
Abstract. Background/Aim: Few data are available regarding
the clinical performance of LOCI™-based tumor marker
assays. We investigated the diagnostic power of carcinogenic
antigen, carbohydrate antigen 19-9, carbohydrate antigen 15-
3, carbohydrate antigen 125 and alpha-fetoprotein for
detection of gastrointestinal (GI) cancer. Patients and Methods:
We analyzed sera from 204 patients (107 with GI cancer, 73
with benign GI diseases and 24 healthy controls) using the
Dimension™Vista1500 analyzer. Results: Levels of biomarkers
in healthy controls were in the expected ranges and were only
slightly higher in benign GI controls. Established tumor-type-
associated markers were elevated in specific cancer types and
discriminated well between cancer and benign controls. Best
performance was found for CEA in colorectal cancer (area
under the curve=0.84, sensitivity=51.7% at 95% specificity vs.
benign), CA19-9 in gallbladder/pancreatic cancer (AUC=0.85,
sensitivity=60.6%) and AFP in liver cancer (AUC=0.87,
sensitivity=68.4%). Conclusion: Our study demonstrated the
high diagnostic power of well-known biomarkers. LOCI™-
based tumor marker assays give reliable results in routine
diagnostics.

In 2012, there were 14 million new cases of cancer estimated
worldwide, with over 8 million cancer-related deaths (1).
Among newly-diagnosed solid tumor diseases, a large
number were gastrointestinal cancer. Of these, in descending
order of their worldwide incidence, 1.36 million were of
colorectal cancer followed by 952,000 with gastric cancer,
782,000 with liver cancer was and 456,O00 with esophageal

cancer, for pancreatic cancer the estimated incidence was
338,000 (2). Despite improvements in the diagnosis and
therapy of gastrointestinal cancer, the death rates remain high
(3). The worldwide death rates were in descending order
746,000 for liver cancer, 723,000 for gastric cancer, 694,000
for colorectal cancer, 400,000 for oesophageal cancer and
330,000 for pancreatic cancer (2).

Determination of certain tumor marker levels in serum is
of fundamental importance e.g. in screening, diagnosis,
therapy control and monitoring advanced disease in
gastrointestinal cancer (4). In colorectal cancer, carcinogenic
antigen (CEA) has a prognostic relevance, with higher CEA
levels seeming to be associated with a poorer outcome in a
preoperative setting (5). Furthermore CEA is of diagnostic
power in postoperative follow-up and early detection of
recurrent disease (4). For screening purposes, CEA cannot
be used due to its low sensitivity in early cancer stages and
the low frequency of cancer in asymptomatic populations
(6). Although CEA is an important tumor marker in
colorectal cancer, its serum levels can also be elevated in
benign diseases (7). In liver cancer, alpha-fetoprotein (AFP)
can be used as a screening marker in patients at high risk of
developing hepatocellular carcinoma, preoperatively for
prognosis evaluation, for postoperative monitoring and also
as a tumor marker for monitoring advanced disease. It is of
importance that AFP can be elevated not only in
hepatocellular carcinoma, but also in other benign diseases
and malignancies (8). In gastric cancer, no tumor marker is
recommended for screening or diagnosis. (8). In pancreatic
cancer, CA19-9 is a well-established tumor marker (9, 10)
and remains the golden standard tumor marker in follow-up
after surgery. The role of CA19-9 in the diagnosis of
pancreatic cancer remains unclear (11). CA19-9 is often
elevated in advanced gastrointestinal malignancies but also
in benign gastrointestinal diseases (12, 13). It should be
mentioned that CA19-9 is not expressed in individuals with
Lewis (a-b-) phenotype, hence in these patients other tumor
markers are required (14).
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When new methods for the measurement of tumor markers
are established, method comparisons and clinical evaluations
are recommended by all important guidelines. Even if two
tumor marker methods correlate quite well with each other,
in single patients or subgroups, quite different values can be
observed. In an earlier study, we showed that
chemiluminescent assays in comparison with luminescent
oxygen channelling immunoassay (LOCI™)-based tumor
marker assays showed good general correlation for the tumor
markers AFP, CEA, CA15-3, prostate-specific antigen (PSA),
CA19-9 and carbohydrate antigen (CA125). However, for
CA15-3 and CA19-9 greater variations were detected (15,
16). Thus, further studies are needed to evaluate the clinical
performance of these tumor marker assays. In order to
address important clinical questions patients with cancer have
to be compared not only with healthy controls but also with
patients with benign diseases. While there are many published
studies dealing with the evaluation of tumor markers in
gastrointestinal diseases, little research has been done
regarding the clinical performance of LOCI™-based tumor
marker assays in gastrointestinal cancer. LOCI™-based tumor
marker assays are homogenous sandwich chemiluminescent
immunoassays which are considered somewhat less specific
due to their skipping a washing step. The question, therefore,
arises whether these homogenous assays are as good as the
established heterogenous assays. 

