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Abstract: Relative low sensitivity and specificity of the known protein tumor markers limit their application in cancer 
diagnosis and screening. Simultaneous use of their combination can improve diagnostic efficacy. The aim of the study 
was to estimate diagnostic characteristics of the hydrogel microarray-based test system “TM-Biochip” developed in EIMB 
RAS for a simultaneous quantitation of six tumor markers: alpha-fetoprotein (AFP), carcinoembryonic antigen (CEA), 
prostate-specific antigen (PSA total and free), neuron-specific enolase (NSE) and human chorionic gonadotropin (hCG) 
and to compare them with the diagnostic characteristics of systems used for estimating one tumor marker. Diagnostic 
performance of “TM-Biochip” system was evaluated using 170 serum samples from clinically confirmed cancer patients 
and control group patients. To evaluate the diagnostic efficiency of the test system we used linear regression and 
multiple logistic regression (LR), receiver operating characteristic (ROC) curve analysis and area under ROC curves 
(AUC). It was demonstrated that this new diagnostic system allows assessing the level of each marker and gives data 
comparable with the results obtained by measurement of each individual marker in a respective conventional ELISA 
system. ROC analysis and evaluation of diagnostic sensitivity and specificity of the system demonstrated that the new 
system did better than each of individual markers when classified: (1) cancer patients vs non-cancer patients; (2) 
patients with colorectal cancer (CRC) vs the other patients: patients with the other cancers and non-cancer patients; (3) 
patients with CRC vs patients with the other malignant tumors and (4) patients with prostate cancer (PC) vs patients with 
benign prostatic hyperplasia (BPH). In classification of the patients with PC and the patients with BPH AUC for the 
combination of six markers (LR6) was significantly higher than AUCs for each of individual markers, including the 
greatest AUC for PSAt (0.894 vs 0.771, p=0.032). On addition of such parameter as “age of patient” to the combination 
of six markers (LR7), AUC raised till 0.930 (p=0.01). Specificity at 90% sensitivity for PSAt, LR6 and LR7 accounted for 
20 % (5.7-43.7), 60% (36.1-80.9) and 80.6 % (55.5-95.0), respectively. These results showed that “TM-Biochip” system 
is more efficient in revealing of cancer patients.  
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INTRODUCTION 

Protein biomarkers (tumor-associated antigens) 
provide a powerful and dynamic approach to studying 
the spectrum of malignancies. Potential uses of tumor 
markers are the following: (1) screening a healthy 
population or a high risk population for the presence of 
cancer; (2) making a diagnosis of cancer or a specific 
type of cancer; (3) determining the prognosis in a 
patient; (4) monitoring responses to therapy, etc. [1, 2].  

Such tumor markers as alpha-fetoprotein (AFP), the 
main marker of hepatocellular carcinoma; carcino-
embrionic antigen (CEA), the main marker of colorectal 
cancer (CRC); prostate-specific antigen (PSA), the 
main marker of prostatic cancer (PC); human chorionic 
gonadotropin (hCG), the main marker of trophoblastic 
tumors and neuron-specific enolase (NSE), the main 
marker of neuroblastoma, are widely used in 
oncological practice. The main use of these markers is 
the monitoring the effectiveness of cancer therapy. 
Currently, however, no individual marker (with rare  
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exceptions) has been established as a practical cancer 
screening tool or is sufficiently accurate to be useful as 
diagnostic test, especially for identifying patients with 
small surgical resectable cancers. The reason for this 
is the relative low sensitivity and specificity of the 
available tests since increase in the level of these 
markers is also observed in patients with benign 
tumors [1, 2]. 

Combining assays of several tumor markers 
provides more precise diagnosis of as compared to 
single tumor marker [3-5]. So the future of cancer 
diagnostics may be based on multiparametric, 
miniaturized analysis of serum biomarkers with 
interpretation of data by new bioinformatics tools [2]. 
Microarray technology, which is being actively 
developed in recent years [6] allows simultaneous 
quantitation of multiple protein tumor markers [7, 8] in a 
minimum serum volume. 

Gel-based microarrays with antibodies immobilized 
within highly hydrophilic gel-drops have an advantage 
of generating higher signal as compared to standard 
ELISA due to use of 3-D media which allows to employ 
less expensive equipment for reading [9]. The use of  
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diagnostic systems based on this technology may help 
to improve cancer diagnostics. 

