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DR-70 as a novel diagnostic biomarker for gastric cancer
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ABSTRACT

Background/Aims: To assess the utility of the DR-70 immunoassay in the diagnosis of gastric cancer.

Materials and Methods: A total of 29 patients with histologically proven malignant gastric tumor and 29 healthy
blood donors were enrolled in this study. DR-70 immunoassay was performed using an enzyme-linked immuno-
sorbent assay kit to quantify the serum levels of fibrin degradation products.

Results: The DR-70 values in patients with gastric cancer significantly differed from the values in controls (p<0.0001).
Receiver operating characteristic curve analysis revealed >1.45 pg/mL as the best cut-off value to distinguish be-
tween patients with gastric cancer and healthy controls. The area under the receiver operating characteristic curve
was 0.871. Using >1.45 pg/mL as the cut-off value, the DR-70 immunoassay showed a good clinical performance
with a sensitivity of 82.8% and a specificity of 79.3%. The positive predictive value was 80.0%, and the negative
predictive value was 82.1%.

Conclusion: The DR-70 immunoassay reliably differs between gastric cancer and healthy controls, promising to
become a useful cancer detection tool in clinical practice.
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INTRODUCTION

A cancer biomarker may be a molecular, cellular, tissue,
or process-based alteration (1). In the clinical practice
they can be used for screening, diagnosis, and prognos-
tic assessment and determination of therapeutic strat-
egy and monitoring. They can also be available during
follow-up subsequent to treatment. Although cancer
biomarkers have contributed to improved therapeutic
outcomes, they are currently in routine use only in a
limited number. Developing new biomarkers requires
the identification of candidates and their validation.
There must be convincing evidence that a biomarker
has sufficient test characteristics and clinical perfor-
mance to accurately diagnose a cancer in the screened
population.

Gastric cancer is a leading cause of cancer death world-
wide (2). Surgical resection remains the mainstay of
treatment and cure in localized, non-metastatic gastric
cancer cases, whereas there is no global consensus on

the best treatment regimen to be used in advanced
gastric cancer (3). In addition, novel treatment strate-
gies are required, based on the discovery of predictive
biomarkers, to improve the prognosis of patients with
gastric cancer.

The aim of this study was to assess the utility of the
DR-70 immunoassay, which is based on the immu-
nochemical detection of fibrin degradation products
(FDPs) in the diagnosis of gastric cancer. In addition, we
investigated the potential of DR-70 as a parameter with
respect to tumor dissemination in patients with gastric
cancer.

MATERIALS AND METHODS

A total of 29 patients with a histopathological diagnosis
of malignant gastric tumor (11 females, 18 males; me-
dian age: 57 years, range: 24-84 years) and 29 healthy
blood donors (19 females, 10 males; median age: 42
years, range: 18-69 years) were prospectively and se-
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Figure 1. Amount of serum DR-70 in controls and gastric cancer patients.

quentially enrolled in this study between September 2013 and
April 2014. Informed written consent was obtained from the
participants, and the local ethics committee approved the trial.

On admission, blood samples were studied to assess blood
cell count, aspartate aminotransferase, alanine aminotrans-
ferase, c-glutamyltranspeptidase, alkaline phosphatase, and
creatinine levels using commercially available tests. Patients
were additionally tested for carcinoembryogenic antigen
(CEA) and carbohydrate antigen 19-9 (CA 19-9). Ultrasonogra-
phy, computed tomography of the abdomen, and chest X-ray
were used for the staging evaluation. The organ-specific The
TNM Classification of Malignant Tumours (TNM) classification
was used to evaluate the tumor extension and spread.

DR-70 immunoassay

An enzyme-linked immunosorbent assay (ELISA) kit (AMDL
Inc; Tustin, CA, USA) was used to quantify the serum levels of
FDP. The blood samples were stored in siliconized vacutainers
with gel serum separators (SST vacutainer). Centrifugation of
the serum samples was performed for 30 min—4 h after veni-
puncture (4). All samples were kept frozen at —80°C until assay.
During the immunoassay, the immobilized rabbit anti-DR-70
(FDP) polyclonal antibodies and horseradish peroxidase-conju-
gated polyclonal anti-human fibrinogen antibodies were used.
The serum levels of FDP were determined by interpolating
the absorbance at 450 nm from the provided standard curve.
When the obtained value exceeded the upper limit of the DR-
70 kit (10 mg/mL), the test was performed again with two- and
fourfold diluted sera.

All statistical analyses were performed using the Statistical
Package for the Social Sciences (SPSS) version 15.0 for Win-
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Figure 2. Receiver operating characteristic analysis evaluating different
cut-off values for the DR-70 immunoassay.

dows (SPSS Inc; Chicago, IL, USA). Normality was assessed us-
ing the Shapiro-Wilks test. Accordingly, data were expressed
as median (min-max). A comparison between the groups was
performed using the Mann-Whitney U-test. Sensitivities and
specificities of the immunoassay were calculated at various
threshold concentrations. Thus, the best cut-off value for the
DR-70 immunoassay was determined by receiver operating
characteristic (ROC) curve analysis; 95% confidence intervals
were given. P<0.05 was accepted as statistically significant. A
two-sided p value of 0.05 or less was considered statistically
significant.

