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Abstract 

Background: The aim of the present study was to determine the correlation between obesity, serum 

levels of leptin and  proximal gastric cancer.  

Methods: Sixty-four gastric cancer patients operated on with curative intent were included in the 

study. We determined the correlation between the preoperative serum levels of leptin and the tumor`s 

location. 

Results:  Serum leptin levels were correlated significantly with the proximal third location (p = 0.04), 

gastric outlet obstructing tumors (p < 0.0001), CRP levels (p = 0.03) and BMI (p < 0.0001). Patients with 

high serum levels of leptin had significantly more intestinal types of gastric cancer (p = 0.033) and 

better differentiation compared to patients with low serum leptin levels (p = 0.009). The linear 

regression model determined the proximal tumor location (beta: 0.467; p = 0.045), BMI (beta: 0.657; 

p = 0.001), high preoperative serum albumin (beta: 0.563; p = 0.016) and the presence of pyloric 

stenosis (beta: 0.525; p = 0.006) as related significantly to serum leptin levels. The Cox proportional 

hazard model identified age (HR: 0.003; 95%CI: 0-0.794; p = 0.041), preoperative serum levels of leptin 

(HR: 0.125; 95%CI: 0.018-0.887; p = 0.037) and the number of extracted LNs (HR: 0.001; 95%CI: 0-

0.677; p = 0.038) as independent prognostic factors. 

Conclusions: Serum levels of leptin were significantly elevated in patients with proximal gastric cancer, 

suggesting that the leptin`s effect might be due to its systemic secretion. This might explain the higher 

incidence of proximal gastric cancer in obese patients. Elevated serum leptin levels were an 

independent prognostic factor. 
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Introduction 

Obesity was confirmed as a risk factor for the development of many tumors [1, 2]. Many papers have 

reported that obese patients were at higher risk for developing proximal cancer [1, 2]. The rising 

incidence of proximal gastric cancer is a source of serious concern. It has a worse prognosis, and the 

treatment is associated with higher morbidity [3]. Additionally, the quality of life after proximal gastric 

cancer operations is worse compared to distal gastric cancer locations [3]. Numerous theories have 

been postulated how increased body weight might lead to proximal gastric cancer development. The 

proposed factors for proximal tumor development were the increased intra-abdominal pressure, 

abnormal gastric motility and bile reflux [4]. While reflux certainly causes dysplasia and metaplasia in 

the distal third of the esophagus leading to Barret’s cancer, it does not explain the higher incidence of 

tumors in the proximal third of the stomach in obese patients [5-7].  

It has been proposed that adipose derived factors might have a direct role in the tumor development 

of proximal gastric cancer. These so-called adipokines, secreted by adipose tissue, were linked to the 

development of numerous cancers [4, 8]. Adipokines include several important mediators, including 

leptin, adiponectin, resistin and omentin, and are generally involved primarily in energy balance 

homeostasis [5], but also produce a low-grade systemic inflammation with related increased risk for 

malignant cell transformation [5]. Specifically, leptin has been brought into focus due to its pleiotropic 

effects [8, 9]. Leptin signals via the leptin receptor and increases proliferation, inhibits apoptosis, and 

stimulates migration and invasion [8, 9]. While studies confirmed that leptin expression in gastric 

cancer cells was increased in proximal tumors [8, 9], no direct link could be yet confirmed between 

increased body weight, serum levels of leptin and cancer development in the proximal third of the 

stomach [4, 8, 9]. 

The aim of the present study was to determine the correlation between obesity, serum levels of leptin 

and the proximal gastric cancer. Therefore, we compared the preoperative serum levels of leptin 

between patients operated on for gastric cancer, and determined the prognostic value of serum levels 

of leptin in gastric cancer patients. 