We found earlier [10], that hydrogel microarray-
based test system for simultaneous quantitation of total 
and free PSA forms (PSAt and PSAf) has analytic [11] 
and diagnostic [12] characteristics comparable with 
those of ELISA systems. A diagnostic system for 
simultaneous determination of six tumor markers was 
developed [13, 14]. It was shown that, by sensitivity 
and reproducibility of results, this system was 
comparable with the standard ELISA systems [14]. 

The aim of the study was to estimate diagnostic 
characteristics of the hydrogel microarray-based test 
system for a simultaneous quantitation of six tumor 
markers: AFP, CEA, PSAt, PSAf, NSE and hCG and to 
compare them with the diagnostic characteristics of 
systems used for estimating one tumor marker. 

MATERIALS AND METHODS 

The study comprised 170 patients: 108 cancer 
patients with histologically proven diagnosis and 62 
patients with no cancer. The first group involved 
patients with PC (n=35), CRC (n=43), trophoblastic 
disease (n=7), neuroblastoma (n=6), germ cell tumors 
(n=4), ovarian cancer (n=3), liver cancer (n=3), 
lymphoma (n=2), carcinoid (n=2), and other cancer 
types (n=3). The second (control) group included 
patients with benign prostatic hyperplasia (BPH) 
(n=21), intestinal polyposis (n=5), chronic colitis (n=4), 
chronic pancreatitis (n=9), liver cirrhosis (n=8), 
diverticulosis of the intestine (n=2), chronic rheumatic 
disease (n=2), and others (n=4), as well as healthy 
donors (n=7). Age information was obtained for 163 
patients. Mean age of cancer patients was 50.5±21.6; 
mean age of the control group was 63.3±16.5. 

Blood samples of the cancer patients were collected 
at the N.N.Blokhin Cancer Research Center, RAMS 
(Moscow, Russia), blood samples of the patients with 
benign tumors and non-tumor diseases - at Clinical 
Hospital ? 60 (Moscow, Russia), blood samples of 
healthy donors - at Hematological Scientific Centre, 
RAMS (Moscow, Russia) and N.V. Sklifosovsky 
Scientific Research Institute of First Aid (Moscow, 
Russia) 

Sera were obtained by blood centrifugation at 
1500g for 15 min, harvested and snap-frozen. The 
samples were stored at -80oC until analysis. 

Diagnostic system “TM-Biochip” for simultaneous 
quantitation of six tumor markers: PSAt, PSAf, AFP, 

CEA, NSE and hCG, developed in EIMB RAS [15], was 
used in the study. “TM-Biochip” detection kit approved 
for clinical application by the national regulatory 
agency, the Federal Agency of Supervision of Health 
Care and Social Development of Russian Federation 
(Registration Certification ? ??? 2008/03415) was 
purchased in the Ltd. “EIMB-Biochip”, Moscow, Russia. 
Analytical performance characteristics of the diagnostic 
test system claimed by the manufacturer were the 
following: (1) limit of detection for PSAt 0.3 ng/ml; PSAf 
0.2 ng/ml; AFP 1.0 ng/ml; CEA 0.5 ng/ml; hCG 3.0 
IU/L; NSE 2.0 ng/ml, (2) reproducibility within an assay 
(intra-assay precision) and between assays (inter-
assay precision) was 8%. Recoveries of the antigens 
were in the range 90 - 110%. Each biochip included a 
microarray of 3-D gel elements (hemispherical drop) on 
a hydrophobic surface of glass slide. Monoclonal 
antibodies specific to appropriate antigens as well as 
the antigens were immobilized in gel elements [14]. 

The antigen concentrations in samples were 
determined by the single-stage variant of sandwich 
immunoassay with fluorescent detection. All assays 
were performed according to the manufacturer's 
instruction and with the reagents (diluents, calibrators, 
blocking reagents and detecting-antibody mixture) 
included with their kits. ? mixture of fluorescently-
labeled secondary mAbs was added to analyzed 
samples, calibration samples or control serum in 
concentrations recommended by manufacturer in ration 
of 1:5 and mixed thoroughly. The samples, calibrators 
and control sera were applied to biochips, and the 
biochips were incubated for 17 h at 37°C in humidity 
chamber. After incubation and washing biochips were 
dried, and theirs fluorescence images were registered 
by use of a Fluorescent Biochip Analyzer (EIMB, 
Russia) with laser excitation, using 650/750-nm filters 
(excitation/recording). To calculate the concentration of 
all tumor markers in the sample “ImaGelAssay” 
software was used (EIMB, Russia).  

