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Impact of serum C-reactive protein level on the progno-
sis of patients with hepatocellular carcinoma undergo-
ing TACE

Chung Hwan Jun, Ho Seok Ki, Ki Hoon Lee, Kang Jin Park, Seon Young Park, Sung Bum Cho, Chang Hwan Park,
Young Eun Joo, Hyun Soo Kim, Sung Kyu Choi, and Jong Sun Rew

Department of Internal Medicine, Chonnam National University Medical School, Gwangju, Korea

Background/Aims: The aim of this study was to determine the relationship between serum CRP levels and the
prognosis of hepatocellular carcinoma (HCC) patients.

Methods: HCC patients who underwent the first session of transcatheter arterial chemoembolization (TACE) between
January 2005 and December 2009 (n=211) were analyzed retrospectively. The patients were divided into two groups:
high C-reactive protein (CRP; >1 mg/dL, n=51) and low CRP (<1 mg/dL, n=160). They were followed for a mean of
22.44 months and their clinicoradiological variables and overall survival were compared.

Results: There were significant differences between the two groups in regard to tumor type, tumor-progression-free
survival, 10-month mortality, white blood cell (WBC) count, tumor size, and TNM stage. Multivariate analysis revealed
that a high serum CRP level was independently associated with tumor size and tumor type. Subgroup analysis of CRP
groups according to tumor size demonstrated that a high serum level of CRP was significantly associated with poorly
defined (diffuse) tumor type in the tumor size <5 cm group [hazard ratio (HR)=4.81, P=0.018]. A Lipiodol dose exceeding
7 mL (HR=5.55, P=0.046) and the 10-month mortality (HR=7.693, P=0.004) were significantly associated with high serum
CRP level in the group of patients with a tumor size of =5 cm. In addition, subgroup analysis of matched CRP according
to TNM stage revealed that elevated serum CRP was independently associated with tumor type, WBC count, and tumor-
progression-free survival.

Conclusions: A high serum CRP level is associated with large tumors and a poorly defined tumor type, and is
significantly associated with 10-month mortality in patients with large HCC (size =5 cm) who undergo TACE. (Clin Mol
Hepatol 2013;19:70-77)
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INTRODUCTION have improved the survival rate for patients with HCC.*?
There have been numerous reports about the relationship
Hepatocellular carcinoma (HCC) is the seventh most common  between chronic inflammation and cancer. The inflammatory

carcinoma worldwide, and the third most common cause of  cells and cytokine found in tumor highly likely to contribute to

cancer-related mortality.' Recent advances in treatment modalities

tumor growth, progression, and immune-suppression compared
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to cope with an effective host anti-tumor response. Examples of
predispositions to particular cancer due to infection and chronic
inflammation include susceptibility to colon cancer due to chronic
inflammatory bowel disease, gastric cancer due to helicobacter py-
lori, hepatocellular carcinoma due to hepatitis B and C virus, and
cervical cancer due to human papilloma virus. Some examples of
chemical agents that may induce both chronic inflammation and
cancer include tobacco smoke, which predisposes to lung cancer,
and asbestos, which predispose to mesothelioma. Persistent infec-
tion of the host induces chronic inflammation and inflammatory
cells induce DNA damage in proliferating cell, by generating reac-
tive oxygen species.”®

C-reactive protein (CRP) is an acute-phase reactant synthesized
by hepatocytes. It is regulated by pro-inflammatory cytokines such
as IL-6 in responding to acute inflammation, infection, tissue dam-
age and cancer. Also cancer cells show autocrine production of
IL-6 in multiple myeloma, as well as in prostate, renal, colorectal
and esophageal cancer in vivo."°

Recently, some studies have showed that an elevation of se-
rum CRP level is associated with poor prognosis in patients with
various malignancies, such as esophageal cancer, gastric cancer,
colorectal cancer, pancreatic cancer, breast cancer and ovarian
cancer.""® In regard to HCC, a few studies directly addressed the
relationship between CRP level and disease prognosis.”"

