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Abstract: Aim: This study involved 30 patients (16 had gastric, 9 pancreatic and 5 gall bladder cancer) who had received concomitant chemoradiotherapy (CRT). Blood ghrelin and IL-6 values were compared before, in the last week
of, and 3 months after CRT. Meanwhile, changes in body weight of patients were also investigated with changes in
ghrelin and IL-6 levels before, in the last week of, and after radiotherapy (RT). Methods: Informed consent of the
patients and the ethical committee approval from Cukurova University Medical Faculty were taken. Blood ghrelin
and IL-6 levels were measured by using the ELISA method. Survival analysis was performed by the Kaplan Maier
method, and data were evaluated by using the SPSS 19.0 package. Categorical measurements were calculated as
numbers and percentages, whereas numerical data were summarized as mean and standard deviation. Results:
The correlation between ghrelin and IL-6 values at the baseline of RT and overall survival rates at the end of the
30-month follow up was analyzed. Accordingly, ghrelin values were also changed in line with changes in patients’
weights (P < 0.001). Patients with ghrelin values above 35 pg/ml before RT had longer survival rates at the end of
the 30-month follow up (P = 0.001). Overall survival rates in patients with IL-6 value at or below 3.9 pg/ml before RT
were longer than patients with IL-6 value above 3.9 pg/ml (P = 0.021). Conclusion: Therefore, the initiation of ghrelin
analogue prophylactically in patients receiving chemoradiotherapy with gastrointestinal system malignancies can
both prevent weight loss by increasing appetite and decrease severity of inflammation, thereby increasing survival.
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Introduction
Ghrelin is a hormone, which was identified in
1999 by a Japanese researcher Masayasuv
Kojima, and it is endogenous ligand bound to
the growth hormone secreting hormone receptor (GHS-R1a) [1]. Ghrelin is a polypeptide composed of 28 amino acids. Approximately 30% of
circulating ghrelin originates from the gastrointestinal system [2]. Ghrelin has been shown to
affect various systems in the organism. It has
effects on eating, sleeping, cell proliferation,
the cardiovascular system, carbohydrates and
energy metabolism, as well as pancreatic exocrine and endocrine functions [1]. Eating and
appetite mechanisms are controlled in the

brain by arcuate nucleus in the hypothalamus.
The effect of ghrelin on eating is independent of
GH. In mammalians, ghrelin exerts its effects by
both increasing appetite and GH secretion by
binding to the GHS-R molecule through G protein and also acting directly on the hypophysis.
Ghrelin is expressed from cardiac and aortic
endothelial cells. It was shown that blood pressure was decreased; cardiac flow and index
were increased in studies performed by administering intravenous ghrelin [3]. It has been suggested that ghrelin increases sleep. This effect
is not definite.
The effect of the ghrelin hormone secreted primarily from the gastrointestinal system was
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Table 1. General characteristics and treatment modalities of patients
Total number of patients
Gender
Female
Male
Stage
Stage 1-b
Stage 2-a
Stage 3
Histopathology
Adenocarcinoma
Squamous cell carcinoma
CT regimen
5-FU
FUFA (5-FU, Folinic Acid)
Mac Donald
DCF (Docetaxel, 5-FU, Cisplatin)
Cisplatin
Mean RT dose
Duration of follow-up

30
50%
50%
16.7%
30%
53.3%
86.7%
13.3%
20%
33.3%
16.7%
3.3%
26.5%
46.5 Gy
3 months

RT: Radiotherapy, CT: Chemotherapy, 5-FU: 5-Fluorouracil.

