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Abstract The present study was conducted to investigate
the sensitivity, specificity, predictive values and accuracy of
serum MIF, CEA, CA 19-9 levels and their various
combinations in patients with gastric cancer. Study group
consists of pathologically verified, gastric cancer (n=63)
and apparently healthy controls (n=50). Serum MIF
concentrations were determined by enzyme-linked immu-
nosorbent assay (ELISA). Serum values of patients were
significantly higher than the controls (p=0.011). Diagnostic
sensitivity and specificity, predictive values and accuracies
were calculated for each marker and their various combi-
nations. The best results were achieved with the marker
combination of MIF–CEA–CA 19-9 and MIF–CEA com-
bination. In our opinion, the combination of the markers
MIF–CEA is a valuable diagnostic tool for gastric cancer.
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Introduction

Despite its decline in incidence, gastric carcinoma (GC)
remains the second most frequent cancer in the world [1].
The prognosis of GC is dismal because the majority of cases
are found to have advanced disease at the time of diagnosis.
To improve the diagnosis and management of GC, a better
understanding of the pathogenesis and tumor biology is
mandatory [2].

Tumor markers are useful tests in the management and
follow-up of patients with cancer [3, 4]. Generally, tumor
markers are not useful for diagnosis because of their low
specificity and sensitivity. Moreover, several authors pro-
pose that tumor markers as a prognostic parameters in
different tumors [5–7]. MIF was first identified as a T-cell-
derived lymphokine [8, 9]. In addition to its original ability
to inhibit the migration of macrophages, MIF exhibits a
broad range of immunostimulatory and proinflammatory
activities [10]. In the context of tumorigenesis, over-
expression of MIF has been observed in prostate [11, 12],
lung [13, 14], skin [15], pituitary [16], brain [17], breast
[18], liver [19], and colon tumors [20]. Carcinoembryonic
antigen (CEA) is an oncofetal glycoprotein with a molec-
ular weight of about 186 kDa [21] and has been one of the
most popular and most frequently used tumor markers in
clinical practice. Elevations of CEA have been observed in
colorectal, breast, pancreatic, lung, thyroid and cervical
cancers and it is suggested that CEA should only be
recommended to monitor the response to treatment [22].
Persistently high or increasing CEA values are likely to
indicate poor response to treatment and progressive disease
[23]. Carbohydrate antigen 19.9 (CA 19.9) is a tumor
marker described by molecular hybridization techniques
[24]. This tumor marker is still used for the follow-up
colorectal carcinoma patients.
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The aim of this prospective study was to evaluate the
sensitivity, specificity, predictive values and accuracy of
MIF, CEA and CA 19.9 in patients with gastric cancer. The
diagnostic value, sensitivity, specificity, predictive values
and accuracy values were calculated for each marker and
their combinations.

Materials and Methods

Sixty-three male patients with metastatic gastric cancer
pathologically verified, consecutively admitted to the
Istanbul University, Oncology Institute were investigated.
Serum samples were obtained on first admission before any
type of chemotherapeutic treatment was given. Staging was
performed on a pathological basis according to AJCC
classification.

Blood samples were obtained from male patients with
gastric cancer and from apparently healthy male controls
who were blood donors undergoing regular physical and
laboratory examinations (n=50) by venipuncture and
clotted at the room temperature. The sera were collected
following centrifugation and frozen immediately at −20°C
until analysis. The protocol was consistent with the
Declaration of Helsinki (1989). Informed consent was
obtained from all patients.

Human MIF ELISA (Raybiotech, Inc. GA, USA) levels
were measured by solid-phase enzyme immunoassay. The

amount of MIF was quantitated by an automated ELISA
reader (SLT Labinstruments, Austria). The results were ex-
pressed as picograms per milliliter (pg/mL). CA 19.9 (U/mL)
and CEA (ng/mL) levels were measured by microparticle
enzyme immunoassay (Abbott Laboratories, Chicago, IL,
USA).

Data analysis was performed by using SPSS 7.5 software
(SPSS, Chicago, IL, USA). The report design was adopted
from the standards for reporting diagnostic accuracy
(STARD) group [25]. Cut-off values were calculated using
receiver operating characteristic (ROC) curves, which plots
the ROC curve corresponding to the overall accuracy of
the test.