Methods 

Patients 

Sixty-four consecutive patients operated on for gastric adenocarcinoma with curative intent between 

April 2019 and August 2021 were included in the study. All patients gave their informed consent before 

participating in the study. All patients were worked-up diagnostically with preoperative standard 

laboratory tests, a chest X-ray, an upper gastro-intestinal endoscopy, and Computer Tomography of 

the chest and abdomen. Demographic, anthropometric and clinical data were obtained from the 

participants. Patients were discussed on a Tumor Board. Patients eligible for perioperative treatment 

received 4 cycles of FLOT, consisting of docetaxel (60 mg/m2), oxaliplatin (85 mg/m2), leucovorin (200 

mg/m2) and 5-fluorouracil (2,600 mg/m2 as a 24 hr. infusion), all given on day 1. This procedure was 
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performed every 2 weeks, and surgery  followed 3 weeks after completion of the chemotherapy.  

Patients received 4 cycles of FLOT postoperatively. Patients were operated on laparoscopically or open 

based, on the preference of the operating surgeon. The contraindications for laparoscopy were 

previous upper abdominal surgery, excluding laparoscopic cholecystectomy, a BMI of more than 30 

kg/m2, glaucoma, increased intracranial pressure, severe COPD, or asthma.  

Patients were divided into three groups, depending on their tumor location, into upper third, middle 

third and lower third gastric cancer. The upper third was defined according to Siewert's classification 

of the cardia tumors [10], as the tumor location at the anatomical cardia was extending to 5 cm below 

the gastro-esophageal junction. The middle third was defined as tumors located 5 cm below the gastro-

esophageal junction to the incisura angularis of the gastric antrum. The lower third tumors were 

defined as tumors extending from the incisura angularis to the pylorus. Preoperatively, blood samples 

were collected from the patients to determine their preoperative serum leptin levels. The preoperative 

serum levels of leptin were compared between patients with tumors in the three gastric locations. The 

study protocol was reviewed and approved by the Institutional Ethics Committee of the University 

Clinical Center Maribor (UKC-MB-KME-45/20). 

Operations 

All surgery was performed according to the Japanese Gastric cancer guidelines JCGC [11]. Depending 

on the preoperative T stage, location of the tumor, the differentiation and the Lauren’s classification, 

patients received either a subtotal or a total gastrectomy. A D2 lymph node dissection was performed 

in all cases except in early gastric cancer. 

In the laparoscopic group patients were operated on by a single team experienced in laparoscopic 

gastric cancer surgery. The laparoscopic procedure has been described elsewhere [12, 13]. Briefly, the 

operations were performed in a highly standardized manner by the five port approach. The patients 

were  in the decubitus position with the legs extended, with the surgeon and the first assistant on 

either side of the patient, and the second assistant between the legs. The intestinal continuity was 

performed with an Omega loop, or with Roux-en-Y reconstruction. The specimen was extracted trough 

a 5 cm to 8 cm mini-laparotomy. All laparoscopic procedures were performed in a totally laparoscopic 

fashion. 

Serum leptin determination 

Serum leptin levels were determined from blood samples taken before the operation. A Human Leptin 

Quantikine ELISA Kit (R&D Systems, Bio-Techne Corporation, Minnesota, USA) was used for serum 

leptin determination. The procedure was performed as specified by the manufacturer. 100 µL of Assay 

Diluent was added to each well. Next, 50 µL of the sample was  added to each well, covered with a 

plate sealer, and incubated at room temperature for 2 hours on a horizontal orbital microplate shaker. 

Each well was aspirated and washed. The process was repeated 3 times for a total of 4 washes. Then, 

200 µL of Conjugate was added to each well, covered with a new plate sealer, and incubated at room 

temperature for 2 hours on the shaker, aspirated and washed 4 times. 200 µL of Substrate Solution 

was added to each well. Plasma samples were incubated at room temperature for 30 minutes on the 

benchtop. Finally, 50 µL of Stop Solution was added to each well, and read at 450 nm within 30 

minutes. 
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Statistical analysis 

Continuous variables were  expressed as mean ± Standard Deviation, or median (interquartile range) 

where appropriate. Discrete variables were presented as absolute values (percentages). The variables 

were tested for normality by means of the Shapiro-Wilks and Kolmogoroff-Smirnoff tests. The 

continuous data were compared with the one-way ANOVA test, Mann-Whitney's U test and the χ2-test 

as appropriate. The cut-off serum leptin levels were determined with the ROC analysis. The correlation 

between the preoperative serum levels of leptin and the covariate was determined with the linear 

logistic model with stepwise-forward regression. The survival analysis was performed with the Kaplan-

Meier method, the difference in survivals between groups was determined with the log-rang test. 

