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Purpose: Although risk factors related to chemotherapy-induced nausea and vomiting (CINV) have been identified in previous
studies, only a few studies have evaluated the risk factors associated with contemporary antiemetic prophylaxis, including olanzapine/
aprepitant- or NEPA-containing regimens. This study aimed to identify the risk factors associated with CINV development in Chinese
breast cancer patients receiving doxorubicin and cyclophosphamide chemotherapy.

Methods: Data from 304 patients enrolled in 3 previously reported prospective antiemetic studies were included. Multivariate logistic
regression models were used to predict risk factors associated with CINV occurrence. Additionally, the likelihood of treatment failure
in relation to the number of risk factors in individual patients was evaluated.

Results: Multivariate analysis of the entire study group revealed that obesity status (defined as body mass index/= 25.0 kg/m2) and the
use of olanzapine/aprepitant- or NEPA-containing anti-emetic regimens were associated with a high likelihood, while a history of
motion sickness was associated with a lower likelihood, complete response (CR), and “no nausea” in the overall phase. A history of
vomiting during pregnancy was also associated with a lower likelihood of an overall CR. Patients with an increasing number of risk
factors had a higher likelihood of treatment failure and shorter time to first vomiting. Those who did not achieve CR and “no nausea”
in the first cycle were less likely to achieve these parameters in the subsequent cycle of chemotherapy.

Conclusion: The present study confirmed previously reported risk factors for CINV in Chinese breast cancer patients receiving
doxorubicin and cyclophosphamide. Further optimization of CINV control is required for patients with identifiable risk factors;
olanzapine/aprepitant- or NEPA- containing prophylaxis are the preferred contemporary anti-emetics regimens for Chinese breast
cancer patients undergoing doxorubicin and cyclophosphamide chemotherapy.
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Introduction

One of the key concerns of anticancer therapy is chemotherapy-induced nausea and vomiting (CINV), which leads to
physical and psychological distress and impairs patients’ quality of life (QOL). Over the last decade, with the availability
of second-generation S5-hydroxytryptamine 3 receptor antagonists (SHT3RA), neurokinin-1 receptor antagonists
(NK1RA), and dopamine receptor antagonists, along with the wide adoption of recommendations from international
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antiemetic guidelines in clinical practice, improvements have been observed in the control of CINV and the associated
quality of life.

One of the most common regimens administered in the adjuvant breast cancer setting is a combination of
doxorubicin and cyclophosphamide (AC regimen). AC is highly emetogenic. As a result, for optimal control of the
associated CINV, international authorities have recommended the combination antiemetic regimens that consist of
5HT3-RA, corticosteroids, with NK1-RA and/or olanzapine.' However, it has been shown that despite the currently
available antiemetic regimens, only 60—65% of breast cancer patients achieved complete response (CR; defined as no
vomiting and no use of rescue medication) in the first 5 days after AC treatment.*® Apart from the issue of
compliance to antiemetic prophylaxis, a number of risk factors have been identified to be associated with poor control
of CINV, these could be categorized into patient- and treatment-related factors.”* Younger age, female sex, history of
vomiting during pregnancy and history of motion sickness are some of the patient-related factors that have been
associated with higher risk of emesis, while high habitual intake of alcohol has been associated with lower risk.” "
However, studies that assessed emesis risk have mainly been based on early trials that involved first-generation
5-HT3RAs and NK1RA (specifically, aprepitant). Moreover, most reports involved heterogeneous patient populations
who were receiving chemotherapy regimens comprising cytotoxic agents of different emetogenicities, and there might
not be a clear distinction between CINV that occurred during the acute, delayed, and overall phases after
chemotherapy.

In addition to categorizing chemotherapeutic regimens into different emetogenic potentials, the ability to identify
factors associated with patients’ characteristics in the presence of wider availability of more effective antiemetic
agents may help guide the appropriate use of resources, especially in parts of the world where there are particular
economic constraints, to improve patients’ experience through the treatment journey and maintain their quality of
life.

In this study, we aimed to identify the factors associated with the occurrence of CINV in a homogenous group of
female Chinese patients with breast cancer who received AC chemotherapy. Specific objectives were to identify potential
clinical factors related to the control of CINV in terms of CR and “no nausea”; determine if treatment failure was
associated with the number of identified factors that an individual displayed, assess if prior experience of CINV affected
emetic control in subsequent cycle.