Conventional ELISAs were used as referent 
systems. Serum samples being tested by microarray 
system were analyzed also by ELISA diagnostic kits, 
designed for determination of single tumor marker. 
ELISAs were performed using commercially available 
kits for detection of PSAt, PSAf, AFP, CEA and NSE 
from Fujirebio Diagnostics (Sweden), and for detection 
of hCG from DRG Diagnostics (Germany) and 
employed the assay procedure recommended by the 
manufacturer.  

Measurement of serum antigen concentrations in 
patients from different groups under study was done by 
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the use of calibration curves for each of six tumor 
markers (the dependence of fluorescence intensities on 
concentration of each marker in solution). We 
hypothesized that combining six tumor markers via 
multivariate logistic regression would improve 
diagnostic efficacy. Microarray results were correlated 
to conventional ELISA using linear regression. The 
ability of a new system to differentiate groups of 
patients (for example, cancer patients and noncancer 
patients, etc.) was considered. When evaluating the 
diagnostic efficiency of the test system, we used linear 
regression, multiple logistic regression, and receiver 
operating characteristic (ROC) curve analysis [16]. The 
efficiency of diagnostic systems was compared by 
measuring the area under ROC curves, which ranged 
from 0.5 (the lowest diagnostic efficiency) to 1 (the 
maximum diagnostic efficiency). Statistical calculations 
were performed using the MedCalc statistical software 
for Windows, version 9.3.5.  

RESULTS 

At first, we compared the data obtained using the 
new system and the results obtained for the same 
samples using the commonly used well-established 
ELISA systems. Serum samples with different levels of 
each tumor marker were taken into the investigation: 
149 for AFP; 146 for PSAt; 148 for PSAf; 155 for CEA, 

126 for hCG and 139 for NSE. Linear regression 
analysis revealed a high degree of correlation between 
the levels of tumor markers measured in the two types 
of systems (Figure 1). Correlation coefficients com-
prised 0.92 for AFP, 0.97 for CEA, 0.88 for PSAt, 0.96 
for PSAf, 0.94 for hCG and 0.85 for NSE (p<0.0001 
everywhere); R2 comprised 0.85; 0.95; 0.77; 0.92; 0.89 
and 0.72, respectively. The data obtained for each 
antigen when simultaneous evaluating by microarray 
system is consistent with the results derived when each 
biomarker is measured by appropriate ELISA system. 
The data allowed us to pass to the estimation of 
diagnostic efficiency of the new system. 
Classification into Cancer Patients and Noncancer 
Patients 

One hundred seventy serum samples (108 from 
cancer patients and 62 - from patients with no cancer 
(control group)) were taken into the investigation. We 
assessed the ability of the new microarray system for 
quantitation of six tumor markers to discriminate 
between the patients with malignant neoplasms and 
the patients of the control group. For each individual 
marker and for combinations of tumor markers ROC 
curves showing the dependence of the proportion of 
true positive cases (diagnostic test sensitivity) on the 
proportion of false-positive cases (100% minus specifi-

 
Figure 1: Regression lines for the levels of tumor markers measured in the same blood serum samples using the microchip 
format system and respective ELISA systems. 



Six Serum Tumor Markers Improves Cancer Diagnostics Journal of Nanotechnology in Diagnosis and Treatment, 2014, Vol. 2, No. 2      21 

city) were constructed. The specificity is understood as 
the proportion of truly negative cases according to the 
test among all the healthy subjects at different 
threshold values. 

