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Prognostic Significance of Preoperative and
Postoperative Plasma Levels of Ghrelin in Gastric
Cancer: 3-Year Survival Study

Saeed Soleyman-Jahi, MD, MPH', Afshin Abdirad, MD', Amir Afraz Fallah, MD, MPH', Sevil Ghasemi, MD', Fatemeh Sadeghi, MSc',
Reza Heidari, MD?, Habibollah Mahmoodzadeh, MD' and Kazem Zendehdel, MD, PhD'

OBJECTIVES: We aimed to investigate prognostic effects of plasma levels of ghrelin before and after gastrectomy in gastric
cancer (GC).

METHODS: We followed 81 GC patients up to 3 years in this study. They were candidates for curative gastrectomy with or without
neoadjuvant chemotherapy. Plasma levels of total and active ghrelins before and after the operation were assessed. Association of
plasma levels of ghrelin with survival were assessed and adjusted for other potential prognostic factors using Cox regression
analyses.

RESULTS: Both total and active ghrelins dropped after gastrectomy (P<0.001 for both). Multiple Cox models revealed
worse survival for patients with postoperative total ghrelins below median (hazards ratio (HR) = 2.33, 95% confidence interval (CI):
1.01-5.41) or 25th percentile (HR =4.29, 95% Cl: 1.48-12.44) compared with patients with higher ghrelin levels. In case of
preoperative total ghrelin, patients with either second or third quartiles of plasma ghrelin showed worse survival compared with
patients with the lowest quartile (HR =2.67, 95% Cl: 1.11-6.38 for second quartile, and HR =2.32, 95% Cl: 1.01-5.35 for third
quartile vs. the lowest quartile). However, there was no difference between patients with the highest and lowest quartiles
(HR =0.78, 95% Cl: 0.22-2.73). Similar pattern was observed for preoperative active ghrelin (HR =4.92, 95% Cl: 1.80-13.54 for
second quartile, and HR = 2.87, 95% CI: 1.11-7.38 for third quartile vs. the lowest quartile). Advanced TNM stage (HR = 4.88,
95% Cl: 1.10-21.77), cachexia (HR = 2.99, 95% CI: 1.35-6.63), and receiving no neoadjuvant chemotherapy (HR = 2.02, 95% CI:
1.04-3.92) were other poor prognostic factors.

CONCLUSIONS: Preoperative and postoperative plasma levels of ghrelin could predict survival of GC patients with different
patterns. This prognostic effect was independent of stage and cachexia. Measurement of plasma ghrelin in GC patients could
complement conventional staging for more precise risk-stratification of the patients. Extrinsic admirations of ghrelin after total
gastrectomy has potentials to improve survival of GC patients.
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INTRODUCTION proposed include stimulation of growth hormone, prolactin,
and adrenocorticotropic hormone secretion, negative effect on
pituitary-gonadal axis, stimulation of appetite and a positive
energy balance, control of gastric motility and acid secretion,
and regulation of glucose levels.®

Ghrelin can modulate pathogenesis, progression and
clinical course of cancers through anti-inflammation,'° regula-
meters, including stage at the diagnosis and appropriate  tion of cell proliferation and apoptosis,'"'? and stimulation of
treatment (e.g., extent of lymphadenectomy) are the main appetite.’® Although ghrelin could increase proliferation and
prognostic factors in GC;®° however, patients with similar  invasion capabilities of tumor cells, it prevents carcinogenesis
clinical stages may experience different survival rates.® ~ @nd orexigenic effects of ghrelin could provide survival

Gastric cancer (GC) is the third leading cause of cancer-
related death world-wide.! Yet, it is associated with a higher
health burden in some countries such as Iran, where stomach
cancer is the most common cancer among male.? Several
studies have reported a low survival rates of GC in Iran and
other low and middle income countries.>™ Clinical para-

Therefore, research for exploring new diagnostic and prog- ~ advantage for cancer patients.'*'® In addition, response to
nostic factors is still warranted. ghrelin seems to be varied by cancer type, which make the
Ghrelin is a 28-amino acid peptide, which is mainly inter-relation between ghrelin and cancer more complicated.15