The aim of the present study was to fill this gap by
investigating the diagnostic power of LOCI™-based tumor
marker assays of CEA, CA19-9, CA15-3, CA125 and AFP in
patients with gastrointestinal cancer in comparison with healthy
controls and patients with benign gastrointestinal diseases. 

Patients and Methods
Patients. In total, 204 patients were included in the present study.
Among them were 24 healthy controls, 73 patients with benign
gastrointestinal diseases (e.g. diverticulitis, Crohn’s disease, colitis,
rectal adenoma, gastritis, diaphragmatic hernia, cholecystitis and
pancreatitis) and 107 patients with gastrointestinal cancer (35
colorectal cancer, 33 pancreatic/gallbladder cancer, 19 liver cancer
and 20 esophageal/gastric cancer). The male to female ratio, median
age and range of all included patients are shown in Table I.

All venous punctures for serum collection were at active disease
prior to any therapy. All patients and healthy individuals gave their
informed consent to blood collection. Samples were collected at the
Biofluid Biobank of the University Hospital Bonn at the Institute
for Clinical Chemistry and Clinical Pharmacology. The research
related to human use complied with all the relevant national
regulations, institutional policies and in accordance the tenets of the
Helsinki Declaration, and was approved by the local Ethics
Committee (approval number: 319-12).

The process of blood handling included immediately delivery to
the Central Laboratory of the University Hospital Bonn followed by
centrifugation (3,300 × g) for 10 min. Serum samples were initially
stored at 4˚C. Afterwards they were aliquoted into polypropylene
vials and stored at –80˚C. All samples were double-anonomized.

Methods. Blood samples were collected and gastrointestinal tumor
markers were quantified. The determination of CEA, CA19-9, CA15-
3, CA125 and AFP was performed by LOCI™-based tumor marker
assays for Dimension™ Vista 1500 analyzer (Siemens Healthcare
Diagnostics, Eschborn, Germany). LOCI™ technology works with
a sandwich chemiluminescent immunoassay. Chemibeads contain a
chemiluminescent dye and sensibeads contain a photosensitizer dye.
Via biotinylated antibodies, both antibody and chemibeads generate
sandwiches. Immunocomplexes are formed with further addition of
sensibeads. At 680 nm, a chemiluminescent reaction is triggered and
ultimately the final signal is detected at 612 nm (according to the
manufacturer’s instructions). The tumor marker assays for CEA,
CA19-9, CA15-3, CA125 and AFP for the Dimension™ Vista 1500
analyzer were part of the routine methods of the Central Laboratory
of the University Clinics Bonn. Hence internal and external quality
control accuracy specifications were fulfilled according to the
guidelines of the German Federal Medical Society (RiliBÄK) (17).
The limit of detection (LoD) and limit of blank (LoB) were as
follows: CEA: 0.2 and 0.12 ng/ml, CA19-9: 2.0 and 1.0 U/ml,
CA15-3: 1.0 and 0.3 U/ml, CA125: 1.5 and 0.5 U/ml and AFP: 0.5
and 0. 2 ng/ml, respectively.

Statistical analysis. Data were statistically analyzed using IBM
SPSS Statistics, Version 20 (IBM Corp., Armonk, NY, USA). A
value of p<0.05 was considered statistically significant. Median,
range, and 95th percentile were calculated for all groups.
Differences between the collectives were calculated by using
Wilcoxon tests. Boxplots depict the value distributions of the
different tumor markers. Receiver operating characteristics (ROC)
curves show the diagnostic power of CEA, CA19-9, CA15-3,
CA125 and AFP. The area under the ROC curves (AUC) and
sensitivities at 95% specificity were computed versus healthy
controls and versus benign patients with gastrointestinal diseases. 