Patients and Methods
This was a post-hoc analysis of three previously reported prospective studies which assessed the efficacy of five different
antiemetic regimens. The first study was a randomized placebo-controlled study in 2007 that compared combination
ondansetron and dexamethasone with either aprepitant or placebo.* The second study was conducted between 2017 and
2018 and randomized patients to aprepitant/ondansetron/dexamethasone with or without olanzapine.” The final study was
a prospective single arm study conducted in 2018-2019 which evaluated NEPA (netupitant/palonosetron) with
dexamethasone.® All the three studies enrolled a similar patient population; patients were of ethnic Chinese women
who were diagnosed with early breast cancer and were planned for (neo)adjuvant AC chemotherapy, consisting of
doxorubicin 60 mg/m2 and cyclophosphamide 600 mg/m?2. These patients were chemotherapy-naive, able, and willing to
complete the study diaries/questionnaires. Detailed descriptions of the study outcomes, including primary and secondary
endpoints, are available in previous reports;* ® details of the antiemetic regimens are also illustrated in Table S1. All
three studies were approved by the Joint CUHK-NTEC Institutional Review Board of the Chinese University of
Hong Kong and Hong Kong Hospital Authority. Additionally, as the third study involved another centre, approval was
obtained from the Kowloon West Cluster Research Ethics Committee of the Hong Kong Hospital Authority. The second
and third studies were conducted more recently and are registered at ClinicalTrials.gov (Identifier: NCT03386617 and
NCT03079219, respectively). Informed consent was obtained from all the patients.

The following information was retrieved from the study case report forms: patients’ demographic and background
characteristics including age, body weight, body height, history of motion sickness or pregnancy-associated vomiting,
and alcohol intake.
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Study Procedures and Assessment

All patients received AC on day 1 of the chemotherapy cycle. As part of the study procedure before AC infusion,
individuals were asked to gauge their symptom of nausea on a visual analogue scale (VAS) ranging from 0 to 100 mm,
with the extremes implying “no nausea” and “nausea as bad as it could be” respectively. After receiving AC, individuals
were asked to log their experience of CINV in a diary over 120 hours; the symptoms that were captured included the
frequency and intensity of nausea and the use of rescue antiemetic medications. All patients returned their diaries and
questionnaires on day 1 of subsequent AC chemotherapy.

Control of CINV was defined as CR (no vomiting and no use of rescue medication) and “no nausea” (defined as
nausea VAS score <5 mm) in the overall phase (defined as within 120 h after the start of AC administration). CR and “no
nausea” rates in the acute (0—24 hours) and delayed (24—120 hours) phases were also determined. Treatment failure was
defined as not achieving (i) CR or (ii) “no nausea” during the three phases.

Statistical Analyses

Analyses were made on CR and “no nausea” in the overall phases; additional analyses in the acute and delayed phases
were also made. Potential clinical factors including sex, age, body surface area (BSA), body mass index (BMI), history of
motion sickness, vomiting during pregnancy, alcohol intake, and antiemetic regimens received by an individual were
assessed. Age as a risk factor was dichotomized into <55 versus > 55 years, based on previous studies.”'! BSA was
arbitrarily categorized into two groups, </= 1.55 versus > 1.55 kg/m2. Patients with a BMI > 25 kg/m2 were considered
as obese based on criteria set by World Health Organization for Asians.'? Antiemetic regimens were categorized into two
groups, “earlier” regimens (ie ondansetron/dexamethasone with or without aprepitant) versus “contemporary” regimens
(ie olanzapine/aprepitant/ondansetron/dexamethasone or NEPA/dexamethasone), based on our recent studies which have
shown that the latter regimens improved antiemetic efficacy and better quality of life.'*'*

SAS version 9.4 statistical software was performed using for data analysis. Multivariate logistic regression analysis,
with adjustments for potential clinical factors, was conducted to identify the significant risk factors associated with CINV,
and odds ratios (ORs) and 95% confidence intervals (CIs) were calculated. Similarly, to assess the likelihood of CR and
“no nausea” in cycle 2, patients’ CINV experience in cycle 1 was assessed based on multivariate regression analysis.

The Cochran—Armitage trend test was used to assess possible trends in the relationship between treatment failure and
the number of identified risk factors. Those factors which were identified to be associated with lower risk of CINV were
reversed for the purpose of this analysis.'> Furthermore, the time-to-treatment failure curves as classified by the number
of identified factors in each subgroup were evaluated using the Kaplan—-Meier method.