produced by the stomach. Lower amount of this peptide is Therefore, the role of ghrelin in each cancer in regards to
also produced in other organs such as bowel, immune system, different aspects of tumor behavior should be investigated
and kidneys.”® Main physiological functions of ghrelin specifically. Since stomach is the main source of ghrelin in
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body, contribution of ghrelin to different aspects of tumor
biology is expected to be more pronounced in this cancer.
Likewise, many studies have investigated different roles of
ghrelin in GC."®'® Follow-up studies showed that low basal
levels of ghrelin increased the risk of stomach cancer
development.'® Similarly, administration of extrinsic ghrelin
could ameliorate cachexia and increase energy intake in
patients with GC;'® however Tian et.al reported that ghrelin
may stimulate proliferation and invasion of GC cell lines.'®
Despite identification of various local and systemic effects in
GC, prognostic effects of ghrelin in this cancer remains to be
well investigated. A recent study investigated associations of
blood ghrelin with survival in 16 individuals with gastric cancer
and 14 with pancreatic or gallbladder cancers. They reported
association of low ghrelin levels just prior to adjuvant chemo
radiotherapy with poor survival;?® however, low sample size
and lack of adjustment for main confounding factors such as
stage of tumor limit the inference of this finding. In addition, the
prognostic effect of preoperative and postoperative plasma
ghrelin levels could be different. By removal of stomach,
gastric cancerous cells are no longer exposed to local high
amounts of ghrelin and its stimulatory effects on proliferation
and invasiveness;'® at this time systemic effects of ghrelin
would dominate its contribution to GC prognosis, which could
be contrary to effects of preoperative ghrelin. We aimed to
assess the independent prognostic effects of preoperative and
postoperative plasma ghrelin levels in GC patients. Prognostic
role of postoperative ghrelin could also shed further light on
safety of extrinsic ghrelin administration after the gastrectomy.

METHODS

In this follow-up study, we enrolled GC patients who were
referred to the Cancer Institute of Iran, Tehran, Iran between
December 2011 and October 2012. We followed up the
patients up to 3 years (until October 2015) after recruitment;
median follow-up time was 568 days. We obtained written
informed consent from all patients before they were included
in the study. Medical Ethics Committee of Tehran University
of Medical Sciences approved the study protocol in
Octobor 2011.

Patients were screened for eligibility criteria by the time they
were referred to oncological surgery wards for hospitalization.
Inclusion criteria were gastric adenocarcinoma patients with
tumor stages of I-lll, who were candidates for curative
gastrectomy (total or subtotal) with or without neoadjuvant
chemotherapy based on the clinic rules. Our exclusion criteria
included: stage IV GC patients, palliative gastrectomy,
anorexia or bulimia nervosa; chronic intestinal disorders
(e.g., inflammatory bowel disease, congenital bowel disor-
ders); chronic infection except a history of Helicobacter pylori
infection; major depressive disorders; chronic rheumatologic
disorders; long-time use of corticosteroids, insulin, oral anti-
diabetic drugs, psychotherapeutic drugs, or drugs used for
treatment of obesity; self-reported cannabinoid abuse; history
of surgery for treatment of obesity; history of major surgery
during the last six months; prior history of gastric or other
cancers; and inoperable GC. By considering 5% as level of
significance, to have 90% power to detect a hazards ratio (HR)
of 0.5 among different quartiles of plasma level of ghrelin with
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assumed s.d. of 0.7, we would need to observe at least 45
deaths.?' Considering an estimate of 30% for 3-year overall
survival rate of gastric cancer patients®* and a 10% loss to
follow-up, we would need to follow at least 75 gastric cancer
patients to expect 45 deaths.

Trained interviewers interviewed the patients and collected
personal and clinical data such as the date of first symptom(s),
type of symptom(s), percentage of weight loss and cachexia,
which is defined as the history of weight loss > 5% during the
last 6 months,?? status of feeding and past medical and drug
history. Percentage of weight loss was calculated by dividing
the weight loss by body weight before weight loss in kilogram.
The history given by the patient was confirmed against any
available clinical records that contained past medical and drug
history and anthropometric data. We collected further clinical
and para clinical data from patient records, laboratory tests
(i.e., serum levels of hemoglobin and albumin), consultation
reports, imaging, and pathological reports. Patients were
considered to have a cardiovascular or pulmonary problems
based on the consultation reports. Acute postoperative
complications such as infection, bleeding, profuse leak from
anastomosis of surgical site, and cardiovascular complica-
tions (e.g., acute coronary syndrome) were also registered.
After the discharge, we collected the follow-up information
from hospital records. If the data were not available in hospital,
we followed the patients by phone calls every 6-month. Status
of the patient (i.e., alive or dead) and precise date of death in
case of mortality were registered. We used tumor-node-
metastasis (TNM) staging guidelines of the American Joint
Committee on Cancer and Union for international Cancer
Control.?®