In this study, we evaluate the relationship between serum CRP
and HCC, and investigated serum CRP as a potential prognostic
serum marker in patients with HCC.

MATERIALS AND METHODS

Patients and methods

From January 2005 to December 2009, four hundred forty three
patients with untreated hepatocellular carcinoma were admitted
to the division of gastroenterology, at Chonnam National Univer-
sity Hospital, Gwangju, Korea for TACE. 232 patients were whose
entire set of laboratory data was not available at the end of fol-
low-up period and who had suspicious infection were excluded. In
total, the data of 211 patients with HCC who underwent 1st TACE
were finally evaluated (Fig. 1).

The diagnosis of HCC was confirmed histologically or based on
consistent findings obtained at least two imaging techniques: ultra-
sonography (US), computed tomography (CT), magnetic resonance
imaging (MRI), and/or selective hepatic arterial angiography.”

http://www.e-cmh.org

Chung Hwan Jun, et al.
CRP and prognosis of HCC

Assessed for eligibility (n=443)

Excluded (n=231) d/t entire
laboratory datais not available |—
and/or positive infection

Tumor size <5cm (n=145)

Tumor size >5cm (n=66)

CRP>Img/dL (n=28)

CRP>Img/dL (n=23)

CRP<1mg/dL (n=38) CRP<lImg/dL(n=122)

Figure 1. Flow chart of the study patients.

Clinical staging was determined based on the TNM classifica-
tion of malignant tumor of the American Joint Committee on Can-
cer (AJCQ).Y

Serum CRP levels were measured by a turbidimetric immunoas-
say (Mitsubishi Chemical Company, Ltd, Japan).

Clinicoradiological variables were compared between two
groups. Host related variables were; age, sex, viral status, cause
of HCC, Child-Pugh score, Eastern Cooperative Oncology Group
(ECOG) performance status, white blood cell counts (WBC), as-
partate aminotransferase (AST), alanine aminotransferase (ALT),
a-fetoprotein (AFP), 10 months mortality, 20 months mortality.
Tumor related variables; maximal tumor size, numbers of tumors,
TNM stage, radiological finding (poorly defined or well defined),
portal vein thrombosis, CT response after 1st TACE. Subsequently,
we performed a subgroup analysis to exclude the possibility of
tumor size and TNM stage effect on serum CRP. Patients were
divided into two groups according to tumor size (=5 cm vs. <5 cm)
(Fig. 1), and patients with high CRP group (n=39) were matched to
those in the low CRP group (n=38) according to TNM stage. Then
overall mortality and clinical variables between the two groups
were compared. Mean survival time of intermediate and advanced
stage based on BCLC system were 20 months, 10 months. There-
fore, we analyzed 20 months and 10 months mortality for evalua-
tion of prognosis.

Our institutional review board did not require approval, because
the procedures were performed for clinical reasons. Informed con-
sent was obtained from all patients after the nature and purpose
of the TACE procedure had been fully explained.

Treatment and follow-up of patients

All patients were admitted before 1st TACE, blood samples
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were obtained from all patients before treatment. Serum AFP, CRP,
blood chemistry and ECOG score at admission were measured. Af-
ter 1st TACE, patients were carefully followed up. Dynamic CT was
performed after 4 weeks and then every 3-6 months.

Definitions

Similarly to the Hashimoto's report,” we defined patients with
the serum CRP level >1 mg/dL as the high-CRP group and the pa-
tients with the serum CRP level <1 mg/dL as the low-CRP group.

Poorly defined tumor type was defined as diffuse type HCC,
well defined tumor type was defined as nodular type HCC. Poor
blood glucose control was defined as mean blood glucose >200
mg/dL.

Tumor progression free survival was defined as interval of time
during and after treatment in which a patient remained alive but
the disease did not worsen. (interval from 1st TACE to 2nd TACE).
Shorter progression free survival means early recurrence of HCC

Table 1. Baseline clinical characteristics in each patient group

after TACE.