Results

Patient Characteristics

In this post-hoc analysis, 304 patients from three studies were included. Details of the patients’ characteristics are listed
in Table S2. Pre-chemotherapy, only four patients reported any symptoms of nausea (nausea VAS > 5 mm). With regard
to prophylactic antiemetic regimens, 184 patients (60.5%) received historical antiemetic prophylaxis (62 received
ondansetron/dexamethasone; 122 received aprepitant/ondansetron/dexamethasone) and 120 (39.5%) received contem-
porary antiemetic regimens (60 received olanzapine/aprepitant/ondansetron/dexamethasone and the remaining 60
received NEPA/dexamethasone).

Data on emesis outcomes during cycle 1 were available for all patients, whereas those for cycle 2 were available for
251 patients. In the overall phase, 144 patients (47.4%) achieved CR and 128 (42.1%) experienced “no nausea” during
cycle 1; the corresponding figures for cycle 2 were 162 (65.4%) and 129 (51.4%) respectively. Details of the CR and “no
nausea” rates in the acute and delayed phases are listed in Table 1.

Association of Clinical Variables and CR in Cycle | (Table 2)

In the overall phase, multivariate analysis revealed that the following factors were associated with CR in the overall
phase: obesity (OR 1.95, 95% CI [95% confidence interval] 1.07-3.56, p=0.029) and the use of contemporary antiemetic
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Table | Incidence of Complete Response and “No Nausea” Among
Studied Patients

No. (%) Patients in No. (%) Patients in
Cycle |1 (n=304) Cycle 2 (n=251)
Overall phase
Complete response 144 (47.4) 162 (64.5)
No nausea 128 (42.1) 129 (51.4)
Acute phase
Complete response 205 (67.4) 200 (79.7)
No nausea 196 (64.5) 172 (68.5)
Delayed phase
Complete response 165 (54.3) 167 (65.5)
No nausea 141 (46.4) 140 (55.8)

regimens (OR 1.81, 95% CI 1.31-2.51, p= 0.0003) were associated with a high likelihood of CR, whereas a history of
motion sickness (OR 0.41, 95% CI 0.22-0.74, p= 0.003) and vomiting in pregnancy (OR 0.58, 95% CI 0.35-0.96, p=
0.033) were associated with a lower likelihood of CR.

In the acute and delayed phases, obesity (acute phase: OR 2.83, 95% CI 1.44-5.56, p=0.003; delayed phase: OR 2.09,
95% CI 1.13-3.96, p= 0.019) and a history of motion sickness (acute phase: OR 0.34, 95% CI 0.19-0.60, p= 0.0002;
delayed phase: OR 0.49, 95% CI 0.28-0.88, p=0.017) were also associated with CR. In addition, BSA (OR 0.56, 95% CI
0.32-0.99, p= 0.45) and contemporary antiemetic regimens (OR 3.80, 95% CI 2.21-6.52, p<0.0001) were associated
with CR in the acute and delayed phases, respectively.

Association of Clinical Variables with “No Nausea” in Cycle | (Table 3)

In the overall phase, multivariate analysis revealed the following factors to be associated with “no nausea” in the overall
phase: obesity (OR 2.03, 95% CI 1.12-3.69; p=0.020) and the use of contemporary antiemetic regimens (OR 2.68, 95%
CI 1.51-4.47; p= 0.001) were associated with high likelihood of “no nausea”, while history of motion sickness (OR 0.39,
95% CI 0.21-0.73; p= 0.003) was associated with lower likelihood of “no nausea”.

Multivariate analysis also identified that during the acute and delayed phases, being obese (acute phase: OR 1.96, 95% CI
1.03-3.73, p=0.040; delayed phase: OR 2.09, 95% CI 1.15-3.80, p=0.016), having a history of motion sickness (acute phase:
OR 0.40, 95% CI 0.23-0.72, p= 0.002; delayed phase: OR 0.40, 95% CI 0.22-0.72, p= 0.002) and having received
contemporary antiemetic regimens (acute phase: OR 1.99, 95% CI 1.16-3.44, p= 0.013; delayed phase: OR 3.07, 95% CI
1.84-5.13; p<0.0001) remained to be significant factors for “no nausea”. In contrast, age (OR 1.79, 95% CI 1.31-3.12; p=
0.039) and vomiting during pregnancy (OR 0.53, 95% CI 0.32-0.89, p= 0.016) were significant only in the acute phase.