Significant prognostic variables were determined by the Cox proportional regression model. The p 

value of less than 0.05 was selected as the level of significance. All data analysis was performed with 

the SPSS version 25 for Windows (IBM, New York, USA).   

Study end-points and definitions 

The main end-point of the study was to determine the correlation between preoperative serum levels 

of leptin and the tumor`s location. Secondary end-points were the correlation between the BMI, 

preoperative serum levels of leptin and location, correlation between the preoperative serum levels 

of leptin and pathological tumor characteristics, and the prognostic impact of the preoperative serum 

leptin. 

Results 

Patients 

Sixty-four patients were included in the study. The clinico-pathological characteristics of the patients 

are  presented in Table 1. The characteristics of patients and their tumors  are presented in Table 1. 

Patients were balanced according to age and sex. A similar proportion of patients received 

perioperative chemotherapy in all three groups. Patients with tumors in the upper third had a 

significantly higher BMI compared to other locations (29±5 kg/m2 in the upper third compared to 26±3 

kg/m2 and 25±2 kg/m2 in the middle and lower thirds; p = 0.035). There was no significant difference 

in the number of extracted LNs per operation, or the number of positive LNs between different tumor 

locations. Patients had similar tumor grades, the Lauren histological type and the TNM stage 

distribution in all three locations. The most prevalent TNM stage was T3N0M0. No significant 

difference was found in the presence of ulceration. Significantly more patients in the distal third had 

stenosanting tumors. There was a significant difference in the proportion of performed total and 

subtotal gastrectomies (p < 0.0001). In patients with their tumor in the proximal and middle thirds, the 

most prevalent operation was the total gastrectomy (85% and 95.7% respectively), while 60% of 

patients with their tumor in the distal third received a subtotal gastrectomy. The proportion of 

laparoscopic operations was similar between the three groups.  

Table 1. Demographic and clinicopathological characteristics of patients. 

 All (64) Upper third (20) Middle third (24) Lower third 
(20) 

p 

Age [years±SD] 69±17 69±15 67.5±14 72.8±9 0.335 

Sex [n(%)]     0.509 
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Male 
Female 

42(65.6) 
22(34.4) 

14(70) 
6(30) 

16(66.7) 
8(33.3) 

12(60) 
8(40) 

Preoperative 
serum leptin 
[median(IQR)] 

52(92) 
 
 

91(141) 39(41) 65(84) 0.035* 

BMI 
[kg/m2±SD] 

26±1 29±5 26±3 25±2 0.019* 

Number of 
extracted LNs 
[n±SD] 

28±18 
 
 

20±10 33±15 26±15 0.111 

Number of 
positive LNs 
[median(IQR)] 

1(5.5) 
 

1.5(6.5) 2(3) 1(8) 0.703 

Serum CRP 
POD1 
[g/ml(IQR)] 

51(58) 51(29) 57(32) 61(77) 0.912 

Preoperative 
serum 
haemoglobin 
[g/l±SD] 

116±24 127±16 125±12.5 111±21 0.180 

Preoperative 
serum albumin 
[g/l±SD] 

34±6 33±4 37±3.5 30±6 0.231 

Proximal 
border 
[mm±SD] 

48±28 23±13 68±37 70±48 <0.0001* 

Distal border 
[mm±SD] 

58±51 111±50 64±20 39±30 <0.0001* 

Perioperative 
CT [n(%)] 
Yes 
No  

 
 
24(58.5) 
17(41.5) 

 
 
9(75) 
3(25) 

 
 
10(58.8) 
7(41.2) 

 
 
5(41.7) 
7(58.3) 

0.102 

Laparoscopic 
[n(%)] 
Open [n(%)] 

29(45.3) 
 
35(54.7) 

9(45) 
 
11(55) 

11(45.8) 
 
13(54.2) 

9(45) 
 
11(55) 

0.998 

Type of 
operation 
[n(%)] 
Non-resectable 
GT 
GST 

 
 
