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Elevated blood vitamin B12 (VitB12) level has recently been iden-
tified as a prognostic indicator for advanced cancer patients. The
predictive value of blood VitB12 for survival of patients with hep-15
atocellular carcinoma (HCC) remains unclear. Our objective was
to examine the determinants of elevated serum VitB12 levels and
their associations with prognosis of patients with HCC. The cohort
study included 90 HCC patients who were consecutively admit-
ted to the Chi-Mei Hospital, Taiwan, from April 2005 to Decem-20
ber 2006. Nutrition and clinical pathological data were collected.
Serum VitB12 levels were determined by radioimmunoassay. Sur-
vival curves were calculated by the Kaplan–Meier method. Multi-
variate analysis of outcome predictors was assessed by Cox regres-
sion. Elevated serum VitB12 levels of HCC patients were associated25
with reduced levels of albumin, hemoglobin, red blood cells count,
and glutamate-pyruvate transaminase (GPT) (P < 0.05). Serum
VitB12 levels were positively correlated alpha-fetal protein (AFP)
levels (r = 0.382, P = 0.001) and tumor size (r = 0.300, P = 0.004).
By univariate analysis, survival was significantly worse in patients30
with elevated serum AFP (>200 µg/l) and VitB12 levels (>1,500
ng/l; P < 0.05). In multivariate analysis, both elevated AFP (>200
vs. <20; HR 4.4; CI = 1.9–10.3, P = 0.001) and VitB12 levels (>699
vs. <699; HR = 2.88; CI = 1.26–6.6, P = 0.012) were found to be
favorable predictive factors for HCC survival. This study shows35
that the determinants of elevated serum VitB12 levels in HCC pa-
tients were in association with malnourishment, liver injuries, and
tumor progression. Elevated VitB12 levels in concurrence with AFP
levels serve as the prognostic factors predictive for poor survival of
HCC patients.40
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most frequent

malignancies in Asia, Japan, Northern Europe, and the United
States (1–3). High incidences, easy metastasis, and frequent re-
currence even after ablation make poor prognosis of advanced 45
HCC. Several clinical parameters and pathological factors have
been identified as prognostic indicators of HCC (4). Better sur-
vival was found in HCC patients with high levels of serum
albumin, normal serum alpha-fetal protein (AFP) levels, and
an absence of tumor vascular invasion (5). Tumor stage, serum 50
C-reactive protein, and initial treatment were considered to be
determinants of poor prognosis in HCC patients (6). Although
there is still controversy regarding their relative significance, the
prognostic factors are useful for clinicians involving in oncology
and palliative care to make better treatment strategies (7). 55

Liver is the major site for vitamin B12 (VitB12) metabolism
involving 1 carbon transfer and methylation of macromolecules.
Malnourishment is commonly found in cancer patients with
cachexia (8), and status of B vitamins of HCC patients was in
particular compromised as HCC progressed (9). It has long been 60
noted that circulating levels of VitB12 were abnormally elevated
in patients with liver disease such as hepatitis, cystic fibrosis,
alcoholic cirrhosis, and alcoholic liver diseases (10–12), several
of which may lead to neoplasia and are associated with HCC
development (13,14). Previous studies have reported that over 65
50% of patients with HCC showed increased values of plasma
haptocorrin-bound VitB12 (15,16). Compared with normal liver,
increased levels of VitB12-binding protein were observed in tu-
mor tissues (17). Among patients with metastases of the liver,
30–40% showed elevated plasma VitB12 levels (18). In spite 70
of the recognition for the significance of abnormal VitB12 lev-
els in blood of cancer patients (19), there is relatively little
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known about the determinants of the elevated B12 levels in HCC
patients.

Elevated blood VitB12 levels have recently been identified75
as a prognostic indicator for terminally ill cancer patients (20).
Another study further confirmed the elevated vitamin B12 in
combination with C-reactive protein levels could be a predictive
indicator of mortality in patients with advanced cancer (21). The
mechanisms are unclear. We hypothesized that elevated level of80
serum VitB12 levels were associated with clinical pathological
parameters to serve as a predictive factor for mortality in HCC
patients. The hypothesis was tested in a cohort study of 90 HCC
patients enrolled from 2005 to 2006. Serum B12 levels were
determined by radioimmunoassay. The relationships between85
serum B12 levels, clinical pathological factors, and prognosis
in HCC patients were evaluated by univariate and multivariate
analyses.

