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Background. To investigate the relationship between DR-70 serum levels and dysplastic colon polyps. Materials and Methods. A
total of 130 patients with adenomatous polyps detected by colonoscopy and divided into two groups including low versus high
grade polyp, along with 50 healthy blood donors were included in the study. Blood samples from each participant were analyzed
for serum CEA and DR-70 levels. Results. No statistically significant differences were observed between the two groups in terms of
age or gender. The median DR-70 level was 0.5 ug/mL in the healthy control group and 1.1 ug/mL in group 1b (i.e., the high grade
polyp) (P < 0.001). DR-70 was higher in group 1b as compared to group la (P < 0.001). However, the median DR-70 values for the
low grade polyp group (i.e., group la) and the control group were similar (P = 0.067). In order to determine independent predictors
of high grade dysplasia, CEA, DR-70, polyp size, and age parameters were subjected to multiple logistical regression analyses via
the Enter method; the model was statistically significant (P < 0.001). Conclusions. DR-70, a marker used to measure FDP, which is
generated by all major cancers, is a potential marker to identify patients with advanced adenomatous polyps, that is, precursors of

colorectal cancer.

1. Introduction

Excluding skin cancers, colorectal cancer (CRC) is the third
most commonly diagnosed cancer after breast and lung
cancer and the second leading cause of death in both sexes [1].
Strong evidence indicates that screening programs can reduce
the incidence and mortality of CRC; indeed, early diagnosis
is very important for long-term survival with this type of
cancer [2]. In order to promote long-term survival, various
screening programs have been developed to detect early
stage CRC [3]. Among these screening programs, the most
preferred method is the colonoscopy, but it is not an ideal
screening method because it is expensive and uncomfortable
and involves the risk of several complications including
bowel perforation and hemorrhaging [4]. Despite extensive
research, serum/fecal biomarkers that offer high sensitivity
and specificity for the detection of early stage CRC have not
yet been identified [4, 5].

Previous studies have reported that there is a strong
relationship between increased fibrin/fibrinogen degradation
product (FDP) levels and the presence of cancer [6-9].
According to these studies, tests for FDPs may be useful for
the prediction of patient survival. Indeed, FDPs are tumor
markers in many types of cancer and FDP concentrations are
correlated to the presence, stage, progression, and prognosis
of CRC [10].

The DR-70 ELISA is the first in vitro diagnostic test to
have been approved for colon cancer screening by the
USFDA since 1982 when carcinoembryonic antigen (CEA)
was approved [10]. In contrast to tests that measure a sin-
gle source of FDP, the DR-70 ELISA assay measures FDP
generated from all major cancer-induced FDP production
pathways [11, 12].

In this study, we investigated the relationship between
serum DR-70 levels and the presence of dysplastic polyps,
that is, premalignant lesions in the adenoma-carcinoma
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sequence of CRC. We assessed the ability of DR-70 to predict
the presence of premalignant lesions before they become
intramucosal adenocarcinomas, that is, an early stage of colon
cancer.

2. Patients and Methods

This study included 130 patients with adenomatous polyps
as detected by colonoscopies at the Gastroenterology Clinic
of the Haydarpasa Numune Training and Research Hospital
and 50 healthy blood donors who composed the control
group following confirmation of lack of any colon polyps
on colonoscopy. Subjects were excluded from the study if
they had CRC, impaired hepatic or renal function, dia-
betes mellitus, an uncontrolled infection, familial adenoma-
tous polyposis, or conditions that could affect fibrinolysis
and/or thrombosis (e.g., deep vein thrombosis, pulmonary
embolism, or anticoagulant use). Accordingly, patients with
false positive results for DR-70 including 3 patients with
Crohn’s disease, 2 patients with autoimmune hepatitis, 2
patients with infection, and in the sera of 4 patients with
incompletely clotted blood during serum preparation were
excluded from the present analysis.

The demographic and clinical characteristics of the sub-
jects, including age, gender, and colonoscopy findings at the
time of diagnosis, were recorded via a questionnaire form.
The study protocol was approved by the hospital’s ethics
committee and all study subjects provided written informed
consent.

