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Abstract
AIM: To investigate the serological diagnostic factors 
for liver metastasis in patients with colorectal cancer. 

METHODS: One hundred and six adult in-patients with 
colorectal cancer were studied and divided into pa-
tients with liver metastasis (n  = 56) and patients with-
out liver metastasis (n  = 50). Serum levels of tumor 
and biochemical markers for liver were measured at 
the time of diagnosis. 

RESULTS: The mean survival time was 55.9 mo, 36.8 mo  
and 68.3 mo for the overall patients, patients with liver 
metastasis and patients without liver metastasis, respec-
tively. Lactate dehydrogenase (LDH) level was signifi-
cantly correlated with the survival time of colorectal 
cancer patients. The levels of alanine aminotransfer-
ase, aspartate aminotransferase, γ-glutamyltransferase 
(GGT), LDH and carcinoembryonic antigen (CEA) were 
significantly higher in patients with liver metastasis 
than in those without liver metastasis. Patients with 
lymph node metastasis had a higher risk of liver me-
tastasis than those without lymph node metastasis. 

The cut points of LDH, GGT and CEA for screening 
liver metastasis were 180 U/L, 30 U/L and 5.0 μg/L, 
respectively. The sensitivity was 64.3%, 69.6% and 
70.4%, and the specificity was 64.0%, 60.0% and 
52.4%, respectively. The sensitivity of parallel test was 
85.2% for LDH and CEA, and 92.6% for GGT and CEA, 
respectively. The specificity of serial test was 85.7% 
for LDH (or GGT) and CEA. 

CONCLUSION: Early diagnosis of liver metastasis is 
of great significance. The sensitivity and specificity of 
combined tumor and biochemical markers are rather 
good in screening colorectal liver metastasis.
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INTRODUCTION
Colorectal cancer is the 3rd most common malignancy 
worldwide and the second most lethal cancer type in the 
developed world[1]. Most patients with colorectal cancer 
succumb to the effects of  distant metastatic lesions, es-
pecially liver metastasis rather than the primary colorectal 
cancer itself[2]. The liver is a primary target organ of  meta-
static lesions and the main cause of  death. About 25% 
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of  patients with colorectal cancer have liver metastases at 
the time of  diagnosis and another 25%-30% of  them will 
present with liver metastases in the following 2-3 years[3]. 
Without treatment, the life expectancy for patients with 
colorectal metastases is poor and ranges from 5 to 9 mo[2,4]. 
Thus early diagnosis of  liver metastases of  colorectal caner 
leads to timely treatment, which favors a better prognosis. 

Laparoscopy has not been advocated as a screening test 
for colorectal liver metastases due to its invasiveness. Fine 
needle aspiration cytology also has not been advocated 
as a screening test, because of  its high risk of  complica-
tions[5]. It has been shown that the incidence of  needle 
tract metastases is 0.4%-5.1% after fine needle aspiration 
and use of  the procedure in abdominal tumors is fatal 
in 0.006%-0.031% of  cases[6,7]. Most deaths are due to 
hemorrhage of  liver tumors[3]. Imaging modalities, such as 
contrast enhanced computed tomography (CT), magnetic 
resonance imaging (MRI) and positron emission tomogra-
phy CT (PET-CT), may establish the diagnosis of  liver me-
tastasis of  colorectal cancer[8]. However, it is more difficult 
to make the clinical diagnosis of  early liver metastases of  
colorectal cancer due to the absence of  typical symptoms 
or signs. Serological examination including tumor and bio-
chemical markers for liver function evaluation is routinely 
performed, though its accuracy is not high[9]. The level of  
carcinoembryonic antigen (CEA) is elevated in 63% of  pa-
tients, while the activity of  alanine aminotransferase (ALT) 
and aspartate aminotransferase (AST) is increased in about 
30% of  patients with liver metastases of  colorectal can-
cer[10]. To reduce metastases-related mortality, the develop-
ment of  new methods for diagnosis of  liver metastases of  
colorectal cancer is of  great significance.

The purpose of  the present study was to determine 
whether CEA and biochemical hepatic tests can be used in 
assessing liver metastasis in patients with colorectal cancer. 

MATERIALS AND METHODS
Patients 
One hundred and six in-patients with colorectal cancer 
admitted to Cancer Institute and Hospital, Tianjin Medi-
cal University, from December 1996 to January 2004, were 
included in this study. Pathological test was performed to 
confirm their colorectal cancer and contrast enhanced CT, 
MRI or PET-CT was performed to confirm their liver 
metastasis. Moreover, liver metastasis was confirmed by op-
eration, biopsy or progression of  the disease. The patients 
who had a history of  liver disease and did not undergo con-
trast enhanced CT and MRI were excluded from this study.

