized as underweight in our study. Our study is the first
to report a relationship between low BMI and CINV incidence.
However, it will be necessary to further investigate why thin
women tend to have a high incidence of CINV.

Our study has some important limitations. First, the
present study involved post-hoc research of the JONIE study.

This resulted in a non-randomized study of the antiemetic
combinations. According to the American Society of Clinical
Oncology (ASCO) antiemetic guidelines in 2011 (20, 21),
DEX+5HT3+NK1 was recommended for AC-containing
regimens. Moreover, the JONIE study recruited patients from
2010 to 2012 (9, 10). During the recruiting period, the ASCO
antiemetic guidelines were updated from the 2006 first
edition (22) to the 2011 update. Under these circumstances,
various antiemetic combinations had to be provided in each
institute. However, over half (54.4%) of patients were
administered 2011 guideline-adherent antiemetics. Second,
we were unable to record CINV events in the early and
delayed phases separately, because we did not consider
collecting detailed CINV data before starting the JONIE
study protocol.

In conclusion, BMI was a significant prognostic factor for
nausea with FEC100 treatment, while both BMI and antiemetic
combination were significant prognostic factors for vomiting.
In other words, lower BMI was a significant risk factor for
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Figure 3. The results of univariate analysis of vomiting. BMI and combination of antiemetics were significant variables, with p-Values of 0.008 and
0.009, respectively. Asterisk points to statistical significance.



both nausea and vomiting. NK1-containing antiemetic regimens
were the best combination to prevent nausea. ASCO, National
Comprehensive Cancer Network (NCCN) and Multinational
Association of Supportive Care Cancer/European Society of
Medical Oncology (MASCC/ESMO) antiemetic guidelines
recommend DTX+5HT3+NK1+olanzapine for AC-containing
regimens to prevent CINV (23-27). Further investigation will
be needed to ascertain the efficacy of the current guidelines in
patients with low BMI. 
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Figure 4. The results of multivariate regression analysis of vomiting. BMI and combination of antiemetics were significant variables, with p-Values
of 0.025 and 0.023, respectively. The OR for BMI less than 18.5 was 3.481 and p-Value was 0.023. Meanwhile the OR for the DEX+5-HT3+DRA
combination of antiemetics was 5.005 and for DEX+5-HT3 was 0.009. Asterisk points to statistical significance. OR: Odds ratio; DEX:
dexamethasone; 5-HT3: 5-HT3 receptor antagonist; DRA: dopamine receptor antagonist.
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