Carcinomas restricted to the epithelial layer without inva-
sion into the lamina propria were classified as noninvasive
high grade neoplasia.

A 5mL sample of peripheral blood was obtained from
each subject (i.e., both the patients with the adenomatous
polyps and the healthy control subjects). The serum CEA
and DR-70 levels and the hemogram for each participant
were analyzed in the biochemistry laboratory of Haydarpasa
Numune Training and Research Hospital. The serum DR-
70 concentration was measured following the manufacturer’s
protocol for the AMDL-ELISA DR-70 kit (AMDL Inc.,
Tustin, CA, USA).

2.1. Statistical Analysis. The Statistical Package for Social
Sciences (SPSS) for Windows, v. 16.0, was used for all
statistical analyses. The normal distribution of the continuous
variables was analyzed using the one-sample Kolmogorov-
Smirnov test. In addition to descriptive statistical methods, a
one-way analysis of variance (ANOVA) was used to compare
normally distributed parameters in more than two indepen-
dent groups, whereas the Kruskal-Wallis test was used for
parameters that did not show a normal distribution. If the
results of the one-way ANOVA were significant, pairwise post
hoc tests were performed using Tukey’s honestly significant
difference (HSD) test. For parameters that did not show a nor-
mal distribution, the Mann-Whitney U test was performed to
test the significance of the pairwise differences, and the results
were evaluated using the Bonferroni correction. Depending
on the distribution of the data, Student’s ¢-test or the Mann-
Whitney U test was used to compare qualitative data from
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two independent groups. The chi-square test or Fisher’s exact
test was used for intergroup comparisons of quantitative data.
The sensitivities and specificities of the immunoassay were
calculated at various threshold concentrations. Thus, the best
cutoft values for the DR-70 and CEA immunoassay were
obtained via the receiver operating characteristics (ROC)
curve analysis using the MedCalc statistical software 12.2.1
(MedCalc Inc., Mariakerke, Belgium) with 95% confidence
intervals. Correlations between findings were assessed using
Pearson’s or Spearman’s correlation analysis depending on
the distribution of the data. When significant differences
were observed between groups for certain parameters, these
parameters were entered into a multiple logistic regression
analysis to determine the independent predictors of high
grade dysplasia. The odds ratios (OR) and 95% confidence
intervals (CI) were determined with the accepted level for
statistical significance set at P < 0.05.

3. Results

3.1. Demographics and Clinical Characteristics. We evaluated
130 patients (i.e., 72 males and 58 females) with a mean age
of 60.08 + 12.42 years (i.e., range of 26 to 89 years) in whom
adenomatous polyps had been detected via colonoscopy and
50 healthy blood donors (i.e., 22 males and 28 females) with
a mean age 58.0 (6.2) years (i.e., range of 49 to 72 years)
who served as a control group. No statistically significant
differences were observed between the groups in terms of age
(P =0.14) or gender (P = 0.18).

Among the patient group, the median number of individ-
ual polyps found in the colonoscopy was five, and the median
polyp size was 5.5 mm. The polyps were most abundant in the
rectum and least abundant in the cecum. Fecal occult blood
was detected in 25% of the patients. The median DR-70 con-
centration was 0.80 pg/mL, and the mean CEA concentration
was 2.18 ng/mL. Table 1 shows the demographic and clinical
characteristics of the patient group. The subjects in the patient
group were subdivided into two groups according to the
dysplastic grade of the polyp including low grade dysplasia
(n = 72, 37 males and 35 females; mean age of 60.1 (SD: 13.2;
range 26-87) years) and high grade dysplasia (n = 58, 35
males and 23 females; mean age of 60.1 (SD: 11.5, range 28—
89) years) groups. The two groups were similar in terms of
age (P = 0.99) and gender distribution (P = 0.31).

