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- ABSTRACT –

Serum markers for predicting significant necroinflammatory
activity in patients with chronic hepatitis B

Objectives: The aim of this study was to determine the serum markers that predict
significant inflammation in patients with chronic hepatitis B (CHB).
Design and Methods: Between October 2005 and June 2009, 384 subjects with CHB
were enrolled.
Results: Multiple logistic regression analysis identified the ALT, hyaluronic acid (HA)
and procollagen III N-terminal peptide (PIIINP) as independent predictors of significant
inflammation (grade≥3). We constructed a formula for predicting significant
inflammation. A significant inflammation (SI) score = 1.773 × ALT score + 1.599 ×
PIIINP score + 0.677 × HA score - 1.962. The area under receiver operating
characteristic curve of the SI score was 0.831. The sensitivity, specificity, positive
predictive value and negative predictive value of the SI score were 79.5%, 70.8%, 76.8%
and 74.3%, respectively.
Conclusions: A simple scoring system including ALT, PIIINP and HA is an accurate
non-invasive predictor of significant inflammatory activities in patients with CHB.
Keyword: apoptosis, chronic hepatitis B, cytokeratin-18, significant inflammation
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I. INTRODUCTION

Chronic hepatitis B (CHB) is one of the most common infections worldwide that can
progress to cirrhosis, end stage liver disease and hepatocellular carcinoma (HCC)) [1-4].
Patients with significant hepatic inflammation and fibrosis are at the highest risk of
developing these complications [5].
Liver biopsy is currently the gold standard in evaluating liver fibrosis and
necroinflammation in patients with parenchymal liver diseases [6]. It provides important
information regarding the severity of necroinflammatory activity and fibrosis, which are
features predicting a treatment response and prognosis [7, 8]. However, the procedure is
limited by sampling error, the risk of complications, patient discomfort, and poor interobserver concordance [6, 9, 10].
Inflammatory activity grading is valuable information by which to guide management
decisions for patients with chronic hepatitis. According to consensus recommendations,
moderate or severe inflammatory activities have been considered for antiviral therapy in
patients with chronic hepatitis [11, 12]. Serum alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) are most commonly used serologic tests for assessing
hepatitis activity, but the inflammatory activity grades are not well-correlated with serum
ALT or AST in patients with CHB. Hence, there is a need to develop an accurate noninvasive means to assess the severity of liver fibrosis and inflammation in chronic liver
disease. Previous studies have focused on serum markers for the detection of liver
fibrosis [13-17], and few studies have been performed to predict liver inflammation in
patients with CHB [13, 18-20].
The aims of this study were to investigate the ability of serum markers to identify
significant necroinflammation and to determine which combination of blood tests best
predicts significant inflammation in patients with CHB.
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II. PATIENTS AND METHODS