 
1(1.6) 
47(74.6) 
15(23.8) 

 
 
 
1(5) 
17(85) 
2(10) 

 
 
 
0(0) 
22(95.7) 
1(4.3) 

 
 
 
0(0) 
8(40) 
12(60) 

<0.0001* 

Grade [n(%)] 
Good 
Moderate 
Poor 

 
8(12.9) 
19(30.6) 
3(56.5) 

 
0(0) 
6(31.6) 
13(68.4) 

 
3(13) 
7(30.4) 
13(56.5) 

 
3(15) 
6(30) 
11(55) 

0.174 

PNI [n(%)] 
Yes 
No 

 
27(43.5) 
35(56.5) 

 
11(57.9) 
8(42.1) 

 
8(34.8) 
15(65.2) 

 
8(40) 
12(60) 

0.271 

LVI [n(%)] 
Yes 
No 

 
32(51.6) 
30(48.4) 

 
9(47.4) 
10(52.6) 

 
13(56.5) 
10(43.5) 

 
10(50) 
10(10) 

0.878 
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Lauren [n(%)] 
Intestinal 
Diffuse 
Mixed 

 
35(55.6) 
12(19) 
16(25.4) 

 
11(55) 
5(25) 
4(20) 

 
11(47.8) 
6(26.1) 
6(26.1) 

 
12(60) 
2(10) 
6(30) 

0.653 

T [n(%)] 
Tis 
1a 
1b 
2 
3 
4a 
4b 

 
2(3.2) 
8(12.9) 
7(11.3) 
8(12.9) 
19(30.6) 
16(25.8) 
2(3.2) 

 
0(0) 
1(5.3) 
3(13) 
1(5.3) 
8(42.1) 
5(26.3) 
1(5.3) 

 
1(4.3) 
3(13) 
3(13) 
3(13) 
4(17.4) 
8(34.8) 
1(4.3) 

 
1(5) 
4(20) 
1(5) 
4(20) 
7(35) 
3(15) 
0(0) 

0.146 

N [n(%)] 
0 
1 
2 
3a 
3b 

 
30(48.4) 
8(12.9) 
12(19.4) 
9(14.5) 
3(4.8) 

 
11(57.9) 
1(5.3) 
5(26.3) 
1(5.3) 
1(5.3) 

 
10(43.5) 
3(13) 
4(17.4) 
4(17.4) 
2(8.7) 

 
9(43) 
4(20) 
3(15) 
4(20) 
0(0) 

0.610 

M [n(%)] 
0 
1 

 
60(96.8) 
2(3.2) 

 
18(94.7) 
1(5.3) 

 
23(100) 
0(0) 

 
19(95) 
1(5) 

0.977 

Ulceration 
[n(%)] 
Yes 
No 

 
 
48(77.4) 
14(22.6) 

 
 
17(89.5) 
2(10.5) 

 
 
16(69.6) 
7(30.4) 

 
 
15(75) 
5(25) 

0.292 

Stenosis [n(%)] 
Yes 
No 

 
3(4.7) 
61(95.3) 

 
0(0) 
20(100) 

 
0(0) 
24(100) 

 
3(15) 
17(85) 

0.026* 

 

BMI: Body Mass Index; LNs: Lymph Nodes; POD1: Post Operative Day 1; CT: Chemotherapy; GT: Total 

gastrectomy; GST: Subtotal gastrectomy; PNI: Perineural invasion; LVI: Lymphovascular invasion. 

Comparison of serum leptin levels between groups 

Patients in the upper third had significantly higher preoperative leptin levels compared to patients in 

the middle and lower thirds (Table 1). The serum levels of leptin were the highest in the proximal third 

(91(141)), followed by the patients with their lower third tumors (65(84)) and patients with middle 

third tumors (39(41)). The preoperative serum leptin levels were correlated significantly with the 

proximal third location (p = 0.04), gastric outlet obstructing tumors (p < 0.0001), CRP levels on the first 

postoperative day (p = 0.03) and BMI (p < 0.0001). When we excluded patients with gastric outlet 

obstructing tumors, patients with proximal tumors had still significantly higher preoperative serum 

leptin levels, while the serum levels between patients with middle and distal third tumors were similar. 

