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Purpose: The incidence of delayed chemotherapy-induced nausea and vomiting (CINV) in patients with non-small cell lung cancer 
(NSCLC) receiving carboplatin (CBDCA)-based chemotherapy (CBDCA + pemetrexed or paclitaxel) has not been clearly described. 
Therefore, we attempted to evaluate whether delayed CINV could be controlled using a combination of three antiemetics and identify 
individual risk factors.
Methods: We pooled data from two prospective observational studies, namely a nationwide survey of CINV and a prospective, 
observational study in Japan, to assess whether delayed CINV could be controlled using a combination of three antiemetics and 
identified individual risk factors via inverse probability treatment-weighted analysis.
Results: In total, 240 patients were evaluable in this study (median age, 66 years; male, 173; female, 67). The three-antiemetic 
regimen controlled delayed nausea (31.6% vs 47.3%) and vomiting (5.1% vs 23.1%) better than two antiemetics. Younger age (<70 
years; odds ratio [OR] = 2.233), motion sickness (OR = 3.472), drinking habits (OR = 1.972), receipt of the CBDCA + pemetrexed 
regimen (OR = 2.041), and the use of two antiemetics (OR = 1.926) were risk factors for delayed nausea. Female sex (OR = 3.372), 
drinking habits (OR = 2.272), receipt of the CBDCA+ pemetrexed regimen (OR = 2.314), and the use of two antiemetics (OR = 6.830) 
were risk factors for delayed vomiting.
Conclusion: Female sex, younger age, and receipt of the CBDCA + pemetrexed regimen increased the risk of CINV. Therefore, we 
recommend additional supportive antiemetics treatment for these patients.
Keywords: NSCLC, aprepitant, carboplatin, nausea, vomiting

Introduction
Lung cancer is the leading cause of cancer-related mortality worldwide.1 Cytotoxic chemotherapy is a key treatment for 
non-small cell lung cancer (NSCLC), but several new treatment options, such as tyrosine kinase inhibitors and immune 
checkpoint inhibitors, have been established.2,3 Although cytotoxic chemotherapy is effective against NSCLC, it is often 
associated with a variety of adverse effects. Chemotherapy-induced nausea and vomiting (CINV) is a relatively common 
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side effect that is well known to have a strong negative effect on patients’ quality of life. For patients with NSCLC 
receiving cytotoxic chemotherapy, additive effects can be exerted by a combination of different classes of antiemetic 
medications such as corticosteroids, neurokinin 1 receptor antagonists (NK1RAs), anti-anxiolytics, and 5-hydroxytryp-
tamine-3 receptor antagonists (5-HT3RAs), which are commonly recommended treatments for CINV.4–7

Among cytotoxic chemotherapies for patients with NSCLC, carboplatin (CBDCA)-based chemotherapy is a key 
option, and the combination of CBDCA-based chemotherapy and immune checkpoint inhibitors is one of the most 
common standard first-line treatments.8–11 Although CBDCA (area under the concentration–time curve [AUC] > 4) was 
previously considered to carry a moderate emetic risk, it has been recently re-classified to as having a high emetic risk, 
and the recommended antiemetic treatment for CBDCA (AUC > 4) was a three-drug combination of a 5-HT3RA, an 
NK1RA, and dexamethasone (DEX). However, this change was based on results obtained in patients who were treated 
with CBDCA as a part of a chemotherapy regimen with moderately emetogenicity or from studies with small sample 
sizes, and the occurrence of delayed CINV has not been well described in patients with NSCLC receiving CBDCA-based 
chemotherapy.12–17 In addition, detailed data are lacking on the risk factors for CINV.

In the current study, we performed a retrospective analysis of two prospective observational studies, including 
a nationwide survey of CINV and a prospective, observational study in Japan, to assess whether delayed CINV could 
be better controlled using a combination of three antiemetics and to identify individual risk factors.