MATERIALS AND METHODS

Subjects90

A cohort study included 90 HCC patients who were consecu-
tively admitted the Chi-Mei Hospital, Chi-Mei Medical Center,
Tainan, Taiwan. They had previously enrolled in the “B vitamins
and Cancer” study between April 2005 to December 2006 (9).
Average age of HCC patients was 62 ± 10 yr. Ninety age- and95
sex-paired healthy controls were also recruited from “B vitamins
and Cancer” study (9). The Details of the criteria of an HCC
diagnosis and recruitment protocols were described elsewhere
(9). In brief, patients were diagnosed with HCC by 4 imaging
examinations including B-type ultrasonography, computed to-100
mography, magnetic resonance imaging, and angiography. The
diagnosis of HCC progression (size, number, and metastasis)
was made by two physicians specialized in hepatology and on-
cology. For patients with a tumor size of 1 to 2 cm, the presence
of HCC was histologically confirmed. HCC progression was105
classified according to recognized criteria by the tumor, regional
lymph node, and metastases system (22). The classification con-Q1

siders the presence or absence of vascular invasion, the number
of tumor nodules (single vs. multiple), and the size of the largest
tumor (<5 vs. ≥5 cm). Diagnosis of liver cirrhosis was also his-110
tologically proven. HCC patients with cardiac or renal diseases,
overt diabetes, or active intravenous drug abuse were excluded.
All the HCC patients received HCC-modifying treatments. The
survival length of 90 HCC patients was observed for at least
36 mo. Date of death was obtained from scrutiny of medical115
records and/or by contact with family doctors. The study proto-
col was approved by both the Committee on Medical Research
of Chi-Mei Hospital and the Ethical Review Board of Fu-Jen
University. Informed consent was secured from all participants.

Risk Factors and Dietary Assessment120

Upon enrollment, participants completed questionnaires con-
cerning their medical history, habits, and use of medications.

Habitual alcohol consumption, smoking, and use of vitamin
supplements were assessed. During the participants’ visits to
the hospital, trained professionals were assigned to assist them 125
in completing a semiquantitative food frequency questionnaire
(FFQ) for assessing habitual intake during the preceding year.
The FFQ was exclusively developed in our laboratory to deter-
mine B12 intake among the Taiwanese population (23).

Clinical and Biochemical Data 130

The clinical data including the type of tumor, metastasis,
liver problems, viral infection, and diseases complications were
collected and described in detail elsewhere (9). Dietary and
biochemical data such as serum levels of folate, homocysteine
(Hcy), glutamic-oxaloacetic transaminase (GOT), glutamic- 135
pyruvate aminotransferase (GPT), alkaline phosphatase (ALP),
albumin, and hemoglobin were extracted from the data base es-
tablished from our previous study (9). As peripheral blood sam-
ples were taken after a 12 h fasting period, chilled, and trans-
ported to the laboratory, aliquot of serum samples for VitB12 140
analysis were immediately separated on arrival and stored at
–80◦C. Serum B12 levels were determined by commercially
available radioimmunoassay kits (Becton Dickinson, Orange-
burg, NY).

Statistical Analysis 145

The data values were expressed as means ± SD. Associations
between demographic data, lifestyles, and clinical pathogenic
markers were evaluated using serum VitB12 levels in tertiles as
continuous variables. The means recorded for each parameter
of continuous variables across the tertile were compared by 150
analysis of covariance (ANOVA). The chi-square test was used
for categorical variables. Pearson’s correlation coefficient was
used to analyze the determinants of serum B12 levels. Non-
normally distributed dependent variables were first transformed
using a logarithmic function. Survival probability was calculated 155
using the Kaplan–Meier technique (24). To identify predictors
of survival, univariate and multivariate analysis was performed
by the Cox proportional hazards model. All statistical analysis
was carried out using SPSS version 13 for Windows. Statistical
significance was defined as a P value of less than 0.05. 160