Results

The descriptive data for healthy individuals and patients with
benign diseases and those in the various subgroups of
gastrointestinal cancer are shown in Table II. In healthy
individuals AFP, CA125, CA15-3, CA19-9 and CEA values
were within the expected range while in those with benign
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Table I. Patient characteristics. Absolute patient numbers, male to female
ratio, median age and range for healthy controls, and individuals with
benign gastrointestinal (GI) diseases, liver cancer, gallbladder/pancreatic
cancer, colorectal cancer and esophageal/gastric cancer are included.

                                                        N      Male/female,     Median age 
                                                                           n              (range), years

Healthy                                           24            15/9          32.4 (20.7-78.1)
Benign GI disease                          73           35/38         55.2 (20.7-91.1)
Malignant disease                         107          71/36         68.0 (19.6-86.3)
Liver cancer                                    19            17/2          70.8 (57.4-81.4)
Gallbladder/pancreatic cancer       33           17/16         66.5 (38.9-79.2)
Colorectal cancer                           35           22/13         69.4 (19.6-86.3)
Esophageal/gastric cancer             20            15/5          58.1 (49.1-82.4)



gastrointestinal diseases, slightly higher AFP, CA125, CA15-
3, CA19-9 and CEA values were obtained (see Figure 1).
Individual patients with strongly elevated tumor marker
levels of CA125 and CA19-9 suffered from hepatitis C with
liver cirrhosis.

Liver cancer. Compared to healthy controls, patients with
liver cancer had significantly higher levels particularly of
AFP (p<0.001), but also of CA19-9 (p<0.001), CEA
(p=0.002), CA125 (p=0.004) and CA15-3 (p=0.044). In
addition, those with liver cancer compared to those with
benign gastrointestinal diseases had significantly higher
levels of AFP (p<0.001) and CA19-9 (p=0.025) (Figure 1). 

Concerning discrimination of patients with liver cancer from
control groups, the best diagnostic performance was achieved
for AFP (vs. healthy controls: AUC=0.88, with 73.7%
sensitivity at 95% specificity; vs. benign gastrointestinal
diseases: AUC=0.87, with 68.4% sensitivity at 95% specificity)
(Figure 2).

Gallbladder/pancreatic cancer. Compared to healthy
controls, patients with gallbladder/pancreatic cancer had
significantly higher levels of CA19-9 (p<0.001), but also of
CEA (p≤0.001), CA125 (p<0.001) and CA15-3 (p=0.018).
In addition, levels of CA19-9 (p<0.001) and CEA (p=0.012)
were significantly higher in those with gallbladder/pancreatic
cancer than in those with benign gastrointestinal diseases
(Figure 1). 

Regarding discrimination of patients with gallbladder/
pancreatic cancer from control groups, the best diagnostic
performance was achieved for CA19-9 (vs. healthy controls:
AUC=0.93, with 81.8% sensitivity at 95% specificity; vs.
benign gastrointestinal diseases: AUC=0.85, with 60.6%
sensitivity at 95% specificity) (Figure 2).
Colorectal cancer. Compared to healthy controls, patients
with colorectal cancer had particularly significantly higher

levels of CEA (p<0.001) and CA19-9 (p<0.001). Values for
AFP, CA125 and CA15-3 were not significantly higher.
Compared with those with benign gastrointestinal diseases,
those with colorectal cancer only had significantly higher
levels of CEA (p<0.001) and CA19-9 (p=0.004) (Figure 1).

Concerning discrimination of patients with colorectal
cancer from control groups, the best diagnostic performance
was achieved for CEA (vs. healthy controls: AUC=0.89, with
80.00% sensitivity at 95% specificity; vs. benign
gastrointestinal diseases: AUC=0.84, with 51.7% sensitivity
at % specificity) (Figure 2).

Esophageal/gastric cancer. Compared to healthy controls,
patients with esophageal/gastric cancer had significantly
higher levels of CEA (p=0.001) and for CA19- 9 (p<0.001).
However there were no significant differences in any of the
tumor markers between those with esophageal/gastric cancer
and those with benign gastrointestinal diseases (Figure 1). 