Materials and Methods
Patients and Methods
We analyzed pooled patient-level data from two multicenter, prospective, observational studies. The individual study 
results were previously published (study A; a nationwide survey of CINV [UMIN000005971]18 and study B; 
a prospective, observational study with no available registry number).19 The prospective, observational studies enrolled 
patients in Japan who were scheduled to receive moderately or highly emetogenic chemotherapy regimens. Both studies 
were approved by the Independent Ethics Committee of National Hospital Organization Kyushu Cancer Center and 
conducted according to Declaration of Helsinki and the Ethical Guidelines for Medical and Health Research involving 
Human Subjects. Written informed consent was obtained from all participating patients before any related study 
procedure was initiated.

Data Collection
In both studies, patients were required to be at least 20 years old and have chemotherapy-naïve NSCLC.18,19 As in 
a previous study, delayed CINV was defined as any nausea or vomiting that occurred between 24 h and 6–7 days after the 
first day of anticancer treatment.20 Eligible patients received two antiemetics, namely palonosetron or older 5-HT3RAs 
(azasetron, ramosetron, or granisetron) and DEX, both of which were administered within 1 h before the scheduled 
CBDCA-based chemotherapy (CBDCA + pemetrexed [PEM]/CBDCA + paclitaxel [PTX]).18,19 Aprepitant was an 
optional third antiemetic. The study designs are summarized in Figure 1. Drinking habits are defined as drinking at 
least several times per week and the history of motion sickness was confirmed either in the medical record or by 
interviewing individual patients.

Statistical Analysis
Patient demographics and the incidence of delayed nausea and vomiting were summarized using descriptive statistics or 
contingency tables and compared using Student’s t-test or the chi-squared test. We used an inverse probability treatment- 
weighted (IPTW) model derived from a logistic regression model to balance observable characteristics among the 
administered antiemetics.21,22 Independent risk factors for delayed nausea and vomiting were also evaluated using 
logistic regression analysis with a backward elimination method. The observed incidence of efficacy outcomes was 
compared between the two-antiemetic and three-antiemetic groups using the chi-squared test. p < 0.05 (two-sided) was 
considered significant. All statistical analyses were performed using SAS 9.4 (SAS Institute, Cary, NC, USA).
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Results
Patient Characteristics
We included 240 patients with NSCLC in this analysis (nationwide survey of CINV: n = 134 [55.8%], prospective, 
observational study: n = 106 [44.2%]; two antiemetics: n = 186, three antiemetics: n = 54). Baseline characteristics, 
including age, sex, drinking habits, the incidence of motion sickness, the CBDCA-based regimen used, and the number 
of antiemetics, are presented in Table 1. Table 2 lists the unweighted and weighted patient characteristics stratified by the 
number of antiemetics.

The percentages of female patients (unweighted) were 25.3% in the two-antiemetic group and 37.0% in the three- 
antiemetic group. There were also more patients with drinking habits (p = 0.0025) and more patients who received 
CBDCA + PTX (p = 0.0027) in the two-antiemetic group than in the three-antiemetic group.

The propensity scores were adequately balanced between the groups after IPTW adjustment, with no differences in 
age (p = 0.4193), sex (p = 0.1854), drinking habits (p = 0.8909), the incidence of motion sickness (p = 0.7205), and the 
CBDCA-based regimen used (p = 0.8531) between the groups.

Control of Delayed CINV
The incidence of CINV after IPTW adjustment is presented in Figure 2. Although the whole cohort had a high incidence 
of delayed nausea (45.4%), the rate was significantly lower in the three-antiemetic group (31.6%) than in the two- 
antiemetic group (47.3%, p = 0.0019). The overall incidence of delayed vomiting was low (20.4%), but it was 
significantly lower in the three-antiemetic group (5.1% vs 23.1%; p < 0.0001).

Risk Factors for Delayed CINV
Univariate and multivariate logistic regression analyses were performed using age, sex, motion sickness, drinking habits, 
CBDCA-based regimens, and antiemetic regimens as risk factors for delayed CINV (Table 3).

