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Introduction

Gastric adenocarcinoma (GC) is the second
most common cause of cancer-related deaths. The
incidence of gastric adenocarcinoma is heteroge-
neous based on the geographical distribution, and
occurs frequently, particularly in younger popula-
tions in Europe, South Asia and USA. This type of
tumor, which is frequently seen in younger patients,
is often recognized in the advanced stage as it
shows its symptoms in the late periods. Invasion

into the surrounding tissue indicates poor progno-
sis. In patients with distant organ metastases, 3-year
survival rate has been reported to be 8%. However,
5-year survival rate is as high as 80% in patients
diagnosed in the early stages(1). In this type of can-
cer, early diagnosis, early treatment and close fol-
low-up may reduce mortality. However, there is a
need for reliable markers that can be used as a rapid
test in the early diagnosis(2,3). Although not specific
to GC, biomarkers such as serum carbohydrate anti-
gen (CA) 19-9 and CA 72-4 levels are utilized in
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ABSTRACT

Introduction: Early diagnosis reduces mortality in gastric adenocarcinoma (GC). However, there are no markers that can
be used to allow early diagnosis. The aim of the present study was to investigate clinical utility of insulin-like growth factor-1
(IGF-1) and insulin-like growth-binding protein-3 (IGFBP-3) in the diagnosis of GC. 

Materials and methods: Hundred and fifteen patients with histopathologically confirmed diagnosis of GC and 53 age- and
sex-matched healthy controls were included in our study at Istanbul University Institute of Oncology. Serum IGF-1 and IGFBP-3
levels were determined using enzyme-linked immunosorbent assay (ELISA). 

Results: The mean age of the patients was 61 (range: 32-89) years. At the end of the median 11-month follow-up period,
75% (n=86) of the patients died. Serum IGF-1 and IGFBP-3 levels were significantly lower in the patient group than those in the
control group (p=0.001). The sensitivity and specificity for IGF-1 were found to be 62.61% and 68.52%, respectively. The sensi-
tivity and specificity for IGFBP-3 were found to be 73.91% and 62.96%, respectively. Serum IGFBP-3 levels were significantly
higher in younger patients compared to those in older patients (p=0.009). The median survival was 14±3.3 months (95% CI=7.6-
20.4). 3-year survival rate was 25.6% (95% CI=15.4-35.8). Large T status, high N status and metastasis were found to have a
prognostic role on survival (p=0.05, p=0.05, and p=0.003, respectively). Serum IGF-1 and IGFBP-3 concentrations had no prog-
nostic role on survival (p=0.72, p=0.41, respectively).

Conclusion: In our study, we showed that serum IGF-1 and IGFBP-3 levels could be used for early diagnosis of GC. We
found that these two biomarkers have good sensitivity and specificity in clinical practice. 
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the diagnosis of GC along with imaging studies and
pathological diagnosis. CA 19-9 is rather used for
the purpose of monitoring prognosis. The sensitivi-
ty and specificity of these two markers are different
from each other. Combined use of these two mark-
ers is recommended for higher specificity and sen-
sitivity(3,4). There is no more sensitive marker that
can be used alone in the diagnosis and follow-up of
GC and there are ongoing studies on this subject. 

Insulin-like growth factor (IGF) family has
mitogenic and anabolic effect on normal tissue. In
addition, it is a protein complex that plays an active
role in the proliferation of cancer cells and it pre-
vents cell apoptosis. IGF family consists of IGF 1-
6, IGFR 1-2 (Insulin-like growth factor receptor 1-
2) and IGFBP 1-3 (Insulin-like growth factor bind-
ing protein 1-3). Preclinical studies have reported
that increased IGF expression in the tumor tissue
can be used as a significant biomarker(5-8). Among
its known sub-types, increased IGF-1 expression
was reported to be the most significant finding for
cancers and that it can provide information about
metastasis, prognosis and chemotherapy resistance
of tumors originating from the mesenchymal cells(6).