For response assessment of TACE, all patients underwent dy-
namic spiral CT after 1 month following TACE. The efficacy of
TACE was evaluated by comparing the CT scans obtained before
and after chemoembolization in terms of the pattern of iodized
oil uptake in the tumor that could be considered necrotic and
the tumor extent.”’ If the oily contrast medium was clearly visible
and evenly dispersed throughout all viable target tumors, it was
considered as a compact uptake. Otherwise, it was considered
noncompact.”’ Tumor response to TACE was defined as a compact
uptake of iodized oil or at least a 30% decrease in the sum of
longest diameters of viable tumors despite noncompact iodized oil
uptake.

Statistical analysis

The correlation between serum CRP level and other categorical
clinical variables was compared by Pearson’s chi-square test and

Group 1 (CRP =1 mg/dL)

Group 2 (CRP <1 mg/dL)

Variables (n=51) (n=160) P-value
Sex (M/F) 45/6 133/27 0.508
Age 62.16+11.45 62.48+9.73 0.843
Cause of HCC (HBV/HCV/Alcohol/others) 24/8/15/4 91/29/26/13 0.067
Occurrence of PEF 16 40 0467
Tumor type (poorly defined) 28 40 <0.001
Portal vein thrombosis 7 18 0.804
Favorable tumor response (CT) 32 77 0.107
Time to 2nd TACE session 103.21+135.54 197.1£269.02 0.005
10 months mortality 33 (64.7%) 74 (46.2%) 0.025
20 months mortality 34 (66.6%) 81 (50.6%) 0.054
Use of antibiotics 16 40 0467
WBC/mm’ 6685+2757 5481+3465 0.028
AST U/L 72.784+39.61 66.21+50.07 0.394
ALT U/L 49.69+41.41 46.29+37.08 0.581
AFP 1U/mL 6022414127 237547918 0.116
Child-Pugh score 5.86+0.89 5.84+1.05 0.877
Tumor size 6.151+3.904 3.882+2.681 <0.001
Tumor number 224173 191£1.44 0.225
TNM stage (I/11/lla/1llb/Hc/IV) 20/9/18/2/0/2 83/45/24/5/2/1 0.01
Total TACE session 4.48+3.45 4.02+3.62 0.237
(T, computed tomography; PEF, post-embolization fever; TACE, transcatheter arterial chemoembolization.
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Table 2. Multivariate analysis of independent variables related to high CRP (=1 mg/dL)

Variables HR 95% Cl P-value
Tumor type (poorly defined) 434 1.99-9.52 0.006
Tumor size 1170 1.039-1.317 0.010

Table 3. Clinical characteristics in each group of the patients with a tumor size of =5 cm

Variables Group 1 (CRP =1 mg/dL) (n=28) Group 2 (CRP <1 mg/dL) (n=38) P-value
Sex (M/F) 25/3 35/3 1.0
Age 60.39+10.90 62.95+10.35 0.341
Cause of HCC (HBV/HCV/Alcohol/others) 17/2/6/3 24/1/5/8 0.625
Occurrence of PEF 13 13 0.445
Tumor type (poorly defined) 19 17 0.082
Portal vein thrombosis 5 9 0.762
Lipiodol dose >7 mL 26 27 0.055
Favorable tumor response (CT) 22 24 0.278
Time to 2nd TACE session 66.75+70.12 79.6+82.96 0.583
10 months mortality 25 (89.2%) 21 (55.2%) 0.006
20 months mortality 25 (89.2 %) 23 (60.5%) 0.012
WBC/mm’ 7328+2386 6965+4108 0.678
ASTU/L 79.83+39.26 80.58+73.86 0.966
ALT U/L 53.18+44.73 4508+23.35 0.387
AFP IU/mL 10176+17895 6728+12779 0404
Child-Pugh score 5.82+0.72 5.76+0.71 0.746
Tumor number 243+193 245+1.76 0.967
Total TACE session 3.0£2.72 4.54+4.29 0.088

CT, computed tomography; PEF, post-embolization fever; TACE, transcatheter arterial chemoembolization.