Discussion

The usefulness of tumor marker determination in serum in
clinical diagnostics has been shown for many different cancer
entities (18, 19). The determination of tumor-type-associated
tumor markers are recommended in the published guidelines
(4, 8). When methods for the detection of tumor markers are
changed, it is of fundamental importance for the clinical
evaluation that parallel comparative measurements are
performed. Therefore, in the present study, we investigated
the diagnostic power of CEA, CA19-9, CA15-3, CA125 and
AFP in patients with gastrointestinal cancer in comparison
with healthy controls and benign gastrointestinal diseases as
a relevant group for differential diagnosis.

In our previous studies, we showed that regression rates
between chemiluminescent and LOCI™-based tumor marker
assays were acceptable but showed minor differences in
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Table II. Median, range, and 95th percentiles (95pc) are shown for serum levels of alpha-fetoprotein (AFP), carbohydrate antigen 12-5 (CA125),
carbohydrate antigen 15-3 (CA15-3), carbohydrate antigen 19-9 (CA19-9) and carcinoembryonic antigen (CEA) in healthy controls, patients with
benign gastrointestinal disease, with liver cancer, gallbladder/pancreatic cancer, colorectal cancer and esophageal/gastric cancer.

                                N             AFP (ng/ml)                  CA125 (U/ml)              CA15-3 (U/ml)                CA19-9 (U/ml)                   CEA (ng/ml)
Group                                           Median                           Median                          Median                            Median                              Median 
                                                (range; 95pc)                   (range; 95pc)                 (range; 95pc)                   (range; 95pc)                     (range; 95pc)

Healthy                     24         2.5 (0.7-7.8; 5.8)          8.7 (1.8-20.8; 14.6)      11.6 (5.5-29.7; 22.6)        3.2 (2.0-17.7; 10.1)            1.0 (0.5-22.8; 2.4)
Benign                      73       2.6 (0.8-113.3; 9.1)     10.7 (2.0-552.9; 147.0)   15.5 (4.7-54.9; 34.9)     6.1 (2.0-100.000; 86.3)          1.5 (0.3-8.6; 5.8)
Liver cancer             19  41.4 (0.5-25634; 16718)  19.3 (5.6-420.9; 98.1)   20.0 (2.3-110.9; 41.1)    17.7 (2.0-268.7; 171.8)         2.1 (0.6-17.5; 9.0)
Colorectal cancer     35        3.2 (0.9-26.8; 8.8)      11.6 (2.7-343.9; 108.0)   16.5 (6.1-77.9; 35.7)   15.2 (2.0-100.000; 73303) 17.1 (0.8-45458; 17989)
Esophageal/
gastric cancer          20       2.6 (1.2-80.8; 11.6)       11.6 (2.2-625.0; 81.4)    10.6 (3.2-31.0; 30.1)       8.8 (2.2-429.5; 49.6)           2.0 (0.7-16.8; 6.0)
Gallbladder/
pancreatic cancer    33    3.2 (1.0-4692.5; 211.5)  13.7 (5.3-184.3; 133.3)   16.5 (4.2-84.3; 44.6)   98.0 (2.0-100.000; 15494)     2.1 (0.5-38.9; 15.4)



subgroups of patients e.g. for AFP (15, 16). A major difference
in the procedure of homogenous LOCI™-assays include the
fact that one washing step is left out, which could affect
specificity in lower ranges. Regarding the performance of
LOCI™-based assays, Peake et al. showed that for N-terminal
pro-B-type natriuretic protein, no significant differences
between serum concentrations were found when comparing the
Dimension Vista LOCI™ method with the Siemens Immulite

2500 (20). For cardiac troponin I, an acceptable analytical
performance of the LOCI™ method on the Dimension EXL
(Siemens Healthcare Diagnostics) was found (21). The
evaluation of the analytical performance of CA19-9 using non
LOCI™-based immunoassays revealed minimal differences in
slopes and intercepts when comparing two different
immunoassays; good correlation was shown for all patients in
their collective (22). In addition, for CA15-3 the analytical
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Figure 1. Whisker and boxplots for serum carcinoembryonic antigen (CEA), carbohydrate antigen 19-9 (CA19-9), carbohydrate antigen 15-3 (CA15-
3), carbohydrate antigen 125 (CA125) and alpha-fetoprotein (AFP) values in different diagnostic groups. p-Values were calculated by Wilcoxon
tests. Bars represent the median, boxplots shows inter quartile range and whiskers show extreme upper and lower values. Comparison (Comp) are
shown for discrimination from other groups. GI: Gastrointestinal, CA: cancer, Dis: diseases, Eso: esophageal, Gall: gallbladder.
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Figure 2. Receiver operating characteristic curves and areas under the curve (AUC) for the discrimination between patients with gastrointestinal
tumors versus healthy controls and versus those with benign gastrointestinal diseases using serum alphafetoprotein (AFP), carbohydrate antigen
125 (CA125), carbohydrate antigen 15-3 (CA15-3), carbohydrate antigen 19-9 (CA19-9) and carcinoembryonic antigen (CEA) in liver cancer,
gallbladder/ pancreatic cancer, colorectal cancer, oesophageal/gastric cancer.



