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Background: Ghrelin, a 28-amino acid peptide predominantly produced by the stomach, exerts powerful renal protective effects
by increasing levels of insulin-like growth factor-1 (IGF-1). The aim of this study was to evaluate the effects of ghrelin on the
incidence of renal dysfunction in patients receiving cisplatin-based chemotherapy.

Methods: Forty patients with oesophageal cancer receiving cisplatin-based chemotherapy were assigned to either the ghrelin
group (n¼ 20), which received ghrelin (0.5 mg kg� 1 h� 1) for 5 days, or a placebo group (n¼ 20). The primary endpoint was serum
creatinine. Secondary endpoints were serum cystatin C, chemotherapy-related adverse events, changes in serum ghrelin-related
hormone levels, correlation between markers of renal injury and hormone concentrations, and effects on the second cycle of
chemotherapy.

Results: Blood acyl ghrelin, total ghrelin, and IGF-1 concentrations on day 4 were significantly higher in the ghrelin group. The
renal dysfunction, serum creatinine and cystatin C levels, dose reduction, and delay in the initiation of the second cycle of
chemotherapy were lower in the ghrelin group than in the control group. Serum creatinine levels were significantly correlated with
serum IGF-1 levels.

Conclusion: Continuous synthetic ghrelin administration during cisplatin-based chemotherapy attenuated renal dysfunction and
harmful effects on subsequent chemotherapy, possibly by increasing IGF-1 levels.

Cisplatin is a major antineoplastic drug used for various solid
tumours, including oesophageal cancer (Engstrom et al, 1983).
Cisplatin is generally used in combination with other anticancer
agents (Iizuka et al, 1992; Ilson et al, 1999; Hara et al, 2013).
Cisplatin-based combination chemotherapy has high response
rates in the adjuvant setting and with chemoradiation therapy,
which has improved long-term outcomes in patients with
oesophageal cancer (Minsky et al, 2002; Ando et al, 2012).
However, cisplatin is primarily excreted by the kidneys and
it has been associated with an increased risk of nephrotoxicity.

Cisplatin-associated nephrotoxicity often leads to dose reduction
or discontinuation of chemotherapy. Both outcomes can affect not
only patient quality of life (QOL) but also prognosis. To prevent
cisplatin-associated nephrotoxicity, patients receive hydration and
a diuretic such as mannitol and furosemide (Hayes et al, 1977;
Ostrow et al, 1981). However, not all cases of nephrotoxicity have
been prevented. (Hara et al, 2013). A novel method to prevent
cisplatin-associated nephrotoxicity is expected to be developed.

Discovered in 1999, ghrelin is a peptide hormone that is an
endogenous ligand for the growth hormone (GH) secretagogue
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receptor (Kojima et al, 1999). Ghrelin has several physiological
functions, including secretion of GH (Kojima et al, 1999; Nagaya
et al, 2001) and insulin-like growth factor-1 (IGF-1; Akamizu and
Kangawa, 2006; Veldhuis et al, 2008), promotion of the appetite
signal, and stimulation of gastrointestinal activity in humans
(Takata et al, 2015a). In addition, both in vivo and in vitro studies
have shown that ghrelin, via promoting IGF-1 release, exerts a
powerful protective effect against damage of the heart, gastro-
intestinal tract, liver, nervous system, and kidney (Gobe et al, 1999;
Takeda et al, 2006; Vasileiou et al, 2013).

Our previous study showed that serum ghrelin concentrations
decrease to B60% during cisplatin-based chemotherapy as
compared with pre-chemotherapy levels (Yamamoto et al, 2013;
Yanagimoto et al, 2016). In addition, plasma acyl ghrelin is a
predictor of renal dysfunction associated with cisplatin-based
chemotherapy, and decreased levels of plasma ghrelin are
correlated with renal dysfunction during chemotherapy
(Yanagimoto et al, 2016). These results suggest that ghrelin may
act as a protective factor for the kidney via promoting the release of
IGF-1 during cisplatin-based chemotherapy. In this study, we
conducted a clinical randomised trial to evaluate the effectiveness
of ghrelin administration for reducing nephrotoxicity in patients
receiving cisplatin-based chemotherapy.