RESULTS

Demographic, Lifestyle, and Clinical Pathological
Characteristics of HCC Patients in Association With
Serum VitB12 Levels

In this study, we reported that average dietary intakes of 165
VitB12 for the HCC patients were 3.0 ± 5.7 µg/day, which did
not significantly differ from that of the age- and gender-paired
control group (4.3 ± 8.3 µg/day) recruited from our previous
study (9,25). Mean serum B12 levels of HCC patients were
1,355 ± 1,365 ng/l, significantly higher than those of the controls 170
(717 ± 589 ng/l,P = 0.0001). Forty-eight percent of HCC
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TABLE 1
Demographic, life style and nutritional characteristics of patients with hepatocellular carcinoma according to serum vitamin B12

levelsa

Vitamin B12 level (ng/l)

Variable <669 (n = 22) 669–1,500 (n = 45) ≥ 1, 500(n = 23)

Age (yr) 60.9 ± 10.8 60.7 ± 11.6 65.9 ± 8.4
Body mass index (kg/m2) 24.9 ± 3.8 24.2 ± 3.2 22.8 ± 2.4
Alcohol intake, n (%)b 5 (22) 13 (28) 6 (39)
Smoking habit, n (%)c 14 (63) 22 (48) 11 (47)
Total calorie intake, kcal/day 1476 ± 648 1379 ± 610 1145 ± 498
Habitual B12 intake, µg/day 2.8 ± 2.0 2.6 ± 2.0 2.4 ± 1.5
Serum folate levels, nmol/l 14.4 ± 8.9 18.2 ± 20.2 16.5 ± 15.4
Serum Hcy levels, µmol/l 13.4 ± 6.4 11.4 ± 5.6 10.4 ± 3.9
Albumin, g/l 36 ± 6a 35 ± 06a 31 ± 5b

<35 g/l, n (%) 7 (31) 20 (44) 17 (73)d

Hemoglobin, mg/l 13.1 ± 2.3a 12.3 ± 2.5a 11.8 ± 2.1b

Red blood cell count 4.3 ± 0.9a 3.9 ± 0.8a 3.7 ± 0.8b

White blood cell count 6.3 ± 2.6 7.2 ± 4.4 6.3 ± 3.1

aAbbreviation is as follows: Hcy, homocysteine. Mean ± SD for continuous variables and proportions (%) for categorical variables. Data of
continuous variables were compared using 1-way analysis of covariance followed by Duncan’s multiple range test. The chi-square test was for
the categorical variables. Values with different subscripts in the same row differ at P < 0.05.

bAlcohol intake was defined as one or more drinks per week.
cSmoking habit was defined as never smoking or not smoking in the 6 mo before the diagnosis of HCC.
dThe highest vs. the lowest levels of serum B12, P < 0.05.

patients and 18% of the healthy controls showed abnormally
elevated B12 levels (normal range: 180–914 ng/l) (26).

Q2

As serum B12 levels of HCC patients and controls were strat-
ified into tertile levels, the potential nutrition factors in associa-175
tion with serum B12 levels in HCC patients are shown in Table 1.
Those in the highest levels of serum B12 levels (>1,500 ng/l) had
lower values of albumin (P = 0.004), hemoglobin (P = 0.016),
and red blood cell (RBC) counts (P = 0.042) compared to those
in the lowest levels of serum B12 (<669 ng/l). Malnourish rate180
(albumin < 35 g/l) was higher in patients with high serum B12

levels (>1,500 ng/l) than those with serum B12 levels < 669
ng/l (P = 0.013). Highly elevated serum B12 levels were inde-
pendent of age and gender, dietary factors such as total calorie
and habitual B12 intake, smoking status, alcohol consumption,185
serum folate, and Hcy levels.

