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Abstract
Background: Female sex and younger age are reported risk factors for 
chemotherapy- induced nausea and vomiting (CINV) in highly emetogenic chem-
otherapy, but the underlying mechanism has not been elucidated. The purpose of 
this study was to clarify the impact of menopause on CINV.
Methods: This retrospective observational study analyzed data from consecu-
tive patients who received their first cycle of perioperative anthracycline- based 
chemotherapy for breast cancer between January 2018 and June 2020. The end-
points were association between CINV (vomiting, ≥Grade 2 nausea, complete re-
sponse [CR] failure) and menopause as well as the association between CINV and 
follicle- stimulating hormone [FSH]/estradiol [E2].
Results: Data for 639 patients were analyzed. Among these patients, 109 (17.1%) 
received olanzapine (four antiemetic combinations) and 530 (82.9%) did not 
(three antiemetic combinations). Premenopausal state (amenorrhea lasting 
≥12 months) was significantly associated with ≥Grade 2 nausea and CR failure 
in univariate analysis but not in multivariate analysis. The premenopausal FSH/
E2 group (defined by serum levels; FSH <40 mIU/mL and E2 ≥20 pg/mL) had a 
significantly higher rate of ≥Grade 2 nausea than the postmenopausal FSH/E2 
group (FSH ≥40 mIU/mL and E2 <20 pg/mL) (48.8% vs. 18.8%, p = 0.023).
Conclusions: Our results suggest that changes in FSH and E2 due to menopause 
may affect the severity of nausea and that FSH and E2 (especially FSH) levels 
might be useful indicators for CINV risk assessment.
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1  |  INTRODUCTION

Anthracycline- based chemotherapy is categorized as a 
highly emetogenic chemotherapy (HEC) according to 
multiple antiemetic guidelines.1– 4 For perioperative AC 
(doxorubicin and cyclophosphamide) and FEC100 (flu-
orouracil, epirubicin, and cyclophosphamide) therapy 
in breast cancer, maintenance of relative dose intensity 
(RDI) contributes to patients' survival.5,6 On the other 
hand, chemotherapy- induced nausea and vomiting 
(CINV) attenuates the RDI.7 Therefore, control of CINV is 
extremely important.

The reported complete response (CR; no vomiting/
retching and no rescue medication) rate during the 0– 120 h 
period in HEC is 34%– 55% for the three antiemetic com-
binations (neurokinin- 1 receptor antagonist [NK1 RA], 
5- hydroxytryptamine type- 3 receptor antagonist [5- HT3 
RA], and dexamethasone)8– 10 and 50%– 64% for the four 
antiemetic combinations (NK1 RA, 5- HT3 RA, dexameth-
asone, and olanzapine).9,10 However, as there are individ-
ual differences in the degree of symptoms, it is necessary 
to select an appropriate antiemetic therapy that takes this 
into consideration. As previous studies have reported, fe-
male sex, younger age, no drinking habits, and history of 
morning sickness are patient- related risk factors for nau-
sea and vomiting.11– 13 A systematic review of pharma-
cogenomics studies showed that ABCB1 polymorphisms 
represent a genetic factor affecting antiemetic efficacy.14 
Multiple studies have shown that female sex and younger 
age in particular are established risk factors,11– 13,15– 18 but 
the underlying biological mechanism remains unknown.

A previous study reported that early postoperative nau-
sea and vomiting (PONV) is more frequent in premeno-
pausal women, who also require more rescue antiemetic 
medication.19 However, no reports have shown an associa-
tion with menopause in CINV. In contrast, several reports 
have shown an association between CINV and history of 
morning sickness.12,13 An association between morning 
sickness and hormone secretion has also been reported, 
and pregnant women with high human chorionic gonado-
tropin (hCG) levels reportedly experience more symptoms 
of morning sickness.20 hCG increases progesterone and 
estrogen secretion.