performance was accurate but not optimal and a difference in
slope of 20-40% lower concentrations for the applied method
was detected (23). Looking at the analytical performance of
CA125, excellent correlation and only minimal differences in
slopes and intercepts were reported (24). We conclude that
analytical challenges and limitations are seen for most different
methods applied in the routine measurement of tumor markers.
In order to reach a high diagnostic power, our study not only
compared healthy controls and patients with tumors, but also
included patients with benign gastrointestinal diseases, which
are of immense discriminative diagnostic importance (25, 26).
We showed that the LOCI™-based tumor marker assays
detected our healthy control group correctly. These results were
in line with healthy control data presented by the manufacturer.
In accordance with previous findings, our study further showed
that many markers discriminated well between healthy controls
and patients with gastrointestinal cancer, but only tumor-type-
associated markers discriminated between benign controls and
those with cancer (4, 27). 

CA19-9 has a sensitivity of 70-80% in pancreatic cancer
(independently of tumor differentiation) (28). We showed that
in pancreatic and gallbladder cancer, best diagnostic power was
achieved by CA19-9, with an AUC of 0.85 and a sensitivity of
60.6% at a 95% specificity versus benign gastrointestinal
diseases. These results are in line with earlier study on
pancreatic cancer that described AUCs of 0.827 (sensitivity of
53.2% at 95% specificity) and 0.850 (sensitivity of 58.1% at
95% specificity) when comparing them with benign
gastrointestinal diseases using the Access™ GI Monitor and the
Elecsys™ CA19-9 (22). In colorectal cancer, best performance
was achieved by CEA with an AUC of 0.84 and a sensitivity of
51.7% at 95% specificity versus benign gastrointestinal
diseases. Another study reported an AUC of 0.79 and a
sensitivity of 64.5% of CEA when comparing colorectal cancer
with benign colorectal diseases (29). In liver cancer, we showed
that AFP with an AUC of 0.87 and a sensitivity of 68.4% at
95% specificity versus benign gastrointestinal diseases
performed best. AFP has a high specificity for a hepatocellular
carcinoma. Particularly in patients with benign liver diseases
such as liver cirrhosis and chronic hepatitis, AFP is used as a
screening tool for hepatocellular carcinoma (28). Therefore, it
is of crucial importance to look at the discriminative power of
the assay used in comparison with benign diseases. In
esophageal and gastric cancer, no marker was found to be of
high diagnostic power. This was in line with other studies (22-
24). Single elevated tumor markers were measured in patients
suffering from hepatitis C with liver cirrhosis. Earlier findings
discuss elevated levels of e.g. CA125 and CA19-9 due to
effusion or cholestasis (30, 31). 

In the present study, we respected the requirements for
clinical tumor marker evaluation as suggested by the European
Group on Tumor Markers by including samples from patients
with cancer, healthy controls and benign organ-related

diseases as relevant groups for differential diagnosis. To
achieve real-time diagnostic settings, samples were measured
under routine conditions including pre-analytic handling and
internal and external quality controls. However, samples were
collected in a standardized manner at the University Biofluid
Biobank and analyzed in batches for study purposes.

While the number of samples in the present study is limited,
we assessed all available LOCI™-based markers in our setting
and confirmed earlier findings derived with other methods. 

In our study, we evaluated the clinical performance of
LOCI™-based tumor marker assays CEA, CA19-9, CA15-3,
CA125 and AFP in patients with gastrointestinal cancer and
demonstrated their high diagnostic power. LOCI™-based
tumor marker assays give reliable results in routine diagnostics.
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