MATERIALS AND METHODS

Study patients. This prospective, randomised, placebo-controlled
phase II study enrolled 40 patients with squamous oesophageal
cancer receiving a combination of docetaxel, cisplatin, and
5-fluorouracil chemotherapy (DCF). The Human Ethics Review
Committee of Osaka University School of Medicine approved the
study protocol, and written informed consent was obtained from
each patient before study entry in accordance with the Declaration
of Helsinki Principles. This study was registered on the University
Hospital Medical Information Network (UMIN 000018162).
Patient enrolment began in June 2014 and ended in June 2015.

The eligibility criteria for the study were as follows: (1) primary
squamous oesophageal cancer with planned DCF chemotherapy;
(2) creatinine clearance 460 ml min� 1; (3) no renal disease; (4) no
previous treatment; (5) age between 20 and 80 years; (6) adequate
function of major organs; (7) Eastern Cooperative Oncology Group
performance status score of 0 or 1; and (8) provision of written
informed consent. The exclusion criteria were as follows: (1) severe
comorbid conditions; (2) another active malignancy; (3) study
participation judged as inappropriate by the physician in charge;
(4) combination radiation therapy; and (5) lactation or pregnancy.

A section of the Department of Gastroenterological Surgery,
Osaka University Medical School, served as the coordinating centre
and was responsible for creating the treatment allocation code
using a computer-generated randomisation table. Patients were
randomised to receive intravenous infusion of either synthetic
human ghrelin or placebo in a 1 : 1 ratio. Treatment allocation was
arranged before the start of chemotherapy. The study was
performed in a double-blind manner. Patients and the primary
treating physician were blinded and an independent researcher
assessed outcomes.

Synthetic human ghrelin and placebo control. Synthetic human
ghrelin (active form) was obtained from the Peptide Institute
(Osaka, Japan). Ghrelin was dissolved in distilled water with 3.75%
D-mannitol and sterilised by passage through a 0.22 mm filter.
Ghrelin was stored as a 2 ml preparation (each containing 210 mg
active ghrelin and 75 mg D-mannitol) in sterile vials at –80 1C until
administration. The Laboratory for Clinical Investigation, Osaka
University Hospital, confirmed that there were no traces of
endotoxin or pyrogens in the ghrelin solution. Placebo control

included the same dose of D-mannitol as the prepared ghrelin
solution in order to equalise dose of D-mannitol between the
groups.

Chemotherapy regimen. The DCF regimen was comprised of
docetaxel (70 mg m� 2) and cisplatin (70 mg m� 2) on day 1 and
continuous infusion of 5-fluorouracil (700 mg m� 2) for 5 days in a
21-day cycle (Yamasaki et al, 2011). All patients were premedicated
intravenously with the neurokinin-1 receptor-selective antagonist
fosaprepitant meglumine (150 mg), the serotonin (5-hydroxytryp-
tamine) receptor antagonist palonosetron hydrochloride (0.75 mg),
and dexamethasone sodium phosphate (6.6 mg), all infused 1 h
prior to the administration of docetaxel on day 1. On the mornings
of days 2 and 3, patients received intravenous dexamethasone
sodium phosphate (6.6 mg). Patients were hydrated with the
following volumes of solution: 1000 ml on day 0, 3500 ml on day 1,
3000 ml on days 2 and 3, 2000 ml on days 4 and 5, and 1000 ml on
day 6.

Adverse events and criteria for the second cycle of chemotherapy.
Adverse events were graded based on the most severe toxicity
during the first cycle (days 1–21) according to the Common
Terminology Criteria for Adverse Events (CTCAE) version 4.0
(Health and Services, 2009). When Grade 1 or higher creatinine
increase occurred or was expected to occur, patients received
hydration with or without a diuretic.

The second cycle of chemotherapy was initiated after adverse
events from the first cycle were resolved. Dose modifications in the
second cycle were based on treatment-related adverse events
observed during the first cycle. In the second cycle of chemotherapy,
the dose of docetaxel, cisplatin, and 5-fluorouracil were reduced by
20% for a Grade 4 haematologic adverse event lasting 45 days,
Grade 3 febrile neutropenia lasting 45 days, or a Grade 3
nonhematologic adverse event. The dose of cisplatin was reduced
by 20% for Grade 2 creatinine increase.