As presented in Table 3, the risk factors for delayed nausea included younger age (<70 years, odds ratio [OR] = 2.233; 
p = 0.0013), motion sickness (OR = 3.472; p = 0.0073), drinking habits (OR = 1.972; p = 0.0065), receipt of the CBDCA 

Figure 1 Patient selection diagram. Pooled data from 240 patients with non-small cell lung cancer (NSCLC) who received carboplatin (CBDCA)-based chemotherapy 
regimens (CBDCA + pemetrexed [PEM]/CBDCA + paclitaxel [PTX]) were selected among 2468 patients from two prospective observational studies. 
Abbreviations: CINV, chemotherapy-induced nausea and vomiting; HEC, highly emetogenic chemotherapy; MEC, moderately emetogenic chemotherapy; GI, gastro-
intestinal; PEM, pemetrexed; PTX, paclitaxel.
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Table 1 Patients’ Baseline Characteristics

Characteristics Study A (N = 134)18 Study B (N = 106)19 Overall (N = 240)
n (%) n (%) n (%)

Age

<70 years 81 (60.4) 74 (69.8) 155 (64.6)

≥70 years 53 (39.6) 32 (30.2) 85 (35.4)

Sex

Male 92 (68.7) 81 (76.4) 173 (72.1)
Female 42 (31.3) 25 (23.6) 67 (27.9)

Motion sickness
No 125 (93.3) 96 (90.6) 221 (92.1)

Yes 9 (6.7) 10 (9.4) 19 (7.9)

Drinking habits

No 86 (64.2) 44 (41.5) 130 (54.2)

Yes 48 (35.8) 62 (58.5) 110 (45.8)

Regimen

CBDCA + PEM 87 (64.9) 48 (45.3) 135 (56.3)
CBDCA + PTX 47 (35.1) 58 (54.7) 105 (43.8)

Number of antiemetics
2 80 (59.7) 106 (100.0) 186 (77.5)

3 54 (40.3) 0 (0.0) 54 (22.5)

Abbreviations: CBDCA, carboplatin; PEM, pemetrexed; PTX, paclitaxel.

Table 2 Unweighted and Weighted Baseline Characteristics of Patients with NSCLC Treated with CBDCA 
Categorized by the Number of Antiemetic Regimens

Characteristics Unweighted, n (%) Weighted, %

2 Antiemetics 3 Antiemetics p 2 Antiemetics 3 Antiemetics p SD

Total 186 (100) 54 (100)

Age

<70 years 124 (66.7) 31 (57.4) 0.2104 66.7 70.5 0.4193 0.08
≥70 years 62 (33.3) 23 (42.6) 33.3 29.5

Sex

Male 139 (74.7) 34 (63.0) 0.0897 74.7 80.4 0.1854 0.12

Female 47 (25.3) 20 (37.0) 25.3 19.6

Drinking habits

No 91 (48.9) 39 (72.2) 0.0025 48.9 44.1 0.3427 −0.10
Yes 95 (51.1) 15 (27.8) 51.1 55.9

Motion sickness
No 171 (91.9) 50 (92.6) 0.8749 91.9 92.9 0.7205 0.04

Yes 15 (8.1) 4 (7.4) 8.1 7.1

Regimen

CBDCA + PEM 95 (51.1) 40 (74.1) 0.0027 51.1 50.1 0.8531 0.02

CBDCA + PTX 91 (48.9) 14 (25.9) 48.9 49.9

Abbreviations: CBDCA, carboplatin; PEM, pemetrexed; PTX, paclitaxel; SD, standard deviation.
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+ PEM regimen (OR = 2.041; p = 0.0034), and the use of two antiemetics (OR = 1.926; p = 0.0045), whereas female sex 
(OR = 3.372; p = 0.0010), drinking habits (OR = 2.272; p = 0.0272), receipt of the CBDCA + PEM regimen (OR = 
2.314; p = 0.0209), and the use of two antiemetics (OR = 6.830; p < 0.0001) were risk factors for delayed vomiting.