shown in appetite regulation. Intravenous ghrelin increased gastric peristalsis along with an
increased secretion of gastric acid. This activation occurred via a parasympathetic effect that
has been prevented by intravenous administration of atropine [4]. It has been shown that it
exerts an antioxidative effect via inflammatory
cytokine inhibition by acetylcholine secreted
from the stomach. It exerts this effect in many
organs like the stomach, heart, and pancreas.
IL-6 is a pro-inflammatory cytokine and it plays
an important role in immunity. It causes development and differentiation of B cells. Similarly,
growth cells play a role in malign plasma cells
(plasmocytoma or myeloma), and self-growing
plasmocytoma cells secrete IL-6 as the autocrine growth factor [5, 6]. It is differentiated
into T cells and macrophages by secreting
immunoglobulin. Although cytokines resemble
hormones, they are not exactly hormones and
they do not act as hormones [7].
Currently, gastric cancer is still one of the cancers with the highest mortality rate. Although
this ratio is decreased by screening and preventative measures, it is still an important
issue. Adjuvant 5-fluorourasil (5-FU) based con-
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comitant chemoradiotherapy is still the contemporary treatment in patients with local or
locally advanced gastric cancer [8].
Cisplatin-based regimens can only increase the
survival for 10.6 months if they are given as
adjuvant therapy in pancreatic cancer, one of
the most fatal cancers with late-onset clinical
symptoms along with being difficult to diagnosis and treat [9]. Median survival is only around
10 months in patients with unresectable pancreatic cancer, who have received curative
5-FU based chemoradiotherapy [10].
Gallbladder cancer is quite curable if it is diagnosed early. Five-year survival rates are 77%
and 60% in stages I and II of the disease,
respectively. However, the majority of patients
are diagnosed coincidentally after cholecystectomy, thus many of them are encountered at
locally advanced stages. Survival rates in stages III and IV are 29% and 3% respectively, after
adjuvant 5-FU based chemoradiotherapy is
performed following the curative resection in
locally advanced gallbladder cancer cases.
Loss of appetite, fatigue, nausea, and weight
loss are encountered in respect to the intensity
of therapy in all patients, who have concomitant chemotherapy and radiotherapy. Even in
some locally advanced diseases, complications
of grade 3-4 toxicity can develop [11].
Materials and methods
Patient and treatment protocols
Informed consent from the patients and ethical
committee approval from Cukurova University
Medical Faculty were received. There were 30
patients enrolled in this study. They had been
diagnosed with gastric or pancreatic or gallbladder cancer, and received concomitant
chemoradiotherapy (Table 1). Weight monitoring of patients was performed each week during RT. Blood samples were taken and serum
and plasma parts were separated before radiotherapy, in the fifth week of radiotherapy (acute
effects of radiotherapy were observed), and 3
months after radiotherapy to investigate the
chronic affects of radiotherapy. Blood ghrelin
and IL-6 levels were measured by using the
ELISA method. Adjuvant FUFA de Gramond and
Mac Donald protocols were followed up in
patients with gastric cancer during RT. Patients
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Figure 1. Weights decreased in the last week of RT, and increased in the 3rd
month after RT.

were separated. They were
frozen and stored at -70°C
until the day of study. For comparison of ghrelin hormone
secretion levels, whole blood
samples (again not less than
5 cc) were taken in tubes with
etilendiamin tetraasetik asit
(EDTA) before RT, in the last
week of RT (to define acute
effects of radiotherapy), and 3
months after radiotherapy to
define chronic effects. Samples were centrifuged for 10
minutes at 3000 rpm, and
plasma was separated. Plasma samples were frozen and
stored at -70°C until the day
of study. IL-6 and ghrelin levels were measured in pg/ml
accordingly by using the ELISA
method.
Statistical analysis

Table 2. Changes in patients weights pre RT, in
the last week of RT, and 3 months after RT
Weight
Pre RT
In the last week of RT
3rd month after RT

Mean
73 ± 9.9
67 ± 8.9
69 ± 9.1

95% CI P
69-77 P < 0.001
64-71
66-73

RT: Radiotherapy.

with pancreatic carcinoma received 20-25 mg/
m2 cisplatin one day per week and 5-FU infusions five days per week during radiotherapy.
Patients with gallbladder carcinoma received
5-FU infusions five days per week with radiotherapy. During concomitant chemoradiotherapy, using 6 MV and 18 MV X ray, 45 Gy (1.8 Gy/
fx/day) a dose of curative radiotherapy was
given to tumor, lymph nodes, and clips areas in
Phase I; and a 5-10 Gy (1.8 Gy/fx/day) dose
was given via boost in Phase II to selected risky
patients. Patients were followed up for 30
months to compare the correlation between
their standards of living and levels of ghrelin,
and IL-6.
Laboratory analysis
Blood samples were taken (not less than 5 cc)
in serum tubes to measure pro-inflammatory
cytokine IL-6, and after the samples were centrifuged for 10 minutes at 3000 rpm, serums
878