Table 2 demonstrates clinical markers of HCC patients by
serum B12 levels. HCC patients with elevated levels of serum
B12 (>669 ng/l or >1,500 ng/l) had significantly higher lev-
els of GOT (P = 0.005), GPT (P = 0.007), and ALP (P =190
0.017) compared to those with serum B12 levels < 669 ng/l.
Highly elevated serum B12 level (>1.500 ng/l) was associated
with a higher rate of clinical complications such as cirrhosis,
ascites, and hepatic encephalopathy (P < 0.05). Similar pro-
files were observed in the tumor markers. Those in the highest195
serum B12 levels (>1,500 ng/l) had higher levels of AFP (P =
0.001) than those in the lowest levels of serum B12 (<699 ng/l).
After adjustment for multiple factors such as age, gender, albu-

min, hepatitis infection, 1 carbon metabolites, and liver injuries,
elevated serum B12 levels of HCC patients were significantly 200
correlated with AFP concentrations (r = 0.38, P = 0.01) and
tumor size (r = 0.30, P = 0.04; Table 3). The association be-
tween B12 levels and liver injuries (GPT level), however, was
negated after adjustments for multiple risk factors.

Survival Analysis of Serum B12 Levels 205

As the 90 HCC patients were followed up for 38.4 mo, Fig.
1 shows that the highest mortality of patients corresponded to
the highest B12 levels (>1,500 ng/l). It decreased parallel to the
decrease in B12 levels (P for trend = 0.001 by log rank test).
HCC patients in the highest serum B12 levels (>1,500 ng/l) 210
had a significantly worse survival (mean survival of 13.5 mo)
than those in the second (669 < serum B12 < 1,500 ng/l; mean
survival = 25.0 mo) and the lowest levels group (< 669 ng/l;
mean survival = 30.7 mo).

Univariate Analysis 215

In the univariate analysis (Table 4), serum B12 levels (>1,500
ng/l) were the predictor of the length of survival, as were pre-
operative levels of AFP levels (>200 µg/l). No relations were
found between other variables such as anthropometric (age and
gender), drinking habit, dietary intake (folate and B12), and gen- 220
eral nutrition status (serum folate, Hcy, albumin, RBC, and white
blood cell levels). Neither was found between survival, liver Q3
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TABLE 2
Liver injuries, clinical complications, and tumor progression of the 90 hepatocellular carcinoma (HCC) patients according to

serum vitamin B12 levelsa

Serum B12 level (ng/l)

<669 (n= 22) 669–1,500 ( n = 45) ≥ 1, 500(n = 23)

GOT (IU/l) 74.8 ± 60.3b 143.2 ± 135.2a 138.1 ± 105.2a

GPT (IU/l) 58.9 ± 49.2b 115.8 ± 96.8a 94.2 ± 63.8a

ALP (IU/l) 173.4 ± 59.8b 244.6 ± 122.1a 268.1 ± 138.4a

Cirrhosis, n (%) 12 (54) 34 (75) 20 (86)b

Ascites, n (%) 3 (13) 14 (31) 13 (56)b

Hepatic encephalopathy, n (%) 0 (0) 3 (6) 7 (30)b

HCC size (cm) 5.2 ± 2.8 5.5 ± 4.1 6.9 ± 5.2
HCC number 2.4 ± 0.9ab 2.2 ± 0.9b 2.8 ± 0.0a

AFP (µg/l) 4.4 ± 3.5a 4.1 ± 2.7a 7.2 ± 3.2b

Metastasis, n (%) 4 (18) 6 (13) 10 (43)

aAbbreviations are as follows: GOT, glutamic-oxaloacetic transaminase; GPT, glutamic-pyruvate transaminase; ALP, alkaline phosphatase;
AFP, alpha-fetal protein (values are log-transformed). Mean ± SD for continuous variables and proportions (%) for categorical variables. Data
of continuous variables were compared using 1-way analysis of covariance followed by Duncan’s multiple range test. The chi-square test was
for the categorical variables. Values with different subscripts in the same row differ at P < 0.05.

bThe highest vs. the lowest levels of serum B12, p value < 0.05.

injuries (GOT and GPT levels), clinical and pathological factors
(hepatitis B surface antigen, anti-hepatitis C virus, tumor sizes
and numbers). Off all these variables, B12 levels had the greatest225
and similar power of discrimination as AFP levels.Q4

Multivariate Analysis
In multivariate analysis (Table 5), serum AFP levels (>200

µg/l vs. <20) were identified as an independent factor for overall
survival (HR = 4.4; CI = 1.9–10.38, P = 0.001). Serum B12230
levels had the similarity with AFP as a significant predictor