Normality of the distribution of biomarker values (MIF,
CEA, CA 19-9) were tested using Kolmogorov–Smirnov
test. Mann Whitney-U test was used for statistical signif-
icance between the gastric cancer and the apparently
healthy group. Student's t-test was used to compare age
differences between patients and apparently healthy control
group [26]. The sensitivity, specificity, (+) predictive value,
(−) predictive value, and accuracy were calculated for each
of the three markers and their various combinations [27].
Reported p values are two sided and p values <0.05 were
considered to be significant. Survival analysis was per-
formed using Kaplan–Meier methods, implications of
marker levels on survival were tested with log-rank tests.

Results

All patients were admitted to the surgical clinic for patho-
logic diagnosis. Of the 63 patients 26 (41.27%) underwent
only biopsy and 37 (58.73%) had gastrectomy surgery.
There was family history (relatives with gastric carcinoma)
in ten (15.87%) patients with gastric carcinoma (Table 1).
Descriptive statistics and the values of age, serum CEA, CA
19-9 and MIF levels between gastric cancer patients and
apparently healthy controls are shown in Table 2.

Before starting to calculate values for age and tests, the
groups were checked for distribution with Kolmogorov–
Smirnov test for normality. The results showed that there
was normal distribution for age (Z=0.52; p=0.95). There is

Table 1 Descriptive characteristics of the groups

Gastric cancer (n=63) Values

Surgery (gastrectomy) 37 (58.73%)
(%95 CI: 45.62–70.99)

Biopsy 26 (41.27%)
(% 95CI: 29.01–54.38)

Family history
Yes 10 (15.87%)

(% 95CI: 7.88–27.26)
No 53 (84.13%)

(% 95CI: 72.74–92.12)

Table 2 Group characteristics and statistical analyses (SD: standard deviation)

Patients (n=63) Control (n=50) Statistical probability

Mean±SD median (min–max) Mean±SD median (min–max)

Age 54.24±12.4; 54 (28–85) 51.8±11.0; 35 (35–71) t=1.09, df=111.0, p=0.28
MIF (pg/mL) 682.74±1336.66; 61.69 (0.69–5990.30) 22.04±28.22; 7.76 (5.53–100.4) U=360.5, Z=−3.95, p<0.001
CEA (ng/mL) 72.4±208.95; 3.0 (0.4–1236) 0.94±0.53; 0.9 (0.4–2.3) U=219.5, Z=−4.21, p<0.001
CA 19-9 (U/mL) 198.56±670.81; 13.8 (0.00–4163.0) 7.27±7.36; 4.25 (0.00–22.4) U=323.0, Z=−2.9, p=0.003
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no normal distribution for the markers MIF (Z=2.84,
p<0.001), CA 19-9 (Z=2.82, p<0.001) and CEA (Z=2.37,
p<0.001). There was no difference between the age of
patients and control group by using Student’s t-test (t=1.09,
p=0.28). The serum MIF, CEA and CA 19-9 levels were
significantly higher in patients with gastric cancer than in
the control group by using Mann Whitney-U test (MIF: U=
360.5, p=0.001; CEA: U=219.5, p=0.00l; CA 19-9: U=
323, p=0.003).

We used receiver operating characteristic (ROC) curves
to determine cut-off values and the sensitivity, specificity,
positive and negative predictive values and accuracy of
MIF, CEA and CA 19-9 in gastric cancer patients. The cut-
off levels were MIF=13.3 pg/mL, CEA=2.05 ng/mL and
CA 19-9=27.58 U/mL, respectively (Fig. 1). Using these
cut-off values the areas under the curve were 0.776 (95%
CI: 0.667–0.884) for MIF; 0.807 (95% CI: 0.708–0.906)
for CEA and 0.715 (95% CI: 0.595–0.835) for CA 19-9,
respectively. To determine the most accurate test or
combination to detect gastric cancer patients, we evaluated

sensitivity, specificity, positive and negative predictive values
and accuracy with the calculated cut-off values (Table 3).
MIF–CEA–CA 19-9 and MIF–CEA combinations were the
most accurate and best diagnostic tests in gastric cancer
patients.