Figure 2 shows the ROC curves for four individual 
tumor markers, which were measured on a microchip 
(AFP, CEA, PSAt and PSAf) and the curve obtained by 
using logistic regression for the combination of six 
tumor markers (LR6). It can be seen that the LR6 curve 
is located much closer to the upper left corner of the 
plot, which corresponds to 100% sensitivity and 100% 
specificity, as compared with the ROC curves for each 
individual marker. The ROC curve for the combination 
of the six tumor markers plus the ‘patient’s age’ index 
(LR7) is even closer to the upper left corner of the chart 
(Figure 2). The values of the area under the ROC 
curves (AUC) for all seven parameters are summarized 
in the Table 1. As seen from the Table, AUC for each 
of the six tumor markers are in the range 0.518-0.605, 
indicating insufficient diagnostic efficiency of each 
individual marker. AUC corresponding to the 
combination of the six tumor markers (LR6) is 0.758, 
which significantly differs from the areas corresponding 
to each individual marker. The area under the LR7 
 

 

Figure 2: Results of ROC analysis of data obtained using the 
“TM-Biochip” test system. Classification into the patients with 
malignant neoplasms and the patients of the control group. 
LR6: AFP + hCG + CEA + PSAt + PSAf + NSE. LR7: the 
same plus the patient’s age. The remaining curves 
correspond to individual markers: AFP, CEA, PSAt and PSAf. 
Dotted bold curve is the diagonal corresponding to the 
minimum diagnostic efficiency. 

curve is 0.865, which testifies to a very good diagnostic 
efficiency of the system. This value is significantly (p < 

0.001) higher than the area for each of the seven 
individual indicators (Table 1). The significant differ-
ence still persists when experimental and control 
groups of patients have the same age (mean age 
59.1±12.8 years and 59.7±16.3 years, respectively, 
n=129 patients) or when both groups are selected by 
sex and age by case-control method (44 pairs, mean 
age - 60.3 years). 

Table 1:  Evaluation of Diagnostic Efficiency by 
Measuring of the AUCs for each Variable and 
for Combinations of Six or Seven Variables. 
Classification: cancer patients versus 
noncancer patients 

Six variables Seven variables 
Marker 

AUC pa) AUC pb) 

AFP 0.605 <0.001 0.614 <0.001 

CEA 0.547 <0.001 0.556 <0.001 

PSAt 0.531 <0.001 0.528 <0.001 

PSAf 0.540 0.001 0.539 <0.001 

NSE 0.571 0.003 0.573 <0.001 

hCG 0.518 <0.001 0.530 <0.001 

Age of patient   0.700 <0.001 

LR6 0.758    

LR7   0.865  

a) p, significant differences from LR6; 
b) p, significant differences from LR7. 
 

Thus, in classification of the patients from group of 
interest to the patients with and without malignant 
tumors new test-system in microchip format for 
determination of six markers demonstrated much 
improved diagnostic efficacy over that of each 
individual tumor marker.  

Classification into Patients with CRC and the other 
Patients 

Thirty one serum samples from patients with CRC 
and 125 serum samples from patients with the other 
malignant tumors and from non-cancer patients were 
analyzed with aim to model efficacy of the new system 
in selection of CRC from general population. Results of 
ROC-analysis are provided in Table 2. The data 
provided in Table 2 evidence, that AUCs for all of the 
tumor markers with the exception of CEA are in the 
range 0.515-0.634, what points up to their poor 
diagnostic efficacy. AUC corresponding for CEA 
comprises 0.852; this means that CEA, the key marker 
for CRC, is highly efficient for revealing of this cancer. 
However AUC corresponding the combination of six 
tumor markers (LR6) comprises 0.935 (Table 2) and 
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significantly differs from AUCs, relevant to each 
individual marker, including CEA (p<0.001-0.007). 
Inclusion of the seventh variable, age of patient, 
doesn’t lead to improvement of diagnostic efficacy 
(AUC 0.930 vs 0.935).  

Table 2:  Evaluation of Diagnostic Efficiency by 
Measuring of the AUCs for each Variable and 
for Combinations of Six or Seven Variables. 
Classification: CRC-patients versus the other 
patients 

Six variables Seven variables 
Marker 

AUC pa) AUC pb) 

AFP 0.515 <0.001 0.516 <0.001 

CEA 0.852 0.007 0.850 <0.008 

PSAt 0.634 <0.001 0.627 <0.001 

PSAf 0.607 <0.001 0.606 <0.001 

NSE 0.613 <0.001 0.604 <0.001 

hCG 0.611 <0.001 0.607 <0.001 

Age of patient   0.555 <0.001 

LR6 0.935    

LR7   0.930  

a) p, significant differences from LR6; 
b) p, significant differences from LR7. 
 