Clinical response to the first cycle of chemotherapy was assessed
with the Response Evaluation Criteria in Solid Tumors (RECIST;
Therasse et al, 2000) between 2 and 3 weeks after the initiation of
chemotherapy using computed tomography (CT) and endoscopy.
When a tumour was responsive to chemotherapy, that is, stable
disease (SD), partial response (PR), or complete response
according to RECIST, DCF was continued during the second
cycle. Conversely, if there was progressive disease (PD), develop-
ment of a serious adverse event, or based on the judgment of the
attending physicians, patients received another chemotherapy
regimen that did not include DCF in the second cycle of
chemotherapy, surgical treatment, or best supportive care. In
addition, when patients with clinical T4 stage disease did not
demonstrate a good response to the first cycle of DCF (residual T4
disease is still expected after additional DCF), patients received a
combination of chemotherapy and radiation in the second cycle.

Study protocol and endpoints. The study protocol is summarised
in Supplementary Figure 1. Patients who were assigned to
the ghrelin group received continuous ghrelin administration
(0.5 mg kg� 1 h� 1) between day 0 and day 4 of chemotherapy,
which was started concurrently with pre-chemotherapy hydration.
Ghrelin was diluted to a final volume of 48 ml with saline, and the
solution was administered at a rate of 2 ml h� 1 using an infusion
pump through a central venous catheter inserted into the right
subclavian vein. Patients in the placebo group received continuous
D-mannitol infusion (178.5 mg kg� 1 h� 1), which was diluted to a
final volume of 48 ml with saline and administered using the same
procedure as in the ghrelin group.

The primary endpoint of this study was change in serum
creatinine during the first cycle of chemotherapy. The secondary
endpoints were serum cystatin C, a promising new marker of renal
failure independent of muscle mass, age, or sex (Pucci et al, 2007;
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Tanaka et al, 2007); chemotherapy-related adverse events; changes
in ghrelin-related hormone levels; correlation between serum
creatinine, cystatin C, GH, and IGF-1 concentrations; ratio of the
DCF dose during the second cycle to the dose in the first cycle; and
delay in the initiation of the second cycle of DCF chemotherapy.
Blood samples were collected before breakfast after an overnight
fast before chemotherapy and on days 2, 4, 8, 11, and 15 of the first
cycle of chemotherapy.

Analysis of plasma ghrelin and serum cystatin C, GH, and IGF-1
levels. Blood samples were transferred immediately into chilled
tubes containing disodium ethylene diamine tetra-acetic acid and
aprotinin, centrifuged at 4 1C, separated for serum sampling, and
stored at � 80 1C. Plasma samples were mixed with a 10% volume
of 1 M hydrochloric acid before storage at � 80 1C. Plasma acyl
ghrelin and desacyl ghrelin concentrations were measured with a
sandwich-type enzyme immunoassay kit (Mitsubishi Kagaku
Iatron, Inc., Tokyo, Japan). Total plasma ghrelin concentration
was calculated as acyl ghrelin plus desacyl ghrelin concentration.
Serum GH, IGF-1, and cystatin C were measured with electro-
chemiluminescence immunoassays using the Elecsys human GH
kit (Roche Diagnostics, Basel, Switzerland), an immunoradiometric
assay (FUJIREBIO, Inc., Tokyo, Japan), and latex agglutination
turbidimetry (LSI Medience Corporation, Tokyo, Japan),
respectively.

Sample size and statistical analysis. On the basis of our previous
study, we estimated that the mean serum creatinine in the placebo
group would be 1.1±0.3 mg dl� 1 (Yanagimoto et al, 2016). The
sample size calculation was based on a 20% improvement by
ghrelin administration, power of 80% and alpha of 10%. At least 18
patients were required per study group. Assuming that B10% of
the patients in each group would not complete the study, the initial
proposal aimed to recruit 20 patients to each group.

Continuous variables are expressed as means±s.d. unless
otherwise stated. Statistical differences between groups were
calculated using Student’s t-test, Mann–Whitney U-test, and w2-
test as appropriate. The relationship between parameters was
investigated using Pearson’s correlation analysis. Statistical sig-
nificance was set at Po0.05. JMP (version 10.0) software (SAS
Institute, Cary, NC, USA) was used to perform all analyses.