Relationship Between the Number of Identified Risk Factors and Treatment Failure
In terms of CR in the overall phase (Table 4), increased number of risk factors that an individual patient displayed was
associated with increased likelihood of treatment failure during the overall phase (p<0.0001). The proportion of patients
who achieved CR was 81.2% for those without any risk factors, which decreased to 5.9% for those with four risk factors.
An increased number of risk factors was also closely related to the inability to achieve CR in the acute and delayed
phases (p <0.0001).

In terms of nausea, an increased number of risk factors was significantly associated with an increased likelihood of
treatment failure during the overall phase (p <0.0001). The proportion of patients who experienced “no nausea” reduced
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Table 2 Univariate and Multivariate Analyses of Association of Complete Response with Clinical Variables in Cycle |

Factors N Overall Phase Acute Phase Delayed Phase
Univariate Analysis Multivariate Analysis Univariate Analysis Multivariate Analysis Univariate Analysis Multivariate Analysis
OR p OR p OR P OR p OR p OR p
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

Age (years)

<55 184 | | | | | | |

>/= 55 120 | 1.66 0.0319 1.31 03112 | 1.48 0.1289 | 1.24 0.4504 | 1.47 0.1063 1.03 0.9091
(1.05-2.64) (0.78-2.20) (0.89-2.43) (0.71-2.15) (0.92-2.34) (0.61-1.75)

BSA (m2)*

</=1.55 143 | | | | | [ |

> |.55 161 | 0.99 0.9517 0.68 0.1642 | 0.97 0.8891 | 0.56 0.0446 | 0.93 0.7495 0.65 0.1167
(0.63-1.55) (0.39-1.17) (0.60—-1.56) (0.32-0.99) (0.59-1.46) (0.37-1.12)

BMI (kg/m?2)**

Underweight/ 214 | | | | | | |

Normal/

Overweight

Obese 90 1.82 0.0191 1.95 0.0294 | 2.44 0.0029 | 2.83 0.0026 | 1.70 0.0407 2.09 0.0192
(1.10-2.99) (1.07-3.56) (1.36-4.38) (1.44-5.56) (1.02-2.81) (1.13-3.96)

Motion Sickness

No 229 | | | | | | |

Yes 75 | 0.46 0.0056 0.41 0.0034 | 0.35 0.0002 | 0.34 0.0002 | 0.54 0.0209 0.49 0.0174
(0.27-0.80) (0.22-0.74) (0.21-0.61) (0.19-0.60) (0.32-0.91) (0.28-0.88)

Vomit in pregnanc

No 181 | 1 | | | | |

Yes 123 | 0.60 0.0307 0.58 0.0329 | 0.78 0.3258 | 0.87 0.6000 | 0.68 0.1134 0.62 0.0671
(0.37-0.95) (0.35-0.96) (0.48-1.27) (0.52-1.47) (0.44-1.09) (0.37-1.03)

Alcohol intake

No 300 | | | | | | |

Yes 4 3.38 0.2936 4.79 0.2358 | 1.46 0.7466 | 2.05 0.5722 | 2.56 0.4188 3.66 0.3280
(0.35-32.89) (0.35-63.81) (0.15-14.17) (0.17-24.85) (0.26-24.85) (0.27-49.12)
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Table 2 (Continued).

Factors

N

Overall Phase

Acute Phase

Delayed Phase

Univariate Analysis

Multivariate Analysis

Univariate Analysis

Multivariate Analysis

Univariate Analysis

Multivariate Analysis

OR P OR P OR p OR P OR P OR P
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

Pre-chemotherapy nausea (VAS >/= 5mm)

No 4 | | | | | |

Yes 300 | 2.73 0.3864 2.73 0.4108 | 2.09 0.4636 | 2.57 0.5142 | 3.62 0.2679 3.07 0.3553
(0.28-26.57) (0.25-29.95) (0.29-15.08) (0.15—44.011) (0.37-35.18) (0.29-33.01)

Antiemetic regimens

Historical 184 | 1 | | | | |

antiemetic

regimens

Contemporary 120 | 2.78 <0.0001 | 1.81 0.0003 | 1.22 0.4410 | 1.20 05177 | 3.36 <0.0001 | 3.80 <0.0001

antiemetic (1.73-4.47) (1.31-2.51) (0.74 —1.99) (0.70-2.06) (2.05-5.50) (2.21-6.52)

regimens

91:470T Yo-4easay pue uswadeuel Jadued)

