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1 |  INTRODUCTION

According to the induction rate of chemotherapy-induced 
nausea and vomiting (CINV), chemotherapy drugs can be 

classified as high, moderate, low, or minimal emetic risk.1 
Guidelines recommend that patients treated with high emetic 
risk chemotherapy should receive a combination of neuro-
kinin 1 (NK1) receptor antagonist (RA), serotonin (5-HT) 
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Abstract
Chemotherapy-induced nausea and vomiting (CINV) is an unbearable side effect. 
Identifying high emetic risk patients and providing more active antiemetics strategies 
are mandatory to improve the tolerability of chemotherapy. In this prospective cohort 
study, leptin, ghrelin, and substance P were measured at baseline, day 3, and day 14 
during the first cycle of chemotherapy. Nausea and vomiting were measured each 
day for the first 4 days of the first cycle of chemotherapy. Eighty-two patients were 
enrolled. Colorectal cancer (61%) and gastric cancer (35.4%) were common cancer 
types. All patients received moderate emetic risk chemotherapy. Forty-five (54.9%) 
patients had nausea, and 15 (18.3%) patients experienced vomiting. In univariate anal-
ysis, a higher level of baseline substance P, which is a target of NK1-RA (Neurokinin 
1 receptor antagonist), was a significant predictive marker for chemotherapy-induced 
nausea [odds ratio (OR): 2.6, 95% confidence interval (CI): 1.02–6.62, p = 0.046]. 
Regarding chemotherapy-induced vomiting, patients with higher levels of substance 
P had a greater chance of vomiting [OR: 1.72, 95% CI: 0.49–5.99, p = 0.395] than 
those with lower levels of substance P. In patients receiving moderate emetic risk 
chemotherapy, active antiemetics, including NK1-RA, could be considered for those 
with high levels of substance P.
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receptor antagonist, and dexamethasone as a premedication 
to prevent CINV.2 For moderate emetic risk chemotherapy, 
5-HT receptor antagonist and dexamethasone are recom-
mended. Despite such premedication, approximately 30% of 
patients treated with moderate emetic risk chemotherapy ex-
perience significant nausea or vomiting.3,4 CINV affects pa-
tient compliance with chemotherapy and leads to poor quality 
of life, an insufficient dose, and the delay or interruption of 
chemotherapy.5,6 The prediction of patients at high risk for 
CINV can help ensure that they receive more intensive anti-
emetics treatment to reduce toxicity and improve compliance 
with chemotherapy.

However, risk factors for CINV have not yet been estab-
lished. Although clinical factors such as young age, female 
sex, no alcohol history, morning sickness, and car sickness 
have been studied as high-risk factors for CINV,7 biochemi-
cal markers are rarely studied. Neuropeptides and hormones 
are known to be related to appetite and vomiting, and they 
should be investigated. Leptin is primarily produced in ad-
ipose tissue. It is known to be an appetite decreasing hor-
mone.8 The relationship between leptin and CINV remains 
unknown. However, pregnant women with high levels of 
leptin are known to have high risks for nausea and vomit-
ing during pregnancy.9 Ghrelin, a gastrointestinal peptide 
hormone, was discovered in 1999.10 It is known to promote 
appetite.10 Patients with esophageal cancer show reduced 
levels of ghrelin after cisplatin chemotherapy.11 Substance P 
is known to be a key mediator of CINV. NK1-RA has been 
developed to inhibit the interaction between substance P and 
the NK1 receptor.12

The objective of this study was to identify clinical and 
biochemical predictive markers for CINV. We also observed 
the dynamic changes in biochemical parameters after che-
motherapy and analyzed them according to the presence or 
absence of CINV.