TABLE 3
Adjusted correlation between serum B12 and markers of liver

injuries and tumor progression in the study HCC patientsa

GPT AFP Tumor Size

Variable r P r P r P

Crude <0.001 0.997 0.523 <0.001 0.305 0.004
Model A 0.185 0.639 0.557 <0.001 0.415 0.001
Model B 0.212 0.598 0.560 <0.001 0.492 0.001
Model C 0.295 0.797 0.564 <0.001 0.542 <0.001
Model D 0.527 0.797 0.623 <0.001 0.630 0.001

aAbbreviations are as follows: HCC, hepatocellular carcinoma;
GPT, glutamic-pyruvate transaminase; AFP, alpha-fetal protein; GOT,
glutamic-oxaloacetic transaminase. Model A: adjusted for age, gen-
der, albumin. Model B: Add adjustment of viral hepatitis and cirrhosis
to Model A. Model C: Add adjustment of serum homocysteine and
serum folate to Model B. Model D: Add adjustment of GOT and GPT
to Model C.

(>699 vs. <699) for survival of HCC patients (HR = 2.88;
CI = 1.26–6.60, P = 0.012).

DISCUSSION
We report the high prevalence of elevated B12 levels in HCC 235

patients. Forty-eight percent of HCC had an abnormal elevation
in serum B12 level using the clinical cutout point (26). Our data
are in line with previous findings that cancer patients have con-
siderably increased blood B12 levels (16–19). It is not clear why
HCC patients showed elevated blood B12. In the studied HCC 240
patients, elevated serum B12 levels did not associate with their
habitual B12 intake, suggesting that the dietary factors played a
minor role in this aspect. Abnormal blood B12 levels may result
from secondary effect of disturbed one carbon folate metabolism
in hepatocytes as folate and B12 reciprocally involved in the de 245
novo synthesis of methionine and homocysteine remethylation
(27). A high prevalence of folate deficiency was observed in
the studied HCC patients (9). Given the fact that elevated serum
B12 levels were not correlated with serum folate and Hcy con-
centrations of HCC patients, our data, however, suggests that 250
disturbed hepatic folate metabolism may not play a major role
in the elevated B12 levels of HCC patients.

As the liver has crucial impact in the storage, transport, and
metabolism of cobalamin (28), liver dysfunction may impair
hepatic B12 metabolism, resulting in the major changes in cir- 255
culating B12 levels (19). Indeed, elevated B12 levels of HCC
patients were shown to correlate with liver dysfunction deter-
mined by increased levels of GOT, GPT, and ALT (Table 2).
Consistently, elevated B12 levels were frequently observed in
patients with liver diseases and were positively correlated with 260
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FIG. 1. Survival curve according to serum B12 levels of patients with hepatocellular carcinoma. Mean survival time for low, median, and high B12 levels was
30.7 (23.7–37.6), 25.0 (20.6–29.5), and 13.5 (5.5–21.6) mo, respectively.

GOT and GPT levels (10–12). It has been hypothesized that

Q5

inflammation-induced hepatocyte degradation in virus infection
and/or pathological destruction of hepatocytes in liver cirrhosis
causes the release of cobalamin from the liver. Several studies
have shown that increased plasma cobalamin was associated265
with tissue B12depletion in liver cirrhosis (29,30). The total B12

content of livers from hepatoma-bearing rats was less than that
in control animals (31). Diminished uptake of protein-bound
cobalamin by the affected liver may be related to elevated levels
of B12 (29,30). Furthermore, the impaired synthesizing capabil-270
ity of injured livers may produce lower levels of albumin, which
was confounded by malnourishment as a result of cachexia com-
monly found in some cancer patients (32). Consistently, we
found that elevated B12 levels were correlated with reduced lev-
els of albumin, hemoglobin levels, and RBC counts (Table 1).275
Our observations taken together with other’s findings suggest
that liver injuries and malnutrition may in part contribute to
elevated B12 levels of HCC patients.