Tumor size, location, and histopathological features were
considered for selecting the type of gastrectomy. A minimum of
five cm proximal margin was kept. Accordingly, patients with
tumors located in cardia underwent total gastrectomy. In
addition, in case of tumors with diffuse type adenocarcinoma
histopathology, total gastrectomy was selected. On the other
hand, small tumors in prepyloric area with a histopathology
report other than diffuse type adenocarcinoma, were subject
to subtotal gastrectomy. After tumor resection, extended D1
(also called D1 plus) lymphadenectomy was performed to
dissect lymph nodes at the level of I-VI lymph node stations as
well as all significant lymph nodes in D2 zone. After the
operation, nasogastric tube (NGT) was fixed for all patients.
Enteric feeding was resumed when bowel sounds could be
heard and NGT secretions was lower than 500 cc/day, if there
was no leakage of bile or gastrointestinal secretions from
surgical site, and if there was no sign or symptoms of
peritonitis. It usually occurred 3-5 days after the operation.
Initially, patients were given pure liquid diet followed by semi-
solid and solid diets. There was no difference regarding timing,
method, and formula of enteric feeding between patients who
underwent total or subtotal gastrectomy.

Plasma levels of active and total ghrelin were assessed
before the surgery and afterwards, when the patients resumed
enteric feeding. Post-operative assessment was done con-
sistently 4 days after initiating enteral feeding. In patients who
had received neoadjuvant chemotherapy, the last session of
chemotherapy was 4-5 weeks before current hospitalization
for surgery. Blood sampling was done at early morning



(around 0600 to 0630 hours), almost two hours before
breakfast. Samples were collected in the tubes containing
Na, EDTA 1.25 mg/ml and Aprotinin 500 U/ml. Within seven
minutes from sampling, the tubes were quickly centrifuged at
3,000 r.p.m. for 15 min in a cold temperature. We added HCL
with a final concentration of 0.05N to the plasma samples
considered for active ghrelin assay. All the samples were
stored at — 70 degrees of centigrade until the assay.

We used enzyme-linked immunosorbent assay (ELISA) kits
(EMD Millipore Corporation, St Charles, MO) to assess the
plasma concentration of active and total ghrelin. Measure-
ments were performed by a well-trained and well-experienced
technician in doing ELISA. A comprehensive quality control
(QC) check was performed before main assessments. It
included calibration of the equipments (e.g., pipette, reader),
in-house validation of the ELISA kit by comparing standard
and in-house pool plasma serial dilution curves, monitoring the
environmental setting, particularly the temperature, confirming
the quality of specimens, and checking QC samples of the kit.
All the samples were read at duplicates. The technician was

122 potentially eligible
cases

4 cases refused to be
interviewed

118 cases screened
for eligiblity

37 cases excluded based
on exclusion/inclusion
criteria

81 cases confirmed
eligible

81 cases included in the
study for follow-up

43 cases died

130.05 person-years
follow-up data
was analyzed

Figure 1 Flow diagram of study participants. The Figure demonstrates the
number of participants in different stages of the study.
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blind to study end-points. According to the manufacturer,
maximum intra-assay and inter-assay coefficients of variation
(CV) for total ghrelin kit were 1.91% and 7.81%, respectively
(catalog number EZGRT-89K); for active ghrelin kit, these
coefficients were 7.53% and 12.9%, respectively (catalog
number EZGRA-88K). The sensitivity of the assay was 50 pg/
ml for total ghrelin and 15 pg/ml for active ghrelin when using a
20-pl sample. Our intra-assay and inter-assay CVs for total
ghrelin were calculated 2.09% and 8.85%, respectively. Intra-
assay and inter-assay CVs for active ghrelin were 7.92% and
13.17%, respectively.

Statistical analyses. We mainly aimed to investigate asso-
ciation of plasma levels of ghrelin with patients' survival. For
this, plasma levels of ghrelin were categorized into two or four
subgroups based on median or quartile values, respectively.
Then, we used life-table method to estimate overall survival
rates and Log-rank test to compare the overall survival rates
between subgroups of patients with different plasma levels of
ghrelin. In addition, Kaplan—Meier survival curves demon-
strated an estimate of overall survival patterns in whole
sample or different subgroups of patients. Parametric paired
t-test or non-parametric Wilcoxon test compared the mean
values of preoperative and postoperative assessments. In
case of patients who were lost to follow up, we did not
exclude them; rather we included their last survival status in
our total person-time survival data.

We also aimed to adjust the association between plasma
levels of ghrelin and survival (overall survival rate) for other
potential confounding or suppressing factors. We used
univariate and multiple Cox regression analyses to detect
these potential parameters and adjust their effects. Hosmer
and Lemeshow approach for model building®* was used to fit
multiple Cox models. In brief, we first used univariate analyses
and considered P-value <0.2 as the cut-point to screen the
variables and detect primary candidates for multivariable
model. Subsequently, we fitted the primary multivariable
model by the variables detected in addition to plasma ghrelin.
A backward elimination method was employed to reach to the
final model. Plausible interaction terms between final determi-
nants were also checked. Final models were screened for
collinearity. Preoperative total ghrelin, preoperative active
ghrelin, postoperative total ghrelin and postoperative active
ghrelin were separately entered in the multiple models for
sensitivity analysis. Cases with missing data for ghrelin were
excluded from analysis. Cases with missing data for other
variables of interest were included in model building as a new
subgroup of corresponding variable designated "undeter-
mined". We used Stata statistical software version SE 11.2
(StataCorp LP, College Station, TX) for statistical analyses.