Logistic regression analysis illustrated that drinking habits, receipt of the CBDCA + PEM regimen, and the use of two 
antiemetics were common risk factors for delayed CINV.

Figure 2 Incidence of delayed nausea and vomiting. The incidence of delayed nausea and vomiting was significantly higher in the two-antiemetic group than that in the three- 
antiemetic group.

Table 3 Risk Factors for Delayed Nausea and Delayed Vomiting

Delayed Nausea Delayed Vomiting

Univariate Multivariate Univariate Multivariate

OR  
(95% CI)

p OR  
(95% CI)

p OR  
(95% CI)

p OR  
(95% CI)

p

Age: <70 years vs ≥70 years 1.934  

(1.233–3.033)

0.0041 2.233  

(1.366–3.650)

0.0013 0.824  

(0.453–1.500)

0.5270 0.743  

(0.380–1.454)

0.3863

Sex: female vs male 2.896  

(1.757–4.774)

<0.0001 1.441  

(0.798–2.603)

0.2259 5.134  

(2.782–9.474)

<0.0001 3.372  

(1.632–6.967)

0.0010

Motion sickness: yes vs no 4.889  
(2.042–11.706)

0.0004 3.472  
(1.399–8.616)

0.0073 1.375  
(0.498–3.793)

0.5387 0.677  
(0.218–2.105)

0.5008

Drinking habits: yes vs no 2.082  

(1.366–3.174)

0.0006 1.972  

(1.209–3.218)

0.0065 3.188  

(1.685–6.032)

0.0004 2.272  

(1.097–4.707)

0.0272

Regimen: CBDCA + PEM vs 

CBDCA + PTX

2.413  

(1.575–3.697)

<0.0001 2.041  

(1.266–3.291)

0.0034 2.819  

(1.491–5.332)

0.0014 2.314  

(1.136–4.714)

0.0209

2 antiemetics vs 3 
antiemetics

1.944  
(1.276–2.961)

0.0020 1.926  
(1.225–3.029)

0.0045 5.604  
(2.691–11.669)

<0.0001 6.830  
(1.136–4.714)

<0.0001

Abbreviations: CBDCA, carboplatin; PEM, pemetrexed; PTX, paclitaxel; OR, odds ratio; CI, confidence interval.
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Discussion
The current analysis confirmed that a three-antiemetic combination is the optimal treatment for patients with NSCLC 
treated with CBDCA-based chemotherapy to alleviate delayed vomiting. In addition, some risk factors for CINV during 
CBDCA-based chemotherapy were identified. Younger age, motion sickness, drinking habits, receipt of the CBDCA + 
PEM regimen, and the use of two antiemetics were risk factors for delayed nausea, and female sex, drinking habits, 
receipt of the CBDCA + PEM regimen, and the use of two antiemetics were risk factors for delayed vomiting. Drinking 
habits, receipt of the CBDCA + PEM regimen, and the use of two antiemetics were independent risk factors for delayed 
CINV in logistic regression analysis. These results might facilitate the personalization of antiemetic treatment for patients 
with NSCLC treated with CBDCA-based chemotherapy.

A three-drug combination of a 5-HT3RA, an NK1RA, and DEX has been recently recommended for antiemetic 
treatment during CBDCA-based chemotherapy. However, the evidence supporting the use of a three-antiemetic combi-
nation in patients with NSCLC treated with CBDCA-based chemotherapy is not sufficient.12–17 In the current study, 
which was performed before the current recommendation was issued, the incidence of both delayed nausea and vomiting 
after IPTW adjustment was significantly lower in the three-antiemetic group than in the two-antiemetic group. These 
results support the current recommendation, and a three-antiemetic combination might be the optimal supportive 
treatment for patients with NSCLC treated with CBDCA-based chemotherapy.