Notes: *BSA= Body Surface Area, **Body mass Index.
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Table 3 Univariate and Multivariate Analyses of Association of “No Nausea” with Clinical Variables in Cycle |

Factors N Overall Phase Acute phase Delayed phase
Univariate Analysis Multivariate Analysis | Univariate Analysis Multivariate Analysis | Univariate Analysis Multivariate Analysis
OR P OR P OR P OR P OR p OR p
(95% ClI) (95% ClI) (95% CI) (95% CI) (95% CI) (95% CI)

Age

<55 184 | | | | I | [

>/= 55 120 | 1.71 0.0249 | 1.27 0.3681 | 2.07 0.0047 | 1.79 0.0386 | 1.50 0.0847 1.06 0.8389
(1.07-2.72) (0.76-2.12) (1.25-3.42) (1.31-3.12) (0.95-2.39 (0.63-1.77)

BSA*

</=1.55 143 | | | | | [ |

> |.55 161 | 1.07 0.7782 | 0.75 0.3088 | 1.07 0.7738 | 0.76 0.3385 | I.13 0.5923 0.80 0.4236
(0.68-1.69) (0.44-1.30) (0.67-1.72) (0.44-1.33) (0.72-1.78) (0.47-1.38)

BMI**

Underweight/ 214 | | |

Normal/ Overweight

Obese 90 1.91 0.0106 | 2.03 0.0204 | 2.08 0.0096 | 1.96 0.0403 | 1.92 0.0103 2.09 0.0157
(1.16-3.15) (1.12-3.69) (1.20-3.61) (1.03-0.373) (1.17-3.17) (1.15-3.80)

Motion Sickness

No 229 | | | | | | |

Yes 75 | 041 0.0022 | 0.39 0.0027 | 0.40 0.0007 | 0.40 0.0019 | 0.42 0.0020 0.40 0.0024
(0.23-0.72) (0.21-0.73) (0.23-0.68) (0.23-0.72) (0.24-0.73) (0.22-0.72)

Vomit in pregnancy

No 18l | 1 | | | | |

Yes 123 | 0.90 0.6719 | 0.87 0.5791 | 0.58 0.0237 | 0.53 0.0160 | 1.00 0.9908 0.98 0.9213
(0.57-1.44) (0.53-1.43) (0.36-0.93) (0.32-0.89) (0.63-1.58) (0.59-1.61)

Alcohol intake

No 300 | | | | | [ [

Yes 4 1.38 0.7485 | 1.52 0.7266 | 1.62 0.6615 | 2.22 0.5332 | I.16 0.8836 1.20 0.8848
(0.19-9.94) (0.14-16.18) (0.17-16.18) (0.18-27.05) (0.16-8.34) (0.11-13.63)

(Continued)
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Table 3 (Continued).

Factors

N

Overall Phase

Acute phase

Delayed phase

Univariate Analysis

Multivariate Analysis

Univariate Analysis

Multivariate Analysis

Univariate Analysis

Multivariate Analysis

OR p OR P OR p OR P OR p OR P
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

Nausea (VAS >/= 5mm)

No 4 | | | | | |

Yes 300 | — - - - - - - -

Antiemetic regimens

Historical antiemetic | 184 | | | | | | |

regimens

Contemporary 120 | 2.55 0.0001 | 2.68 0.0001 | 1.94 0.0096 | 1.99 0.0132 | 2.81 <0.0001 | 3.07 <0.0001

antiemetic regimens (1.59-4.09) (1.51-4.47) (1.17-3.19) (1.16-3.44) (1.75-4.52) (1.84-5.13)

91:470T Yo4easay pue uswadeuel Jadued)

Notes: *BSA= Body Surface Area, **Body mass Index.
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Table 4 Relationship Between Treatment Outcomes and Number of Identified Risk Factors

Relationship between CR and number of identified risk factors

No. of identified risk factors* N No. of CR (%) N No. of CR (%) N No. of CR (%)
Overall phase Acute phase Delayed phase

0 16 13 (81.2) 9 7 (77.8) 49 37 (75.5)

1 8l 52 (64.2) 159 124 (78.0) 148 89 (60.1)

2 123 55 (44.7) 17 68 (58.1) 87 35 (40.2)

3 67 23 (34.3) 19 6 (31.6) 20 4 (20.0)

4 17 1 (5.9)