Data were evaluated by using SPSS 19.0
Statistical software. Categorical variables were
calculated using counts and percentages,
whereas continuous variables were summarized by mean and standard deviation (median
and min-max when required). The Kaplan Meier
method was applied to compare survival times
between groups. Repeated measurement analysis was applied to detect changes of ghrelin
and IL-6 in time. Statistical significance was
accepted as P < 0.05 in all tests.
Results
This current study included 16 patients diagnosed with gastric cancer, and 14 patients
diagnosed with pancreatic or gallbladder cancer, a total of 30 patients. Of these cases, 50%
were females and the total follow up duration
was 3 months after radiotherapy. Patients’
stages were as follows; stage Ib (16.7%), stage
IIa (30%) and stage III (53.3%). Adenocarcinoma histology was 86.7% and squamous was
13.3%. Chemotherapy regimens were 5-FU
(20%), FUFA (33.3%), Mac Donald (16.7%), DCF
(3.3%) and cisplatin (26.5%). The mean RT dose
was 46.5 Gy.
Weights of patients before, in weeks 5-7, and 3
months after radiotherapy were 73 ± 9.9, 67 ±
8.9, and 69 ± 9.1 kg, respectively. The change
Int J Clin Exp Med 2015;8(1):876-882
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an value increased 3 months
after RT, but it was lower than
the median value measured
before RT was begun.

Figure 2. Ghrelin values are decreased in the last week of RT, and are increased in the 3rd month after RT.

When patients were divided
into two groups according to
their ghrelin level being below
or above 35 pg/ml, the mean
survival duration was 454
days in the former group,
whereas it was 758 days in
the latter (Figure 3; Table 4).
Before RT was initiated patients were divided into two
groups based on IL-6 levels
being below or above 3.9 pg/
ml. The mean survival durations were 750 days and 555
days, respectively. This change was statistically significant
over time in all patients
(Figure 4; Table 4).
Discussion

Table 3. Changes in ghrelin values of patients pre
RT, in the last week of RT, and in the 3rd month
after RT
Ghrelin
Pre RT
In the last week of RT
In 3rd month after RT

Mean
723 ± 427
199 ± 379
510 ± 476

95% CI
P
561-885
55-344 P < 0.001
329-691

RT: Radiotherapy.

here was statistically significant over time in all
patients (P < 0.001) (Figure 1 and Table 2).
When patients’ weights measured during the
initial acute side effects period were compared
with the values before RT, median weights were
observed as being lower. In measurements 3
months after RT had been completed, the
median value had increased, but it was below
the median value measured before RT. When
ghrelin measurements of all patients were
examined, the values were 732 ± 427 pg/mL,
199 ± 379, and 510.8 ± 476 before RT, in
weeks 5-7 of, and in the 3rd month after radiotherapy, respectively. This change was statistically significant over time in all patients (P <
0.001) (Figure 2 and Table 3). In the period
when acute side effects of radiotherapy was
initiated, the median ghrelin value was lower
than the value measured before RT. The medi-
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Cancer cachexia is commonly encountered in
patients after long-term chemotherapy and
radiotherapy. Cachexia not only increases the
intensity of symptoms, but also decreases
overall survival and muscle mass as a result of
the chronic progressive disease. The most
important factor related to cachexia is weight
loss. Ghrelin is a hormone, which is composed
of 28 amino acids. It increases appetite and is
secreted mainly from the stomach. Ghrelin regulates appetite by binding to the GHS-R receptor, as well as prevents inflammation initiation
by inhibiting pro-inflammatory cytokines [1215]. Ghrelin suppresses sympathetic innervation by instigating the parasympathomimetic
effect. Therefore, it prevents the initiation of
inflammation by inhibiting the secretion of proinflammatory cytokines.
Garcia et al. performed a multi-center, placebo
controlled, double blind study on 16 patients
with cancer cachexia by giving oral ghrelin
mimetic anamorelin and a placebo. They compared weight gain and appetite between the
two groups. They gave anamorelin to the first
group (n = 9), and a placebo to the second (n =
7). Both patient groups were similar to each
other in demographic and disease characteristics. While baseline patient mean weight was
62.68 ± 11.33 kilograms (kg) in the group
receiving anamorelin, weight after the treatInt J Clin Exp Med 2015;8(1):876-882
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11.40 kg, and dropped to
62.73 ± 11.27 kg after treatment [16].

Figure 3. Survival according to ghrelin levels.