Identifying risk factors for CINV is important to improve the quality of life of patients with NSCLC and ensure the 
continuity of chemotherapy. Common risk factors for CINV include female sex, a history of motion sickness, and 
younger age.17–19,23,24 However, a few reports identified receipt of the CBDCA + PEM regimen as an independent risk 
factor for delayed nausea compared with other CBDCA-based regimens. In the current study, logistic regression analysis 
identified receiving the CBDCA + PEM regimen as an independent risk factor for delayed CINV, along with the 
aforementioned well-known patient-related risk factors. Hayashi et al previously reported that patients receiving PEM 
had a significantly higher rate of CINV than those receiving taxanes,24 and the CBDCA + PEM regimen was associated 
with a higher risk of delayed nausea than the CBDCA + PTX regimen.25 Therefore, because antiemetics have limited 
efficacy, even when using a three-drug combination, the optimal antiemetic regimen must be determined carefully for 
each patient treated with the CBDCA + PEM regimen, especially for female patients, younger patients, or patients with 
drinking habits or histories of motion sickness.

A Phase III trial revealed the efficacy and safety of olanzapine plus a three-antiemetic combination in patients who 
received highly emetogenic chemotherapy regimens including anthracycline/cyclophosphamide and cisplatin.26 Recently, 
a phase III trial (J FORCE) demonstrated that the addition of olanzapine to DEX, an NK1RA, and palonosetron improved 
CINV control in patients receiving cisplatin-based highly emetogenic chemotherapy.27 Furthermore, it was reported that 
adding olanzapine to antiemetic therapy with aprepitant, a 5-HT3RA, and DEX improved CINV control in patients 
receiving CBDCA-based chemotherapy.28 These results suggest that the addition of olanzapine to standard triplet 
antiemetic therapy is a promising option to improve the control of delayed nausea in patients at high risk of CINV 
who receive CBDCA + PEM. Concerning DEX, a phase III study reported at ESMO202129 aimed to clarify the non- 
inferiority of DEX on day 1 to DEX on days 1–4 when combined with an NK1RA, palonosetron, and olanzapine in 
patients receiving cisplatin-based highly emetogenic chemotherapy. In that trial, the primary endpoint of the complete 
response rate in the delayed phase was statistically met, and DEX on day 1 was non-inferior to DEX on days 1–4. 
However, patients who received DEX on day 1 had a significantly higher incidence of nausea and appetite loss. 
Therefore, it might be better to evaluate the optimal period for DEX administration among patients at high risk of 
CINV who are treated with CBDCA + PEM in prospective studies.

The present study had some limitations. For example, its design was neither randomized nor blinded. Therefore, these 
findings should be interpreted within the limitations of the observational study design. Furthermore, the possibility of 
selection bias between patients treated with two or three antiemetics cannot be dismissed. Further research is needed to 
verify these results. Despite these limitations, the findings described the risk factors for CBDCA-based regimens in 
clinical practice.
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Conclusion
In the current study, a three-antiemetic combination was associated with a lower risk of CINV than a two-antiemetic 
combination specifically in patients with NSCLC treated with CBDCA-based chemotherapy, and drinking habits, receipt 
of the CBDCA + PEM regimen, and the use of two antiemetics were independent risk factors for delayed CINV, which 
corresponded to the current antiemetic guidelines and previous studies,30,31 and the result of the current study demon-
strated important findings in support of those guidelines. The optimal antiemetic therapy for each CBDCA-based 
chemotherapy regimen should be carefully selected because CINV is not sufficiently controlled in some patients at 
high risk of CINV. Female patients, younger patients, and patients receiving CBDCA + PEM have a high risk of CINV. 
Therefore, we recommended that additional antiemetics for delayed CINV (eg, olanzapine) be considered for these 
patients.

Abbreviations
CINV, chemotherapy-induced nausea and vomiting; NSCLC, non-small cell lung cancer; CBDCA, carboplatin; 
NK1RAs, neurokinin 1 receptor antagonists; 5-HT3RAs, 5-hydroxytryptamine-3 receptor antagonists; AUC, area 
under the concentration–time curve; DEX, dexamethasone; PEM, pemetrexed; PTX, paclitaxel; IPTW, inverse prob-
ability treatment-weighted; OR, odds ratio; CI, confidence interval.
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