RESULTS

From 118 patients screened for eligibility 81 were included in
the study based on inclusion and exclusion criteria (Figure 1).
We followed 81 GC patients for 3 years in this study. Finally,
data collected for a total of 130.05 person-years follow-up was
analyzed. The mean (+s.d.) age of the patients was 60.11
(£14.22) and 76.54% of the patients were male. Most of the
tumors (38.27%) originated from distal stomach (body,
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Table 1 Personal, clinical, and para clinical characteristics of gastric cancer
patients hospitalized in cancer institute of Iran within 2011-2012

Age, mean (s.d.), years 60.11 (14.22)

Gender

Male 62 (76.54)

Female 19 (23.46)
Tumor site

Cardia 25 (30.86)

Fundus 3(3.70)

Distal 27 (33.33)

Overlap 26 (32.10)
T stage

T 0-1 7 (8.64)

T2 20 (24.69)

T3 40 (49.36)

T4 14 (17.28)
N stage

N 0-1 44 (54.32)

N2 21 (25.93)

N3 16 (19.75)

N4 0
Metastasis

Yes 0

No 81 (100.00)
TNM stage

| 6 (7.41)

Il 40 (49.38)

11 35 (43.21)

v 0
Grade

Well-differentiated 10 (12.35)

Moderately differentiated 43 (53.09)

Poorly differentiated 28 (34.57)
Tumor size, mean (s.d.), cm 4.55 (1.89)
Neoadjuvant chemotherapy 54 (66.67)
Type of gastrectomy

Total 66 (81.48)

Subtotal 15 (18.52)
BMI, mean (s.d.), kg/m? 22.80 (3.91)
First symptom—diagnosis delay, mean (s.d.), 7.10 (6.34)
month
Loss of appetite 34 (41.97)
Dysphagia 27 (33.33)
Cachexia

Yes 42 (51.85)

No 29 (35.80)

Undetermined 10 (12.35)
Weight loss, mean (s.d.), %

Cachectic patients 18.47 (9.26)

Non-cachectic patients 2.49 (1.05)
Cardiovascular problem

Yes 15 (18.52)

No 62 (76.54)

Undetermined 4 (4.94)
Pulmonary problem 5(6.17)
Acute postoperative complication(s)

Yes 6 (7.41)

No 73(90.12)

Undetermined 2(2.47)
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Table 1 (Continued)

Hemoglobin, mean (s.d.), mg/dl 11.63 (1.95)
Anemia
Yes 59 (72.84)
No 20 (24.69)
Undetermined 2 (2.15)
Albumin, mean (s.d.), mg/dl 3.81(0.47)
Hypoalbuminemia
Yes 24 (29.63)
No 52 (64.20)
Undetermined 5(6.17)
Plasma Ghrelin, mean (s.d.), median (IQR), pg/ml
Total (N=81)
Preoperative 309.14 (276.88),
229.38 (123.81, 348.10)
Postoperative 148.32 (91.41),

123.22 (76.78, 170.53)
Active (N=81)

Preoperative 74.54 (64.29),
54.70 (30.94, 95.16)
Postoperative 50.43 (30.26),

41.72 (25.75, 63.78)

Survival, mean (s.d.), median (IQR), year 1.58 (0.99),

1.55 (0.76, 2.22)

BMI, body mass index; IQR, interquartile (25th—75th percentile) range.
Values are number (percentages) unless stated otherwise.

antrum, and pylorus). Less than half (43.21%) of the patients
were diagnosed at stage Il of the disease. Before the
gastrectomy, 51 (62.96%) patients received neoadjuvant
chemotherapy. Cachexia was observed in 42 (51.85%)
patients at the time of diagnosis. Maximum body mass index
(BMI) was 28.3 kg/m? (Table 1).

We observed statistically significant decrease in the
average of both total (P-value <0.001) and active plasma
ghrelin levels (P-value <0.001). Although preoperative ghrelin
levels were similar in two subgroups of patients who under-
went subtotal or total gastrectomy (307.3+316.8 vs.
309.8 +263.5 pg/ml, P-value=0.9 for total ghrelin; and
79.2+79.0 vs. 72.9+59.0 pg/ml, P-value=0.7 for active
ghrelin), postoperative plasma levels of total and active ghrelin
were higher in subtotal gastrectomy subgroup (179.3 +99.3
vs. 137.4 +78.3 pg/ml, P-value =0.003 for total ghrelin; and
60.2+39.2 vs. 46.6 +25.4 pg/ml, P-value=0.01 for active
ghrelin).