After adjustment by multiple factors such as liver injuries
and malnutrition, the serum B12 levels were independently as-280
sociated with AFP levels (r = 0.38, P = 0.01) in HCC patients.
Whereas AFP serves as a tumor marker for high stage and early

recurrence of hepatocellular carcinoma (33), a concurrent rise
in serum B12 and AFP levels suggests a possible link between
serum B12 and tumor progression. It has been proposed that a 285
reduced amount of asialoglycoprotein receptors in malignant
hepatocytes to clear up serum B12 may aggravate the increase in
serum B12 during liver injuries and carcinogenesis (15,16). This
elevated B12 levels may be secondary to increased circulating
transcobalamins, a blood B12-binding protein, occurring in neo- 290
plastic conditions or in occult metastases (18–20). In some HCC
patients with normal AFP levels, their elevated tumor related vi-
tamin B12-binding protein was associated with HCC progression
(34). Levels of vitamin B12-binding protein capacity in fibro-
lamellar hepatoma cases were elevated when the tumor recurred 295
and decreased after tumor reduction (35). Given the fact that a
rise in serum B12 was associated with tumor size (r = 0.300,
P = 0.004; Table 3), our findings are in accordance with previ-
ous reports (30–33) that have suggested that the remarkable rise
in serum B12 may serve as a tumor marker for HCC progression. 300

One of the major findings of this study was to identify the
significant association of elevated serum B12 level with poor
survival of HCC patients (Fig. 1, Tables 4 and 5). Our findings
add the new evidence to the results of other studies that elevated
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TABLE 4
Univariate Cox proportional regression modela

95% CI for HR

Variable HR Lower Upper P Value

Age (yr) >64 vs. ≤64 1.67 0.84 3.32 0.143
Gender Male vs. Female 1.43 0.71 2.88 0.319
Drinking Yes vs. never 1.48 0.72 3.04 0.282
B12 intake, µg/day >2.4 vs. ≤2.4 1.42 0.73 2.77 0.305
Folate intake, µg/day >400 vs. ≤400 1.14 0.52 2.51 0.745
Serum B12, ng/l >1500 vs. <699 4.62 1.53 13.94 0.007
Serum folate, nmol/l >14 vs. <7 0.58 0.14 2.44 0.457
Hcy levels, µmol/l ≥13 vs. <13 0.67 0.29 1.53 0.337
Albumin ≥3.5 vs. <3.5 0.69 0.35 1.34 0.271
WBC ≥3.4 vs. <3.4 1.17 0.41 3.33 0.770
RBC ≥4.26 vs. <4.26 0.54 0.27 1.11 0.095
GOT, IU/l >80 vs. ≤80 1.48 0.75 2.91 0.261
GPT, IU/l >80 vs. ≤80 0.83 0.42 1.64 0.584
HbsAg +vs. – 1.00 0.51 1.97 0.994
Anti-HCV +vs. – 0.89 0.46 1.73 0.721
AFP, µg/l >200 vs. <20 4.30 1.85 10.03 0.001
Tumor size, cm >10 vs. <5 2.61 0.95 7.23 0.064
No. nodules multiple vs. single 2.04 0.84 4.94 0.116

aAbbreviations are as follows: CI, confidence interval; HR, hazard ratio; Hcy, homocysteine; WBC, white blood cells; RBC, red blood cells;
GOT, glutamic-oxaloacetic transaminase; GPT, glutamic-pyruvate transaminase; HbsAg, hepatitis B surface antigen; HCV, hepatitis C virus;
AFP, alpha-fetal protein. These results are the univariate P values of the Cox model. All the variables with significant values were considered
for multivariate analysis.

blood B12 levels present a predictive factor of mortality in305
patients with advanced cancers (21,22). The plausible mecha-

Q6

nisms by which raised B12 levels should serve as a molecular
biomarker to predict poor prognosis of HCC patients remain un-
clear. Low serum albumin levels and Child-Pugh stage of liver
injuries were proposed predictive variables for poor long-term310
prognosis in HCC patients (5,36). In the study, the link between
B12 levels and prognosis of HCC patients may not be due to
the severity of malnutrition and liver injuries because those
two factors were not predictable for mortality of HCC patients
(Table 4). The biological features of the tumor itself have been315
proposed to be strong predictors of prognosis of HCC patients
(5,37,38). In particular, several studies have demonstrated that

AFP, a marker of tumor progression (33), is the important
prognostic factor in patients with HCC (39–42). Elevated AFP
value has been proposed to be an independent unfavorable 320
predictor for survival of HCC patients with hepatitis C virus
infection after hepatic resection (43). Our data also support the
AFP values as the independent predictor for survival of HCC
patients (Tables 4 and 5). In light of the close association be-
tween elevated blood B12 and AFP levels (Table 3), an elevated 325
blood B12 level with prognostic significance of HCC patients
may be attributable to its reflection of tumor diseases extent.

