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The application of C12 biochip in the diagnosis 
and monitoring of colorectal cancer: Systematic 
evaluation and suggestion for improvement
Chen C, Chen LQ1, Yang GL, Li Y

ABSTRACT
Background: The 12 tumor markers’ (TMs) biochip diagnostic (C12) system has been proven useful in some 
previous studies but its value for colorectal cancer (CRC) only was not systematically investigated. Aims: To 
evaluate the value of C12 system for CRC. Settings and Design: The associations between TMs and 
clinicopathological characteristics were evaluated. The most relevant TMs, the most useful combinations, and 
the correlations between TM levels were assessed. Materials and Methods: The TMs detected by the C12 
system in the sera of 170 pathologically confirmed CRC patients were analyzed. One or more TMs higher than 
or equal to reference value were defined as positive. Statistical Analysis: Chi-square test, Spearman rank 
correlation test and Receiver-operating characteristic (ROC) curves were used for the analysis. Results: The 
overall positive rate was 41.76%, and was low in stage 0-Ⅰ(12.90%). Carcinoembryonic cantigen (CEA) had 
the highest positive rate of 36.47%. The positive rates were significantly correlated to clinical stages and lymph 
node status, but not to age, sex, tumor location and pathological types. Any combinations of the five highest 
positive TMs did not have significantly improvements. The levels of three most related TMs (CEA, CA19-9, 
CA242) of CRC had positive correlation with each other. CA242 and β-HCG levels were associated with lymph 
node metastasis. Conclusions: C12 system has some value in advanced CRC, but not in early CRC.
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olorectal cancer (CRC) is the third most common 
 malignant tumor in the world.[1] In China, CRC is the 
fifth most common malignancy, and with changes in disease 
spectrum and diet structures, the incidence of CRC has been 
steadily increasing, especially in urban areas, making it one of the 
key diseases in China’s anti-cancer campaign.[2] Tumor markers 
(TMs) play an important role in the diagnosis, prognosis, 
treatment selection and monitoring of cancer.[3] However, the 
sensitivity of TMs for early diagnosis needs to be improved,[4] 
especially in CRC.[5] A combination of several TMs appears to 
be a promising strategy for improving the diagnosis.[4]

In an effort to improve the screening and early diagnosis, a 
12-TM protein chip system (C12) was developed in China,[6] 
which covers a wide range of common tumors, including 
CRC. The C12 system detects 12 common TMs in the serum, 
including cancer antigen 125 (CA125), cancer antigen 15-3 
(CA15-3), cancer antigen 19-9 (CA19-9), cancer antigen 242 
(CA242), carcinoembryonic cantigen (CEA), alpha fetoprotein 
(AFP), prostate specific antigen (PSA), free prostate specific 
cantigen (Fr-PSA), human growth hormone (HGH), β-human 
chorionic gonadotropin (β-HCG), neuron-specific enolase 

(NSE) and ferritin. This system has been tested in some 
relatively large-scale studies on a variety of cancers,[7-9] but up 
to now, no systematic experience in using such a biochip system 
exclusively for the diagnosis of CRC has ever been reported. 
This study was to conduct a systemic evaluation of this system 
on 170 consecutive CRC patients.

Materials and Methods

Patient population
Among all the CRC patients admitted for surgery at the 
Department of Oncology, Zhongnan Hospital of Wuhan 
University from January 2003 to June 2007, 170 patients were 
enrolled. The main clinicopathological characteristics of these 
patients are summarized in Table 1; the mean age was 57 years 
(range 22 to 87 years). All the patients had biopsy confirmation 
before surgery whenever possible, and the post-surgical stage 
was classified based on the pathological criteria edition of the 
American Joint Committee on Cancer (AJCC). The TMs of all 
the patients were detected in their sera using the C12 system 
before operation. One or more TMs higher than or equal to the 
reference value were defined as positive.
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Blood sample collection and detection of serum tumor 
markers
Three milliliters of fasting blood was taken from each patient 
in the next morning following admission, and the serum was 
separated for the detection of TMs using the C12 biochip 
system according to the manufacturer’s instruction (Shanghai 
HealthDigit Co., Ltd. Shanghai, China).

Statistical analysis
The positive rates of TMs were calculated, and the associations 
between positive rates of TMs and clinicopathological 
characteristics were assessed with the Chi-square test. Preliminary 
descriptive statistics revealed that the distribution of 12 TMs’ 
levels did not follow a normal distribution. Consequently, the 
correlation between serum levels of various markers was assessed 
with the Spearman rank correlation test. Receiver-operating 
characteristic (ROC) curves were used to evaluate the serum 
TMs levels between patients with lymph node metastasis and 
without metastasis, and the area under the curve (AUC) values 
were determined. Statistical analyses were performed using SPSS 
13.0 software (SPSS Inc. Chicago, IL) and P values of less than 
0.05 were considered statistically significant.