IGFBP complex is a marker that assists trans-
port of IGF-1 in the blood and triggers cell apopto-
sis. IGFBP complex is of three different types.
IGFBP-1 and 2 are involved in the regulation of
IGF-1, whereas IGFBP-3 has a role in reducing the
binding functions in circulating IGF. 90% of circu-
lating IGF-I is bound to IGFBP-3. In the studies on
IGF family in non-GC tumors, high IGF-1 and low
IGFBP-3 levels have been shown to be associated
with an increased risk of prostate, colorectal and
breast cancer (5,7,9,10). However, the studies on
the use of this family as a clinical biomarker in GC
are limited and include data involving Japanese
patients (11). For this reason, clinical outcomes in
different ethnic groups are unknown. In our study,
we aimed to investigate the clinical significance of
serum IGF-1 and IGFBP-3 levels in patients with
GC.

Materials and Methods

Patients
Hundred and fifteen patients with pathologi-

cally established diagnosis of GC that were fol-
lowed at Istanbul University Institute of Oncology
between 2013 and 2015 and 53 healthy controls
were included in the study. Patients who had previ-
ously received chemotherapy at another center,

those who did not want to participate in the study,
and those who were lost to follow-up and continued
their treatment at another center were excluded
from the study. Age, gender and clinicopathologic
parameters of the patients were recorded from the
patient files. Disease staging was performed based
on the International Union Against Cancer TNM
classification. Computed tomography (CT), mag-
netic resonance imaging (MRI) and/or positron
emission tomography (PET/CT) were used as imag-
ing methods. 

Blood samples and study method
Blood samples were collected from the

patients and control subjects who provided consent
for the study upon admission to our clinic. The sera
separated from the blood samples after centrifuga-
tion were stored at -80˚C until analysis. Serum IGF-
1 and IGFBP-3 levels were measured using
Immulite 2000 system (all from Siemens
Healthcare Diagnostics Products Ltd., Sudbury,
UK). This system is based on solid phase enzyme-
linked chemiluminescence (EIA) method. After the
samples were diluted, serum IGF-1 and IGFBP-3
levels were automatically studied.  

Statistical Analysis
Statistical analysis was performed using SPSS

21.0 (SPSS, Inc., Chicago, IL, USA). The fitness of
the variables to normal distribution was evaluated
by analytical methods (Kolmogorov-
Smirnov/Shapiro-Wilk tests). Descriptive statistics
included median and range for variables without
normal distribution. The variables were compared
between the groups using the Mann-Whitney U
test. Overall survival (OS) was defined as the time
from the start of treatment to last control visit or
death. Survival analysis was performed using
Kaplan-Meier method. Differences in survival were
analyzed using the log-rank test. A P value of ≤0.05
was considered statistically significant.

Results

The mean age of the patients was 61 (range:
32-89) years, and 69% were male. When the
patients were grouped according to the disease
stage, 18 patients had stage 1-2, 60 patients had
stage 3, and 37 patients had stage 4 disease. Based
on this data, 32% of the patients had metastatic dis-
ease at the time of diagnosis. Patient characteristics
are reported in Table 1.
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There was a statistically significant difference
between the study patients and the controls in terms
of IGF-1 and IGFBP-3 levels (Table 2). Both levels
were significantly higher in the control group.
Serum IGF-1 levels in patients with GC were sig-
nificantly lower than those in the control group. In
patients with GC, serum IGF-1 level was 116.63
ng/ml, whereas it was 158.63 ng/ml (p=0.001) in
the control group. Serum IGFBP-3 levels in
patients with GC were significantly lower than
those in the control group. Serum IGFBP-3 level
was 3.24 ng/ml in patients with GC, whereas it was
4.44 ng/ml (p=0.001) in the control group.

Receiver Operating Characteristics (ROC)
analysis for IGF-1 revealed that the Area Under the
Curve (AUC) value was 70.6% and the cut-off
point was 124.5. Based on this cut-off point, sensi-
tivity was 62.61%, specificity was 68.52%, positive
predictive value (PPV) was 80.90% and negative
predictive value (NPV) was 46.25%. The rate of

correct classification was found to be 64.50%. ROC
analysis for IGFBP-3 revealed that AUC value was
74.3% and the cut-off point was 4.03. Based on this
cut-off point, sensitivity was 73.91%, specificity
was 62.96%, PPV was 80.95% and NPV was
53.12%. The rate of correct classification was
found to be 70.41% (Table 3, Figure 1).