Based on the above observations, we hypothesized that 
menopause and female hormones play a role in the mech-
anism of CINV. However, there are no reports of studies 
examining this relationship. The purpose of this study, 

therefore, was to clarify the effects of menopause and fe-
male hormones on CINV.

2  |  MATERIALS AND METHODS

2.1 | Study design

This was a retrospective cohort study using data from a 
single center. Eligibility criteria included consecutive 
patients who received perioperative anthracycline- based 
chemotherapy for early- stage breast cancer at the Cancer 
Institute Hospital of the Japanese Foundation for Can-
cer Research between January 2018 and June 2020. Ex-
clusion criteria were as follows: (i) male sex, (ii) patients 
with a history of chemotherapy, (iii) dose reduction of 
anticancer agents in the first cycle, (iv) administration of 
non- standard antiemetic treatment, (v) administration of 
concomitant drugs having a preventative effect against 
nausea and/or vomiting, and (vi) patients with missing 
data.

2.2 | Treatment regimen and study drugs

All patients received anthracycline- based chemotherapy 
via intravenous infusion every 3 weeks (AC regimen: dox-
orubicin [60 mg/m2] and cyclophosphamide [600 mg/m2] 
or FEC100 regimen: epirubicin [100 mg/m2], cyclophos-
phamide [500 mg/m2], and 5- fluorouracil [500 mg/m2]).

As supportive care drugs, patients were given three 
antiemetic combinations (oral aprepitant [125 mg on Day 
1 and 80 mg on Days 2 and 3], intravenous palonosetron 
hydrochloride [0.75 mg on Day 1], and dexamethasone- 
phosphate sodium [dexamethasone; 12 mg {equivalent to 
9.9 mg of dexamethasone} on Day 1 and oral dexameth-
asone {8 mg on Days 2– 4}]) or four antiemetic combina-
tions (oral olanzapine [2.5– 5 mg] on Days 1– 4 [maximum: 
up to Days 6], in addition to the abovementioned three- 
drug combination of aprepitant, palonosetron, and 
dexamethasone).

2.3 | Endpoints

Endpoints were as follows: (i) association between CINV 
and menopause, and (ii) association between CINV and 
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female hormones, specifically follicle- stimulating hor-
mone (FSH) and estradiol (E2), which are used in the cri-
teria for menopause. Nausea and vomiting were graded 
according to Common Terminology Criteria for Adverse 
Events, version 5.0. CR failure was defined as failure to 
achieve CR, that is, patients with vomiting/retching epi-
sodes and use of rescue antiemetic medication. The obser-
vation period was set as the first cycle.

2.4 | Statistical analysis

Univariable and multivariable logistic regression analy-
ses according to the forced entry method were used to 
evaluate any association between CINV and menopause. 
To account for indication bias due to lack of randomiza-
tion, we performed multivariable analyses consisting of 
the following explanatory variables as covariates. The ob-
jective variables were analyzed as vomiting (all grades), 
≥Grade 2 nausea, and CR failure. The explanatory vari-
ables included age, body mass index, alcohol consump-
tion habits, history of morning sickness, chemotherapy 
regimen, antiemetic regimen selected from previous 
studies as patient- related risk factors,11– 13,15– 18,21 and 
menopause (physician's diagnosis: amenorrhea lasting 
≥12 months) selected from a clinical perspective as an 
unknown factor. Note that although AC and FEC100 
are both anthracycline- based regimens, they have dif-
ferent CINV risks and have been reported to have diver-
gent CR rates, so we included chemotherapy regimen 
as one of the explanatory variables.8 Before performing 
the multivariate logistic regression analysis, the vari-
ance inflation factor (VIF) was calculated to determine 
if there was multicollinearity between the explanatory 
variables. If multicollinearity (VIF ≥10) was observed, 
multivariate logistic regression analysis was performed 
using only one explanatory variable. Regarding associa-
tions between CINV and FSH/E2, the serum levels of 
FSH and E2 quantified by electrochemiluminescence 
immunoassay before the start of chemotherapy were 
divided into two groups based on the criteria22 for 
menopause. CINV rates were then compared between 
the premenopausal FSH/E2 group (i.e., FSH <40 mIU/
mL and E2 ≥20 pg/mL)22 and the postmenopausal FSH/
E2 group (i.e., FSH ≥40 mIU/mL and E2 < 20 pg/mL)22 
using the chi- squared test or Fisher's exact test. In addi-
tion, the analysis was performed in terms of FSH and E2, 
respectively. CINV rates were then compared between 
the Low FSH group (<40 mIU/mL) and High FSH group 
(≥40 mIU/mL) and the Low E2 group (<20 pg/mL) and 
High E2 group (≥20 pg/mL) using the chi- squared test 
or Fisher's exact test. All significance levels were set to 

