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A B S T R A C T

We conducted this study to investigate the association between serum levels of insulin-like

growth factor (IGF)-1, IGF-2, and IGF-binding protein (IGFBP)-3 and the incidence of stom-

ach cancer. A nested case-control study of 161 stomach cancer incidences and 314 matched

controls was established within the Japan Collaborative Cohort Study.

The adjusted ORs for IGF-1 quartile ranged from 0.84 and 1.13, but these were not statis-

tically significant. Further, higher IGF-2 levels did not significantly correlate with the inci-

dence of stomach cancer. A tendency for the risk of stomach cancer to decrease with

increasing IGFBP-3 level was observed, but without statistical significance. A slight

decrease in risk was seen with an increase in IGFBP-3 level, but neither change was statis-

tically significant. To conclude, we found no association between IGF-1, IGF-2, or IGFBP-3

serum levels and the risk of stomach cancer. As this association has not been established,

these findings need to be confirmed in future studies.

� 2007 Elsevier Ltd. All rights reserved.
1. Introduction

Stomach cancer is the second most common cancer world-

wide.1 Japan is one of the countries with the highest inci-

dence rate, while Western Europe and the United States of

America generally have low incidences. Although the inci-
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dence of stomach cancer among Japanese has decreased over

the past two decades, it remains the leading cause of cancer

death.2 Therefore, prevention for stomach cancer is impor-

tant in Japan.

Insulin-like growth factors (IGFs) are polypeptides present

in many tissue types that are bioactive in a number of ways,
.
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including cell proliferation, differentiation, apoptosis, and

transformation.3,4 The interaction between IGFs and their

receptors is regulated by a group of binding proteins called

IGF-binding proteins (IGFBPs). The most active of these is

IGFBP-3, which binds the vast majority of circulating IGFs.

Review5,6 and epidemiological studies assessing the rela-

tionship between serum IGF levels and the risk of lung,7

breast,8 colon,9 and pancreatic cancer10 have suggested that

high circulating IGF concentrations are positively associated

with an increased risk of cancer, except for high concentrations

of IGFBP-3, which are associated with a decreased risk. Results

have been inconsistent, however, possibly owing to differences

in cancer site, study population, and design. In particular,

few studies have attempted to assess the association between

serum levels of IGFs and IGFBPs and stomach cancer.11,12

Here, we conducted a nested case-control design study

within a large-scale cohort study in Japan to investigate the

association between the IGF-1, IGF-2, and IGFBP-3 serum lev-

els and the risk of stomach cancer incidence.

2. Materials and methods

2.1. Study population

The study was conducted as a nested case-control study with-

in the Japan Collaborative Cohort Study (the JACC Study), a

large-scale cohort study designed to evaluate the effects of

various risks or protective factors on cancer mortality and

incidence. Details of the JACC Study are described else-

where.13,14 Briefly, a baseline survey was conducted between

1988 and 1990. A total of 110,792 subjects aged 40 to 79 years

from 45 areas throughout Japan were enrolled in the study

and completed a self-administered questionnaire. We then

followed these 110,792 subjects to identify cancer mortality.

Vital statistics on the participants’ population-register sheets

from the Ministry of Home Affairs, Posts, and Telecommuni-

cations were reviewed annually, with permission, by each re-

gional research centre. Cancer incidence could be determined

in 64,820 subjects living in 24 of the 45 areas, in which cancer

registries were available. Cancer incidence was collected

through the local cancer registry and coded based on the

International Classification of Diseases and Injuries (ICD),

10th Revision (ICD-10). Stomach cancer was defined as codes

C16.0 to C16.9 of the ICD-10. During the baseline study,

approximately one-third of the subjects (39,242 subjects) do-

nated a peripheral serum sample, which was kept at )80 �C
until analysed for the presence of biochemical substances.

The entire study design was approved by the Ethics Board

of Nagoya University School of Medicine, which is where the

central secretariat of the JACC study is located.

2.2. Case identification and control selection

Subjects were initially screened by limiting inclusion to those

living in study areas where cancer incidence was available,

followed by exclusion of those with a self-reported history

of any type of cancer. A total of 804 new cases of stomach

cancer were recorded through the end of 1997, for which sera

were available for 161. Each of these patients had been

matched with two controls for study area, gender and age
using the baseline characteristics, from whom sera were also

obtained. All controls were alive, had not migrated and were

free of any cancer at the time of diagnosis of the case subject.

Owing to a lack of eligible controls, eight of the cases were

matched with a single control only. Thus, a total of 161 stom-

ach cancer cases and 314 controls were involved in this

nested case-control study.