Figure 1. Preoperative serum leptin levels in different tumor locations. 

A) Preoperative serum leptin in upper, middle, lower third gastric cancers. 
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B)Preoperative serum leptin in upper, middle, lower third gastric cancer without obstructing tumors. 

 

 

Determination of the preoperative serum leptin cut-off 

Leptin was shown to be  associated significantly with proximal tumor location. The ROC curve analysis 

was used to determine the preoperative serum level of leptin for the proximal third tumor location. 

The ROC curve identified leptin as associated significantly with the proximal third location (AUC = 

0.702; p = 0.011). 115ng/ml of serum leptin was selected for the cut-off. 

Figure 2. ROC-analysis. 
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Subgroup analysis of patients with elevated preoperative serum leptin levels 

Patients with high preoperative serum levels of leptin had a significantly higher BMI compared to 

patients with low preoperative serum leptine levels (30±6 kg/m2 vs 25±3 kg/m2; p = 0.002). Significantly 

fewer patients with higher preoperative serum levels of leptin recieved perioperative chemotherapy 

compared to patients with low leptin levels (27.3% vs 70%; p = 0.018). Patients with gastric outlet 

obstructing tumours were much more common in the group of patients with low preoperative serum 

leptin levels (27.3% vs 70%; p = 0.018). In patients with preoperative serum leptin levels the intestinal 

type of gastric cancer was most common (83% vs 51%; p = 0.033). Patients with high preoperative 

serum leptin levels had significantly better and moderately differentiated tumors compared to low 

level patients (25% and 58.3% vs 10.6% and 25.5%; p = 0.009).  

Table 2. Comparison of patients with high and low preoperative serum levels of leptin. 

 Serum leptin concentration p 

High (>=115 
ng/ml)(16) 

Low (<115 
ng/ml)(47) 

Age [years±SD] 68.9±10 67.3±12 0.678 

Sex [n(%)] 
Male 
Female 

 
14(70) 
6(30) 

 
16(66.7) 
8(33.3) 

0.509 

BMI [kg/m2±SD] 30±6 25±3 0.002* 

Number of 
extracted LNs 
[n±SD] 

24±9 27±14 0.465 

Number of positive 
LNs [median(IQR)] 

1(7) 1(5) 0.562 

Serum CRP POD1 
[g/ml(IQR)] 

51(29) 57(32) 0.639 
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Preoperative serum 
haemoglobin 
[g/l±SD] 

123±17 122±17 0.761 

Preoperative serum 
albumin [g/l±SD] 

34±2 35±6 0.638 

Proximal border 
[mm±SD] 

63±41 59±47 0.792 

Distal border 
[mm±SD] 

82±44 72±42 0.457 

Perioperative CT 
[n(%)] 
Yes 
No  

 
 
3(27.3) 
8(72.7) 

 
 
21(70) 
9(30) 

0.018* 

Laparoscopic [n(%)] 
Open [n(%)] 

 
9(56.3) 

 
20(41.7) 

0.234 

Type of operation 
[n(%)] 
Non-resectable 
GT 
GST 

 
 
1(6.3) 
11(68.8) 
4(25) 

 
 
0(0) 
36(76.6) 
11(23.4) 

0.724 

Grade [n(%)] 
Good 
Moderate 
Poor 

 
3(25) 
7(58.3) 
2(16.7) 

 
5(10.6) 
12(25.5) 
30(63.9) 

0.009* 

PNI [n(%)] 
Yes 
No 

 
4(33.3) 
8(66.7) 

 
21(44.7) 
26(55.3) 

0.355 

LVI [n(%)] 
Yes 
No 

 
5(41.7) 
7(58.3) 

 
25(53.2) 
22(46.8) 

0.349 

Lauren [n(%)] 
Intestinal 
Diffuse 
Mixed 

 
11(83.6) 
1(7.7) 
1(7.7) 

 
24(51) 
10(21.3) 
13(27.7) 