Table 4. Patients’ survival durations when patients were grouped
into two according to ghrelin and IL-6 levels before RT
Ghrelin < 35

Mean
454

95% CI
327-581

Median
455

95% CI
204-706

P
0.001

Ghrelin > 35
IL-6 < 3.9
IL-6 > 3.9

758
750
555

695-821
679-821
392-718

803
803
579

681-925
574-1032
313-845

0.001
0.021
0.021

Figure 4. Survival according to IL-6 levels.

ment was 63.96 ± 11.45 kg. However, in the
placebo group baseline weight was 63.06 ±
880

In our study, there was a significant difference between
patient weights before RT and
in the last week of RT. Although patient weights increased 3 months after RT, the
values never reached the levels measured before RT.
Weight change was significant
over time (P < 0.001). Similarly, ghrelin levels before RT
decreased in the last week of
RT, and then increased 3
months after the completion
of RT. However, they did not
reach the values measured
before RT commenced (P <
0.001). Loss of weight and
appetite due to RT and toxicity
of RT could be prevented by
administering a ghrelin analogue.

Citrin et al. observed increased oral secretion of plasma
cytokines in 11 patients with
head and neck cancer after
radiotherapy. Patients received IMRT (intensity modulated radiation therapy) treatment or curative radiotherapy
by using the conformational
radiotherapy technique. Saliva samples from buccal mucosa of patients, which were
taken before, in the second
week (while buccal mucosa
was administered 10 Gy), in
the third week (while buccal
mucosa was administered 20
Gy), and in the fourth week of
radiotherapy (while buccal
mucosa was received 30 Gy),
were investigated. When IL-6
levels in areas receiving high
dose radiotherapy were compared with the areas of low
dose radiation, IL-6 levels
were higher in the former
group (P = 0.015). Especially
in cases with severe inflammation, IL-6 levels
increased more than those of patients in other
Int J Clin Exp Med 2015;8(1):876-882
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groups [17]. Jacob et al. argued that it should
be investigated whether ghrelin can be used
safely in radiation damage caused by total body
and half-body radiotherapy and in nuclear terrorism [18].
As the result of loss of appetite and weight,
malnutrition and anorexia developed. It is
known that ghrelin is a parasympathomimetic
hormone. Plasma ghrelin inhibits cytokine
secretion. Therefore, secretion of those cytokines, which cause oral mucositis, will also be
inhibited. Administration of ghrelin in patients
with head and neck cancers may prevent the
side effects of radiotherapy if given before, concomitantly and after radiotherapy [19]. The
weights of the patients will increase; they will
gain weight, so their RT tolerance will be
increased indirectly.
Arpin et al. performed a study with 96 patients
who had non-small cell lung cancer between
stages 1 and 3. They had received treatment
with 3D conformal RT and thorax radiotherapy.
They measured TNF alpha, IL-6 and IL-10 values
before RT, every two weeks after RT was initiated, and 6 weeks and 8 weeks after the completion of RT. It was observed that radiation
pneumonia increased in patients whose IL-6
levels were increased during radiotherapy (P =
0.047). In multivariate analysis, development
of radiation pneumonia probability was defined
as being high in patients with increasing IL-6
and IL-10 levels during the first week of radiotherapy (P = 0.011) [20]. According to the study,
radiation pneumonia probability after RT was
higher in patients with high baseline cytokine
values.
In addition to the anabolic effects of ghrelin in
the body, there may be many effects, which
remain to be investigated. In our study, patients
with high baseline ghrelin levels survived longer
than the ones with low values during the
30-month follow up period (P = 0.001). In parallel with this finding, patients with a high baseline level of pro-inflammatory cytokine IL-6 had
a lower survival rate than those with a low IL-6
(P = 0.021). Inflammation was not very severe
in patients with high ghrelin levels, so weight
gain and appetite were not affected much.
Patients who did not have anorexia survived
longer. Although our sample size was small,
there have been few studies performed on the
issue of patients with gastrointestinal cancers.
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In future, patients who have gastrointestinal
system malignancy and are having chemoradiotherapy may receive prophylactic ghrelin analogue during the treatment. This will both
increase appetites, thus prevent weight loss of
patients, and decrease the intensity of inflammation, thereby increasing overall survival
rates. Therefore, further large scale studies are
required to clarify this issue.
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