Comparison of specificity of CEA and LR6 at the 
same sensitivity (90.6 and 90.3%, respectively) shows 
that it improves from 39.1% (30.6-48.1) for CEA to 
75.6% (67.1-82.8) for (LR6). 

Thus biochip-based system for six tumor markers 
makes possible to improve significantly diagnostic 
performance (AUC: 0.935 vs 0.852 for CEA, p= 0.007; 
specificity at 90% sensitivity: 75.6 vs 39.1%, 
respectively) when classify CRC patients and all the 
other patients.  

Classification into Patients with CRC and the other 
Cancer Patients 

Thirty one serum samples from CRC patients and 
62 serum samples from patients with the other 
malignant tumors were analyzed for evaluation of 
efficiency of microarray-based system in selection of 
CRC from the other kinds of cancer. ROC-curves for 
five individual cancer markers and for combination of 
six markers are shown in Figure 3. It is evident from 
these curves that the most efficient individual marker is 
CEA. However, the ROC curve, corresponding 
combination of six markers (LR6) is situated closer to 
the upper left corner of the plot, which corresponds to 
100% sensitivity and 100% specificity. AUC appropriate 

to LR6 is close to 1 and comprises 0.971 (Table 3). It is 
significantly greater than AUCs for CEA and the other 
markers. Additional parameter, age of patient, does not 
improve significantly AUC (Table 3). A comparison 
between specificity of CEA and LR6 on the same 
sensitivity (90%) demonstrates that combination of six 
markers raises specificity from 49.2 (36.5-62.1) for 
CEA to 88.7% (78.1-95.3) for LR6.  

 

Figure 3: Results of ROC analysis of data obtained using the 
“TM-Biochip” test system. Classification into patients with 
CRC and the other cancer patients. LR6: AFP + hCG + CEA 
+ PSAt + PSAf + NSE. The remaining curves correspond to 
individual markers: AFP, CEA, PSAt, PSAf and NSE. Dotted 
bold curve is the diagonal corresponding to the minimum 
diagnostic efficiency. 

So microarray-based system “TM-Biochip” makes it 
possible to improve diagnostic efficiency significantly 
as compared to CEA, the main marker of CRC, as well 
as to the other individual markers (Table 3) when 
classify patients with CRC and the other cancer 
patients. 

Fifty six serum samples (15 - from patients with 
CRC and 41 - from patients with the other kinds of 
cancer) were analyzed by microarray-based system as 
well as by six relevant ELISA systems for comparison 
of their diagnostic efficacy. It was demonstrated that 
AUC for microarray-based system (LR6) was 
significantly higher, that AUC for the combination of six 
individual tumor markers evaluated in six independent 
ELISA systems (LR6ELISA), p=0.031. A comparison 
between specificity of LR6 and LR6ELISA on the same 
sensitivity (86.7%) revealed that specificity of 
microarray-based system is significantly superior to  
 



Six Serum Tumor Markers Improves Cancer Diagnostics Journal of Nanotechnology in Diagnosis and Treatment, 2014, Vol. 2, No. 2      23 

that for combination of six ELISA systems: 97.56 (87.1-
99.9) and 68.29 (51.9-81.9) %, respectively, p<0.001. 

Table 3:  Evaluation of Diagnostic Efficiency by 
Measuring of the AUCs for each Variable and 
for Combinations of Six or Seven Variables. 
Classification: CRC-patients versus the other 
cancer patients 

Six variables Seven variables 
Marker 

AUC pa) AUC pb) 

AFP 0.541 <0.001 0.547 <0.001 

CEA 0.863 0.007 0.860 0.005 

PSAt 0.663 <0.001 0.657 <0.001 

PSAf 0.598 <0.001 0.598 <0.001 

NSE 0.689 <0.001 0.683 <0.001 

hCG 0.644 <0.001 0.651 <0.001 

Age of patient   0.571 <0.001 

LR6 0.971    

LR7   0.975  

a) p, significant differences from LR6; 
b) p, significant differences from LR7. 
 

Consequently, system of six tumor markers 
combined onto the same support can offer advantages 
over six systems of appropriate markers not only in 
volumes of serum and reagents used, but in diagnostic 
efficacy as well. 