2.3. Laboratory assays

Serum samples were assayed in 1999 and 2000 by trained staff

blinded to case/control status. The measurements of each

batch of case and its matched controls were performed on

the same day, with the same reagents. Serum levels of IGF-1,

IGF-2, and IGFBP-3 were measured by immunoradiometric as-

say using commercially available kits (Daiichi Radioisotope

Lab, Tokyo, Japan). The mean intra-assay coefficient of varia-

tion for the quality control serum samples was 2.1–3.5% for

IGF-1; 2.74–4.45% for IGF-2; and 3.16–4.19% for IGFBP-3. The sta-

bility of the standard curves as well as the sensibility and repro-

ducibility of the assays were examined in a pilot analysis. The

ranges of reliable measurement were 40–2050 ng/mL for IGF-1;

10–1640 ng/mL for IGF-2; and 0.06–10.10lg/mL for IGFBP-3.

Serological testing was also done to detect infection with

Helicobacter pylori (H. pylori using HM-CAPTM (Enteric Prod-

ucts, Westbury, NY, USA) using a Japanese (J-HM-CAP) anti-

gen. Immunoglobulin G antibody serum titers of 2.3 or

greater were considered positive for infection.

2.4. Statistical analysis

Proportions and mean values of baseline characteristics be-

tween the cases and their matched controls were compared

using the Mantel–Haenszel chi-square test and analysis of

variance. Correlations between serum IGF levels and age were

determined at baseline using the generalised linear model.

Serum values were then divided into quartiles, based on the

distribution of serum value in the cases and controls com-

bined. The 1st quartile was used as the reference category.

The risk of stomach cancer associated with IGF serum lev-

els were assessed using odds ratios (ORs) estimated by the

conditional logistic model. The following variables were con-

sidered potential confounders and included in the model:

body mass index (computed as weight in kilograms divided

by the square of the height in metres), tobacco smoking sta-

tus, H. pylori infection, history of diabetes, history of gastric

ulcer, preference for salty foods, and educational level.

The statistical significance of trends across exposure quar-

tiles was assessed by including ordinal terms for each serum

level quartile and entering the variable as a continuous term

in the model. All p values and 95% confidence intervals (95%

CI) presented in the tables were based on two-sided tests.

All statistical analyses were performed using Stata version

9.0 software.15

3. Results

Among 161 stomach cancer cases, there were 27 cases diag-

nosed before age 60 years, 75 from age 60 to 69, and 59 from

age 70 or over. Lag time between blood sampling and diagno-
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sis time varied from 12 to 113 months, with a median of 50

months. Pathologic examination was performed for all cases,

of which 130 (81%) were adenocarcinoma. In terms of loca-

tion, there were five cases located in the cardia of the stom-

ach (C16.0), four in the fundus (C16.1), 30 in the body

(C16.2), 27 in the pyloric antrum (C16.3), and five in the

pylorus (C16.4), while 90 cases were reported as unspecified

stomach cancer (C16.9). Table 1 shows the baseline character-

istics of 161 stomach cancer cases and 314 matched controls.

Mean age was 62.3 and 62.0 years, respectively. There was no

difference in body mass index (BMI) between the case and

control groups. The proportion of current smokers was higher

in the case group than in the control (p = 0.02), but no differ-

ence was seen for a history of diabetes or gastric ulcer

(p = 0.45 and 0.46, respectively). For the cases, serum IGF-1,
Table 1 – Selected baseline characteristics of the case and con

Cases

Number of subjects 161

Age (SD)b 62.3 (7.85)

Male (%) 74 (46.00)

Mean of body mass index (SD)b 22.6 (2.81)

Tobacco smoking status

Never smoker (%) 76 (47.2)

Former smoker (%) 26 (16.2)

Current smoker (%) 52 (32.3)

Missing (%) 7 (4.3)

Helicobacter pylori infection (%) 140 (86.9)

History of diabetes (%) 7 (4.4)

History of gastric ulcer (%) 28 (17.4)

Preference for salty food (%) 57 (35.4)

Education level

Less than 15 years (%) 45 (27.9)

From 15 to 18 years (%) 69 (42.9)

More than 18 years (%) 21 (13.1)

Missing (%) 26 (16.1)

Mean (ng/mL) of IGF-1 (SD)b 129.3 (52.30)

Mean (ng/mL) of IGF-2 (SD)b 588.7 (139.65)

Mean (lg/mL) of IGFBP-3 (SD)b 3.0 (0.88)

a p value: based on the analysis of variance for continuous variables an

b SD: denotes standard deviation.