Serum IGBP-3 levels in younger patients and
elderly patients were 3.57 and 2.86 ng/ml, respec-
tively (p=0.009). Apart from significantly higher
IGFBP-3 levels in younger patients, there was no
significant difference between clinicopathologic
parameters and serum IGF-1 and IGFBP-3 levels
(p>0.05) (Table 4).

The mean duration of follow-up was 11
(range: 1-49) months. At the end of follow-up peri-
od, 75% (n=86) of the patients died due to the dis-
ease. The median survival was 14±3.3 months
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Table 1: Characteristics of the patients and disease.
*Patients with unknown data concerning the variables are not
included in the analysis

Markers Patients
(n=115)

Healthy controls
(n=53) p

IGF-1 (median±SD)
(ng/ml) 116.63±73.32 158.63±62.22 0.001**

IGFBP-3 (median±SD)
(ng/ml) 3.24±1.40 4.44±1.36 0.001**

Table 2: The values of serum IGF-1 ve IGFBP-3 levels
in GC patients and healthy controls.
**p≤ 0.05,
(Abbreviations: GC; Gastric Cancer, IGF-1; Insulin-Like
Growth Factor-1, IGFBP-3; Insulin-Like Growth Factor
Binding Protein-3)

IGF-1 IGFBP-3

AUC (%95 CI) 0.706 (0.624-0.788) 0.743 (0.664-0.822)

Cut-off point 124.5 4.03

Sensitivity (%95 CI) 62.61 (53.10-71.45) 73.91 (61.90-81.66)

Specificity (%95 CI) 68.52 (54.45-80.48) 62.96 (48.74-75.71)

PPV (%95 CI) 80.90 (73.60-86.55) 80.95 (74.70-85.95)

NPV (%95 CI) 46.25 (38.98-53.68) 53.12 (43.92-62.12)

Correct classification rate
(%95 CI) 64.50 (56.78-71.69) 70.41 (62.92-77.18)

Table 3: ROC analysis results.
(Abbreviations: IGF-1; Insulin-Like Growth Factor-1, IGFBP-
3; Insulin-Like Growth Factor Binding Protein-3, AUC; Area
under the curve; PPV; positive predictive value, NPV; negative
predictive value, CI; confidence interval)

Fig. 1: ROC curves.



(95% CI=7.6-20.4). 1-year survival rate was 55.8%
(95% CI= 45.0-66.6). 3-year survival rate was
%25.6±5.2 (95% CI=15.4-35.8). Large T status,
high N status and metastasis were found to have a
prognostic role on survival (respectively; p=0.05,
p=0.05, and p=0.003). Serum IGF-1 and IGFBP-3
concentrations had no prognostic role on survival
(respectively; p=0.72, p=0.41) (Figure 2, 3), (Table
5).

Discussion

Early diagnosis in GC increases survival and
decreases mortality. The attempts have been made
to discover new tumor markers with high specifici-
ty that can be used in the early diagnosis in lieu of
current tumor markers(3,4). 

The use of IGF and IGF-dependent markers as
a tumor marker in GC has been a popular research

topic in recent years. It is emphasized that
these markers, which are found to play a role
in the cell survival, proliferation, differentia-
tion, apoptosis, metastasis, angiogenesis and
pathogenesis, can also provide significant
information about cancer cells. IGF and other
markers include IGF receptors and IGF bind-
ing proteins (IGFBP) in the blood. IGF and
receptor IGFBPs are secreted from different
subtypes of IGFs and other markers in the
body(5,6,9,12). Another study by Kuang et al.
reported that IGF levels in tumor tissues might
be different even from each other(13). For
example, in mesenchymal tumors, IGF-II is
secreted in higher amounts, whereas in GC
cancers, IGF-1 and its receptors and IGFBP
are more pronounced(2). 
Our study will contribute to the studies on the
identification of reliable tumor markers that
can be used in the early diagnosis of GC. In
this regard, we tried to find out whether IGF-1
and IGFBP, which are more specifically
addressed for GC tumors in the early diagno-
sis of GC patients, could be used as reliable
tumor markers by analyzing the data of patient

and control groups. In our study, statistically sig-
nificant difference was found between low IGF-1
and IGFBP-3 levels measured in sera of patients
with GC and the levels measured in sera of the
control group (p=0.001). Although these two bio-
markers are secreted into the blood by many tis-
sues, mainly by the liver, their levels in serum and
tissue are increased especially in some tumoral
formations(2,14). However, the fact that, contrary to
other tumors, IGF and other markers are released
from many tissues, but not from GC tissue, sug-
gests that GC can be used for early diagnosis and
to predict survival(2,7,9,12,15-17). These data in the liter-
ature are consistent with the findings of our study
and supports that low IGF-1 and IGFBP-3 levels
can be used for early diagnosis in GC.