Independent Student’s t-test. Factors were significant in the uni-
variate analysis were entered into a stepwise multivariate analysis
to find the most significant risk factors. The hazard function data
were estimated using Kaplan-Meier curve and compared using log
rank test, Multivariate analysis were performed to find prognostic
factors using Cox proportional hazards model. A p-value of less
than 0.05 was considered to be statistically significant. We per-
formed statistical analysis using SPSS 20.0 (SPSS Inc., Chicago,
USA).

RESULTS
Serum CRP and patient characteristics
Mean follow-up duration was 22.44 months in average (0-

81 months). The mean age of patients was 62.47 (range 36-86)
years. There were 178 men (84.2%) and 33 women (15.8%). 115

http://www.e-cmh.org

patients were positive for hepatitis B surface antigen (HBsAg),
33 patients were positive for antibody for hepatitis C virus (anti-
HCV Ab), 41 patients were chronic alcohol drinker. A pretreatment
elevation of the serum CRP level (=1 mg/dL) was found in 51 pa-
tients (24.1%), whereas no such elevation (<1 mg/dL) was noticed
in 160 patients (75.9%).

The clinical characteristics of the two groups (high CRP group
vs. low CRP group) are shown in Table 1. There were no significant
difference between the two groups in age, sex, cause of HCC,
complication of TACE, AST, ALT, AFP, Child-Pugh score and total
TACE sessions. A significant difference was found in tumor type,
10 months mortality, tumor progression free survival, WBC, tumor
size and TNM stage. Patients with high CRP group had higher
WBC, tumor size, TNM stage, poorly defined (diffuse) type on CT
than patients with low CRP group. Among these variables, there
was statistically significant correlation between the serum high
CRP and poorly defined (diffuse) tumor type (HR: 4.34, P=0.006),
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large tumor size (HR: 1.17, P=0.01) in th multivariate analysis
(Table 2).

Serum CRP and matched patients based on
tumor size

Tumor size in high serum CRP group was significantly larger
than that in low CRP group. To exclude the possibility of tumor
size effect on serum CRP level, so we performed subgroup analy-
sis according to tumor size between over 5 cm (n=66) and under
5 cm (n=145) (Table 3, 4). Univariate analysis showed viral repli-
cation (HR: 4.4, P=0.031), poorly defined tumor type (HR: 2.76,

P=0.036) are associated with high serum CRP in tumor size under
5 ¢m group. Multivariate analysis showed that high serum CRP is
significantly associated with poorly defined (diffuse) tumor type
in tumor size under 5 cm group (HR: 4.81, P=0.018) (Table 5), but
high serum CRP was not significantly associated with 10 months,
20 months mortality, and progression free survival in tumor size
under 5 cm group. Also, univariate analysis showed lipiodol dose
over 7 mL (HR: 4.81, P=0.05), 10 months mortality (HR: 6.74,
P=0.006), and 20 months mortality (HR: 5.43, P=0.015) are as-
sociated with high serum CRP in tumor size over 5 cm group. Mul-
tivariate analysis showed that lipiodol dose over 7 mL (HR: 5.55,
P=0.046) and 10 months mortality (HR: 7.693, P=0.004) were

Table 4. Clinical characteristics in each group of the patients with a tumor size of <5 cm

Variables Group 1 (CRP =1 mg/dL) (n=23) Group 2 (CRP <1 mg/dL) (n=122) P-value
Sex (M/F) 20/3 98/24 0.570
Age 64.3+11.97 62.34+9.57 0.387
Cause of HCC (HBV/HCV/Alcohol/others) 6/6/9/2 66/22/21/12 0.158
Occurrence of PEF 13 13 0445
Tumor type (poorly defined) 9 23 0.052
Portal vein thrombosis 2 9 1.0
Lipiodol dose >7 mL 7 32 0.8
Favorable tumor response (CT) 10 53 1.0
Time to 2nd TACE session 143.72+176.6 228.69+292.38 0.237
10 months mortality 8 (34.7%) 53 (43.4%) 0.495
20 months mortality 9 (39.1%) 58 (47.5%) 0499
WBC/mm’ 5843+3004 501943115 0.244
AST U/L 64.09+39.12 61.7+£39.15 0.789
ALT U/L 45.34+37.53 46.67+40.51 0.892
AFP 1U/mL 993+3799 106945127 094
Child-Pugh score 591+1.08 5.86+1.13 0.839
Tumor number 2.0+147 1.7441.28 0.382
Total TACE session 4.35+3.61 4.2+3.36 0.854

(T, computed tomography; PEF, post-embolization fever; TACE, transcatheter arterial chemoembolization.