5%. For statistical analysis, SPSS software, version 24.0 
(SPSS), was used.

The sample size necessary to verify the purpose of 
this study was calculated beforehand using the Monte 
Carlo method.23 On the basis of previous studies,21,24 
we assumed that the incidence of vomiting would be 
11%. We estimated that we would need to enroll ap-
proximately 637 patients to evaluate the seven input 
explanatory variables by multivariate logistic regression 
analysis.

2.5 | Data collection

Data were obtained from electronic medical records. The 
study protocol was approved by the Clinical Research 
Ethics Review Committee of the Cancer Institute Hospital 
(approval number: 2019- GA- 1238) and conducted in ac-
cordance with the Declaration of Helsinki.

3  |  RESULTS

3.1 | Patient characteristics

A flowchart describing patient enrollment is shown in 
Figure  1. Of the 918 patients initially enrolled in the 
study, 639 were finally included and analyzed. The 
baseline characteristics of enrolled patients are sum-
marized in Table 1. Among these patients, 109 (17.1%) 
received olanzapine (four- antiemetic group) and 530 
(82.9%) did not (three- antiemetic group). The median 
age was 50 years (range, 27– 80 years), and 64.2% of 
patients were < 55 years old. A total of 25.5%, 41.8%, 
and 54.6% of patients reported no alcohol consump-
tion habit, a positive history of morning sickness, and 
being premenopausal, respectively. Four premenopau-
sal patients (1.1%) received leuprorelin, a luteinizing 
hormone- releasing hormone (LH- RH) agonist, before 
the start of chemotherapy for ovarian protection. As for 
other anti- endocrine drugs, no patient used them during 
the month before chemotherapy induction and during 
the observation period (first cycle) after chemotherapy 
induction.

3.2 | Incidence of CINV

A total of 9.5%, 37.1%, and 65.3% of patients experienced 
vomiting, ≥Grade 2 nausea, and CR failure, respectively. 
In separate analyses of the four- antiemetic and three- 
antiemetic groups, vomiting was reported by 5.5% and 
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10.4%, ≥Grade 2 nausea by 40.4% and 36.4%, and CR fail-
ure by 64.2% and 65.5% of patients, respectively.

3.3 | Association between CINV and 
menopause: Risk factor analysis

Multicollinearity (VIF ≥10) between explanatory variables 
was not observed, so multivariate logistic regression anal-
ysis was performed using all planned explanatory vari-
ables. The results of univariate and multivariate logistic 
regression analyses are shown in Table 2. Factors showing 
a statistically significant association with vomiting in the 
multivariate analysis included no alcohol consumption 
habit (adjusted odds ratio [OR] = 2.264; 95% confidence 
interval [CI] = 1.257– 4.079; p = 0.007), FEC100 regimen 
(adjusted OR = 2.585; 95% CI = 1.404– 4.761; p = 0.002), and 
three- antiemetic regimen without olanzapine (adjusted 
OR = 2.465; 95% CI = 1.010– 6.020; p = 0.048). A history of 
morning sickness also showed a significant association 
with ≥Grade 2 nausea in the multivariate analysis (ad-
justed OR = 1.796; 95% CI = 1.290– 2.500; p = 0.001). Fac-
tors that showed a significant association with CR failure 
in the multivariate analysis included a history of morn-
ing sickness (adjusted OR = 2.106; 95% CI = 1.486– 2.986; 
p = 0.001) and FEC100 regimen (adjusted OR = 1.460; 95% 
CI = 1.041– 2.048; p = 0.028). Premenopausal state was sig-
nificantly associated with ≥Grade 2 nausea and CR fail-
ure in the univariate analysis but not in the multivariate 
analysis.