Three-year overall survival rate of the patients was 34.56%
(Figure 2). Kaplan—Meier survival curves demonstrated that
patients with higher values of postoperative ghrelin had better
survivals (Figures 3 and 4). Patients with postoperative total
ghrelin above 123 pg/ml as the median (Figure 5) had better
overall survival compared with those patients with post-
operative total ghrelin below the median (P-value =0.003).
The difference was also detected when the 25th percentile
value of postoperative total ghrelin (77 pg/ml) was considered
as cut-off point. Patients with postoperative total ghrelin of
more than 77 pg/ml had significantly higher survival compared
with those with ghrelin level of equal or lower than 77 pg/ml
(P-value <0.001). In addition, patients with either the lowest or



100 : : |

| | |

| | |

| | |

| | |

2 0.75 1 ! ! !

e I | i

[ | | |

o) | | |

E | | |

O 0.50 l | |

© | 1

= I | |
| |

% | | |

@D 0.25 | | |

1year | 2years | 3years |

| | |

OOO L T } T : T : T
0 500 1000 1500

Follow-up time (day)

Figure 2 Overall survival of total gastric cancer patients. The Figure
demonstrates Kaplan-Meier survival curve of 1-year, 2-year, and 3-year overall
survivals of total gastric cancer patients.
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Figure 3 Overall survival in subgroups of patients with different quartiles of
postoperative total ghrelin. The Figure demonstrates Kaplan-Meier survival curves of
overall survival in subgroups of patients with different quartiles of postoperative total
ghrelin.
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Figure 4 Overall survival in subgroups of patients with different quartiles of
postoperative active ghrelin. The Figure demonstrates Kaplan-Meier survival curves
of overall survival in subgroups of patients with different quartiles of postoperative
active ghrelin.
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the highest quartiles of preoperative ghrelin showed signifi-
cantly better survival (P-value=0.01 for total ghrelin and
P-value =0.001 for active ghrelin) compared with patients with
second or third quartiles of ghrelin levels (Figures 6 and 7).
There was no difference between patients with the highest and
lowest quartiles, or between patients with the second and third
quartiles of preoperative ghrelin. Sum of patients with the
lowest or highest quartiles of preoperative ghrelins as one
subgroup, had statistically significant better prognosis com-
pared with the subgroup of patients with ghrelin levels in range
of second and third quartiles (P-value = 0.001 for preoperative
total ghrelin and P-value <0.001 for preoperative active
ghrelin). Furthermore, Log-rank tests between subgroups of
patients categorized using median levels of postoperative
active ghrelin or preoperative total and active ghrelins did not
reveal significant differences (P-value =0.07, 0.38, and 0.84,
respectively).

Univariate Cox analysis demonstrated that TNM stage;
postoperative plasma levels of total ghrelin; preoperative
plasma levels of total and active ghrelin; and cachexia were
significantly associated with survival. In addition, grade of the
tumor and receiving no neoadjuvant chemotherapy showed a
trend of association with survival of the patients (Table 2).
Other parameters did not show notable associations with
survival. We also found significant inverse correlation between
BMI and both active (r=-0.47, P-value=0.001) and total
ghrelin (r=-0.28, P-value =0.04).

Because prognostic effect of postoperative ghrelin might be
confounded by extent of gastrectomy, we repeated univariate
Cox analysis of postoperative ghrelin in subgroups of patients
with total and subtotal gastrectomy, exclusively. Association of
postoperative total ghrelin with survival remained significant in
both groups of patients (HR=4.12, P-value =0.005 in total
gastrectomy, and HR=5.26, P-value=0.04 in subtotal
gastrectomy).