Table 5. Multivariate analysis of independent variables related to elevated serum CRP (=1 mg/dL) among those with a tumor size of <5 cm

Variables HR

95% CI P-value

Tumor type (poorly defined) 4.81

1.31-17.61 0.018

Table 6. Multivariate analysis of independent variables related to elevated serum CRP (=1 mg/dL) among those with a tumor size of =5 cm

Variables HR 95% CI P-value
Lipiodol dose (=7 mL) 5.55 1.03-30.3 0.046
10 months mortality 7.69 191-31.25 0.004

74
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significantly associated with high serum CRP level in tumor size
over 5 cm group (Table 6).

Serum CRP and matched CRP group based on
TNM stage

Subgroup analysis of matched CRP according to TNM stage,
patients with high CRP group (n=39) were matched to those in
the low CRP group (n=38) according to TNM stage. There were no
significant differences between the two groups in age, sex, cause
of HCC, complication of TACE, AST, ALT, AFP, Child-Pugh score
and total TACE sessions. A significant difference was found in tu-
mor type, 10 months and 20 months mortality, tumor progression
free survival, WBC, tumor size.

On multivariate analysis, high CRP was independently associ-
ated with poorly defined tumor type (HR: 5.0, P=0.033), WBC
(HR: 1.01, P=0.004) and tumor progression free survival (HR: 0.99,
P=0.035).

Tumor progression free survival

The tumor progression free survival in the poorly defined tumor
(diffuse) type was significantly shorter than well defined tumor
type (nodular) group (P<0.001). Additionally, size (size >5 cm vs.
size <5 cm, P<0.001), anti-viral treatment (yes vs. no, P=0.019),
tumor response on CT (favorable vs. poor, P<0.001), Lipiodol
dose (dose>7 mL vs. dose<7 mL, P<0.001), use of antibiotics
(yes vs. no, P=0.021) and CRP (CRP >1 mg/dL vs. CRP <1 mg/dL,

Hazard function

I CRP<1mg/dL
.2 CRP2 Img/dL

Cumulative hazard

T T T T T T
0 200 400 500 800 1000 1200

Tumor progression free interval (days)

Figure 2. HR of serum CRP level for progression-free survival (log-rank
test, =0.003)
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P=0.003) were statistically significant factor in hazard function
using Kaplan-Meier curve (Fig. 2). But high serum CRP was not
significant associated with progression free survival on Cox pro-
portional hazards model.

Risk factors for 10 months and 20 months mor-
tality

On univariate analysis for 10 months mortality, poor blood sug-
ar control (HR: 2.41, P=0.002), high CRP (HR: 2.105, P=0.025),
AFP (>400 IU/mL) (HR: 2.283, P=0.023), tumor size (=5 cm) (HR:
3.125, P=0.001), portal vein thrombosis (HR: 8.656, P=0.03),
TNM stage (=11) (HR: 2.008, P=0.029), Lipiodol dose (>7 mL) (HR:
1.972, P=0.017) and poor CT response after 1st TACE (HR: 2.77,
P<0.001).

On multivariate analysis for 10 months mortality, viral replica-
tion (HR: 2.403, P=0.023) and poor CT response after 1st TACE
(HR: 2.631, P=0.013) were independently associated with 10
months mortality.

On multivariate analysis for 20 months mortality, poor blood
sugar control (HR: 2.601, P=0.021), portal vein thrombosis (HR:
8.130, P=0.013) and poor CT response after 1st TACE (HR: 3.058,
P=0.006) were independently associated with 20 months mor-
tality.