When the control, low grade, and high grade groups were
compared, significant differences were observed in the CEA
levels (P < 0.001), serum DR-70 (P < 0.001) concentrations,
and the polyp size (P = 0.02) (Table 1). Compared to the
control group, the mean CEA concentration was significantly
higher in patients with low grade (P < 0.001) and high grade
(P < 0.001) polyps, whereas no significant difference was
observed between the two patient subgroups (P = 0.72).
The median DR-70 concentration in patients with high grade
polyps was significantly higher than that of the control group
(i.e., L1 pg/mL versus 0.5 ug/mL, resp., P < 0.001) and that of
the patients with low grade polyps (P < 0.001). On the other
hand, the median DR-70 concentration for patients with low
grade polyps was similar to that of the control group (P =
0.07) (Table 1).
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TaBLE 1: Comparisons of demographic characteristics and clinical parameters in the control, low grade dysplasia, and high grade dysplasia

groups.

Controls (n = 50)

Patients

Low grade dysplasia (n = 72) ~ High grade dysplasia (n = 58)  Total (n = 130) P value
Mean (SD)
Age (years) 58.0 (6.2) 60.1 (13.2) 60.1 (11.5) 60.1 (12.4) 0.53°
Gender n (%)
Male 22 (44.0) 37 (51.4) 35 (60.3) 72 (55.4) 023
Female 28 (56.0) 35 (58.6) 23 (39.7) 58 (44.6)
FOB positivity — 18 (25) 13 (22.4) 31(23.8) 0.73
Median (min-max)
Number of polyps — 5 (1-6) 5(1-6) 5 (1-6) 0.50°
Polyp size (mm) — 5 (0-20) 6.0 (0-60) 5.5 (0-60) 0.02°
DR-70 (pg/mL) 0.5(0.2-0.8) 0.6 (0.3-1.4) 1.1(0.3-4.3) 0.8 (0.3-4.3) <0.001°
Mean (SD)
CEA (ng/mL) 1.0 (0.7) 21(0.7) 2.2 (1.0) 2.2(0.8) <0.001°

*One-way ANOVA, Chi square test, “Mann-Whitney U, dKruskal-Wallis test.

TaBLE 2: Correlation between CEA, DR-70, and clinical parameters.

CEA (ng/mL) DR-70 (ug/mL)

r p r p
Polyp location -0.008" 0.93 0.108* 0.22
Polyp size -0.029* 0.74 0.501* <0.001
DR-70 (ug/mL) 0230  0.002 — —
CEA (ng/mL) — — 0.230° 0.002
Age 0.026" 0.73 0.098° 0.19
Number of polyps 0.148° 0.09 -0.058" 0.51

. . b
r: correlation coeflicient, *Spearman’s rho test, Pearson’s test.

3.2. Correlation between CEA, DR-70, and Clinical Parame-
ters. A significant positive correlation was observed between
the CEA and DR-70 concentrations (r = 0.23; P = 0.002) and
DR-70 concentration showed significant positive correlation
with polyp size (r = 0.501; P < 0.001) (Table 2).

3.3. Multiple Logistic Regression Analysis for Factors Predicting
High Grade Dysplastic Polyps. To determine the independent
factors that can predict high grade dysplastic polyps, the
blood CEA levels, the blood DR-70 levels, the polyp sizes,
and the ages of the participants were entered into a multiple
logistic regression analysis (Table 3). This model was statis-
tically significant (P < 0.001) with a Nagelkerke R* value
of 0.599. The DR-70 concentration (P < 0.001) was found
to be independent predictor of high grade polyps. Each unit
increase in the DR-70 concentration increased the likelihood
of having a high grade dysplastic polyp 104.799-fold (95.0%
CI16.47-666.74).

3.4. ROC Curves for CEA and DR-70 in Differentiation of
Dysplasia from the Healthy Control. When the receiver oper-
ating characteristic (ROC) curve was drawn to investigate
the diagnostic ability of DR-70 and CEA to distinguish the
presence of dysplasia from the healthy control group, the

TaBLE 3: Factors predicting high grade dysplastic polyps. Results of
multiple logistic regression analysis.