0.033* 

T [n(%)] 
Tis 
1a 
1b 
2 
3 
4a 
4b 

 
1(8.3) 
2(16.7) 
0(0) 
2(16.7) 
3(25) 
4(33.3) 
0(0) 

 
1(2.1) 
6(12.8) 
7(14.9) 
5(10.6) 
15(31.9) 
11(23.4) 
2(4.3) 

0.636 

N [n(%)] 
0 
1 
2 
3a 
3b 

 
6(50) 
1(8.3) 
3(25) 
1(8.3) 
1(8.3) 

 
23(48.9) 
6(12.8) 
9(19.1) 
7(14.9) 
2(4.3) 

0.919 

M [n(%)] 
0 
1 

 
11(91.7) 
1(8.3) 

 
46(97.9) 
1(2.1) 

0.368 
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Ulceration [n(%)] 
Yes 
No 

 
8(66.7) 
4(33.3) 

 
37(78.7) 
10(21.3) 

0.3 

Stenosis [n(%)] 
Yes 
No 

 
3(27.3) 
8(72.7) 

 
21(70 
9(30) 

0.018* 

 

BMI: Body Mass Index; LNs: Lymph Nodes; POD1: Post Operative Day 1; CT: Chemotherapy; GT: Total 

gastrectomy; GST: Subtotal gastrectomy; PNI: Perineural invasion; LVI: Lymphovascular invasion. 

Multivariate analysis 

The linear regression model determined the proximal tumor location (beta: 0.467; p = 0.045), BMI 

(beta: 0.657; p = 0.001), high preoperative serum albumin (beta: 0.563; p = 0.016) and the presence of 

pyloric stenosis (beta: 0.525; p = 0.006) as related significantly to preoperative serum leptin levels. 

A binary logistic regression model was used to determine the odds of proximal tumor location for an 

increase of patients` BMI. The model predicted an odds increase of 1.373 for 1kg/m2 increase of BMI 

for the proximal third tumor location (p = 0.021). 

Survival analysis 

The mean observation period in the study was 7(10) months. During this time, 16 events (deaths) were 

recorded. Patients with high preoperative serum levels of leptin had significantly poorer long-term 

survival compared to patients with low preoperative serum levels of leptin (p = 0.028). One-year 

survival was 57.7% in the high preoperative serum leptin group, and 87.5% in the low preoperative 

serum leptin group.  

Figure 3. Survival analysis in patients with high and low preoperative serum levels of leptin. 

 

The Cox proportional hazard model identified age (HR: 0.003; 95%CI: 0-0.794; p = 0.041), preoperative 

serum levels of leptin (HR: 0.125; 95%CI: 0.018-0.887; p = 0.037), and the total number of extracted 

LNs (HR: 0.001; 95%CI: 0-0.677; p = 0.038) as significant predictors for poor long-term prognosis. 
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Discussion 

In the present study we observed that gastric cancer patients with proximal tumors had significantly 

higher BMI compared to middle and distal third gastric cancer tumors. The patients in our study were 

1.373 times more likely to develop gastric cancer in the proximal third for every increase of 1 kg/m2 in 

their BMI.  

There is mounting evidence that adipokines, especially leptin, might play a crucial role in the 

development of proximal gastric cancer [4-9]. Although expression of leptin in gastric cancer cells has 

been found to be increased in previous studies [8, 9], the results on serum levels of leptin in gastric 

cancer patients are far from being so clear-cut. To date, researchers have failed to confirm that serum 

levels of leptin were related to proximal tumor locations in gastric cancer [14-16]. These conflicting 

results could be explained with the mixed patient population included in the studies [14-16]. Tas et al. 

included 24% of patients with an undetermined tumor location [16], while, in the study performed by 

Bulkabas et al., none of the patients had a known tumor location [14]. In addition, in the latter studies 

most of the patients had advanced and non-resectable gastric cancer suffering from cachexia. This 

might explain why no conclusive results could be produced. Patients with resectable gastric cancer 

were included in the present study. The multivariate linear regression model identified that proximal 

third tumors were related significantly to preoperative serum leptin levels. Since most of the cells 

expressing leptin receptors (Ob-R) are located in the lower gastric fundus, it is only natural to expect 

that leptin has the strongest effect on the cells located in these areas. Based on our observations, we 

propose that, in obese individuals, leptin secreted from non-gastric locations might be responsible for 

tumor development in the upper third of the stomach. We propose that the chronically elevated leptin 

levels derived from adipose tissue rather than leptin secreted by gastric cells may act systemically.  