DISCUSSION

Serum CRP levels, measurement of which is relatively inexpen-
sive and easy quantify in daily clinical practice, can be elevated
in various acute and chronic benign inflammatory conditions and
various malignancies. As state above, there have been many ef-
forts to investigate the relationship between serum CRP and poor
prognosis in several types of cancer.™'""

The mechanism by which an elevation of serum CRP level might
influence survival in patients with cancer is not clear. One possible
mechanism is coexisting infection or inflammation which could
increase white blood cell counts (WBC), subsequently increas-
ing pro-inflammatory cytokine CRP concentration. In the present
study, we demonstrated the correlation between CRP and WBC in
matched CRP group. The other possibility is that pro-inflammatory
cytokine are produced by tumor necrosis or local tissue damage
which is caused by tumor-host cell interaction. The presence of
inflammatory factors may also promote tumor growth which,
in turn, may further stimulate the systemic inflammatory re-
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sponse.”* In recently, some reports showed that high serum CRP
level were also associated with several other tumor prognostic
factors such as distant metastasis, tumor size, lymph node metas-
tasis, vascular invasion and tumor recurrence,''***%#

Chun et al** reported preoperative high CRP was associated
with the aggressiveness of early recurrent HCC. In consistent with
Chun’s report, subgroup analysis (matched CRP according to TNM
stage) of our study shows that high CRP is on independent risk
factor for shorter progression free survival. However, our study is
distinct from Chun’s report in patient selection (recurrence after
surgical resection vs. recurrence after TACE).

I”® reported high serum CRP levels in patients with dif-
|17

Lineta
fuse-type HCC and Hashimoto et al'* reported CRP as a prognostic
factor and developed a scoring system including CRP for HCC pa-
tients treated by surgical resection. In consistent with other stud-
ies, subgroup analysis of matched CRP according to tumor size
(=5 cm vs. <5 cm), high CRP is independent variable related to
10 months mortality in tumor size over 5 cm group, and related to
poorly defined tumor type in tumor size under 5 cm group. As far
as we know, our study is the first study that high CRP is significant
variable related to tumor type and 10 months mortality according
to tumor size.

As for overall mortality, we found a positive trend between
high serum CRP and 10 months mortality within the same stage,
but this was not statistically significant. However, as above men-
tioned, high CRP is independent variable related to large tumor
size (=5 cm), diffuse tumor type, and it is well known that large
tumor size (=5 cm) and diffuse HCC are independent prognostic
factors in patients with HCC undergoing TACE.””” In conclusion,
these findings suggest that high CRP can be serve as an indicator
of the aggressive potential of tumor and their prognosis in pa-
tients with large HCC undergoing TACE.

In summary, our study is distinct from other study in that high
serum CRP is independent variable related to 10 months mortality
and diffuse tumor type according to tumor size. Additionally high
CRP has positive trend in early recurrence after TACE.

The limitation of our study is retrospective study, single center
study and limited patients selection who underwent TACE in early
and intermediate stage. Although its pivotal role in HCC tumoral
proliferation has been discussed earlier, CRP is also elevated in
several clinical syndromes including infectious diseases, chronic
inflammatory disease. It is possible that the presence of 1 or mul-
tiple inflammatory conditions might have contaminated our data.
However, patients with cancer generally have been shown to have
higher CRP concentrations than healthy controls and benign dis-

76 http://dx.doi.org/10.3350/cmh.2013.19.1.70

ease.” Some epidemiologic studies suggest that in patients with
several types of solid cancer, elevated levels of CRP are associated
with poor prognosis. Therefore, despite this potential contamina-
tion, CRP still yielded highly accurate prognostic marker of HCC.

CONCLUSION

Serum CRP is associated with 10 months mortality in large HCC
over 5 cm, and associated with poorly defined tumor type in HCC
under 5 cm. This suggests that high serum CRP level can be a
poor prognosis marker of large HCC.
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