Investigation indexes 
Blind tests were performed for total bilirubin (TB), di-
rect bilirubin (DB), ALT, AST, serum total protein (TP), 
globulin (GLOB), γ-glutamyltransferase (GGT), alkaline 
phosphatase (ALP), lactate dehydrogenase (LDH), and 
CEA. Liver biochemical test was performed within 1 wk 
after liver metastasis was diagnosed by contrast enhanced 
CT and MRI in our hospital. The methods to determine 

biomarkers and upper or lower limits of  normality used in 
our laboratory are shown in Table 1.

Statistical analysis 
One-sample Kolmogorov-Smirnov test was used to de-
termine the distribution of  ALP, TP, ALB, GLOB, GGT, 
ALT, AST, TBIL, DBIL, LDH and CEA. Data with the 
skewed distribution were presented as median (Quartile 
interval). Two-independent-sample test and χ2 test were 
respectively used to determine whether there is any sig-
nificant difference between patients with and without liver 
metastasis. Cox regression analysis was performed for 
GGT, ALP, LDH, TB, DB, ALT, AST, TP, GLB, CEA, 
lymph node metastasis in order to find the characteristic 
factors for survival time. Screening test for LDH, GGT 
and CEA, parallel test and serial test for GGT and LDH, 
CEA and LDH, CEA and GGT were used to determine 
the diagnostic factors for liver metastasis in patients with 
colorectal cancer. Statistical analysis was performed by 
SPSS (Version: 16.0, Chicago, USA). 

The screening tests were evaluated by calculating their 
sensitivity (SE), specificity (SP), diagnostic index (DI), 
false positive rate (α), false negative rate (β), crude accu-
racy (CA), positive predictive value (PV+), negative pre-
dictive value (PV-).

SE was defined as the proportion of  patients with LM 
testing positive (A/A + C) where C is the number of  false 
negative cases. SP was defined as the proportion of  pa-
tients without LM testing negative (D/B + D) where B is 
the number of  false positive cases. DI was defined as the 
(SE + SP)-1. α was defined as the proportion of  negative 
cases that were erroneously reported as positive while β 
was defined as the proportion of  positive cases that were 
erroneously reported as negative. CA was defined as the 
proportion of  cases correctly diagnosed by the test (A + 
D/A + B + C + D) where B + C is the number of  cases 
erroneously diagnosed by the test. PV+ was defined as 
the proportion of  patients testing positive with LM con-
firmed by pathology (A/A + B) while PV- was defined as 
the proportion of  patients testing negative proved to be 
free of  LM by pathology (D/C + D). 

Serial test was defined as positive only if  all the re-
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Table 1  Methods to determine biomarkers and upper or lower 
limits of normality used in our laboratory

Diagnostic factors Methods Lower and 
upper limits

Total bilirubin (μmol/L) Jendrassik-Grof   2-20
Direct bilirubin (μmol/L) Jendrassik-Grof   0-10
Alanine aminotransferase (U/L) Rate   0-40
Aspartate aminotransferase (U/L) Rate   0-42
Serum total protein (g/L) Biuret 60-80
Globulin (g/L) 27-35
γ-glutamyltransferase (U/L) Nitrophenol rate   0-50
Alkaline phosphatase (U/L) P-nitrophenol 

phosphate rate
  45-132

Lactate dehydrogenase (U/L) Rate   80-240
Carcinoembryonic antigen (μg/L) Elisa 0-5



sults were positive when we considered two or more tests 
together in the single patient. Parallel test was defined as 
positive if  one of  the results was positive when two or 
more tests were considered in the single patient.

RESULTS
Characteristics of patients
The age of  our patients ranged 26-80 years with a median 
of  56 years. Males constituted 68 of  patients with a male 
to female ratio of  1.788 to 1. No significant difference was 
found in age and sex of  the patients with and without liver 
metastasis. The characteristics of  patients with primary tu-
mor and lymph node metastasis are shown in Table 2.

Survival analysis and cox regression
The median survival time was 47, 30 and 64 mo for the 
overall patients, patients with liver metastasis and patients 
without liver metastasis, respectively. Their mean survival 
time was 55.9 ± 5.5 mo, 36.8 ± 6.5 mo and 68.3 ± 7.0 mo, 
respectively. The survival curves for patients with and 
without liver metastasis were significantly different (P = 
0.005) (Figure 1). Cox regression analysis showed that 
LDH was significantly correlated with the survival time of  

colorectal cancer patients with an increased risk of  liver 
metastasis (P = 0.005) (Table 3).