2 |  MATERIALS AND METHODS

2.1 | Patients

In this prospective cohort study, patients with colorectal, gas-
tric, pancreatic, or small bowel cancer who received moderate 
emetic risk chemotherapy from March 2014 to August 2015 
at St. Vincent's Hospital and Uijeongbu St. Mary's Hospital 
were enrolled. Patients who had brain metastasis or intestinal 
obstruction were excluded. All patients received granisetron 
patch on the day before starting the first cycle of chemo-
therapy. Dexamethasone and dopamine antagonist were 
used as rescue drugs. The following data were documented 
for all subjects: age, sex, weight loss within 6 months, BMI 
(body mass index), history of smoking, drinking, morning 
sickness and car sickness, anxiety regarding chemotherapy, 

tumor-node-metastasis (TNM) stage, previous chemother-
apy, chemotherapy regimen, diagnosis (primary site), and 
comorbidity. As biochemical predictive markers for CINV, 
leptin, ghrelin, and substance P were measured using serum 
collected during chemotherapy. Nausea and vomiting were 
recorded for patients on days 1, 2, 3, and 4 of the first cycle 
of chemotherapy; severity was measured using VAS (visual 
analog scale) scored from 0 to 100 points. This prospective 
cohort study was approved by the Institutional Review Board 
(IRB) of St. Vincent's Hospital and the IRB of Uijeongbu St. 
Mary's Hospital (XC13TIMI0063V).

2.2 | Measurement of hormones and 
neuropeptides

Serum was collected to measure leptin, ghrelin, and sub-
stance P levels to determine their clinical roles in CINV. 
Blood collection was performed three times: in the morning 
before chemotherapy (day 1, baseline), 2 days after chemo-
therapy (day 3), and 13 days after chemotherapy (day 14). 
Serum was isolated from 10 ml of peripheral blood collected 
in an SST (serum-separating) tube. Serum for leptin meas-
urement was moved to a conical tube. AEBSF (4-(2-aminoe-
thyl)benzenesulfonyl fluoride) hydrochloride and aprotinin 
(Sigma-Aldrich, St. Louis, MO, USA)-treated conical tubes 
were used for ghrelin and substance P measurements, respec-
tively. These conical tubes were incubated at room tempera-
ture for 30 minutes, and then, centrifuged at 3,000 rpm for 15 
minutes at 4°C. The supernatant was collected and stored at 
−80°C until analysis.

Serum supernatants were used to measure the levels of cir-
culating leptin, ghrelin, and substance P with commercially 
available enzyme-linked immunosorbent assay (ELISA) kits 
(Millipore, Billerica, MA; R&D Systems, Abingdon, UK) 
following the manufacturers’ protocols. Samples were mea-
sured in triplicate, and the mean value was used as the final 
concentration.

2.3 | Statistics

Levels of hormones and neuropeptides are presented as the 
median ±interquartile range (IQR). The results were com-
pared using the Mann–Whitney U-test. Hormones and neu-
ropeptides were initially recorded as continuous variables, 
and then, later dichotomized according to ROC (receiver 
operating characteristic) curve analysis.13 Sensitivity and 
specificity for the prediction of nausea and vomiting were 
plotted to generate the ROC curve. Nausea and vomit-
ing were evaluated according to the NCI-CTC (National 
Cancer Institute-Common Toxicity Criteria); severity 
was defined with a 100-mm visual analog scale (VAS). 
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Correlation testing was performed using Pearson's cor-
relation coefficient, with a value of >0.7 indicating good 
correlation.14 Logistic regression was used to evaluate as-
sociations between clinico-biochemical factors and CINV. 
Statistical significance was considered at p < 0.05. PASW 
Statistics 18.0 (SPSS Inc. Chicago, IL, USA) was used for 
all statistical analyses.

3 |  RESULTS

3.1 | Patient characteristics

Eighty-two patients were enrolled. Their median age was 
61 years (Table 1). All patients received moderate emetic risk 
chemotherapy. FOLFIRI (39, 47.6%) was the most frequently 
used chemotherapy regimen, followed by the XELOX (23, 
28%) and FOLFOX (20, 24.4%) regimens. Regarding pri-
mary cancer type, colorectal cancer (50, 61%) and gastric 
cancer (29, 35.4%) were the most common cancers.