Results

Main clinicopathological characteristics of 170 CRC patients
As shown in Table 1, the ratio of male to female was nearly 
2 to 1 and more than half of the patients were less than 60 

years old. Most tumors were located in the rectum and nearly 
one-third of CRC patients had lymph node metastases. Only 
18.23% (31/170) of these patients were in stage 0-I. The main 
pathological type was adenocarcinoma, accounting for more 
than 80% of 170 CRC patients.

Positive rates of TMs
The associations between positive rates of TMs with 
clinicopathological characteristics are also summarized in Table 1. 
The data of characteristics which were defined as unknown were 
excluded from the analysis. There were no correlations between 
positive rates of TMs and sex (male, female), age (≥60, <60 years 
old), tumor location (colon, rectum) and pathological types 
(highly, intermediately and poorly differentiated adenocarcinoma, 
mucinous adenocarcinoma, others) (P > 0.05).

The positive rate of TMs was statistically higher in those with 
positive lymph nodes (positive vs. negative, P < 0.05) [Table 1]. 
There were significant differences of the positive rates of TMs 
among different clinical stages (contingency table chi-square 
test, P = 0.000) [Table 1]. On further analysis, other than the 
statistically significant differences in the positive rates of stage 
I vs stage IV (P=0.000) and stage II vs stage IV (P=0.004), the 
differences in positive rates among all the other stages were 
statistically not significant (P > 0.05/6).

The positive rate of each TM in the C12 system is listed in 
Table 2. Only a few TMs were positive in CRC. The five most 

Table 1: Main clinicopathological characteristics of the 170 colorectal cancer patients and the correlation with positive 
tumor markers’
Items  Detection of C12 

 Number of patients (%) Negative number (%) Positive number (%) P value

Sex
 Male 108 (63.53) 63 (58.33) 45 (41.27) 0.973
 Female 62 (36.47) 36 (58.06) 26 (41.94) 
Age
 <60 years 93 (54.71) 50 (53.76) 43 (46.24) 0.194
 ≥60 years 77(45.29) 49 (63.64) 28 (36.36) 
Location
 Colon 69 (40.59) 41 (59.42) 28 (40.58) 0.796
 Rectum 101 (59.41) 58 (57.43) 43 (42.57) 
Lymph node
 Negative 86 (50.59) 61 (70.93) 25 (29.07) 0.042
 Positive 52 (30.59) 28 (53.85) 24 (46.15) 
 Unknown# 32 (18.82) 10 (31.25) 22 (68.75) 
Clinical stages
 Stage 0-I 31 (18.23) 27 (87.10) 4 (12.90) 0.000
 Stage II 52 (30.59) 32 (61.54) 20 (38.46) 
 Stage III 44 (25.88) 26 (59.09) 18 (40.91) 
 Stage IV 36 (21.18) 11 (30.56) 25 (69.44) 
 Unknown‡ 7 (4.12) 3 (42.86) 4 (57.14) 
Pathological types
 Adenocarcinoma, highly differentiated 29 (17.06) 21 (73.31) 8(27.59) 0.470
 Adenocarcinoma, intermediately differentiated 110 (64.71) 6 5(59.09) 45(40.91) 
 Adenocarcinoma, poorly differentiated 6 (3.53) 3 (50.00) 3 (50.00) 
 mucinous adenocarcinoma 11 (6.47) 5 (45.45) 6 (54.55) 
 Others* 4 (2.35) 2 (50.00) 2 (50.00) 
 Unknown† 10 (5.88) 3 (30.00) 7 (70.00) 
Total 170 99 (58.24) 71 (41.76) -
#Referral patients or patients with widespread metastases without specific treatment or patients discharged from hospital without operation; ‡Patients 
discharged from hospital without operation; *Others included signet-ring cell carcinoma, two cases; carcinoid, one case; undifferentiated carcinoma, one 
case; †Referral patients or patients with widespread metastases without specific treatment
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common TMs for CRC detection were CEA (36.47%), CA242 
(20.00%), CA19-9 (18.82%), CA125 (8.82%) and Fr-PSA 
(4.12%). The combination of these five TMs is shown in Table 3. 
Compared with CEA, the most sensitive TM in this system, any 
combination of TMs could not significantly increase the positive 
rates (P > 0.05 for all comparisons with CEA). Combination 
of four markers (CEA + CA242 +  CA125 + Fr-PSA or 
CEA + CA19-9 + CA125 + Fr-PSA) was as good as 12 markers 
in terms of diagnosis.