Cochran-Armitage trend test <0.0001 0.0001 <0.0001

Relationship between ‘““no nausea” and number of identified risk factors

No. of identified risk factors** N No. of “no nausea” (%) N No. of “no nausea” (%) N No. of “no nausea” (%)
Overall phase Acute phase Delayed phase

0 27 20 (74.1) 8 7 (87.5) 27 21 (77.8)

| 117 6l (52.1) 51 43 (84.3) 117 67 (57.3)

2 124 41 (33.1) 80 63 (78.8) 124 47 (37.9)

3 36 6 (l16.7) 101 55 (54.5) 36 6 (16.7)

4 54 25 (46.3)

5 10 3 (30.0)

Cochran-Armitage trend test <0.0001 <0.0001 <0.0001

Notes: *For “CR”, 4 factors were identified the overall phase (obesity, use of contemporary antiemetic, history of motion sickness and vomiting during pregnancy), 3 factors
were identified in the acute phase (obesity, history of motion sickness and body surface area), and 3 factors were identified in the delayed phase (obesity, history of motion
sickness and use of contemporary antiemetic regimens). **For “no nausea”, 3 factors were identified the overall phase (obesity, the use of contemporary antiemetic and
history of motion sickness), 5 factors were identified in the acute phase (age, obesity, history of motion sickness, history of vomiting during pregnancy and use of
contemporary antiemetic regimens), and 3 factors were identified in the delayed phase (obesity, history of motion sickness and use of contemporary antiemetic regimens).

from 74.1% in those without any risk factors to 16.7% in patients with three risk factors. Similarly, an increased number
of identified factors were also closely related to nausea experienced in the acute and delayed phases (p <0.0001).

Relationship Between the Number of Identified Risk Factors and Time to First
Vomiting

Figure 1 shows the Kaplan-Meier curves of the time to first vomiting according to the number of identified risk factors
(obesity, history of motion sickness, history of vomiting during pregnancy, and not receiving contemporary antiemetic
regimens) in all patients. The time to first vomiting was significantly related to the number of identified factors (p <
0.0001). For instance, among patients who had 0, 1, 2, and 3 risk factors, the 24-hour rate of no vomiting was 81.3%,
80.3%, 66.7%, 53.7%, and 17.7%, respectively, and similar trends were observed for analyses on 48-hour and 72-hour rates.

Association of CR and “No Nausea” in Cycle 2 Based on Clinical Variables and
Patients’ CINV Experience in Cycle | (Table 5)

In multivariate analysis, after adjusting for prognostic factors, patients who experienced CR in the overall phase of cycle
1 AC had a higher likelihood of achieving CR in cycle 2, with odds ratios of 11.31 (95% CI, 5.52-23.16, p<0.0001).
Likewise, those who experienced “no nausea” in the overall phase in cycle 1 also had a higher likelihood of “no nausea”
in cycle 2 (odds ratios, 9.61 (95% CI, 5.00-18.50, p<0.0001).
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risk factor; green line- 2 risk factors; red line- 3 risk factors; blue line- 4 risk factors.

Discussion

In this study, multivariate logistic regression analysis of the CR group demonstrated that a history of motion sickness and

vomiting during pregnancy was a significant and independent risk factor for CINV, whereas obesity and the use of

NEPA- or olanzapine-containing antiemetic regimens were significant and independent CINV protective factors in the

overall phase. Additionally, a history of motion sickness and obesity were confirmed as risk and protective factors,

Table 5 Outcomes of Multivariate Analyses on Association of CR and “No Nausea” in Cycle 2 Based on Patients’ Experience in Cycle |

Factors N Overall Acute Delayed
OR P OR P OR P
(95% CI*) (95% CI*¥) (95% CI*)

Patients’ experience of CR in cycle 2

Motion Sickness

No 191 | | |

Yes 60 0.47 0.0441 0.29 0.0025 0.51 0.0960
(0.22-0.98) (0.13-0.65) (0.23-1.13)

Antiemetic regimens

Historical antiemetic regimens 134 | | |

Contemporary antiemetic regimens 17 1.57 0.0306 1.33 0.2449 1.40 0.1281
(1.04-2.36) (0.82-2.13) (0.91-2.14)

Patients’ experience of CR in cycle |:

No 128 | | |

Yes 123 11.31 <0.0001 12.93 <0.0001 15.66 <0.0001
(5.52-23.16) (5.65-29.60) (7.67-31.99)

(Continued)
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Table 5 (Continued).