3.4 | Association between CINV and 
FSH/E2

FSH and E2 levels were measured before the start of treat-
ment in 137 patients (premenopausal FSH/E2 group: 121 
patients; postmenopausal FSH/E2 group: 16 patients). The 
mean (range) in FSH level was 18.3 mIU/mL (2.0– 131.1) 
in the premenopausal FSH/E2 group and 84.1 mIU/mL 
(48.1– 118.6) in the postmenopausal FSH/E2 group. E2 
level was 109.7 pg/mL (14.0– 797.1) and 15.8 pg/mL (14.0– 
19.0), respectively.

In the premenopausal and postmenopausal FSH/E2 
groups, there was no significant difference between the 
two groups in terms of the percentage of patients on the 
FEC100 regimen who reported no alcohol consumption 
habit (22.3% vs. 25.0% and 55.4% vs. 56.3%, respectively). 
The percentage of patients with a history of morning 
sickness was higher in the premenopausal FSH/E2 group 
(48.8% vs. 31.3%), and the percentage of patients on the 
three- antiemetic regimen without olanzapine was higher 
in the postmenopausal FSH/E2 group than premeno-
pausal FSH/E2 group (87.6% vs. 100%, respectively).

An analysis of the association between CINV and 
FSH/E2 revealed that the premenopausal FSH/E2 group 
had a significantly higher incidence of ≥Grade 2 nausea 
than the postmenopausal FSH/E2 group (48.8% vs. 18.8%, 
p = 0.023). Although the proportion of patients experienc-
ing vomiting and CR failure tended to be higher in the 
premenopausal FSH/E2 group, the difference was not sig-
nificant in either case (Figure 2).

F I G U R E  1  Patient enrollment 
flowchart. Four- antiemetic group: 
Palonosetron + Aprepitant + 
Dexamethasone + Olanzapine; Three- 
antiemetic group: Palonosetron + 
Aprepitant + Dexamethasone.
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In a separate analysis of FSH and E2, the low FSH 
group had a significantly higher incidence of ≥Grade 
2 nausea than the high FSH group (50.9% vs. 25.8%, 
p = 0.013). There was also a trend toward a higher inci-
dence of ≥Grade 2 nausea in the high E2 group compared 
to the low E2 group (48.3% vs. 28.6%, p = 0.095), although 
the difference was not significant (Table 3).

4  |  DISCUSSION

This study clarified the relationship of menopause and 
FSH/E2 with CINV in HEC for early- stage breast cancer 

using a sample size sufficient for validation. The mul-
tivariate analysis showed that premenopausal state, 
defined as a physician's diagnosis of amenorrhea last-
ing <12 months, was not a significant risk factor for 
CINV, whereas a premenopausal state defined based on 
serum levels of FSH and E2 (i.e., FSH <40 mIU/mL and 
E2 ≥20 pg/mL) was associated with a significantly in-
creased incidence of ≥Grade 2 nausea. Also, in separate 
analyses of FSH and E2, the incidence of ≥Grade 2 nau-
sea was significantly higher in the low FSH group (FSH 
<40 mIU/mL) and tended to be higher in the high E2 
group (E2 ≥20 pg/mL), indicating the above mentioned 
premenopausal FSH/E2 levels (FSH <40 mIU/mL and 