RESULTS

Patient characteristics. In total, 40 enrolled patients were
randomised into the ghrelin group (n¼ 20) or the placebo group
(n¼ 20). All patients received full-dose DCF chemotherapy and
the planned dose of ghrelin or placebo during the first cycle. No
adverse events associated with ghrelin administration were
observed during the study period, and all patients were able to
undergo evaluation. There were no significant differences in
background characteristics, including age, gender, body mass
index, tumour location, and clinical cancer stage (Table 1).

Changes in hormone status. Table 2 shows the effects of ghrelin
administration on plasma ghrelin, serum GH, and serum IGF-1
levels, which were measured before chemotherapy and on
day 4. There were no significant differences in pre-chemotherapy
levels of hormones between the ghrelin and control groups.
Day 4 plasma acyl ghrelin levels were significantly higher in the
ghrelin group compared with the placebo group (348.9±136.3 vs
13.8±12.6 fmol ml� 1; Po0.001). On day 4, the ghrelin group had
higher levels of total ghrelin, serum GH, and serum IGF-1 than the
placebo group (total ghrelin, 1046.4±180.3 vs 108.0±85.7 fmol ml� 1;
Po0.001; GH, 4.1±3.1 vs 1.5±1.3 ng ml� 1; Po0.001; IGF-1,
183.0±58.2 vs 112.8±37.1 ng ml� 1; Po0.001).

Adverse events. Table 3 demonstrates the haematological and
nonhematological adverse events associated with chemotherapy. In
the ghrelin and placebo groups, there were 18 and 9 participants
with Grade 0 renal dysfunction, 2 and 9 with Grade 1, and 0 and 2
with Grade 2, respectively. Renal dysfunction was more common
in the control group than in the ghrelin group (P¼ 0.002). Other
adverse events, which included myelosuppression, nausea, mucosal
damage, electrolyte abnormalities, and fatigue, occurred in similar
proportions in the two groups.

Effect on renal function. To assess the effect of ghrelin administra-
tion on renal function, serum creatinine and cystatin C levels were
compared between the two groups. Serum creatinine levels on days 8,
11, and 15 were significantly lower in the ghrelin group than in the
placebo group (day 8, 0.83±0.17 vs 1.04±0.24 mg dl� 1; P¼ 0.004;
day 11, 0.88±0.19 vs 1.22±0.40 mg dl� 1; Po0.001; day 15,
0.84±0.13 vs 1.12±0.38 mg dl� 1, P¼ 0.005). Serum cystatin C
levels on day 15 were also significantly lower in the ghrelin group
than in the placebo group (1.01±0.22 vs 0.82±0.12 mg l� 1,
P¼ 0.005; Figure 1).

Correlation between renal function and blood hormone
concentrations. Figure 2 shows the relationship between renal
function (peak creatinine and cystatin C levels during chemotherapy)

Table 1. Characteristics of the study patients

Ghrelin group
(n¼20)

Placebo
group (n¼20) P-value

Age, years 67.5±6.2 66.6±7.4 0.828

Gender, n
Male 18 19 0.548
Female 2 1

BMI, kg m� 2 20.2±2.5 21.7±3.6 0.204

Tumour location, n
Cervical 2 2 0.468
Upper thoracic 7 3
Middle thoracic 7 11
Lower thoracic 4 4
Abdominal 0 0

Clinical UICC stage, n
I 3 4 0.773
II 3 5
III 11 8
IV 3 3

Abbreviations: BMI¼body mass index; UICC¼ International Union Against Cancer. Data
are expressed as means±s.d.

Table 2. Results of ghrelin-related hormone levels before
ghrelin administration and on day 4 of chemotherapy

Ghrelin group
(n¼20)

Placebo
group (n¼20) P-value

Acyl ghrelin, fmol ml�1

Before chemotherapy 28.8±31.2 25.0±36.2 0.491
Day 4 348.9±136.3 13.8±12.6 o0.001

Total ghrelin, fmol ml�1

Before chemotherapy 222.0±278.1 161.0±140.7 0.457
Day 4 1046.4±180.3 108.0±85.7 o0.001

Growth hormone, ng ml�1

Before chemotherapy 1.3±0.8 1.1±1.1 0.168
Day 4 4.1±3.1 1.5±1.3 o0.001

Insulin-like growth factor-1, ng ml�1

Before chemotherapy 119.1±39.5 105.2±41.0 0.323
Day 4 183.0±58.2 112.8±37.1 o0.001
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and blood hormone levels (serum GH and IGF-1 levels on day 4).
Serum creatinine levels were significantly correlated with serum
IGF-1 levels (R¼ 0.366, P¼ 0.022). However, there was no
statistically significant correlation observed between serum crea-
tinine and serum GH levels (R¼ 0.161, P¼ 0.321), serum cystatin
C and serum GH levels (R¼ 0.179, P¼ 0.724), and serum cystatin
C and IGF-1 levels (R¼ 0.163, P¼ 0.316).