In our study, serum IGF-1 and IGFBP-3 levels
of patients with GC did not significantly correlate
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Table 4: Results of comparisons between the IGF-1 and IGFBP-3
levels assays and various clinicopatological parameters.
**p≤ 0.05
(Abbreviations: IGF-1; Insulin-Like Growth Factor-1, IGFBP-3; Insulin-
Like Growth Factor Binding Protein-3)

Fig. 2: Overall survival curves in GC patients according to
serum IGF-1 levels (p=0.72)
Abbreviations: IGF-1; Insulin-Like Growth Factor-1



with T stage, N stage and pathological stage of the
tumor. This data is consistent with the study by
Matsubara et al. who indicates that there is no sig-
nificant difference between IGFR and prognosis(14).

Studies have reported that, as in many cancer
types, increased IGF, IGFBP-3 and IGF receptor
levels in the tumor tissue in GC significantly corre-
late with the presence of metastasis and poor prog-
nosis(2,3,7,17).  In our study, no correlation was
observed between the stage and serum biomarker
levels of patients with GC patients, and this result is
inconsistent with the data in the literature. This may
be explained by the limited number of early stage
(stage 1-2) patients and the lack of complete homo-
geneity between the stages. However, since this is
the patient distribution for the time interval we
determined during the study, we present this result
in this manner. 

In our study, no statistically significant differ-
ence was found between the below- and above-
median serum IGF-1 and IGFBP-3 levels and the
survival (p=0.88, p=0.25, respectively). In the only
study in the literature that showed prognostic sig-
nificance of IGFBP-3, Xue et al. showed that high-
er IGFBP-3 levels could indicate favorable five-
year survival(17). Further research into this topic
should clarify whether these two biomarkers can be
a prognostic marker in patients with GC.

It has been reported that since IGF-1, 2 and
IGFBP-3 are not different from each other in the
diagnosis of cancer patients and that they can be
used alone as a bio-marker; however, it is empha-
sized that combined evaluation of these markers
would increase sensitivity and specificity(2,12,18). In
addition, tumor markers to be used in cancer diag-
nosis should have high sensitivity and specificity.
In the reported studies, the data on the reliability of
these markers are based on ROC analysis. Based on
these two principles, serum levels of these two
markers in the present study were evaluated jointly
and the reliability of each marker was calculated
separately by ROC analysis. ROC analysis revealed
that the sensitivity and specificity for IGF-1 test
were 62.6% and 68.5%, respectively. For IGFBP-3,
they were found to be 73.9% and 63.0%. When we
compared these data with the data for serum mark-
ers used in clinical practice, in the study by Ningss
et al. the sensitivity rate for CEA ve CA19-9 -
tumor markers which are frequently used in the
diagnosis and follow-up of GC patients - was high-
er than that of our study, whereas the specificity
rate was lower(4). 

We aimed to evaluate the IGF-1 and IGFBP-3
levels in serum instead of tissue in order to make
our study easier and faster. In this study, we showed
that measurement of serum IGF-1 and IGFBP-3
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Fig. 3: Overall survival curves in GC patients according
to serum IGFBP-3 levels (p=0.41).
Abbreviations: IGFBP-3; Insulin-Like Growth Factor Binding
Protein-3

Table 5: Univariate analyses of overall survival.
Abbreviations: SD; Standard Deviation, IGF-1; Insulin-Like
Growth Factor-1, IGFBP-3; Insulin-Like Growth Factor
Binding Protein-3



levels in the diagnosis of GC is an easy, fast, effec-
tive and reliable method. There is a need for
prospective studies with larger and homogeneous
patient groups on clinical utility of these two mark-
ers in patients with GC.  
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