Association of ghrelin with survival still remained significant
after adjusting for other factors. Based on the multiple Cox
regression model, patients with advanced TNM stage had
almost five folds lower survival compared with patients with
earlier stages of GC (HR=4.88, 95% confidence interval
(CI): 1.01-5.35; Table 2). In addition, patients with cachexia at
the time of diagnosis had threefolds higher risk of mortality
compared with patients without cachexia (HR =2.99, 95% Cl:
1.35-6.63). We also found that patients who did not
receive neoadjuvant chemotherapy had two-fold increase in
risk of mortality compared with those who received
neoadjuvant chemotherapy before surgery (HR=2.02, 95%
Cl: 1.04-3.92). Compared with patients with first quartile of
preoperative plasma levels of total ghrelin, those with second
and third quartiles of plasma ghrelin had 2.7- and 2.3-folds,
respectively, less survival (HR=2.67, 95% CI: 1.11-6.38 for
second quartile, and HR=2.32, 95% CI: 1.01-5.35 for third
quartile vs. first quartile). In sensitivity analysis, substituting
other ghrelins for total preoperative ghrelin in the model
showed that preoperative active and postoperative total
ghrelins retained significant associations with prognosis; in
addition, association of TNM stage, cachexia, and
neoadjuvant chemotherapy with survival did not substantially
change and they retained their prognostic effects. Similar to
preoperative total ghrelin, patients with second and third
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Figure 5 Overall survival in two subgroups of patients based on median
postoperative total ghrelin. The Figure demonstrates Kaplan-Meier survival curves of
overall survival in subgroups of patients with lower and upper halves of postoperative
total ghrelin.

***** Upper Half I

quartiles of preoperative active ghrelin had, respectively 4.9
and 2.7 folds higher risk for mortality compared with
patients with first quartile of plasma levels of active ghrelin
(HR=4.92, 95% CI: 1.79-13.54 for second quartile, and
HR=2.87, 95% CIl: 1.11-7.38 for third quartile vs. first
quartile). In contrast, patients with first quartile of post-
operative total ghrelin had 4.3 folds less survival compared
with higher quartiles of plasma ghrelin levels (HR =4.29, 95%
Cl:  1.48-12.44). Notably, postoperative total ghrelin
remained a significant predictor of survival when using the
median value as the cut-off. Patients with postoperative total
ghrelin levels below median had 2.3 folds higher risk for
mortality compared with patients with ghrelin levels above the
median (HR=2.33, 95% CI: 1.01-5.41). Postoperative
active ghrelin did not retain significant association with
prognosis (HR=1.68, 95% CI: 0.68—4.14 for first quartile vs.
fourth quartile). After construction of the final model for
postoperative total ghrelin, adding extent of gastrectomy
(i.e., total vs. subtotal) to the model revealed no significant
association between this variable and GC survival. In addition,
it did not modify prognostic effect of ghrelin in the model.

DISCUSSION

In this survival study, we found considerable drop in the total
and active ghrelin levels after gastrectomy in patients with GC.
Because the stomach is the main source of ghrelin secretion in
humans,® this finding was expected. We also showed that both
preoperative and postoperative plasma levels of ghrelin had
significant prognostic roles in survival of GC patients;
however, the prognostic patterns of preoperative and post-
operative ghrelin were different. These prognostic effects of
ghrelin in GC patients remained significant even after
adjustment for other factors such as stage, grade and
cachexia.

A recent study on 16 stage I|-lll gastric cancer patients
reported associations between plasma levels of ghrelin and
survival. The authors measured plasma levels of ghrelin just
prior to adjuvant chemoradiotherpay (after gastrectomy), and
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Figure 6 Overall survival in subgroups of patients with different quartiles of
preoperative total ghrelin. The Figure demonstrates Kaplan-Meier survival curves of
overall survival in subgroups of patients with different quartiles of preoperative total
ghrelin.

1.00
- Log-rank test P value = 0.001
i 2
0.75 I=
> le
3 e
[
2 e 1
<] =
T 0.50 A et e
= G
€ 1|
2 1
2 L—
0.25 (s e e
_______ i
Besmesesen sy
0.00
T T T T
0 500 1000 1500
Follow-up time (day)
1st quartile ——-—-—- 2nd quartile
----------- 3rd quartile  — — — - 4tht quartile

Figure 7 Overall survival in subgroups of patients with different quartiles of
preoperative active ghrelin. The Figure demonstrates Kaplan-Meier survival curves
of overall survival in subgroups of patients with different quartiles of preoperative
active ghrelin.

reported that patients with plasma levels of ghrelin below
35pg/ml had significantly shorter survival compared with
patients with higher levels of ghrelin.?° Their findings demon-
strated association between low postoperative plasma ghrelin
and poor survival in gastric cancer, which are consistent with
our results in current study; however, they did not assess
prognostic role of preoperative plasma levels of ghrelin. In
addition, the sample size was low and the authors did not
adjust for confounding factors such as stage or weight loss. To
the best of our knowledge, our findings in this study is the first
evidence for significant prognostic roles of both preoperative
and postoperative ghrelin in GC patients, adjusted for other
prognostic factors. We conducted a comprehensive approach
to adjust for many parameters with potential confounding
effects. We found a HR range of 2.3-4.9 for effects of
preoperative and postoperative ghrelin on GC prognosis. Our
findings suggest that ghrelin could be considered as an
important prognostic biomarker for GC. It is more pronounced
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in case of postoperative ghrelin, regarding its consistent
prognostic behavior. Along with other molecular prognostic
biomarkers proposed for GC,%>2° assessment of plasma
ghrelin could complement conventional clinical staging to
better stratify patients with poor survival.