Four- antiemetic 
group (n = 109)

Three- 
antiemetic 
group (n = 530) All (n = 639)

Characteristic n (%) n (%) n (%)

Age, years

Median (range) 48 (32– 72) 50 (27– 80) 50 (27– 80)

<55 years 75 68.8 335 63.2 410 64.2

Gender

Female 109 100 530 100 639 100

ECOG performance status

0 108 99.1 521 98.3 629 98.4

≥1 1 0.9 9 1.7 10 1.6

BMI

Median (range) 21.7 (17.0– 32.0) 21.6 (14.7– 39.6) 21.6 
(14.7– 39.4)

<27.5 kg/m2 100 91.7 467 88.1 567 88.7

Alcohol consumption habits

Yes 70 64.2 406 76.6 476 74.5

No 39 35.8 124 23.4 163 25.5

History of morning sickness

Yes 49 45.0 218 41.1 267 41.8

No 60 55.0 312 58.9 372 58.2

Menopausea

Yes (postmenopause) 41 37.6 249 47.0 290 45.4

No (premenopause) 68 62.4 281 53.0 349 54.6

Chemotherapy regimen

AC 45 41.3 241 45.5 286 44.8

FEC100 64 58.7 289 54.5 353 55.2

Treatment setting

Neoadjuvant 49 45.0 168 31.7 217 34.0

Adjuvant 60 55.0 362 68.3 422 66.0

Abbreviations: ECOG, Eastern Cooperative Oncology Group; BMI, body mass index; AC, doxorubicin 
60 mg/m2 and cyclophosphamide 600 mg/m2 by intravenous drip infusion, all on Day 1, every 3 weeks; 
FEC100, fluorouracil 500 mg/m2, epirubicin 100 mg/m2, and cyclophosphamide 500 mg/m2 by 
intravenous drip infusion, all on Day 1, every 3 weeks.
aMenopause was defined as amenorrhea lasting ≥12 months.

T A B L E  1  Baseline patient 
characteristics.
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E2 ≥20 pg/mL). This is a novel finding not reported in 
previous studies. Furthermore, a history of morning 
sickness was significantly associated with both ≥Grade 
2 nausea and CR failure, in agreement with previous 
studies.12,13

Previous studies reported that pregnant women with 
elevated levels of hCG and E2 (a type of estrogen) have 
more- severe morning sickness symptoms.25,26 The present 
study found associations between CINV and serum lev-
els of FSH and E2 (i.e., FSH <40 mIU/mL and E2 ≥ 20 pg/
mL) or a history of morning sickness. In addition, the in-
cidence of ≥Grade 2 nausea was significantly lower in the 
postmenopausal FSH/E2 group than the premenopausal 
FSH/E2 group, and none of these patients received olan-
zapine and there were no cases of vomiting. The findings 

of this study thus suggest that increased estrogen secre-
tion may exacerbate CINV.

Although the mechanism by which increased estro-
gen secretion exacerbates CINV is unknown, one study 
reported a strong association between single- nucleotide 
polymorphisms in estrogen- responsive sequences of the 
TACR1 gene, which encodes the NK1 receptor, and de-
velopment of PONV.27 Higher TACR1 methylation rates 
were shown to be associated with lower PONV incidence 
in women.27 A study of anthracycline- based chemother-
apy for breast cancer revealed an association between 
the TACR1 gene and the delayed phase of CINV.28 One 
mechanism of CINV involves the binding of substance P 
to the NK1 receptor, and a significant increase in plasma 
substance P levels has been reported, especially in the 

T A B L E  2  Association between CINV and menopause.