Effect on the second cycle of chemotherapy. In the ghrelin group,
the second cycle of treatment was changed to chemoradiation in
two patients. Although patients had SD during the first cycle of
chemotherapy, tumour invasion into neighbouring structures

(clinical T4 disease) had not resolved. One patient with SD
received best supportive care. DCF was switched to another
regimen in one patient who had PD. In the control group, curative
surgery after the first cycle of chemotherapy was performed in four
patients. Two of these patients had PD and the other two patients
did not receive a second cycle of DCF due to chemotherapy-related
adverse events, despite a PR. The remaining 16 patients in each
group received a second cycle of DCF. To assess the effect of
ghrelin administration on the second cycle of chemotherapy, the
dose ratio and delay in the initiation of the second cycle of DCF of
the two groups were compared (Supplementary Figure 2).

Patients in the ghrelin group received a significantly higher dose
during the second cycle of DCF compared with the control group
(docetaxel, 93.9±9.6 vs 86.5±10.1%; P¼ 0.016; cisplatin,
92.7±10.1 vs 83.0±13.6%; P¼ 0.012; 5-fluorouracil, 93.9±9.6 vs
85.5±9.3%; P¼ 0.022). Initiation of the second cycle of DCF was
delayed in one patient in the ghrelin group and six patients in the
placebo group. One patient in the ghrelin group and five patients
in the placebo group had prolonged renal dysfunction, and one
patient in the placebo group had both prolonged renal dysfunction
and a duodenal ulcer. Almost all adverse events other than renal
dysfunction were resolved by the initiation of the second cycle of
chemotherapy. The ghrelin group had a shorter delay in the
initiation of the second cycle of DCF than the control group
(0.3±1.0 vs 3.4±3.8 days; P¼ 0.040; Table 4).

DISCUSSION

In this prospective randomised trial, we demonstrated that
continuous synthetic ghrelin administration during cisplatin-based
chemotherapy successfully attenuates renal dysfunction and
harmful effects on the second cycle of chemotherapy. To the best
of our knowledge, this is the first study to establish the renal
protective effect of synthetic ghrelin administration in patients
receiving cisplatin-based chemotherapy.

Cisplatin is a major antineoplastic drug used for the treatment
of various solid tumours. It exerts its antineoplastic effect by
cisplatin-DNA crosslinking (Yao et al, 2007). Approximately
28–6% of patients treated with more than 50 mg m� 2 of cisplatin
experience renal dysfunction and up to 20% may experience severe
renal dysfunction (Gonzales-Vitale et al, 1977; Yao et al, 2007;
Dahal et al, 2014). Cisplatin-associated renal dysfunction is usually
transient and reversible; however, B40% of patients with renal
dysfunction go on to develop irreversible renal failure despite
adequate therapy (Kidera et al, 2014) and progressively increasing
creatinine, leading to temporal dialysis (Gaspari et al, 2010;
Kobayashi et al, 2014). Although this renal dysfunction may not be
life threatening, it can limit the ability to deliver subsequent
chemotherapy, which eventually compromises outcome (Jacobs
et al, 1991).

Recently, the mechanism of cisplatin-induced nephrotoxicity
has been clarified. Cisplatin is rapidly distributed into tissue at high
concentrations. It is primarily excreted by the kidneys. Cisplatin is
freely filtered by the glomerulus and taken up into renal tubular
cells, mostly by a transport-mediated process. Cisplatin is at least
partially metabolised into toxic species and has multiple intra-
cellular effects, including direct cytotoxicity, stimulation of
proinflammatory factors such as tumour necrosis factor-a
(TNF-a), activation of mitogen-activated protein kinase, activation
of the expression of vasoactive mediators, and production of
reactive oxygen species (ROS). These mechanisms induce fibrosis
around the tubules, DNA damage, mitochondrial dysfunction,
tubular apoptosis, reduced renal perfusion, and decreased
glomerular filtration rate. Consequently, renal dysfunction is due
to tubular damage (Zwelling and Kohn, 1979; Huang et al, 2001;