Our findings add evidence in favor of prognostic effects of
ghrelin in cancer. Reports from survival studies for prognostic
effect of ghrelin in different types of cancer is controversial. A
study reported that breast cancer patients with positive
immunostaining of tumor specimen for ghrelin showed
threefold increase in survival compared with patients with
negative immunostaining.?® Another study reported that
patients with renal cell carcinoma who had high expression
of ghrelin experienced almost two folds decrease in survival
compared with patients with low expression of ghrelin.27 In
contrast, a third survival study reported no significant
prognostic role for ghrelin in patients with non-small cell and
small cell lung cancer.?® Similar inconsistency is observed in
in vitro studies.'* Treatment with ghrelin inhibited proliferation
and invasion of some types of human breast cancerous cell
lines, ' promoted migration capabilities of renal cell carcinoma
cell lines,?” and inhibited proliferation of human lung cancer
cell line'" or had no effect on this cell line.?® Different
distribution of ghrelin-specific receptors on different cancerous
cell lines could account in part to this controversy. Altogether,
as supported by our findings, we believe that various local and
systemic effects of ghrelin in cancer could more likely affect
clinical course of this disease.

We found different patterns in contribution of preoperative
and postoperative levels of plasma ghrelin to course of GC.
The stomach is the main source of ghrelin secretion;®
thereafter gastric cancer cells are exposed to paracrine effects
of locally high amounts of ghrelin. This would further highlight
cellular and local effects of ghrelin in case of gastric cancer.
After gastrectomy, the microenvironment for exposure of
cancerous cells to this local high amount of ghrelin is removed.
It implies that contribution to clinical course of gastric cancer
observed for level of ghrelin before and after gastrectomy
could be different. This specific circumstance may not apply to
other types of cancer. Expectedly, we found that while higher
quartiles of plasma ghrelin after the operation were associated
with better survival, both the lowest and the highest quartiles of
preoperative ghrelin predicted a better survival. We postulated
that the summary effect of preoperative level of plasma ghrelin
on GC prognosis is a trade-off between probably contrary
effects of ghrelin on behavior and clinical course of this type of
cancer. Ghrelin was shown to stimulate proliferation, migration
and invasion of GC cell lines."® This could be the reason for
better survival of patients with the lowest quartile of
preoperative ghrelin. From the other side, ghrelin has anti-
inflammatory effects,®® which can limit the progression of the
tumor. The latter might have overwhelmed the former
stimulatory effect in higher doses and could justify better
survival in patients with the highest quartile of preoperative
ghrelin. In addition, although the role of cachexia was
adjusted, residual confounding effect of appetite stimulation
by elevated ghrelin could have contributed to better survival of
patients with the highest quartile of preoperative ghrelin. After
the gastrectomy, the main microenvironment for paracrine
stimulatory effect of ghrelin on tumor cells no longer exists. In
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this case, orexigenic and anti-inflammatory effects of ghrelin
seem to be the dominant mechanisms for contribution of
ghrelin to survival. That could be the reason patients with the
lowest quartile of postoperative ghrelin experienced worse
survival.

Different prognostic patterns observed for preoperative and
postoperative ghrelin in GC could help understand more
details about contribution of ghrelin to tumor biology. In a
simplified scheme, the summary effect of ghrelin on cancer
prognosis could be considered as result of its systemic and
local effects. These effects could be in the same direction or
could be contrary. Although positive contribution of orexigenic
and anti-inflammatory systemic effects of ghrelin seems to be
common among different cancers, direction (stimulatory vs.
suppressive) and magnitude of its local effects in case of each
specific type of cancer are variable and might be more
important determining factors for resultant summary effect.
Extent of ghrelin local access to cancerous cell lines and
distribution of ghrelin-specific receptors on different cancerous
cell lines could be important factors that regulate local effects
of ghrelin on a specific cancer.