P value OR %95 CI
Lower bound  Upper bound
CEA 0.891 0.948 0.446 2.015
DR-70 0.000 104.816 16.476 666.832
Polyp size  0.069 0.897 0.797 1.009
Age 0.629 0.990 0.950 1.031

OR: odds ratio, CI: confidence interval.

most suitable cutoft value for DR-70 was 0.7 yg/mL with
sensitivity and specificity of 53.9% (95% CI 44.9-62.6) and
96.0% (95% CI 86.3-99.5), respectively. The most suitable
cutoft value for CEA was 1.14 ng/mL with sensitivity and
specificity of 100.0% (95% CI 97.2-100.0) and 64.0% (95%
CI 49.2-771), respectively. ROC curves for CEA and DR-
70 significantly differed in terms of differentiating dysplasia
from the healthy control group (P = 0.0014). The area under
the curve (AUC) was 0.730 (95% CI 0.659-0.794, P < 0.0001)
for DR-70 and 0.878 (95% CI 0.821-0.922, P < 0.0001) for
CEA (Figures 1(a)-1(c)).

3.5. ROC Curves for CEA and DR-70 in Differentiation of Low
Grade versus High Grade Dysplasia. When the receiver oper-
ating characteristic (ROC) curve was drawn to investigate the
diagnostic ability of DR-70 and CEA in differentiation of low
grade versus high grade dysplasia, the most suitable cutoft
value for DR-70 was 0.9 pg/mL with sensitivity and specificity
of 69.0% (95% CI 55.5-80.5) and 87.5% (95% CI 77.6-94.1),
respectively. The most suitable cutoff value for CEA was
3.5ng/mL with sensitivity and specificity of 89.7% (95% CI
78.8-96.1) and 0.0% (95% CI 0.0-0.5), respectively. ROC
curves for CEA and DR-70 significantly differed in terms
of differentiation of low grade versus high grade dysplasia
(P < 0.0001). The area under the curve (AUC) was 0.833
(95% CI 0.758-0.893, P < 0.0001) for DR-70 and 0.514 (95%
CI 0.425-0.602, P = 0.7922) for CEA (Figures 2(a)-2(c)).
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FIGURE 1: Receiver operating characteristic (ROC) curve for the diagnostic ability of (a) DR-70, (b) CEA, and (c) DR-70 versus CEA to
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differentiate the presence of dysplasia from the healthy control.
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FIGURE 2: Receiver operating characteristic (ROC) curve for the diagnostic ability of (a) DR-70, (b) CEA, and (c) DR-70 versus CEA to
differentiate low grade dysplasia from high grade dysplasia.



4. Discussion

Intramucosal adenocarcinomas do not invade beyond the
mucosa or muscularis mucosae. Any cancerous invasion
beyond the muscularis mucosae to the submucosal area is
considered invasive [13]. Aberrant crypt foci formation, that
is, an intermediate step between normal colonic epithelium
and adenoma development, is considered the earliest mor-
phological precursor of epithelial neoplasia. This is followed
by the formation of a small adenoma [14]. Further growth
leads to dysplastic changes and finally to the development of
invasive cancer. This model is called the adenoma-carcinoma
sequence [15]. Dysplasia in adenomas is classified as low,
medium, or high grade (i.e., carcinoma iz situ) based on cyto-
logical and architectural features. Intramucosal adenocarci-
nomas can be distinguished from high grade dysplasia by
the presence of lamina propria invasion [16]. Adenomas
with high grade dysplasia are considered “advanced” lesions.
Another criterion of advanced lesions is defined as a size
that is larger than 1cm with a villous structure. Herein, we
analyzed potential predictive markers with 130 patients with
adenomatous polyps and 50 healthy individuals as a control
group [17,18].