Table 3. Summary of adverse eventsa

Ghrelin
(n¼20)

Placebo
(n¼20) P-value

Haematologic
Neutropenia
Grade 0 0 0 0.311
Grade 1–2 1 0
Grade 3–4 19 20

Neutropenic fever
Grade 0 16 13 0.288
Grade 1–2 0 0
Grade 3–4 4 7

Lymphocytopenia
Grade 0 0 0 0.342
Grade 1–2 9 12
Grade 3–4 11 8

Anaemia
Grade 0 0 0 0.311
Grade 1–2 20 19
Grade 3–4 0 1

Thrombocytopenia
Grade 0 8 7 0.587
Grade 1–2 12 12
Grade 3–4 0 1

Non-haematologic
Anorexia
Grade 0 0 2 0.221
Grade 1–2 12 8
Grade 3–4 8 10

Nausea
Grade 0 1 3 0.313
Grade 1–2 9 5
Grade 3–4 10 12

Vomiting
Grade 0 18 15 0.212
Grade 1–2 2 5
Grade 3–4 0 0

Mucositis
Grade 0 6 11 0.264
Grade 1–2 13 8
Grade 3–4 1 1

Diarrhoea
Grade 0 0 3 0.184
Grade 1–2 13 10
Grade 3–4 7 7

Renal toxicity
Grade 0 18 9 0.002
Grade 1–2 2 11
Grade 3–4 0 0

Hyponatremia
Grade 0 4 4 1.000
Grade 1–2 10 10
Grade 3–4 6 6

Fatigue
Grade 0 1 2 0.413
Grade 1–2 15 11
Grade 3–4 4 7

aClassified using the Common Terminology Criteria, version 4.0.
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Yao et al, 2007; Zhang et al, 2007; Gaspari et al, 2010). Vigorous
intravenous hydration with saline combined with furosemide or
mannitol reduces tubular toxicity by reducing cisplatin concentra-
tions in renal tissue; however, these approaches are not always
successful (Stark and Howel, 1978; Santoso et al, 2003). Although
some renal protective agents such as magnesium and prostaglandin
E1 have also been used in clinical practice, there is no conclusive
evidence for the efficacy of these agents (Kidera et al, 2014;
Yamamoto et al, 2015).

Ghrelin, a 28-amino acid peptide predominantly produced by
the stomach, stimulates the release of GH (Kojima et al, 1999;
Nagaya et al, 2001) and IGF-1 (Akamizu and Kangawa, 2006;
Veldhuis et al, 2008). Ghrelin also promotes appetite and

gastrointestinal activity (Takata et al, 2015a). In humans, ghrelin
receptor expression has been identified in the kidney, where it is
predominantly located in the tubules rather than the glomerulus
(Kemp et al, 2011). Some in vivo and in vitro studies support a
powerful renal protective effect of ghrelin (Wang et al, 2009; Kemp
et al, 2011). A previous report showed that ghrelin increases serum
GH and IGF-1 concentrations and that IGF-1 has renal protective
effects. IGF-1 binds to the IGF-1 receptor and phosphorylates
insulin receptor substrate-2 (IRS-2). The IGF-1/IRS-2 pathway
releases nitric oxide (NO) via the activation of phosphatidyl
inositol-3 kinase and its downstream effector Akt. Activated PI3k/
Akt increases the release of NO, which has various effects,
including anti-apoptotic, anti-ROS, and anti-inflammatory activity
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via the inhibition of TNF-a, resulting in increased glomerular
filtration and renal perfusion via vasodilation (Datta et al, 1997;
Franke et al, 1997; Hemmings, 1997; Kulik et al, 1997; Chevalier
et al, 2000; Luo et al, 2000; Wang et al, 2009; Cao et al, 2013). IGF-
1 also exerts its anti-fibrogenic effects through promotion of
tubular remodelling. IGF-1 attenuates apoptosis-related interstitial
fibrosis via other mechanisms (Gobe et al, 1999; Chevalier et al,
2000). These results suggest the molecular mechanisms underlying
the renal protective effect of ghrelin against cisplatin-induced
nephrotoxicity. In fact, our previous study showed that blood
ghrelin concentrations are decreased to B60% of pre-chemother-
apy levels early in the course of cisplatin-based chemotherapy, and
that lower plasma acyl ghrelin levels are associated with renal
dysfunction during cisplatin-based chemotherapy (Yamamoto
et al, 2013; Yanagimoto et al, 2016). Thus, we conducted this
prospective interventional trial of ghrelin to test the hypothesis
that it decreases the renal dysfunction induced by cisplatin
nephrotoxicity.