Better prognosis of patients with higher quartiles of post-
operative ghrelin in current study could help address the
concerns raised about administration of extrinsic ghrelin after
gastrectomy in patients with GC."®3" After total gastrectomy,
the level of plasma ghrelin remains almost steady.3?:%3
Therefore, our assay after the operation could also estimate
the level of plasma ghrelin during the survival period of the
patient. Our findings support the hypothesis that increasing
the plasma level of ghrelin by administration of extrinsic ghrelin
after total gastrectomy could augment efficacy of treatment
and improve GC patients' survival. This would not be as
appropriate in case of subtotal gastrectomy, where in
remaining gastric tissue would still be in danger of exposure
to stimulatory effects of ghrelin administrated. Thereafter,
ghrelin in addition to many other new anti-cancer agents
introduced®*3® could complement current conventional ther-
apeutic regimens to augment efficacy, reduce dosage needed,
and restrict exposure to toxic effects.®®

Receiving neoadjuvant chemotherapy was associated with
an almost two-fold increase in overall survival of GC patients in
our study. Similarly, most of interventional studies report
survival advantage of GC patients when receiving neoadju-
vant chemotherapy compared with surgery alone;>"*® how-
ever, some trials failed to show a survival benefit for
neoadjuvant chemotherapy in GC patients.®® Finally, recent
meta-analyses of clinical trials demonstrated that it slightly
improves survival of GC patients.*>*! Altogether, the advan-
tage of neoadjuvant chemotherapy in GC remains to be
completely established. Our findings in this study add another
evidence in support of significant survival benefit for GC
patients who received neoadjuvant chemotherapy.

There is mutual associations between obesity and ghrelin.
Although higher levels of plasma ghrelin lead to increase in
adipose tissue and body weight,*>*® ghrelin levels are
reduced in obese cases.***® In addition, BMI was reported
to be reversely associated with plasma ghrelin.*¢#” None of
our cases in this study were obese (BMI>30). Similar to
previous reports,*®*” we noted a negative association
between BMI and plasma levels of ghrelin in our gastric



cancer patients, more pronounced in case of active ghrelin.
However, BMI did not show notable associations with survival
and would not confound or modify prognostic role of ghrelin.

Majority of the current literature indicates that there is more
advanced disease in GC patients negative for H. pylori
infection.*®=%° On the other hand, H. pylori can alter plasma
levels of ghrelin.>" We did not assess current status of H. pylori
infection in our cases. Therefore, the concern remains that
apparent relationship between plasma ghrelin and survival in
GC patients in our study might be confounded by status of
gastric H. pyloriinfection and we may not be able to definitely
conclude plasma ghrelin as an independent biomarker of
survival in patients with GC without assessing status of this
infection. To address this concern, a future study would
exclusively investigate prognostic role of ghrelin in GC patients
positive and negative for H. pylori, and adjust prognostic role of
plasma ghrelin in GC for status of infection. It can provide more
confident conclusions on independent prognostic roles of
ghrelin in GC taking into account the status of H. pylori
infection.

We recruited our cases from a referral center for cancer.
Patients from all parts of the country could be referred to this
center. Thereafter, our study sample was not limited to a
specific ethnical or socioeconomic group of patients. Our data
for cachexia and some other clinical parameters was based on
history taken from the patients. This is prone to recall bias and
may lead to misclassification; however, it is not expected to be
a differential misclassification. Access to previous clinical
records of the patients that contain their past medical and drug
history and anthropometric data could be a better source to
prevent this information bias. Our findings were from an
observational prospective study. Future long-term interven-
tional trials assessing long-term outcomes of extrinsic ghrelin
administration in gastric cancer patients would yield more
robust and more practical evidences in the topic.

CONCLUSION

We found strong evidence in favor of clinically significant
prognostic roles for preoperative and postoperative levels of
plasma ghrelin. Different prognostic patterns observed for
preoperative and postoperative levels of ghrelin shed further
light on various physiological and pathological functions of
ghrelin in cancer. Ghrelin, particularly postoperative ghrelin,
could be considered a prognostic biomarker to stratify patients
at higher risk in GC. In addition, our findings is an evidence in
support of potential benefit for extrinsic ghrelin administration
after total gastrectomy, where in whole stomach tissue is
resected. This could not be recommend for subtotal gastrect-
omy, where in remaining gastric tissue would still be exposed
to stimulatory effects of ghrelin. Further observational as well
as interventional studies with longer follow-ups and taking into
account the status of H. pyloriinfection will shed further light on
the prognostic and therapeutic roles of plasma ghrelin in GC.
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Study Highlights

WHAT IS CURRENT KNOWLEDGE

e Ghrelin can regulate cell proliferation, reduce inflammation,
and stimulate appetite.

e Local and systemic effects of ghrelin could modulate
pathogenesis, progression, and clinical outcomes of cancer.

e Ghrelin has different prognostic effects in limited types of
cancer studied.

e Gastric cancer patients with higher levels of ghrelin before
adjuvant chemoradiotherpay have longer survivals.

WHAT IS NEW HERE

e Plasma levels of ghrelin before and after gastrectomy have
prognostic effects with different patterns in gastric cancer.

e Prognostic effects of plasma ghrelin in gastric cancer are
independent of stage, grade, and cachexia.

e Prognostic effects of postoperative plasma ghrelin is
clinically more applicable.
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