A. Patients Selection
Between October 2005 and June 2009, 384 consecutive patients with hepatitis B virus
(HBV) infections who underwent liver biopsies in 6 centers (Ajou University Hospital,
Hallym University Chuncheon, CHA University Hospital, Inje University Busan Paik
Hospital, Pusan National University Hospital and Catholic University St. Vincent’s
Hospital) in South Korea were recruited in this study. The inclusion criteria were CHB
patients who underwent a liver biopsy and had not received antiviral treatment within 6
months prior this study’s commencement. Patients were not included if there were other
causes of liver disease or decompensated cirrhosis.
Informed consent to participate in the study was obtained from all of the study subjects.
The study protocols were approved by the Institutional Review Board of Human
Research of Ajou University Hospital and the local Research Ethics Committees at all
participating hospitals.
B. Histologic examination
All patients had liver biopsy specimens of at least 10 mm in length containing at least 6
complete portal tracts. The mean length of the liver biopsy sample was 12.6 mm (±3.3
mm) and the mean number of portal tracts was 13.2 (±6.3).
Necroinflammation was graded according to the Batts–Ludwig scoring system [21].
Based on the Batts–Ludwig scoring system, grade 1 denotes necroinflammatory activities
largely confined to the portal areas with grades 2–3 denoting an extension beyond the
portal areas, and grade 4 signifying confluent necrosis in the form of bridging necrosis.
All biopsy specimens were analyzed by two hepatopathologists (Y.B. Kim and Y.N. Park)
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who were blinded to patient clinical characteristics and serum measurements. At the end
of this study, discrepancies between the two pathologists were resolved by joint
discussion at the microscope
C. Biochemical Markers
Serum samples were obtained and routine blood tests were performed at the time of liver
biopsy and processed immediately. The serum biochemical parameters included total
bilirubin, alanine aminotransferase (ALT), aspartate transaminase (AST), γ-glutamyl
transpeptidase (GGT), alkaline phosphatase (ALP), albumin, blood urea nitrogen (BUN),
creatinine, a-fetoprotein (AFP), prothrombin time, blood glucose, triglycerides, and total
cholesterol levels.
The serum a2-macroglobulin (a2MG) level was measured with an automatic
nephelometer (Dadebehring, Marburg, Germany). The serum haptoglobin level was
assessed using an immunoturbidimetric assay on a Roche COBAS Integra 800 automated
chemistry analyzer (Roche Diagnostic). The serum apolipoprotein A1 level was
determined with an ELISA kit (Roche, Basel, Swizerland). The serum hyaluronic acid
(HA) concentration was measured with a Corgenix HA quantitative test kit (Corgenix,
Inc., Westminster, CO, USA). The reference values were 1.75-4.2 g/L for a2MG, 30200mg/dL for haptoglobin, 1.08-1.76 g/L for apolipoprotein A1, and 10-800 ng/mL for
HA. The matrix metalloproteinase (MMP)-2 and tissue inhibitor of metalloproteinase
(TIMP)-1 levels were determined with Quantikine® Immunassay kits (R & D Systems,
Inc., Minneapolis, MN, USA). The procollagen III N-terminal peptide (PIIINP) level was
assessed by the UniQ PIIINP radioimmunoassay (Orion Diagnostica, Inc., Espoo,
Finland); the reference range was 2.3 ~ 6.4 μg/L. The alpha-1 antitrypsin level was
measured with the Cobas Integra immunoturbimetric assay (Roche, Basle, Switzerland)..
D. Statistical analysis
-7-

The patients’ characteristics are given as the mean ± SD as appropriate. The variables
that differed between the patients with significant inflammation and without significant
inflammation were identified by chi-square tests and independent t test analyses. To
identify the predictive factors, we used a multivariate logistic regression with forward
selection for the significant variable on the univariate analysis (P < 0.05). Then we
decided a cutoff value for each factor at the level of greater than 70% both for sensitivity
and specificity on the area under receiver operating characteristic (AUROC) curve. To
derive the binary or categorical predictors required for a clinically useful scoring system,
we assigned a simplified score value to each factor. Each factor with a cutoff value or
above gave score 1, and below cutoff value gave score 0. We performed a logistic
regression analysis with a stepwise forward selection by the new scores, for construction
of a new prognostic model of significant inflammation. The predictive value of this new
prognostic model was assessed by AUROC curve and its optimal cutoff values were
chosen at the point of maximizing the sum of the sensitivity and specificity. Diagnostic
accuracies were evaluated by calculating the sensitivities, specificities, positive
predictive values (PPVs), and negative predictive values (NPVs). All statistical tests were
two-sided and performed with SPSS 12.0 (SPSS, Chicago, IL, USA).
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III. RESULTS

A. Patient characteristics
The baseline characteristics of the enrolled patients are depicted in Table 1. Three
hundred eighty eight patients were included (268 men and 116 women) between 17 and
69 years of age (mean, 39.30 ± 12.09 years).
The grade of inflammation was converted into a binomial variable of significant
inflammation (Batts–Ludwig inflammatory activity grades 3 or 4) vs. no significant
inflammation (grades 0, 1, or 2). These thresholds were selected because they are
generally considered indications for antiviral therapy [22]. Significant inflammation was
present in 212 patients (55.2%). The distribution of the inflammatory activity grades was
as follows: grade 1=47 (12.2%); grade 2=125 (32.6%); grade 3=127 (33.1%); and grade
4=85 (22.1%). Liver cirrhosis was present in 87 patients (22.7%) (Table 1).
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Table 1. Baseline characteristics of the patients.
Variable

All Patients (n = 384)

Age (mean, years)
Gender (M/F)
AST (U/L)
ALT (U/L)
GGT (U/L)
PT, sec
Grading of inflammation
G1
G2
G3