Nausea developed in 45 (54.9%) patients during the 
4  days after chemotherapy (Figure  1A). Many (n  =  34, 
41.5%) patients developed nausea within 24 hours. Fifteen 
(18.3%) patients had vomiting during the 4 days after chemo-
therapy. Of them, 12 experienced vomiting within the first 24 
hours (Figure 1B). Severity of nausea at day 1 was evaluated. 
Twenty patients had nausea with VAS scores of 50 or more, 
and five patients experienced more severe nausea with VAS 
scores of 80 or more (Figure 1C).

3.2 | Analysis of biochemical factors

The baseline median levels of leptin, ghrelin, and substance 
P were 1.5 ng/ml, 198.3 pg/ml, and 301.2 pg/ml, respectively 
(Table 2). There were no significant correlations among the 
biochemical markers at baseline (Figure S1). The dynamics 
of the biochemical markers during chemotherapy were also 
evaluated. There were no significant differences in biochemi-
cal markers among the different time points (Figure S2).

T A B L E  1  Baseline characteristics of the subjects

Characteristics Number %

Age, years (median, range) 61 (40–84)

Sex (n, %)

Male 57 69.5

Female 25 30.5

Weight loss (within 6 months)

No 25 30.5

Yes 57 69.5

BMI (median, range), kg/m2 22.0 (14.4–54.1)

Estimated GFR (median, range), ml/
min/1.73 m2 (by MDRD)

83 (39.6–
179.7)

Smoking (n, %)

Never smoker 31 37.8

Ex-smoker 39 47.6

Current smoker 12 14.6

Drinking (n, %)

No 49 59.8

Yes 28 34.1

Morning sickness (n, %)

No 7 8.5

Yes 12 14.6

Car sickness (n, %)

No 62 75.6

Yes 20 24.4

Anxiety (n, %)

No 55 67.1

Yes 27 32.9

TNM stage (n, %)

2 4 4.9

3 17 20.7

4 61 74.4

Previous chemotherapy (n, %)

No 68 82.9

Yes 14 17.1

Chemotherapy regimen (n, %)

FOLFIRI 39 47.6

FOLFOX 20 24.4

XELOX 23 28

Diagnosis (n, %)

Colorectal cancer 50 61

Gastric cancer 29 35.4

Pancreatic cancer 1 1.2

Small bowel cancer 2 2.4

Comorbidity (n, %)

DM 6 7.3

(Continues)

Characteristics Number %

Hypertension 12 14.6

DM & Hypertension 9 11

BPH 1 1.2

CVD 2 2.4

Abbreviations: BMI, body mass index; BPH, benign prostate hyperplasia; CVD, 
cardiovascular disease; DM, diabetes mellitus; FOLFIRI, 5-FU leucovorin 
irinotecan; FOLFOX, 5-FU leucovorin oxaliplatin; GFR, glomerular filtration 
rate; MDRD, modification of diet in renal disease; N, number; XELOX, 
capecitabine, oxaliplatin.

T A B L E  1  (Continued)



1060 |   SOON PARK et Al.

Levels of leptin, ghrelin, and substance P were compared 
between patients with and without nausea/vomiting during 
the 4 days after chemotherapy. Leptin and ghrelin levels were 
not significantly different between these groups (Figure 2A–
D). Patients with nausea had higher levels of substance P than 
those without nausea at baseline and on day 3 (Figure 2E). 
However, there were no significant differences in the levels of 
biochemical markers between patients with and without vom-
iting at any time point (Figure 2F). Changes in biochemical 

markers according to the presence of nausea/vomiting were 
also analyzed (Figure 2G–H). Patients with vomiting events 
on day 1 or day 2 had significantly increased leptin levels at 
day 3 compared to baseline.