Univariate analysis Multivariate analysis

Factors Crude OR (95%CI) p- value
Adjusted OR 
(95%CI) p- value

Vomiting

Age (<55 years) 1.641 (0.905– 2.976) 0.100 1.340 (0.534– 3.365) 0.533

BMI (<27.5 kg/m2) 0.613 (0.296– 1.268) 0.183 0.613 (0.289– 1.300) 0.202

Alcohol consumption habits (No) 1.748 (1.003– 3.049) 0.047* 2.264 (1.257– 4.079) 0.007*

History of morning sicknessa (Yes) 1.497 (0.883– 2.541) 0.132 1.443 (0.839– 2.481) 0.185

Menopauseb (No) 1.418 (0.824– 2.441) 0.205 1.347 (0.573– 3.163) 0.494

Chemotherapy regimen (FEC100) 2.466 (1.362– 4.463) 0.002* 2.585 (1.404– 4.761) 0.002*

Antiemetic regimen (three- antiemetic combination) 1.988 (0.833– 4.741) 0.115 2.465 (1.010– 6.020) 0.048*

≥Grade 2 nauseac

Age (<55 years) 1.767 (1.249– 2.500) 0.001* 1.514 (0.869– 2.637) 0.143

BMI (<27.5 kg/m2) 0.859 (0.521– 1.418) 0.552 0.810 (0.485– 1.354) 0.422

Alcohol consumption habits (No) 1.214 (0.843– 1.747) 0.298 1.324 (0.903– 1.942) 0.151

History of morning sicknessa (Yes) 1.829 (1.320– 2.534) 0.001* 1.796 (1.290– 2.500) 0.001*

Menopauseb (No) 1.617 (1.166– 2.243) 0.004* 1.234 (0.728– 2.093) 0.434

Chemotherapy regimen (FEC100) 1.391 (1.004– 1.926) 0.047* 1.323 (0.945– 1.851) 0.103

Antiemetic regimen (three- antiemetic combination) 0.846 (0.555– 1.290) 0.437 0.930 (0.601– 1.439) 0.745

CR failure

Age (<55 years) 1.534 (1.096– 2.147) 0.012* 1.243 (0.717– 2.156) 0.438

BMI (<27.5 kg/m2) 0.932 (0.554– 1.567) 0.790 0.899 (0.527– 1.534) 0.697

Alcohol consumption habits (No) 0.918 (0.633– 1.331) 0.651 0.989 (0.670– 1.461) 0.957

History of morning sicknessa (Yes) 2.132 (1.510– 3.011) 0.001* 2.106 (1.486– 2.986) 0.001*

Menopauseb (No) 1.486 (1.071– 2.062) 0.017* 1.260 (0.735– 2.159) 0.401

Chemotherapy regimen (FEC100) 1.546 (1.114– 2.146) 0.009* 1.460 (1.041– 2.048) 0.028*

Antiemetic regimen (three- antiemetic combination) 1.056 (0.687– 1.625) 0.803 1.142 (0.731– 1.784) 0.561

Abbreviations: CINV, chemotherapy- induced nausea and vomiting; BMI, body mass index; FEC100, fluorouracil 500 mg/m2, epirubicin 100 mg/m2, and 
cyclophosphamide 500 mg/m2 by intravenous drip infusion, all on Day 1, every 3 weeks; OR, odds ratio; CI, confidence interval; CR, complete response.
aPatients who had never been pregnant were counted as having no history of morning sickness.
bMenopause was defined as amenorrhea lasting ≥12 months.
cNausea was graded according to Common Terminology Criteria for Adverse Events, version 5.0.
*Statistically significant.
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delayed phase of CINV.29 Palonosetron, a 5- HT3 RA, spe-
cifically inhibits “crosstalk” between the NK1 and 5- HT3 
receptor signaling pathways30– 32 and is reportedly more 
effective against delayed- phase CINV than conventional 
5- HT3 RAs.33– 35 Furthermore, a subgroup analysis of the 
PROTECT study33 reported that palonosetron is particu-
larly effective in patients <55 years old and women. Stud-
ies in rats examining the gene and protein expression of 
neuropeptides and their receptors, including substance P 
and TACR1, revealed decreased levels of serum estrogen 
and TACR1 in the brain in the bilateral ovariectomized 
group compared with controls.36 These reports suggest 
that female hormones such as estrogen are involved in the 

regulation of TACR1 expression and can thereby exacer-
bate CINV.