CEA and CA 19-9 have a close positive correlation with
serum concentrations in the patient groups (R=0.38; p=
0.01). There is no significant correlation between MIF and
other tumor marker values. That is why MIF can be
considered as an independent parameter (R=0.468; p=
0.018). Survival analyses according to high and normal
MIF levels (cut-off=13.3 pg/mL) in the whole patient
group, revealed no significant correlations between tumor
marker levels and survival (log rank=0, 19; df=1; p=0.66;
Fig. 2). In the cases with short survival (less than 1 year),
no significant correlation with survival and high MIF
expression was observed.

Discussion

Primary aim of the present study was to evaluate the serum
MIF, CEA and CA 19-9 concentrations and their diagnostic

Fig. 1 Receiver operating characteristics (ROC) curves for each
individual analyte and a combination of all three analytes (area under
the curve for MIF; CA 19-9; CEA is 77.6%; 71.5%; 80.7%,
respectively

Table 3 Sensitivity, specificity, positive and negative predictive values and accuracy for CEA, CA 19-9, MIF and their various combinations

Cut-off values Sensitivity (%) Specificity (%) (+) Pred. value (%) (−) Pred. value (%) Accuracy (%)

MIF (13.3 pg/mL) 77.8 72.0 87.5 56.25 76.14
CEA (2.05 ng/mL) 33.33 92.0 92.59 53.49 68.57
CA 19-9 (27.58 U/mL) 55.56 100.0 100.0 45.45 57.14
MIF–CEA 91.1 72.0 85.42 81.81 84.29
MIF–CA 19-9 84.44 72.0 84.44 72.0 80.0
CEA–CA 19-9 60.0 92.0 93.1 43.9 71.43
MIF–CEA–CA 19-9 91.1 72.0 85.42 81.82 84.29

Fig. 2 Kaplan–Meier survival curve according to MIF levels
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value in patients with gastric cancer. There are some studies
with MIF–CEA, MIF, CEA and CA 19-9 in colorectal
cancers. Elevated levels of MIF, CEA and CA 19-9 predicts
the presence of extensive disease in colorectal carcinoma
with high specificity and high positive predictive value [21,
22, 24, 27]. We could not find any trial which was
conducted using the combinations these three tumor
markers (CEA–CA 19-9–MIF) to achieve a higher diag-
nostic value for gastric cancer in the literature. The most
striking feature of this study was the demonstration that
serum MIF, CEA and CA 19-9 levels were significantly
higher in patients with metastatic gastric cancer than in the
apparently healthy controls.

Shkolnik et al. have suggested in their study that MIF
may be useful as a clinical marker for colorectal cancer, and
warrants further technical refinement and study of specific
patient populations [28, 29]. In the patient group, we
achieved similar findings and also suggest that MIF could
be an useful marker for diagnosis (U=360.5; p<0.001), but
we could not find any evidence supporting the prognostic
value of MIF (log-rank=0.19; p=0.66).

In this study, we tried to improve the predictive power of
tumor markers for gastric cancer by making various
combinations. In the current study, serumMIF levels showed
a diagnostic value with a sensitivity and specificity of 77.8%
and 72.0%, respectively. The high sensitivity and specificity
using combinations of MIF–CEA and MIF–CEA–CA 19-9
were 91.1% and 72.0%, respectively. These results describe
better diagnostic values than the results with MIF alone.

There was a positive correlation between CEA and CA
19-9 in the patient group (r=0.382; p=0.01). MIF and CA
19-9 showed a positive correlation in the control group
(r=0.468; p=0.018).

Serum MIF, CEA and CA 19-9 concentrations were
significantly higher in gastric cancer patients. He et al.
suggested in their study that MIF expression is involved in
gastric carcinogenesis [30]. In this study gastric cancer
patients had also highly significant elevated serum MIF
levels than the apparently healthy control. All patients had
metastases and nearly all serum MIF levels were increased.
In our patients, we could not show any other features of
presence of MIF, based on various parameters such as
prognosis, clinical benefit etc. (data not shown). In our
study group, we could not confirm these results with
Kaplan–Meier analyses. In the cases with short survival
(less than 1 year), no significant correlation between
survival and high MIF expression was achieved.

In conclusion, CA 19-9 still fulfills the need of diagnosis
of gastric carcinoma. Many large-scale studies for MIF and
its combinations are needed in this field and exciting new
knowledge will ultimately emerge for its diagnostic and
prognostic values.
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