Factors N Overall Acute Delayed
OR P OR P OR P
(95% CI*) (95% CI*) (95% CI*)

Patients’ experience of “no nausea” in cycle 2

BMI

Underweight/Normal/ Overweight 173 | | |

obese 78 2.86 0.0057 247 0.0383 2.44 0.0183
(1.36-6.01) (1.05-5.79) (1.16-5.12)

Antiemetic regimens

Historical antiemetic regimens 134 | | |

Contemporary antiemetic regimens 117 1.50 0.0341 1.69 0.0182 1.40 0.0847
(1.03-2.20) (1.09-2.61) (0.96-2.04)

Patients’ experience of “no nausea” in cycle I:

No 128 | | |

Yes 123 9.61 <0.0001 11.05 <0.0001 9.40 <0.0001
(5.00-18.50) (5.58-21.86) (4.90-18.04)

Abbreviation: *Cl- confidence interval.

respectively, associated with both the acute and delayed phases. Specifically, in the delayed phase, the use of con-
temporary antiemetic regimens (containing NEPA or olanzapine) was a significant independent protective factor. Similar
tendencies were found in the multivariate logistic regression analysis on “no nausea”. Furthermore, the number of risk
factors was significantly associated with no CR, higher likelihood of nausea, and time to first vomiting episode; CR and
no nausea in subsequent cycles were associated with patients’ experience of these parameters in the first cycle. These
findings are consistent with the literature.'®2°

Higher likelihood of younger patients to experience CINV is a well-established risk factor, particularly those <50
years old.'®*"*? In a post-hoc analysis on 864 chemotherapy-naive, breast cancer patients receiving AC chemotherapy,
pregnancy-induced vomiting (morning sickness) was identified as a risk factor for “emesis” but not nausea in the overall
phase, while motion sickness was a risk factor for “significant nausea” but not “emesis”.>> In our analysis on similar
patient population but of Chinese ethnicity, pregnancy-induced vomiting only significantly contributed to “nausea” in the
acute phase, while motion sickness was a significant factor for both CR and nausea in the overall phase. In another Asian
study, 1910 Japanese chemotherapy-naive subjects, including 429 breast cancer patients who received highly and
moderately emetogenic chemotherapy (HEC and MEC, respectively), female sex, history of morning sickness, and
motion sickness, were prospectively identified as risk factors for acute and delayed CINV [9]. Although the direct
pathophysiological mechanisms are unknown, both factors are associated with female sex and positive family

histories,z‘"25

suggesting collinearity between these factors and the role of genetics in susceptibility to CINV. Genetic
variability in antiemetic interactions and metabolism may explain suboptimal control of CINV. A recent systematic
review?® revealed the association between three single nucleotide polymorphisms (SNPs) in SHT3R genes, two alleles of
CYP2D6, and three SNPs in ABCBI, with the occurrence and severity of CINV. Further research utilizing whole-
genome sequencing may allow new discoveries of polymorphisms as genetic risk factors for CINV.?’

The role of BMI in association with CINV has been inconsistent in literature. In a study by Gilmore et al that included
1295 patients receiving HEC or MEC, the authors highlighted that overweight and obese patients had a 23% lower
chance of developing CINV.?! However, another study with 5570 female patients showed no association between CINV

and obesity.”> Our study findings support obesity as a protective factor against nausea and CR. However, there is
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limitation in assessing obesity as a factor. Obesity may merely reflect nutritional status, with patients not experiencing
CINV having less impact on food intake. Further, BMI is a crude assessment of physical status of an individual, and
additional investigation into the association of obesity and CINV can be aided by evaluation of body composition.

The current study also revealed that the presence of CR and “no nausea” in cycle 1 to be a significant and independent
protective factor of CINV in cycle 2, for the overall, acute and delayed phases. This supports previous studies which have
also shown that prior experience with CINV in earlier cycles increases the risk of subsequent CINV in later cycles.” *°
Molasiotis et al*° investigated 991 breast cancer patients from eight European countries across three chemotherapy
cycles, who were scheduled to receive their first cycle of HEC or MEC. Subjects who did not achieve CR in Cycle 1
were 6.6 times more likely to have no CR in cycle 2 (p<0.001); and 8 times more likely to have no CR in cycle 3
(p<0.001). Interestingly, Navari et al’' recently reported a high repeat-failure risk only in patients receiving aprepitant-
based antiemetic prophylaxis among 835 breast cancer patients receiving AC, whereas patients receiving NEPA-based
regimens did not face similar risks. Our study revealed that CR/“no nausea” in cycle 2 was closely associated with
patients’ experience of CINV in cycle 1 (odd ratios of 9.40—15.66), and this was independent of anti-emetic regimens in
the multivariate analysis. The same was true for the time to the first vomiting episode.