These results were confirmed by the Spearman correlation 
analysis, which showed that CEA, CA19-9 and CA242, the 
three most frequent TMs of this study, were positively correlated 
with correlation coefficients (R) of 0.666 (P = 0.000) for CEA 
vs. CA242, 0.553 (P = 0.000) for CEA vs. CA19-9, and 0.844 
(P = 0.000) for C242 vs. CA19-9.

The associations of highest single and combined TMs’ positive 
rates with different clinical stages are illustrated in Figure 1. 
The positive rates in each group were significantly associated 
with the clinical stage of CRC (P = 0.000). On further analysis, 
the differences between stage 0-I and stage IV in each group 
were statistically significant (P=0.000). In addition, the 
differences between stage 0-I and stage III, stage 0-I and stage 
III were statistically significant in CEA, CEA+CA242, and 
CEA+CA19-9 group. But in CEA+Fr-PSA group, only stage 
0-I and stage II achieved statistically significant (P=0.005). 
The differences in four or five TMs’ combination group were 
the same with 12 TMs combination.

Association of TMs levels with positive lymph nodes
The ROC curves analysis of TMs levels by lymph node status 
is shown in Figure 2. Other than Fr-PSA, ferritin and CA153, 
the serum levels of other TMs showed a tendency to increase 
in patients with lymph node metastasis (the area under ROC 
curves [AUC]>0.5), but only CA242 (AUC = 0.601, 95% 
confidence interval [95%CI] = 0.501-0.704, P = 0.047) and 
β-HCG (AUC = 0.628, 95%CI = 0.530-0.727, P = 0.012) 
achieved statistical significance. Higher levels of these two 
markers meant greater probabilities of lymph node metastasis. 
Therefore, in patients with confirmed CRC, CA242 and β-HCG 
levels could predict lymph node metastasis better than any other 
markers in this C12 system.

Discussion

The biochip diagnostic system C12 developed in China[6] 
is a relatively successful system in screening and detecting 
cancers. [7-11] Recently, there have been reports on using C12 
system for the diagnosis of CRC cancers, as summarized in 
Table 4. The overall positive rates ranged from 48.1-79.9%, 
higher than 41.76% in our series of 170 patients with well-
defined CRC. But our study achieved a positive rate of 69.44% 
in stage IV CRC, similar to other reports in overall positive 

Figure 1: The highest single and combined positive rates of TMs 
group in different clinical stages. A, CEA; B, CA242; C, CA19-9; D, 
CA125; E, Fr-PSA.

Table 2: Positive rates of each TM in 170 CRC patients
Items Normal range Positive numbers (%) Test results

CEA <5.0 ng/ml 62 (36.47) 5.05-219.78 ng/ml
CA242 <20.0 KU/L 34 (20.00) 20.44-174.05 KU/L
CA19-9 <35.0 KU/L 32 (18.82) 35.4-266.21 KU/L
CA125 <35.0 KU/L 15 (8.82) 36.81-267.51 KU/L
Fr-PSA <1.0 ng/ml 7 (4.12) 1.1-8.38 ng/ml
PSA <5.0 ng/ml 5 (2.94) 5.92-15.53 ng/ml
AFP <20.0 ng/ml 4 (2.35) 22.49-129.41 ng/ml 
CA15-3 <35.0 KU/L 3 (1.73) 67.57-160.94 KU/L
HGH <7.5 ng/ml 3 (1.73) 10.26-18.94 ng/ml
β-HCG <3.0 ng/ml 2 (1.18) 4.18-5.99 ng/ml
Ferritin <322 ng/ml 1 (0.59) 365.86 ng/ml
NSE <13.0 ng/L 0 (0) -

Table 3: The contribution of five most frequent TMs in C12 system to improve diagnosis*
 1 marker 2 markers 3 markers 4 or 5 markers

Items  Positive numbers (%) Items  Positive numbers (%) Items  Positive numbers (%) Items  Positive numbers (%)

A 62 (36.47) AB 66 (38.82) ACE 70 (41.18) ACDE 71 (41.76)
B 34 (20.00) AC 66 (38.82) ABE 69 (40.59) ABDE 71 (41.76)
C 32 (18.82) AE 66 (38.82) ACD 67 (39.41) ABCE 70 (41.18)
D 15 (8.82) AD 63 (37.06) ABD 67 (39.41) ABCD 67 (39.41)
E 7 (4.12) BE 40 (23.53) ADE 67 (39.41) BCDE 41 (24.12)
  CE 38 (22.35) ABC 66 (38.82) ABCDE 71 (41.76)
  BD 36 (21.18) BDE 41 (24.12)  
  CD 35 (20.59) BCE 40 (23.53)  
  BC 34 (20.00) CDE 40 (23.53)  
  DE 21 (12.35) BCD 36 (21.18)  