Test of normality and two-independent-sample test
One-sample Kolmogorov-Smirnov test showed that the 
distribution of  ALP, TP, ALB, GLOB and ALB/GLOB 
was normal, while that of  GGT, ALT, AST, TBIL, DBIL, 
LDH and CEA was skewed. The levels of  GGT, ALT, 
AST, LDH and CEA were significantly higher in patients 
with liver metastasis than in those without liver metastasis 
(P < 0.05) (Table 4). Patients with lymph node metastasis 
had a higher risk of  liver metastasis than those without 
lymph node metastasis (χ2 = 9.046, P = 0.003). No sig-
nificant difference was found in ALP, TP, ALB, GLOB, 
ALB/GLOB, TBIL, and DBIL levels between patients 
with and without liver metastasis (data not shown).

Screening test 
Because the diagnostic indices of  LDH, GGT and CEA 
at 180, 30 and 5.0 for screening liver metastasis were the 
greatest, the cut off  points were selected at 180, 30 and 
5.0, respectively (Figure 2). The area under the curves 
of  LDH, GGT and CEA was 0.671, 0. 687 and 0.675, 
respectively (P = 0.05). The κ of  parallel test and serial 
test for CEA and LDH, CEA and GGT was 0.293, 0.326, 
and 0.357, 0.284, respectively (P = 0.05). The SE, SP, DI, 
false positive rate (α), false negative rate (β), CA, adjusted 
agreement, PV+ and PV- are shown in Table 5.
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Table 3  Cox regression analysis of patients with colorectal 
cancer

  χ2 P

Serum total protein (g/L)    0.093 0.761
Globulin (g/L) < 0.000 0.994
Alanine aminotransferase (U/L)    1.943 0.163
Aspartate aminotransferase (U/L)    0.143 0.705
Total bilirubin (μmol/L)    0.122 0.726
Direct bilirubin (μmol/L)    0.063 0.801
γ-glutamyltransferase (U/L)    1.126 0.289
Alkaline phosphatase (U/L)    1.006 0.316
Lactate dehydrogenase (U/L)  11.254 0.001
Carcinoembryonic antigen (μg/L)    0.159 0.690
Lymph node metastasis    1.601 0.206
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Figure 1  Survival curves for patients with and without liver metastasis of 
colorectal cancer.

Table 2  Characteristics of patients enrolled in our study

With liver 
metastasis 

Without liver 
metastasis

Age (yr) 55.69 ± 11.773 55.21 ± 13.225
Sex
   Male 32 36
   Female 18 20
Primary tumor (UICC stage)
   T1   1   0
   T2   4   0
   T3 12 10
   T4 22 23
Lymph node metastasis (UICC stage)
   N0 29 12
   N1   8 13
   N2   2   6

UICC: International Union Against Cancer. Table 4  Levels of γ-glutamyltransferase, alanine aminotrans-
ferase, aspartate aminotransferase, lactate dehydrogenase and 
carcinoembryonic antigen in patients with and without liver 
metastasis of colorectal cancer

With liver metastasis Without liver metastasis P

GGT (U/L)   43.00 (64.75) 24.00 (35)    0.001
ALT (U/L)   22.00 (22.75)      13.00 (12.50) < 0.001
AST (U/L)   22.00 (17.50)      16.00 (10.00) < 0.001
LDH (U/L)     201.5 (169.50)    164.50 (70.75)    0.003
CEA (μg/L) 13.70 (93.8)        4.87 (12.82)    0.039

GGT: γ-glutamyltransferase; ALT: Alanine aminotransferase; AST: Aspartate 
aminotransferase; LDH: Lactate dehydrogenase; CEA: Carcinoembryonic 
antigen.
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DISCUSSION
Colorectal cancer metastasis occurs in various organs, most 
frequent in lymph nodes and liver[1]. In this study, the pa-
tients with lymph node metastasis had a higher risk of  liver 
metastasis than those without lymph node metastasis, indi-
cating that regular imaging modalities, such as contrast en-
hanced CT and MRI, may be performed every 3 or 6 mo 
after surgery for patients with colorectal cancer to establish 
an early diagnosis of  liver metastasis.

The overall life expectancy of  patients with colorectal 
cancer is mainly determined by the progression of  liver 
metastasis rather than by the primary carcinoma itself[3]. 
The median survival time was 47, 30 and 64 mo for the 
overall patients, patients with liver metastasis and patients 

without liver metastasis, respectively, with a mean survival 
time of  55.9, 36.8 and 68.3 mo, respectively. A significant 
difference was observed in survival curves for patients 
with and without liver metastasis. The levels of  GGT, 
ALT, AST, LDH and CEA were significantly higher in 
patients with liver metastasis than in those without liver 
metastasis. Cox regression analysis showed that LDH was 
significantly correlated with the survival time of  colorectal 
cancer patients, indicating that LDH may be used to pre-
dict the life expectancy of  patients with liver metastasis of  
colorectal cancer. 