This study had a number of limitations. The most important
one is the relatively small sample size, which reduces the statis-
tical power for subgroup analysis. The unavailability of tumor 330

TABLE 5
Factors influencing cumulative survival of HCC patients: Multivariate analysisa

Variable Category HR 95% CI P Value

AFP, µg/l >200 vs. <20 4.44 1.90–10.38 0.001
Serum B12, ng/l >699 vs. ≤699 2.88 1.26–6.60 0.012

699–1,500 vs. <699 2.95 1.22–7.11 0.016
>1,500 vs. <699 3.24 0.99-10.60 0.052

aAbbreviations are as follows: HCC, hepatocellular carcinoma; HR, hazard ratio; CI, confidence interval; AFP, alpha-fetal protein. Cox
proportional hazards model with stepwise selection.
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specimens and failure of measurement in vitamin B12-binding
protein capacity restrict the provision of direct evidence to elu-
cidate mechanisms regarding the relationships between and el-
evated B12 levels and tumor progression. Since blood samples
of HCC patients were collected after cancer diagnosis, B12 lev-335
els might have been changed by the disease condition and/or
undeclared medical use. The advantage of this study was to
include the known prognostic factors in combination with ele-
vated B12 levels to develop new molecular prognostic scales for
HCC patients. Dietary factors and nutritional assessments were340
also included to clarify the determinants of elevated B12 levels
in HCC patients.

In summary, the study confirms a high prevalence of abnor-
mally elevated serum B12 levels in HCC patients. The deter-
minants of elevated serum B12 levels were in association with345
malnourishment, liver injuries, and tumor progression. Our data
identify a poor prognostic influence of elevated serum B12 levels
in HCC patients.

The molecular marker of elevated B12 levels adds predictive
value to the conventional clinical factors such as AFP levels,350
which in combination may be prognostically useful for early
detection of tumor progression and better treatment strategies.
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hepatocellular carcinoma in the west: a multivariate analysis in 206 patients.
Hepatology 12, 753–760, 1990.

38. Hsu HC, Sheu JC, Lin YH, Chen DS, Lee CS, et al.: Prognostic histologic
features of resected small hepatocellular carcinoma (HCC) in Taiwan: a 470
comparison with resected large HCC. Cancer 56, 672–680, 1985.

39. Nomura F, Ohnishi K, and Tanabe Y: Clinical features and prognosis of
hepatocellular carcinoma with reference to serum alphafetoprotein levels:
analysis of 606 patients. Cancer 64, 1700–1707, 1989.

40. Yamashita Y, Takahashi M, Koga Y, Saito R, Nanakawa S, et al.: Prognos- 475
tic factors in the treatment of hepatocellular carcinoma with transcatheter
arterial embolization and arterial infusion. Cancer 6, 385–391, 1991.

41. Izumi R, Shimizu K, Kiriyama M, Hashimoto T, Urade M, et al.: Alpha-
fetoprotein production by hepatocellular carcinoma is prognostic of poor
patient survival. J Surg Oncol 49, 151–155, 1992. 480

42. Pompili M, Rapaccini GL, Covino M, Pignataro G, Caturelli E, et al.:
Prognostic factors for survival in patients with compensated cirrhosis and
small hepatocellular carcinoma after percutaneous ethanol injection ther-
apy. Cancer 92, 126–135, 2001.

43. Hanazaki K, Kajikawa S, Koide N, Adachi W, and Amano J: Prognostic 485
factors after hepatic resection for hepatocellular carcinoma with hepatitis
C viral infection: univariate and multivariate analysis. Am J Gastroenterol
96, 1243–1250, 2001.