Table 2 – Crude and adjusted odds ratios (ORs) of serum levels o
the risk of stomach cancer

Quartile 1 Quartile 2

Insulin-like growth factor 1

Crude OR (95%CI) 1.0 (reference) 0.91 (0.51–1.63)

Adjusted ORa (95%CI) 1.0 (reference) 0.84 (0.46–1.55)

Insulin-like growth factor 2

Crude OR (95%CI) 1.0 (reference) 0.86 (0.51–1.43)

Adjusted ORa (95%CI) 1.0 (reference) 0.79 (0.46–1.35)

Insulin-like growth factor binding protein 3

Crude OR (95%CI) 1.0 (reference) 0.65 (0.38–1.11)

Adjusted ORa (95%CI) 1.0 (reference) 0.66 (0.38–1.15)

a OR adjusted for body mass index, tobacco smoking status, Helicob

preference for salty food, and educational level in the model.
IGF-2, and IGFBP-3 showed an inverse correlation with age

at baseline, coefficient slopes were )1.47, )4.46, and )0.02,

respectively. The same pattern was seen for the controls, with

coefficient slopes of )1.08, )5.22, and )0.03, respectively.

Mean levels of IGF-1, IGF-2, and IGFBP-3 for the cases versus

the controls were 129.3 ng/mL versus 128.0 ng/mL, 588.7 ver-

sus 592.0 ng/mL, and 3.0lg/mL versus 3.1 lg/mL, respectively,

showing no significant difference for any (p = 0.80; 0.78 and

0.39, respectively).

IGF-1 quartile values were 690, 91–120, 121–150, and

P151 ng/mL for the quartiles 1, 2, 3, and 4, respectively. Respec-

tive values were 6510, 511–590, 591–670, and P671 ng/mL for

IGF-2; and 62.42, 2.43–2.99, 3.00–3.64, and P3.65 lg/mL for

IGFBP-3. Table 2 shows adjusted ORs for stomach cancer inci-

dence according to serum IGF-1, IGF-2, and IGFBP-3 level quar-
trol groups

Controls p valuea

314

62.0 (7.84) Matching factor

146 (46.50) Matching factor

22.5 (2.58) 0.78

155 (49.4) 0.02

59 (18.8)

71 (22.6)

29 (9.2)

246 (78.3) 0.02

19 (6.0) 0.45

47 (14.9) 0.46

86 (27.4) 0.06

84 (26.7) 0.61

139 (44.3)

47 (15.0)

44 (14.0)

128.0 (51.33) 0.80

592.0 (135.49) 0.78

3.1 (0.91) 0.39

d Mantel–Haenszel chi-square test for categorical variables.

f insulin-like growth factor (IGF)-1, IGF-2 and IGFBP-3 with

Quartile 3 Quartile 4 p for trend

1.01 (0.59–1.94) 0.90 (0.50–1.65) 0.89

1.13 (0.60–2.13) 0.91 (0.49–1.68) 0.98

0.69 (0.37–1.20) 1.01 (0.61–1.84) 0.98

0.70 (0.38–1.29) 1.13 (0.63–2.00) 0.72

0.69 (0.40–1.18) 0.84 (0.49–1.46) 0.58

0.70 (0.40–1.23) 0.85 (0.51–1.52) 0.63

acter pylori infection, history of diabetes, history of gastric ulcer,



Table 3 – Crude and adjusted odds ratios (ORs) between the risk of stomach cancer and quartiles of ratio of IGF-1/IGFBP-3
and IGF-2/IGFBP-3

Quartile 1 Quartile 2 Quartile 3 Quartile 4 p for trend

Ratio between IGF-1/IGFBP-3

Crude OR (95%CI) 1.0 (reference) 0.64 (0.35–1.16) 0.98 (0.54–1.79) 1.30 (0.71–2.38) 0.16

Adjusted ORa (95%CI) 1.0 (reference) 0.65 (0.35–1.20) 0.97 (0.52–1.83) 1.38 (0.74–2.59) 0.12

Ratio between IGF-2/IGFBP-3

Crude OR (95%CI) 1.0 (reference) 0.95 (0.54–1.67) 0.97 (0.55–1.71) 1.33 (0.75–2.37) 0.22

Adjusted ORa (95%CI) 1.0 (reference) 0.90 (0.50–1.61) 0.98 (0.55–1.75) 1.49 (0.83–2.67) 0.17

a OR adjusted for body mass index, tobacco smoking status, Helicobacter pylori infection, history of diabetes, history of gastric ulcer,

preference for salty food, and educational level in the model.
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tile after adjustment for potential confounding factors. The ad-

justed ORs for IGF-1 quartile ranged from 0.84 and 1.13, but

these were not significant. Further, increasing IGF-2 levels did

not significantly correlate with the incidence of stomach can-

cer. A slight decrease in risk was seen with an increase in

IGFBP-3 level, but neither change was statistically significant.