The 5-year survival rate of patients with early stage col-
orectal carcinomas is around 90%. Many screening programs
have been developed in order to detect these tumors as early
as possible [19]. The first tumor marker that was approved
by the USFDA is CEA, which was first identified in 1965;
currently, CEA is the most commonly used serum biomarker
of CRC [20]. Although originally thought to have high
sensitivity and specificity for CRC, CEA is more sensitive
in patients with advanced disease than those with early
stage disease; indeed, less than 40% sensitivity has been
observed in patients with early stage CRC (ie., A and B
rated cancers according to Dukes classification), that is, the
very population, that is, the target of screening programs
[21]. Therefore, although CEA is useful in the followup of
these patients, the use of CEA as a screening test is not
recommended [22]. DR-70 ELISA is a new in vitro diagnostic
test for CRC that measures the serum concentrations of
fibrin and FDPs [23]. Cancer increases FDP concentrations
via coagulation and fibrinolysis. Both u-PA and tissue factor
(TF) affect the production of FDP and have been reported
to increase in cancer patients. The enzyme u-PA transforms
inactive plasminogen into active plasmin, whereas TF acti-
vates the coagulation cascade by activating thrombin, which
then converts fibrinogen into fibrin. The plasmin degradation
products of fibrinogen and fibrin are different. The plasmin
degradation of fibrinogen produces X and Y fragments as
intermediate products and D and E fragments as end prod-
ucts. In contrast, the plasmin degradation of fibrin produces
D-dimers as the end product. The DR-70 test measures the
products of both pathways, whereas other tests measure
only a single FDP. Previous research has established that
FDPs are valuable tumor markers in many types of cancer,
including colorectal, lung, and ovarian cancers, and FDP
concentrations correlate to the presence, stage, progression,
and prognosis of cancer [24].
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In a study in Germany of 85 patients with gastrointestinal
cancers and 100 healthy individuals, the serum DR-70 con-
centration was found to be significantly higher in patients
with advanced stage cancer as compared to that of those with
early stage cancer. Since only 30 of these patients had CRC,
this marker could not be shown to be organ-specific. In the
current study, we excluded patients who had developed true
CRC because our primary objective was to evaluate the ability
of this marker to screen for early stage tumors [25].

Evaluation of DR-70 concentrations in various tumor
types has shown that its highest sensitivity is in patients
with stomach cancer (i.e., 92.6%) and the lowest sensitivity
is in patients with rectal cancer (i.e., 66.7%). Serum DR-
70 concentrations were significantly higher in patients with
advanced adenomas as compared to healthy individuals with-
out any polyps. Polyp location was not associated with DR-70
concentration [26]. Future studies with sample sizes may help
elucidate any differences in DR-70 concentrations that may
depend on tumor localization.

In a study in the USA in which 75 serum samples were
obtained from 39 healthy controls and 36 patients with
recurrent CRC, the researchers found that the combined use
of DR-70 and CEA had a sensitivity of 75% and a specificity of
58.97%. The optimal cutoff points for DR-70 and CEA were
3 ug/mL and 5ng/mL, respectively, which are higher than
the median DR-70 and CEA concentrations in patients with
adenomas in the present study (i.e., 0.8 yg/mL and 2.1 ng/mL,
resp.). These differences may be caused by the differences
in the study groups; more specifically, CRC patients were
included in the earlier study, whereas only adenoma patients
were included in the current study [26].

This study does have several limitations. For example,
we did not include CRC patients in the sample population.
Moreover, we could not include serrated adenomas because
only five of our patients presented with this condition.
Lastly, the patient sample size, that is, 130 cases, may not
be sufficiently large to determine the cutoff level between
dysplastic lesions and healthy controls.

Indeed, higher levels of DR-70 were also reported in
patients with malignancies of the lung, nasopharynx, tongue,
gastrointestinal tract, breast, ovary, and prostate gland [10, 27]
and the likelihood of false positive results in nonmalignant
gastrointestinal diseases such as lung infections and bron-
chitis was emphasized [28]. In this regard it seems notable
to indicate that, given the identification of false positive
results for DR-70 in the presence of infection, autoimmune
diseases, inflammatory events, and fibrinolysis in our study
population, none of these patients were included in the
control or patients group subjected to the present analysis.