*A, CEA; B, CA242; C, CA19-9; D, CA125; E, Fr-PSA
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rates. However, except for this study, none of the other studies 
correlated C12 results with clinicopathological stages of the 
patients, making it impossible to assess the value of C12 in 
diagnosing tumors at various stages. Moreover, the positive rate 
in early-stage cancer was not high, as indicated in the original 
development report, this C12 system did not work well in 
screening and diagnosing early-stage CRC.[6]

In order to evaluate whether the combination of key TMs 
could enhance the positive rate, we tested the combination 
of two, three, four, or five TMs against a single marker, CEA, 
which proved to be the most sensitive marker in this diagnosis 
system. Any of the combinations did not significantly enhance 
the positive rate compared with CEA alone.

The limited value of C12 system for early diagnosis of CRC 

might due to two reasons. First, the sensitivity and specificity 
of TMs remain limited, and there was almost no single marker 
which is sensitive and specific enough to perform an accurate 
diagnosis,[4] especially in CRC.[5] In this study, the three highest 
positive TMs were CEA, C242 and CA19-9, but their positive 
rates, especially in the early stage, were not high. Even for CEA, 
which was the only marker widely accepted to be of positive value 
in CRC,[4-5] the positive rate was only 36.47%, and less than 7% in 
early stage. Therefore, a better use of CEA could be in prognosis 
and monitoring.[4-5,12] Discovering new CRC TMs, especially 
those related with early CRC detection was one of the strategies 
to solve this problem. Fortunately, with the development of 
technology,[13] especially the proteomics techniques,[14] some 
progress has already been made recently.[15-16]

Second, the TMs selected in this C12 system were not the 
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Figure 2: ROC curves of 12 TMs assays for CRC patients with lymph node metastasis in relation to those without metastasis. AUC, area under 
ROC curve.

Table 4: Summary of studies evaluating multiple tumor markers’ combination for the diagnosis of colorectal cancer
Items Author (year) Number of Combined Positive rate of single 
  CRC patients positive rate TM (%)

C12# Sun, et al.[6] (2004) 158 48.1 27.6 17.1 23.8
 Yu[7] (2005) 229 61.1 38.8 27.0 28.0
 Liang, et al.[8] (2005) 124 50.0 33.0 25.8 27.4
 Jiang, et al.[9] (2005) 98 61.2 32.7 23.5 27.6
 Mou, et al.[10] (2005) 139 79.9 48.2 28.1 32.4
 Zhong, et al.[11] (2007) 239 72.0 53.5 42.5 43.5
CA72-4 + CEA Carpelan-Holmstrom, et al.[17] (2004) 204 NP* CA72-4, 27.0; CEA, 43.6
G-CSF + CEA Mroczko, et al.[18] (2006) 76 55.0 G-CSF, 26.0; CEA,37.0
VEGF + CEA Tsai, et al.[19] (2006) 279 73.5 VEGF,63.0; CEA, 42.5
P53 + CEA Abdel-Aziz, et al.[20] (2007) 48 60.4 P53, 39.6; CEA, 31.3
EGFR + CEA - 48 81.2 EGFR, 70.8; CEA, 31.3
#The positive single TM represented CEA, CA242 and CA19-9, respectively; G-CSF, Granulocyte-colony stimulating factor; VEGF, Vascular endothelial 
growth factor; EGFR, Epidermal growth factor receptor *NP =  Not provided
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optimal combination for CRC. Only several related TMs of CRC 
in this system, and moreover, the Spearman correlation analysis 
indicated that the three highest positive TMs (CEA, CA242, 
CA19-9) were positively correlated with each other, and their 
combinations could not improve the positive rates, as shown by 
Carpelan-Holmstrom et al.[17] In other words, these markers are 
redundant but not complementary. Therefore, optimizing the 
combination of TMs, especially with new markers which could 
provide additional information, was another possible strategy for 
improving the positive rate for early CRC, and several promising 
combinations are summarized in Table 4.[17-20]

The ROC analysis is now widely recognized as the best approach 
for measuring the quality of diagnostic information and diagnostic 
decisions.[21] In this study, this method was used to evaluate the 
serum TMs’ levels between patients by lymph node status. We 
found that CA242 and β-HCG were associated with lymph 
node metastasis, whereas the other 10 TMs showed no such 
relationships, even for CEA and CA19-9, which are in agreement 
with Mroczko’s report.[22] Therefore, CA242 could be used in the 
future chip development to indicate the lymph node status.

In conclusion, this is the first systematic evaluation on the value 
of C12 biochip diagnostic system for CRC, and the findings 
suggest that this system has some value in the diagnosis of 
advanced CRC, but not in early CRC. Discovering new TMs 
and optimizing the combination of TMs might help improve 
the diagnosis.
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