RESULTS

The DR-70 values in patients with gastric cancer (541 ug/mL;
range: 0.72-12.62) showed a significant difference from the val-
ues in controls (1.08 ug/mL; range: 0.62-6.64 pg/mL; p<0.0001).
The results of the measured amounts of FDP in patients and
controls are given in Figure 1.

ROC curve analysis revealed that >1.45 pg/mL was (Figure 2)
the best cut-off value to differentiate between patients with
gastric cancer and healthy subjects. The area under the ROC
curve was 0.871. When >1.45 pug/mL was accepted as the cut-
off value, the DR-70 immunoassay had a sensitivity of 82.8%
(63.5%-93.5%) and a specificity of 79.3% (69.7%-91.3%). The
negative predictive value was 80.0% (60.9%-91.6%), and the
negative predictive value was 82.1% (62.4%-93.2%).

According to the organ-specific TNM classification, 6 cancer pa-
tients had stage 1 or 2 disease and the remaining 23 patients had
more advanced tumor spread as stage 3 or 4. There was no sig-
nificant difference between these two groups with respect to the
serum DR-70 level [94 (1.1-12.5) vs. 4.6 (0.7-12.6) ug/mL p>0.05].
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In total, 11 of 29 patients with gastric cancer showed elevated
CEA values in serum. The sensitivity of the CEA assay to diag-
nose gastric cancer was 37.9% (22.1%-59.2%). In 13 of 29 pa-
tients, the level of CA 19-9 was higher than normal. Therefore,
the sensitivity of CA 19-9 to detect gastric cancer was 44.8%
(28%-65.8%). As a tumor marker, DR-70 was significantly su-
perior to CEA and CA 19-9 in terms of sensitivity to detect the
patients with gastric cancer (p<0.01). The combination of DR-
70 with CEA and CA 19-9 increased the sensitivity that at least
one of these tests was positive in 28 out of 29 patients (96.6%).

DISCUSSION

Highly accurate screening tools are required to facilitate a high-
er rate of curative resection in gastric cancer patients. In present
clinical practice methods, screening for gastric cancer is based
on upper gastrointestinal (Gl) endoscopy and biopsy. Identifi-
cation of a blood marker that is relatively non-invasive and cost
efficient could be provided by the measurement of disease-
specific markers in peripheral blood. Although such a marker
would never eliminate the need for an upper Gl endoscopy as
the definitively diagnostic procedure, it may identify high-risk
patients as candidates for an endoscopic examination. A tumor
marker may also serve an important role in the determination
of best endoscopic screening intervals in certain subgroups
with preneoplastic lesions, such as atrophic gastritis, intestinal
metaplasia, or low-grade gastric epithelial dysplasia.

The DR-70 immunoassay had been developed in the USA in
1995 as a commercial kit to detect serum levels of FDP. Al-
though conventional FDP tests can detect only part of the
degradation products, this polyclonal anti-FDP antibody-based
immunoassay measures all the major products of the cancer-
related FDP production pathways, including fragments D, E,
and D-dimers. Therefore, it had a better sensitivity. The DR-70
ELISA test is simple to perform, rapid, and requires only 1.5 h to
obtain the results. Compared with other ELISA tests that take
6 h to complete, the DR-70 test requires a significantly shorter
time to complete and therefore can provide a clinical report in
a shorter time. DR-70 has been shown to have the potential to
indicate the presence of various malignant tumors involving
the lung, tongue, gastrointestinal tract, breast, ovary, and liver
(4-8). In our findings, DR-70 levels were significantly higher in
patients with gastric cancer than in healthy controls. Although
some of the previous studies included small numbers of gastric
cancer patients, to the best of our knowledge, ours is the first
study with the largest patient group that specifically focuses
on the clinical value of DR-70 in gastric cancer. Based on the
current literature, no marker is appropriate for the diagnosis
of gastric cancer because of insufficient test characteristics (9).
Studies on CEA or CA 19-9 in the follow-up of patients with
gastric cancer concluded that these markers may show recur-
rence, but further clinical trials are required to confirm this data
(9). Our results show that DR-70 may have the potential to be
used as a diagnostic serum biomarker in gastric cancer. In addi-
tion, DR-70 can be used in combination with CEA and CA 19-9
to detect more than 90% of the cases.
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An ideal tumor marker theoretically should be highly sensitive
and specific. It should have low false-positive and -negative
results and 100% accuracy in differentiating between healthy
individuals and tumor patients. An ideal marker would pre-
dict early recurrence and have a prognostic value and positive
correlation with tumor volume and extent. For a marker to be
beneficial for cancer screening, its levels should begin to rise
during the neoplastic process. Accordingly, when the test char-
acteristics of DR-70 were considered (sensitivity: 82.8%, speci-
ficity: 79.3%,; positive predictive value (PPV): 80.0%, negative
predictive value (NPV): 82.1%), it cannot be claimed that DR-70
is an ideal tumor marker because none of the tumor markers
have been reported to date. In addition, we could not observe
a correlation between the DR-70 level and tumor extent. De-
spite these drawbacks, we think that it is a promising biomarker
which may be used alone or as a complementary test in future.