Cancers are characterized by irregularities at the cellular
level. As these tumors progress, irregularities occur at the
system level including the coagulation system. In cancer
patients, the coagulation system can be affected by the inap-
propriate activation of either or both the coagulation and/or
fibrinolytic pathways. Dysregulation of the coagulation sys-
tem has major negative effects on cancer patients because of
the involvement of this system in homeostasis and immunity
[27]. We know that DR-70 is a marker that measures FDP,
which is generated by all types of cancer, especially from
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stimulating both the coagulation and fibrinolytic systems
[28].

5. Conclusion

To our knowledge, this study is the first to evaluate DR-70 as
amarker in patients with advanced adenomatous polyps, that
is, precursors of CRC. The diagnosis of early stage CRC using
serum markers without the need for invasive interventions,
like colonoscopies, will offer simpler and more cost-effective
approaches. Further, prospective randomized studies involv-
ing more patients are needed to determine whether DR-70
ELISA can serve as a marker for early stage CRC.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

References

[1] L. W. Day, L. C. Walter, and E Velayos, “Colorectal cancer
screening and surveillance in the elderly patient,” The American
Journal of Gastroenterology, vol. 106, no. 7, pp. 1197-1206, 2011.

[2] L. C. Cummings and G. S. Cooper, “Colorectal cancer screen-
ing: update for 2011, Seminars in Oncology, vol. 38, no. 4, pp.
483-489, 2011.

[3] N. Pawa, T. Arulampalam, and J. D. Norton, “Screening for
colorectal cancer: established and emerging modalities,” Nature
Reviews Gastroenterology and Hepatology, vol. 8, no. 12, pp. 711-

722, 2011.

[4] J. S. Mandel, “Screening for Colorectal Cancer;” Gastroenterol-
ogy Clinics of North America, vol. 37, no. 1, pp. 97-115, 2008.

[5] G. Bernal, “Use of RNA isolated from feces as a promising
tool for the early detection of colorectal cancer;” International
Journal of Biological Markers, vol. 27, pp. e82-€89, 2012.

[6] C. Pedrazzani, G. Cerullo, D. Marrelli et al., “Is circulating D-
dimer level a better prognostic indicator than CEA in resectable
colorectal cancer? Our experience on 199 cases,” International
Journal of Biological Markers, vol. 25, no. 3, pp. 171-176, 2010.

M. Kilic, O. Yoldas, M. Keskek et al., “Prognostic value of plasma
D-dimer levels in patients with colorectal cancer;” Colorectal
Disease, vol. 10, no. 3, pp. 238-241, 2008.

[8] M. Oya, Y. Akiyama, T. Okuyama, and H. Ishikawa, “High
preoperative plasma D-dimer level is associated with advanced
tumor stage and short survival after curative resection in
patients with colorectal cancer;” Japanese Journal of Clinical
Oncology, vol. 31, no. 8, pp. 388-394, 2001.

[9] Z. Nagy, O. Horvith, J. Kadas et al., “D-dimer as a potential
prognostic marker;” Pathology and Oncology Research, vol. 18,
pp. 669-674, 2012.

[10] A.L.Small-Howard and H. Harris, “Advantages of the AMDL-
ELISA DR-70 (FDP) assay over carcinoembryonic antigen
(CEA) for monitoring colorectal cancer patients,” Journal of
Immunoassay and Immunochemistry, vol. 31, no. 2, pp. 131-147,
2010.

[11] P. Rucker, S. M. Antonio, and B. Braden, “Elevated fibrinogen-
fibrin degradation products (FDP) in serum of colorectal cancer
patients,” Analytical Letters, vol. 37, no. 14, pp. 2965-2976, 2004.

[7

[12] K. Gronostaj, P. Richter, W. Nowak et al., “Altered plasma fibrin
clot properties in patients with digestive tract cancers: links with
the increased thrombin generation,” Thrombosis Research, vol.
131, no. 3, pp. 262-267, 2013.

[13] C. A. Rubio, S. Kristjansdottir, B. Thodleifsson et al., “The
frequency of advanced adenoma in consulting patients: a
nationwide survey in Iceland (2003-2006),” Colorectal Disease,
vol. 14, pp. 595-€602, 2012.