3.3 | Predictive factors for CINV

The best cutoff points for leptin, ghrelin, and substance P 
by ROC curve analysis for the prediction of chemotherapy-
induced nausea (CIN) were 5.8  ng/ml, 201.6  pg/ml, and 
222.6  pg/ml, respectively. In univariate analysis, a higher 
level of baseline substance P was the only significant pre-
dictive marker for chemotherapy-induced nausea (p = 0.046) 
(Table 3). Regarding chemotherapy-induced vomiting (CIV), 
patients with high levels of substance P had a higher chance 
of vomiting, although this difference did not reach statisti-
cal significance (p  =  0.395). Chemotherapy regimen and 
cancer type were significant predictive markers for chem-
otherapy-induced vomiting. In multivariate analysis, base-
line substance P level was an independent predictive marker 
for chemotherapy-induced nausea (p = 0.032). In addition, 
patients with higher levels of leptin had more events of 
chemotherapy-induced nausea (p = 0.043) than patients with 
lower levels. As an independent predictive marker for chem-
otherapy-induced vomiting, patients receiving the FOLFOX 
regimen had a greater chance of vomiting than patients re-
ceiving FOLFIRI. In subgroup analysis by chemotherapy 

F I G U R E  1  Pattern of chemotherapy-induced nausea and vomiting in patients receiving moderate emetic risk chemotherapy. A, Nausea and 
vomiting according to days after chemotherapy. B, Forty-two percent of patients experienced nausea on day 1, and 14.6% of patients had vomiting 
on day 1 after chemotherapy. C, Regarding the severity of nausea, 20 patients experienced nausea with a VAS score of 50 or more. The Mann–
Whitney U-test was used to compare continuous values

T A B L E  2  Levels of leptin, substance P, and ghrelin

Characteristics Median (IQR)

Leptin, ng/ml

Day 1 1.5 (0.6–4.9)

Day 3 1.4 (0.6–5.1)

Day 14 1.5 (0.6–4.2)

Ghrelin, pg/ml

Day 1 198.3 (61.7–353.4)

Day 3 203.4 (90.5–336.7)

Day 14 239.7 (136.9–428.2)

Substance P, pg/ml

Day 1 301.2 (179.2–420.5)

Day 3 320.8 (204.6–423.9)

Day 14 311.6 (196.3–434.3)

Abbreviation: IQR interquartile range.
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regimen and diagnosis, a high level of substance P was sig-
nificantly associated with chemotherapy-induced nausea in 
gastric cancer and patients who received the XELOX regi-
men. However, there was no significant association between 
substance P level and chemotherapy-induced vomiting in any 
subgroup (Table S1).

4 |  DISCUSSION

Nausea and vomiting are common and critical side effects 
for patients receiving chemotherapy. Several kinds of clinical 
factors have been reported to predict CINV, including young 
age and female sex.7 However, biochemical markers have not 
yet been well studied. This study showed that a high level of 
baseline substance P was associated with CINV. This finding 
could help high emetic risk patients receive more intensive 
antiemetics treatment, such as NK1-RA that targets substance 
P, prior to chemotherapy. This could improve the quality of 
life of patients receiving chemotherapy, and chemotherapy 
without dose reduction might improve treatment outcome for 
these patients.

Multiple neurotransmitters, including dopamine, sero-
tonin (5-HT), and substance P, are known to be associated 
with the pathophysiology of CINV.15 Antiemetics that tar-
get these neurotransmitters have been developed for the 

prevention and symptom improvement of CINV. Although 
the role of dopamine is less clear, dopamine receptor an-
tagonists are commonly used antiemetics and likely to have 
anti-dyspeptic effects.16 In general, serotonin plays a major 
role in acute CINV but a lesser role in delayed CINV.17 With 
the advent of serotonin antagonists, prophylaxis for CINV 
represents a major step toward better patient tolerance and 
adherence to chemotherapy. However, approximately 60% of 
patients receiving moderately emetogenic chemotherapy ex-
perienced nausea during the acute and delayed phases (0–120 
hours), even though a serotonin antagonist was used to pre-
vent CINV.3 Despite the premedication, clinically significant 
nausea (VAS scale ≥25 mm) and vomiting were observed in 
33% and 35%, respectively.3

Many studies have been conducted to identify clinical 
predictive factors for CINV18,19 and several high-risk factors, 
including young age, female sex, poor performance status, 
prior chemotherapy exposure, and no prior use of alcohol, 
have been reported. This study evaluated these clinical fac-
tors in patients receiving moderate emetic risk chemother-
apy in a prospective manner. However, young age (less than 
62 years), no prior use of alcohol, morning sickness, and car 
sickness were not associated with CINV. Although female 
sex, decreased renal function and the FOLFOX chemother-
apy regimen tended to be high-risk factors for chemothera-
py-induced nausea in the current study, they failed to reach 