Our study also revealed that an increased number of CINV risk factors led to an increase in the proportion of patients with
antiemetic treatment failure, in terms of both CR and “no nausea”. Our study provided numerical evidence of this treatment
failure, showing that nearly half of the patients with only a single risk factor experienced nausea, and the vast majority of those
with three or four risk factors experienced nausea’ and no CR. Previously, Tsuji et al>* have reported a similar trend between
the number of risk factors and treatment failure, and the preference of palonosetron over granisetron for patients who have at
least one risk factor. Prediction models for CINV have been reported, and further evaluation is warranted to expedite its use in
the clinical setting. For instance, Dranitsaris et al*> utilized data from 1198 patients to develop a risk-scoring algorithm,
ranging from 0 to 32 units; and a score of >16 units indicated a high risk of developing grade > 2 CINV. Similarly, Molasiotis
et al designed a predictive model with specificity and sensitivity of 55.4% and 80.3%, respectively.*

International guidelines classify AC chemotherapy as highly emetogenic, inducing emesis in more than 90% of patients
in the absence of antiemetic prophylaxis.'~ Earlier guidelines®® suggested a triplet antiemetic regimen consisting of
SHT3RA, corticosteroids and NK1RA, in breast cancer patients on AC. However, we recently concluded that aprepitant-
containing triplets are non-superior to doublet antiemetics, wherein only 50% of our study population achieved CR."'* With
olanzapine-containing regimens proving to be superior in controlling CINV in a number of studies and meta-analyses,*®*°
the latest 2020 ASCO guidelines recommend the addition of olanzapine into the triplet regimen, forming a 4-drug
combination.' Similarly, for NEPA, a number of studies confirmed its efficacy in controlling CINVA 4 Its composition
of palonosetron, a long-lasting second-generation SHT3RA, and netupitant, a highly selective NK1RA, synergistically act
on major pathways reducing CINV in both the acute and delayed phases.* Therefore, the current data support the role of the
contemporary antiemetics of NEPA- or olanzapine-containing regimens as protective factors for CINV.

The present study had two limitations. Our study evaluated only 6 patient factors (age, BSA, BMI, history of motion
sickness, history of pregnancy-induced vomiting, and alcohol consumption) and one treatment factor (ie historical vs
contemporary antiemetic prophylaxis). Some risk factors identified in the literature are innate characteristics of our population,
namely ethnicity (Chinese), sex (female), diagnosis of breast cancer, and a specific chemotherapeutic regimen of AC.
Psychological elements such as anxiety and expectations of CINV were not considered. The number of patients with habitual
alcohol consumption was very small in our sample, which is typical of Asian populations; hence, no meaningful analysis of
this potential risk factor could be performed. Furthermore, the study population comprised only Chinese patients; conse-
quently, these findings may not be generalizable to other ethnicities receiving non-AC chemotherapy. However, risk factor
assessment in a uniform group of patients with breast cancer receiving identical treatment could be regarded as a strength of
the current study. All subjects were chemotherapy-naive, had early-stage disease with good performance status, and were
recruited from two public hospitals in Hong Kong which provide free healthcare, independent of medical insurance.

Conclusion
Our analysis confirmed the importance of the commonly identified risk factors for CINV in Chinese patients with breast
cancer receiving AC chemotherapy: younger age (<55 years), non-obesity, history of morning sickness, and motion
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sickness. Contemporary antiemetic regimens containing olanzapine or NEPA have been uniquely identified as protective
factors against CINV. Furthermore, prior experience with CINV in earlier cycles predicts subsequent CINV in later
cycles. We also confirmed a significant association between an increased number of risk factors and the development of
CINV. These findings highlight the necessity for a personalized antiemetic prophylaxis plan, especially for patients with
a higher number of risk factors. Considering that NEPA is superior to aprepitant plus a first-generation SHT3RA, and that
the addition of olanzapine provides additional benefits to an aprepitant-containing regimen, the efficacy of a combined
olanzapine/NEPA regimen should be explored further alongside non-pharmacological means.
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