[14] A. G. Renehan, S. T. O'Dwyer, N. J. Haboubi, and C. S. Potten,
“Early cellular events in colorectal carcinogenesis,” Colorectal
Disease, vol. 4, no. 2, pp. 76-89, 2002.

[15] L. Moreira, “Update on colorectal cancer precursor lesions,”
Journal of Gastroenterology and Hepatology, vol. 35, supplement
1, pp. 80-85, 2012.

[16] A.B.West and T. Mitsuhashi, “Cancer or high-grade dysplasia?
The present status of the application of the terms in colonic
polyps,” Journal of Clinical Gastroenterology, vol. 39, no. 1, pp.
4-6, 2005.

[17] N. Gupta, A. Bansal, D. Rao et al.,, “Prevalence of advanced
histological features in diminutive and small colon polyps,”
Gastrointestinal Endoscopy, vol. 75, no. 5, pp. 1022-1030, 2012.

[18] M. E. Johnson, R. Feinn, and J. C. Anderson, “Clinical factors
associated with non-polypoid colonic adenomas 6 mm: a
prospective study in an asymptomatic population using a high-
definition colonoscope,” The American Journal of Gastroenterol-
0gy, vol. 106, no. 11, pp- 2018-2022, 2011.

[19] E.J. Cook, E K. Welsh, K. Chandrakumaran et al., “Resection
of colorectal liver metastases in the elderly: does age matter?”
Colorectal Disease, vol. 14, pp. 1210-1216, 2012.

[20] H. Putzki, “Significance of carcinoembryonic antigen in the
treatment of colorectal cancers,” Zentralblatt fur Chirurgie, vol.
111, no. 18, pp. 1119-1123, 1986 (German).

[21] E Koizumi, H. Odagiri, H. Fujimoto, T. Kawamura, and A.
Ishimori, “Clinical evaluation of four tumor markers (CEA,
TPA, CA50 and CA72-4) in colorectal cancer,” Rinsho Byori, vol.
40, no. 5, pp. 523-528, 1992.

[22] G. Y. Locker, S. Hamilton, J. Harris et al., “ASCO 2006 update
of recommendations for the use of tumor markers in gastroin-
testinal cancer;” Journal of Clinical Oncology, vol. 24, no. 33, pp.
5313-5327, 2006.

[23] D. Wu, X. Zhou, G. Yang et al., “Clinical performance of the
AMDL DR-70(TM) immunoassay kit for cancer detection,”
Journal of Immunoassay, vol. 19, no. 1, pp. 63-72, 1998.

[24] D. Wu, X. Zhou, G. Yang et al., “Clinical performance of the
AMDL DR-70(TM) immunoassay kit for cancer detection,”
Journal of Immunoassay, vol. 19, no. 1, pp. 63-72,1998.

[25] A. Kerber, J. Trojan, K. Herrlinger, D. Zgouras, W. F. Caspary,
and B. Braden, “The new DR-70 immunoassay detects cancer
of the gastrointestinal tract: a validation study, Alimentary
Pharmacology and Therapeutics, vol. 20, no. 9, pp. 983-987,
2004.

[26] S. Z. Lin, C. C. Chen, K. C. Lee et al., “DR-70 immunoassay
for the surveillance of hepatocellular carcinoma,” Journal of
Gastroenterology and Hepatology, vol. 27, pp. 547-552, 2012.

[27] X. Li, Z. Qiao, X. Long, J. Wei, and Y. Cheng, “Serum con-
centration of AMDL DR-70 for the diagnosis and prognosis
of carcinoma of the tongue British Journal of Oral and
Maxillofacial Surgery, vol. 43, no. 6, pp. 513-515, 2005.

[28] L. Ding, S. Ping, and Y. Jingmei, “Application of tumor marker
of DR-70 in the diagnosis of malignant tumors,” Chongqing
Medical Journal, vol. 28, pp. 1-3, 1999.