There are several limitations in our study. Patients with preneo-
plastic conditions, such as atrophic gastritis, intestinal meta-
plasia, and dysplasia, may have been included. A prospective
and long-term rather than a cross-sectional study design could
have provided data on the relationship between the DR-70
level and response to therapy, early recurrence, and prognosis.
We think that future studies need to address these issues.

In conclusion, the present study showed that the DR-70 im-
munoassay could reliably distinguish between patients with
gastric cancer and healthy subjects. Therefore, it may be a
good candidate to be used as a tumor marker and to be fur-
ther tested in prospective studies with a large sample size for
this purpose.

Ethics Committee Approval: Ethics committee approval was received
for this study from the ethics committee of Gazi University Ethics Co-
mitttee.

Informed Consent: : Written informed consent was obtained from
patients who participated in this studly.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept - MA, KO, H.Y; Design - M.A, H.Y,
M.L; Supervision - MA, LKO, M.l; Resource - MA, H.Y, H.E,; Materi-
als - MAA, H.Y, H.E; Data collection and/or processing - H.Y, H.E, KO,
Analysis and/or interpretation - M.A,, H.Y,, M.I; Litreature Search - M.,
H.E., HY, Writing - H.Y,, KO, H.E,; Critical reviews - M.A, M.l H.Y.

Conflict of Interest: No conflict of interest was declared by the authors.

Financial Disclosure: The authors declared that this study has re-
ceived no financial support.

REFERENCES

1. Hayes DF, Bast RC, Desch CE, et al. Tumor marker utility grading
system: a framework to evaluate clinical utility of tumor markers.
J Natl Cancer Inst 1996; 88: 1456-66. [CrossRef]

2. Gravalos C, Jimeno A. HER2 in gastric cancer: a new prognostic
factor and a novel therapeutic target. Ann Oncol 2008; 19: 1523-9.
[CrossRef]



http://dx.doi.org/10.1093/jnci/88.20.1456
http://dx.doi.org/10.1093/annonc/mdn169

Turk J Gastroenterol 2015; 26: 480-3

Lorenzen S, Lordick F. How will human epidermal growth factor
receptor 2-neu data impact clinical management of gastric can-
cer? Curr Opin Oncol 2011; 23: 396-402. [CrossRef]

Wu D, Zhou X, Yang G, et al. Clinical performance of the AMDL
DR-70 immunoassay kit for cancer detection. J Immunoassay
1998; 19: 63-72. [CrossRef]

Small-Howard AL, Harris H. Advantages of the AMDL-ELISA DR-70
(FDP) assay over carcinoembryonic antigen (CEA) for monitoring
colorectal cancer patients. J Immunoassay Immunochem 2010;
31:131-47. [CrossRef]

Kerber A, Trojan J, Herrlinger K, Zgouras D, Caspary WF, Braden B.
The new DR-70 immunoassay detects cancer of the gastrointes-

Arhan et al. DR-70 in the Diagnosis of Gastric Cancer

tinal tract: a validation study. Aliment Pharmacol Ther 2004; 20:
983-7. [CrossRef]

Li X, Qiao Z, Long X, Wei J, Cheng Y. Serum concentration of
AMDL DR-70 for the diagnosis and prognosis of carcinoma of the
tongue. Br J Oral Maxillofac Surg 2005; 43: 513-5. [CrossRef]

Lin SZ,Chen CC, Lee KC, et al. DR-70 immunoassay for the surveil-
lance of hepatocellular carcinoma. J Gastroenterol Hepatol 2012;
27:547-52. [CrossRef]

Sturgeon CM, Duffy MJ, Hofmann BR, et al. National Academy of
Clinical Biochemistry Laboratory Medicine Practice Guidelines for
use of tumor markers in liver, bladder, cervical, and gastric can-
cers. Clin Chem 2010; 56: 1-48. [CrossRef]

-]
—
)
00—
=l
)
<<
—

igina

(0]



http://dx.doi.org/10.1097/CCO.0b013e3283469567
http://dx.doi.org/10.1080/01971529808005472
http://dx.doi.org/10.1080/15321811003617438
http://dx.doi.org/10.1111/j.1365-2036.2004.02212.x
http://dx.doi.org/10.1016/j.bjoms.2004.11.020
http://dx.doi.org/10.1111/j.1440-1746.2011.06896.x
http://dx.doi.org/10.1373/clinchem.2009.133124