As expected, given the importance of H. pylori infection as

a risk factor for stomach cancer development, a large number

of both cases and controls tested positive for infection (86.9%

and 78.3%, respectively). Adjusted OR in the study was 2.05

(1.16–3.61) to reflect the risk of H. pylori infection (data not

shown).

Risk was also evaluated for its association with the ratios

of IGF-1 to IGFBP-3 and of IGF-2 to IGFBP-3 (Table 3). Results

showed no significant association in the highest quartile for

either.

4. Discussion

This study identified no association between the level of IGF-

1, IGF-2, or IGFBP-3 and the incidence of stomach cancer.

The molecular and biochemical roles of the IGF family in

cancer development have been well investigated.16–19 Briefly,

IGF-1 and IGF-2 are single-chain polypeptides whose molecu-

lar structures resemble those of pro-insulin. They exert their

effect by interacting with a specific receptor on the cell mem-

brane, and this interaction is regulated by a group of specific

binding proteins (IGFBP). At least six IGFBPs have been cloned;

among these IGFBP-3 takes up the vast majority of the IGF car-

rying capacity in the serum. IGF-1 and IGF-2 have several bio-

active functions,4,17 including roles in mitosis, antiapoptosis,

induction of vascular growth, and increased cell migration,

which might aid tumour growth. It is thought, however, that

IGF-2 plays a less important role than IGF-1.20,21 Conventional

thinking would suggest that IGFBP-3 acts to diminish the risk

of cancer, inhibit growth through ligand sequestration, and

perhaps also be antiproliferative and proapoptotic.22

Several review studies have addressed the relationship be-

tween the insulin-like growth factor family and cancer devel-

opment.5,6 Higher concentrations of IGF-1 were associated

with prostate, colorectal, and pre-menopausal breast cancer,

whereas higher concentrations of IGFBP-3 were inversely

associated with cancer at these sites.5,6 However, to date,

few studies have examined the association between IGFs

and IGFBP and stomach cancer, and no evidence of a relation-

ship has been established. A clinical study11 in Korea exam-
ined the change in serum IGF-1 and IGF-2 levels in 20

stomach cancer cases after surgery using blood samples ob-

tained within 10 days before and once after surgery. Results

showed that the serum concentrations of IGF-1 and IGF-2

were significantly lower after surgery, but that both pre- and

postoperative serum concentrations were still higher than

those obtained from 20 age- and sex-matched controls. A

clinical study in Italy23 reported that IGF-1 levels were higher

in 26 stomach cancer patients than in a healthy control group.

Moreover, it is known that radical surgery with complete tu-

mour ablation induces a significant decrease in IGF-1 levels.

A study in Japan12 reported that there were no differences be-

tween IGF-1, IGF-2, and IGFBP-3 levels in stomach cancer

cases and matched controls. However, these two latter stud-

ies simply compared the average serum IGF levels between

the stomach cancer group and controls, and did not include

any adjustment for potential confounding factors. The pres-

ent study, in contrast, was conducted as a nested case-control

study within a large-scale cohort with adjustment for con-

founders. Nevertheless, the results revealed no increase or

decrease in risk associated with IGF-1, IGF-2, or IGFBP-3.

Although our study is based on a relatively small sample

size, its strength lies in the fact that it is a large-scale cohort

study, scattered throughout Japan. However, to reduce the

cost of the cohort study, a nested case-control study design

was used to estimate the association with stomach cancer

incidence. Nested investigations are able to establish the tem-

poral nature of an association, in contrast with standard case-

controls studies, which are not. In addition, serum samples

were obtained from about one-third of the total study popula-

tion.13 These samples were collected at the time the baseline

study was conducted, and all controls were alive and free of

any cancer at the time of matching with the cases, thus avoid-

ing the possible effects of the disease process on levels.

Several limitations of the study warrant mention. First, the

serum biomarkers were analysed using a single sample col-

lected at the study baseline, and the concentrations of IGFs

may have changed over time. Second, serum samples were

available for only 161 of 804 cases, which may have led to po-

tential selection bias. However, there was no difference in

mean age between the 161 patients and stomach cancer cases

without a blood sample (data not shown).

In summary, we found no association between IGF-1, IGF-

2, or IGFBP-3 serum levels and the risk of stomach cancer. As

this association has not been established, these findings need

to be confirmed in future studies.
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