CEA was demonstrated in fetal gut tissue and gastro-
intestinal tract tumor four decades ago, and subsequently 
detected in the circulation of  patients and recognized as a 
serum marker for colorectal cancer. Expression of  carbo-
hydrate antigen (CA) 19-9 has been described in colorectal 
cancer, but its sensitivity is lower than CEA[11]. Lack of  
sensitivity and specificity precludes the use of  any avail-
able serum markers, such as CEA, CA 19-9, CA 242, CA 
72-4, tissue polypeptide antigen or tissue polypeptide-
specific antigen, for the early detection of  colorectal 
cancer[12]. However, a preoperative CEA serum level can 
predict the prognosis of  recurrence and survival time of  
colorectal cancer patients[11,13]. Moreover, circulating levels 
of  LDH, ALP, and GGT in malignant tissues can directly 
contribute to liver replacement[14,15]. In patients with meta-
static colorectal cancer, CEA, ALP and LDH have been 
reported as prognostic factors[16-19]. 

A screening test was performed to show whether 
LDH, GGT and CEA can be used to screen liver metasta-
sis in patients with colorectal cancer. Because the diagnos-
tic indices of  LDH, GGT and CEA at 180 U/L, 30 U/L 
and 5.0 μg/L for screening liver metastasis were the great-
est, the cut off  points were selected at 180 U/L, at 30 U/L, 
and at 5.0 μg/L, respectively. The sensitivity were 64.3%, 
69.6% and 70.4%, respectively. The sensitivity were 
64.0%, 60.0% and 52.4%, respectively. As a tumor marker, 
CEA test had a moderate sensitivity and a low specific-
ity for liver metastasis in patients with colorectal cancer. 
Thus, tumor markers in combination with biochemical 
markers for liver function may improve the sensitivity and 
specificity for screening liver metastases in patients with 
colorectal cancer.

Couples of  tests, usually CEA and another, would 
demonstrate a better accuracy than a single test[20,21], which 
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Table 5  Screening test for liver metastasis in patients with colorectal cancer

Sen (%) Spe (%) DI CA AA PV+ PV- P α β

LDH 64.3 64.0 1.283 0.642 0.641 0.667 0.615 0.003 0.360 0.356
GGT 69.6 60.0 1.296 0.651 0.649 0.661 0.638 0.001 0.400 0.304
CEA 70.4 52.4 1.228 0.625 0.623 0.655 0.579 0.039 0.476 0.296
LDH and CEA (serial test) 51.9 85.7 1.376 0.667 0.695 0.823 0.581 0.007 0.143 0.481
LDH and CEA (parallel test) 85.2 42.9 1.281 0.667 0.657 0.657 0.692 0.030 0.571 0.148
GGT and CEA (serial test) 44.4 85.7 1.301 0.625 0.662 0.800 0.545 0.025 0.143 0.556
GGT and CEA (parallel test) 92.6 38.1 1.307 0.687 0.691 0.658 0.800 0.009 0.619 0.074

LDH: Lactate dehydrogenase; GGT: γ-glutamyltransferase; CEA: Carcinoembryonic antigen; Sen: Sensitivity; Spe: Specificity; DI: Diagnostic index; α: False 
positive rate; β: False negative rate; CA: Crude accuracy; PV+: Positive predictive value; PV-: Negative predictive value.
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Figure 2  Receiver operator characteristic curves for lactate dehydroge-
nase and γ-glutamyltransferase (A) and carcinoembryonic antigen (B). 
LDH: Lactate dehydrogenase; GGT: γ-glutamyltransferase.
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is consistent with the findings in our study. In the present 
study, the sensitivity of  parallel test for LDH and CEA, 
GGT and CEA was 85.2% and 92.6%, respectively. The 
specificity of  serial test for LDH and CEA was 85.7% and 
the specificity of  serial test for GGT and CEA was 85.7% 
too, indicating that its sensitivity and specificity of  tumor 
marker (CEA) in combination with biochemical markers 
including LDH and GGT are rather good in patients with 
colorectal cancer, if  LDH > 180 U/L and CEA > 5.0 μg/L,  
or GGT > 30 U/L and CEA > 5.0 μg/L. Contrast en-
hanced CT, MRI or PET-CT may be performed imme-
diately to confirm liver metastasis and timely treatment 
may improve the survival of  patients with liver metastasis 
of  colorectal cancer. Thus metastatic liver disease may be 
diagnosed before symptoms occur and liver metastases of  
colorectal cancer can be diagnosed more rapidly and ac-
curately.

COMMENTS
Background
The overall life expectancy of patients with colorectal cancer is mainly de-
termined by the progression of liver metastasis rather than by the primary 
carcinoma. Improved early screening modalities are still needed and molecular 
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of colorectal liver metastases. 
Research frontiers
Although various diagnostic modalities, such as ultrasonography, computed 
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(CEA) and some biochemical hepatic tests in detection of hepatic metastases 
in patients with primary colorectal cancer.
Innovations and breakthroughs
Laboratory tests have limits in detecting LM but they can rapidly and accurately 
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