Leptin has a pleiotropic effect, and besides its role in energy metabolism and society, it is also known 

to stimulate proliferation in gastric cells [8-9]. It has been shown that it promotes proliferation of 

gastric cancer and tumor cells [17]. Leptin was proposed to be involved in the initial steps of gastric 

cancer development [17]. Previous studies have found a strong correlation between leptin expression 

in gastric cancer and tumor differentiation [17-19]. Zhao et al. have found that more differentiated 

tumors had a stronger intensity of leptin staining [9]. This phenomenon was observed in many growth 

factors related to  tumor development, while, in later stages, growth factors are down regulated as the 

tumor dedifferentiates. In our study, patients with preoperative serum levels of leptin above 115 ng/ml 

were correlated significantly with good differentiation and Lauren intestinal histological type. This is in 

line with previous observations [8, 9, 17-19]. Nonetheless, we did not observe a relation of leptin with 

advanced stage, nodal metastases or distal metastases, as observed in other studies [17-19]. 

Our results confirmed that the preoperative serum levels of leptin were associated with the 

preoperative serum albumin levels. Serum albumin is a marker of nutritional state [20, 21]. Leptin is 

elevated in well-fed patients. Consequently, the observed relationship between leptin and serum 

albumin could simply be a marker of the nutritional state of the patient.  

Serum leptin was correlated significantly with gastric outlet obstructing tumors. Zhao et al.  found that 

leptin is secreted from parietal and chief gastric cells as a response to local cell injury [9]. The secreted 

leptin acts as an autocrine cell growth factor, promoting cellular regeneration. Stomach dilatation 

caused by pyloric stenosis could, similarly, lead to increased local secretion of leptin from the fundal 

parietal and chief cells, leading to the increased serum levels observed in our study. 
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The Cox regression model identified preoperative serum leptin as an independent prognostic factor. 

Patients with leptin serum levels above 115 ng/ml had significantly worse long-term survival compared 

to patients with lower leptin levels. This is in line with previous observations, where a significant 

correlation between leptin and advanced stages was found [17-19]. Gang et al.  observed poorer 

survival in patients with higher serum leptin levels [19]. They suggested that the poorer long-term 

survival in leptin expressing tumors was related to the advanced stage [19]. Although we did not find 

a correlation between preoperative serum leptin levels and tumor stage, we agree with Gang et al. 

that leptin might be responsible for the higher invasiveness by down-stream activation of ERK-1 and 

STAT3 effectors responsible for tumor progression, ultimately leading to lymph node and distal 

metastases, and eventually to poorer long-term survival [17-19].   

Our study has to be viewed in light of some limitations. The sample size was small, therefore, some 

correlations that might have become apparent on a larger sample did not reach the level of 

significance. Additionally, the observational period was relatively short. In the present study we 

determined the correlation of serum leptin with tumor location. Although we could confirm that leptin 

was associated with proximal gastric cancer tumors, to confirm the relation between increased body 

weight immunohistochemical expression of leptin in tumor cells and Western blot analysis of the 

phosphorylation of target receptors should have been determined indisputably as well. A 

heterogeneous group of patients was included, consisting of different stages. Finally, different factors 

promote leptin secretion which were not accounted for in our study. 

In conclusion, our results confirm that serum levels of leptin were significantly in patients with proximal 

gastric cancer, suggesting that the leptin`s effect might be due to its systemic secretion rather than by 

the local secretion from gastric cells. This might explain the higher incidence of proximal gastric cancer 

in obese patients. Higher preoperative serum levels of leptin were correlated with intestinal Lauren 

tumor type, with better differentiated tumors. We  also found that elevated serum leptin levels are an 

independent prognostic factor. These results highlight the detrimental effects of obesity in gastric 

cancer patients. 
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