Classification into Patients with Prostate Cancer 
(PC) and Male Patients with the other Malignant 
Tumors 

Thirty four serum samples from patients with PC 
and 27 serum samples from the male patients with the 
other malignant tumors were analyzed. ROC analysis 
revealed that the most efficient individual marker was 
PSAt (AUC 0.900), the main marker of PC. The use of 
combination of six markers (LR6) resulted in increase 
of AUC till 0.953, but difference was not statistically 
significant (p=0.232). The use of additional parameter, 
‘age of patient’, did not result in appearance of 
statistically significant differences between LR7 and 
PSAt (AUCs 0.974 vs 0.898, p=0.109). 

Classification into Patients with PC and Patients 
with BPH 

Thirty four serum samples from patients with PC 
and 20 serum samples from the patients with BPH 
were included into investigation. It was demonstrated 
by ROC-analysis that AUC for LR6 combination was 
significantly higher that AUCs for each of individual  
 

markers, including the greatest AUC for PSAt (0.894 vs 
0.771; p=0.032) (Figure 4, Table 4). On addition of 
such parameter as ‘age of patient’ to the combination 
of six markers, AUC raised till 0,930 and significantly 
exceeded these for individual markers (Table 4). 
Specificity at 90% sensitivity for PSAt, LR6 and LR7 
accounted for 20 (5.7-43.7), 60 (36.1-80.9) and 80.6 
(55.5-95.0), respectively.  

 

Figure 4: Results of ROC analysis of data obtained using the 
“TM-Biochip” test system. Classification into patients with PC 
and patients with BPH. LR7: AFP + hCG + CEA + PSAt + 
PSAf + NSE+ age of patient. The remaining curves 
correspond to individual markers: AFP, CEA, PSAt, and PSAf 
and NSE. Dotted bold curve is the diagonal corresponding to 
the minimum diagnostic efficiency. 

Thus microarray-based system “TM-Biochip” can 
enhance diagnostic efficacy at distinction between 
patients with PC and patients with BPH as compare to 
each of individual markers, including PSAt, the main 
marker of PC. 

 Thirty three serum samples (16 - from patients with 
PC and 17 - from patients with BPH) were analyzed by 
“TM-Biochip” system as well as by six appropriate 
ELISA systems for the purpose of comparison of their 
diagnostic performance. AUCs for the combination of 
six tumor markers plus ‘age of patient’ index in “TM-
Biochip” system (LR7) and for six independent ELISA 
systems (LR7ELISA) were 0.971 and 0.879, respectively, 
but the difference was not statistically significant 
(p=0.09). At the same time specificity on the same 
sensitivity (93.7%) was significantly higher in 
microarray-based system: confidence intervals (85.5-
100) and (18.4-67.1) %, respectively. 
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Table 4:  Evaluation of Diagnostic Efficiency by 
Measuring of the AUCs for each Variable and 
for Combinations of Six or Seven Variables. 
Classification: patients with PC versus patients 
with BPH 

Six variables Seven variables 
Marker 

AUC pa) AUC pb) 

AFP 0.530 <0.001 0.480 <0.001 

CEA 0.579 <0.001 0.590 <0.001 

PSAt 0.771 0.032 0.756 0.010 

PSAf 0.536 <0.001 0.517 <0.001 

NSE 0.583 <0.001 0.595 <0.001 

hCG 0.658 0.001 0.646 <0.001 

Age of patient   0.741 0.006 

LR6 0.894    

LR7   0.930  

a) p, significant differences from LR6; 
b) p, significant differences from LR7 

DISCUSSION 

Tumor markers are tools that clinicians use to help 
them answer clinical relevant questions, the first of 
which are: 1) does a patient have cancer? and 2) if yes, 
which organ is affected? [2]. Since no single marker is 
sensitive and specific enough to produce the answers 
to these questions, recent trends are toward increased 
use of microarrays, multiplex systems for simultaneous 
determination of several tumor markers [6, 7]. 