This study has two main limitations. First, there were 
limitations in setting the observation period. Since ex-
perience with CINV has been reported to increase the 
risk of developing CINV,37 the first cycle without this 
effect was used as the observation period for this study. 
However, because this was a retrospective study, it was 
not possible to conduct a detailed analysis of the acute 
and delayed phases of CINV. The mechanism of CINV 
differs between the acute and delayed phases, with the 
acute phase primarily affected by serotonin and the de-
layed phases by substance P.29,32,38,39 In addition, the 

F I G U R E  2  Associations between CINV and FSH/E2.(A) Vomiting, (B) ≥Grade 2 nausea, and (C) Complete response failure. CINV 
rates were compared between the premenopausal FSH/E2 group (i.e., FSH <40 mIU/mL and E2 ≥20 pg/mL) and the postmenopausal FSH/
E2 group (i.e., FSH ≥40 mIU/mL and E2 <20 pg/mL) using the chi- square test or Fisher's exact test. The premenopausal FSH/E2 group had 
significantly higher ≥Grade 2 nausea than the postmenopausal FSH/E2 group (48.8% vs 18.8%, p = 0.023). FSH, follicle- stimulating hormone; 
E2, estradiol. *Statistically significant.

T A B L E  3  Associations between CINV and FSH as well as CINV and E2.

FSH level E2 level

Low (n = 106) High (n = 31) p- value Low (n = 21) High (n = 116) p- value

Vomiting (%) 10.4 3.2 0.195 14.3 7.8 0.271

≥Grade 2 nauseaa (%) 50.9 25.8 0.013* 28.6 48.3 0.095

CR failure (%) 70.8 58.1 0.183 66.7 68.1 0.897

Abbreviations: CR, complete response; E2, estradiol; FSH, follicle- stimulating hormone.
aNausea was graded according to Common Terminology Criteria for Adverse Events, version 5.0.
*Statistically significant.
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generalizability of the study results is limited because 
data from only a single center were examined in this 
study. Therefore, in future multicenter prospective 
studies, it will be necessary to analyze both phases sep-
arately by setting an appropriate observation period, 
such as 120 h after the start of chemotherapy. Second, 
FSH and E2 were measured in only 21.4% of the patients 
(137/639), and we were unable to measure serum FSH 
and E2 levels after the start of chemotherapy. Also, serum 
concentrations of female hormones other than FSH and 
E2 (e.g., progesterone) were not measured and could not 
be included in the analysis. In premenopausal women, 
these values fluctuate according to menstrual status. 
In addition, menopausal transition (perimenopause) 
is prone to changes in FSH and E2 levels.40 Therefore, 
not only the criterion of “amenorrhea lasting more than 
12 months” but also the menopausal criterion in serum 
FSH and E2, etc. levels prior to chemotherapy should be 
considered. In the present study, approached from these 
two perspectives, we found that pre- chemotherapy 
serum FSH and E2 levels are potential indicators of the 
risk of developing severe nausea. While this is a major 
step forward, further investigation is needed in light of 
the limitations of the aforementioned studies. As an 
additional future study, further analyses of changes in 
blood levels of FSH/E2 and substance P and the effect 
of TACR1 expression should provide a more- detailed 
understanding of the mechanism of CINV exacerbation 
and thereby aid in the realization of individualized an-
tiemetic therapies.

In conclusion, our results suggest that a premeno-
pausal state affects the severity of CINV and that levels of 
FSH and E2 (especially FSH) may be useful indicators for 
CINV risk assessment.
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