F I G U R E  2  Levels of biochemical markers according to the presence of CINV. A and B, Leptin level according to the presence of nausea or 
vomiting during the 4 days after chemotherapy. C and D, Ghrelin level according to the presence of nausea or vomiting during the 4 days after 
chemotherapy. E and F, Substance P level according to the presence of nausea or vomiting during the 4 days after chemotherapy. Patients with 
nausea had higher levels of substance P on day 1 (baseline) and day 3 after chemotherapy. G and H, Changes in leptin, ghrelin, and substance P 
levels after chemotherapy according to the presence of nausea or vomiting on day 1 or day 2. Patients with vomiting had significantly increased 
leptin levels. The Mann–Whitney U-test was used to compare continuous values
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statistical significance. The chemotherapy regimen and type 
of cancer, especially gastric cancer, were significant high-
risk factors for chemotherapy-induced vomiting.

Patients with high levels of leptin or low levels of ghrelin 
tended to have increased risk of CINV. Leptin and ghrelin 
have opposite effects on energy homeostasis. Leptin induces 
suppression of food intake, while ghrelin stimulates appetite. 
Consistent with this principle, changes in leptin and ghrelin lev-
els after chemotherapy moved in opposite directions. However, 
leptin does not regulate ghrelin levels, and they function inde-
pendently of each other in the control of energy homeostasis.20 
In our study, patients with vomiting during the 2  days after 
chemotherapy had significant increases in leptin levels at day 3 
compared to day 1 than patients without vomiting. Vomiting is 
one of the causes of poor appetite. This might be related to in-
creased leptin, which is known as an anti-appetite hormone, and 
our data were consistent with this explanation. However, this 
hypothesis should be further evaluated in more studies dealing 
with chemotherapy. High substance P levels before chemo-
therapy significantly affected CINV development in the study. 
Previous studies have focused on increased substance P levels 
after cytotoxic chemotherapy.21 Similar to serotonin, substance 
P release is known to be mediated by chemotherapy. It appears 
to bind largely to NK1 receptors that are centrally located.22 
Takahashi et al21 reported that substance P levels were signifi-
cantly increased on days 2–4 after chemotherapy in patients 
with delayed nausea or vomiting in subgroup analysis, support-
ing the possibility that increased substance P might be involved 
in the pathogenesis of CINV.

However, our study showed that substance P levels at 
day 3 after chemotherapy were not increased compared to 
baseline. This finding was consistently observed regardless 
of CINV development. In contrast, high substance P levels 
before chemotherapy were observed in patients with CINV. 
Substance P levels in patients with nausea were also higher 
on day 3 and day 14 than those in patients without nau-
sea. These findings suggest that the underlying substance P 
level is more important to the development of CINV than 
its incremental change after chemotherapy. Higa et al23 have 
also reported that baseline substance P levels were three-
fold higher in patients with emesis than in those without 
emesis. This finding was consistently observed in expanded 
patients of their study group.24 Darmani et al25 reported 
that overexpression of the NK1 receptor is induced after 
chemotherapy. This mechanism could explain how higher 
baseline substance P levels affect CINV development. In 
our study, a possible explanation for the lack of an increase 
in substance P levels after chemotherapy is that moderately 
emetic chemotherapy was used. In the study conducted by 
Higa et al., increased substance P was observed in patients 
treated with high-dose cisplatin (≥75 mg/m2) but not in pa-
tients treated with low-dose cisplatin.

In conclusion, this is the first prospective cohort study 
showing that baseline substance P level is a significant pre-
dictive marker for nausea in patients treated with moderate 
emetic chemotherapy. For patients with elevated substance P 
levels, NK1 receptor antagonists could be used, even though 
these patients receive moderate emetic risk chemotherapy. 
The findings of this study need to be validated with further 
studies. Furthermore, based on future validation studies, in-
tervention studies according to substance P levels might be 
performed in the future.
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