In our investigation a diagnostic performance of a 
new microarray-based system “TM-Biochip” for 
simultaneous quantitation of six tumor markers (AFP, 
CEA, PSAt, PSAf, NSE and hCG) were evaluate in 
several experimental models. Our study showed that 
the new diagnostic system allows assessing the level 
of each marker and gives data comparable with the 
results obtained by measurement of each individual 
marker in a respective conventional ELISA system. 
ROC analysis and evaluation of sensitivity and 
specificity of the system demonstrated that the new 
system did better than each of individual markers when 
classified: (1) cancer patients and non-cancer patients; 
(2) patients with CRC and the other patients: patients 
with the other cancers and non-cancer patients; (3) 
patients with CRC and patients with the other 
malignant tumors and (4) patients with PC and patients 
with BPH. 

In classification of the patients of the experimental 
group to the patients with and without malignant 
tumors, effective was the combination of the six tumor 

markers (LR6) and the combination of the six markers 
plus the ‘age of patient’ index (LR7).  

Thus, findings obtained with our set of sera (from 
170 patients including 108 cancer patients and 62 
patients with no cancer) suggest that new microarray-
based system can help to find the answers to the 
above-listed questions. 

It was showed earlier by us [17], that commercial 
system for six tumor markers determination (AFP; CA 
125; CA 15-3; CA 19-9; CEA; prolactin), WideScreenTM 

Human Cancer Panel 1 (Tumor markers) from 
Novagen, USA, on a basis of suspension microarrays 
makes it possible to improve significantly diagnostic 
efficiency in relation to that of each individual marker. 
In the present investigation analogous results are 
obtained for the other combination of tumor markers 
and the other, hydrogel-based, diagnostic system (“TM-
Biochip”, Russia). 

In the last few years several publications were 
demonstrated that microarray-based systems for 
several tumor markers determination were efficient at 
early detection of ovarian cancer [18, 19] and non-
small cell lung cancer [20]. Here, we showed that “TM-
Biochip” system is more efficient in revealing of cancer 
patients and, in specific cases, in diagnosing, than 
systems designed for determination of one tumor 
marker. In addition, the new system has improved 
diagnostic performance as compared to six relevant 
ELISA systems when discriminate between CRC-
patients and the other cancer patients as well as 
between PC patients and BPH patients. 

Further increase in the number of tumor markers 
measured by microarray-based diagnostic system will 
make it possible to expand the list of diagnoses of 
malignant neoplasms and eventually pass to the 
screening of the general population for the presence of 
tumors and to identify subjects with an increased 
cancer risk. 

CONCLUSION 

The results presented in this article demonstrate the 
applicability of protein microarray for simultaneous 
quantitation immunoassay of several analytes per 
sample in a single assay. A new microarray-based 
system “TM-Biochip” (Russia) was employed for 
simultaneous quantitation of six tumor markers (AFP, 
CEA, PSAt, PSAf, NSE and hCG) in 170 serum 
samples from groups of cancer patients and control 
groups. It was demonstrated that this new diagnostic 
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system allows assessing the level of each marker and 
gives data comparable with the results obtained by 
measurement of each individual marker in a respective 
conventional ELISA system. Simultaneous measure-
ment of six above-listed tumor markers in patients 
serum followed by the ROC analysis of the data 
resulted in better sensitivity and specificity as 
compared to each biomarker in patients classified as: 
(1) cancer patients and non-cancer patients; (2) 
patients with CRC and the other patients: patients with 
the other cancers and non-cancer patients; (3) patients 
with CRC and patients with the other malignant tumors 
and (4) patients with PC and patients with BPH. These 
results showed that “TM-Biochip” system is more 
efficient in revealing of cancer patients than systems 
designed for determination of one tumor marker. 

 “TM-Biochip” system using gel-based microchip 
technology has significant advantages as compared 
with ELISA system. It is compact in size and ease-to-
use. Volume of biological material (blood serum) is 
small (50 ?l for analysis of six tumor markers). The 
possibility exists of simultaneous quantitation of several 
(in perspective - many) tumor markers, and of the use 
the chip for large-scale statistical analysis. Reduction in 
the cost is associated with the use of little quantities of 
capture antibodies used in small volumes of gel 
elements (till 0.1 nl). The time taken to complete an 
analysis is significantly diminished. 

Good correlation of the results obtained between 
“TM-Biochip” system and single ELISA system shows 
potential of the first one to replace ELISA as a cost-
effective and high throughput screening tool.  
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