In the ghrelin group, serum GH and IGF-1 concentrations on
day 4 of chemotherapy increased approximately three- and
twofold, respectively, compared with pre-chemotherapy levels.
The ghrelin group had significantly lower serum creatinine and
cystatin C levels during chemotherapy than the control group. In
addition, serum creatinine levels were significantly correlated with
serum IGF-1 levels. These results suggest that IGF-1, which is
regulated by ghrelin, may attenuate nephrotoxicity associated with
cisplatin. Moreover, preventing renal dysfunction by ghrelin
administration reduces the length of delay in initiation and
amount of dose reduction in the second cycle of chemotherapy.
Currently, hydration and diuretics during cisplatin-based che-
motherapy are used to prevent renal dysfunction, but they are not
always successful in preventing renal dysfunction. Ghrelin may be
a novel strong supportive therapy for cisplatin-based chemother-
apy that can improve patient QOL and prognosis by reducing
nephrotoxicity and harmful effects associated with cisplatin during
subsequent chemotherapy.

In the present study, dose reductions in docetaxel and
5-fuluorouracil during the second cycle were also smaller in the
ghrelin group than in the placebo group, although these reductions
were based on adverse events other than renal dysfunction. This
difference could be due to a lower incidence of febrile neutropenia,
anorexia, nausea, and fatigue in the ghrelin group, although there
were no statistically significant differences between the two groups.
There were 5 patients who met the criteria for docetaxel, cisplatin,
and 5-fluorouracil dose reduction in the second cycle in the ghrelin
group and 10 in the placebo group (There were no patients who
met the criteria for cisplatin dose reduction due to renal toxicity in
the ghrelin group, compared with 2 patients in the placebo group).
Hiura demonstrated that ghrelin administration during chemotherapy
prevents anorexia, nausea, and decreasing health status using
the European Organization for Research and Treatment of
Cancer Core-30 Quality of Life Questionnaire (Hiura et al, 2012).
Himpe et al (2008) reported that IGF-1 inhibits neutrophil

apoptosis via the PI3k pathway, and that the effect of IGF-1 is
comparable in magnitude to the effect of colony-stimulating factor.
Their findings support our results, suggesting that ghrelin might
reduce the frequency of adverse events other than renal
dysfunction.

Direct IGF-1 administration might prevent renal dysfunction
associated with cisplatin. Hammerman reported that direct IGF-1
administration exerts a renal protective effect on patients with low
to moderate renal dysfunction or end-stage chronic renal failure by
increasing renal plasma flow and glomerular filtration rate
(Hammerman and Miller, 1994). However, there are no available
data on the safety and efficacy of IGF-1 treatment for patients with
malignancy, although some clinical data on ghrelin are available.
Therefore, it is unclear whether IGF-1 administration can
safely exert a renal protective effect on patients undergoing
chemotherapy.

This study had some limitations. First, the number of patients
was small, and the study was conducted at a single centre. Second,
the optimal dose, initiation timing, and duration of ghrelin therapy
are not clear. In this study, the dose and duration of ghrelin
therapy were based on our previous study. Ghrelin administration
was started concurrently with pre-chemotherapy hydration
(Takata et al, 2015a,b). Thus, additional studies might be needed
to evaluate more suitable regimens of ghrelin therapy. Finally,
ghrelin is not yet commercially available, and its clinical utility
would have to be validated by more supporting evidence. A larger
cohort study at multiple centres is needed to identify the optimal
way to administer ghrelin to prevent cisplatin-associated
nephrotoxicity.

CONCLUSIONS

This study demonstrated that continuous administration of
synthetic ghrelin during cisplatin-based chemotherapy attenuates
renal dysfunction and harmful effects on subsequent cycles of
chemotherapy. Ghrelin may be a novel strong supportive agent for
cisplatin-based chemotherapy that can improve patient QOL and
prognosis.
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