39.30 ± 12.09 (17~69)
268 /116

G4
Stage of fibrosis

85 (22.1%)

90.44 ± 40.11
128.17 ± 32.95
87.53 ± 39.50
12.72 ± 2.14
47 (12.2%)
125 (32.6%)
127 (33.1%)

F0

13 (3.4%)

F1

60 (15.6%)

F2

122 (31.8%)

F3

101 (26.3%)

F4

87 (22.7%)

AST, aspartate transaminase; ALT, alanine aminotransferase; GGT, gamma glutamyl
transpeptidase; PT, prothrombin time;sec, seconds

- 10 -

B. Discriminatory variables in univariate and multivariate logistic regression
analysis for predicting significant inflammation
We identified the predictors of significant inflammation by univariate and multivariate
analyses. Univariate logistic regression analysis of the variables revealed that AST, ALT,
bilirubin, GGT, ALP, HA, TIMP1, PIIINP, a1-antitrypsin, platelet counts, haptoglobin
and apolipoprotein A1 levels were significantly different between the patients with or
without significant inflammation (Table 2).
Given the association observed between many of the covariates, multiple logistic
regression analyses were performed, simultaneously controlling for all covariates with
statistical significance (P < 0.05). Multiple logistic regression analysis by stepwise
forward selection identified the high ALT (p=0.000), high HA (p=0.043) and high
PIIINP (p=0.001) as independent predictors of significant inflammation. Table 3 shows
AUROCs of three independent predictors of significant inflammation (ALT: 0.794, HA:
0.784, PIIINP: 0.697).
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Table 2. Univariate and multivariate analysis for variables associated with
significant inflammation
p value
No significant
Significant
inflammation
inflammation
Grade ≤ 2 (n=172) Grade ≥ 3 (n=212) Univariate Multivariate
Age (years)

39.55 ± 12.77

39.11 ± 11.54

0.101

Platelet (x103/mm3)

193.76 ± 63.67

181.09 ± 60.09

0.047

AST (IU/L)

43.74 ± 27.88

128.33 ± 116.73

<0.001

ALT (IU/L)

66.54 ± 70.98

178.17 ± 173.92

<0.001

GGT (IU/L)

48.91 ± 48.79

114.50 ± 211.59

0.001

Bilirubin (mg/dL)

0.77 ± 0.38

0.99 ± 0.62

<0.001

ALP (IU/L)

114.10 ± 85.91

181.16 ± 81.98

<0.001

Hyaluronic acid (ng/mL)

50.10 ± 75.61

110.265 ± 140.96

<0.001

Haptoglobin (mg/dL)

59.03 ± 48.67

35.27 ± 34.26

<0.001

α2-macroglobulin (mg/dL) 206.29 ± 70.15

221.60 ± 62.87

0.081

Apolipoprotein A1 (mg/dL) 127.31 ± 26.58

108.57 ± 35.23

0.222

MMP2 (ng/mL)

215.90 ± 71.14

228.68 ± 61.64

0.072

TIMP1 (ng/mL)

200.76 ± 103.52

255.66 ± 96.93

<0.001

PIIINP (㎍/L)

5.01 ± 2.76

8.55 ±7.82

<0.001

α1-antitrypsin (mg/dL)

125.36 ± 20.52

137.99 ± 28.90

<0.001

<0.001

0.043

0.001

MMP, matrix metalloproteinase; TIMP, tissue inhibitor of metalloproteinase; PIIINP, procollagen
III N-terminal peptide
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Table 3. AUROCs for predicting significant inflammation, cut off value and new
variables

Rank

Variables

AUROC

1

ALT

0.794

2

PIIINP

0.784

3

Hylauronic acid

0.697

PIIINP, procollagen III N-terminal peptide
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Cut off

Score

<62.5

0

≥ 62.5

1

< 5.25

0

≥ 5.25
< 36.9

1
0

≥ 36.9

1

C. Construction of the new prediction formula for predicting significant

inflammation
We assigned a new variable of 0 or 1 by making the cutoff value of each of the markers
on the point giving sensitivity and specificity simultaneously greater than 70% on the
ROC curve (ALT=62.5 IU/L, HA=36.9 ng/mL, PIIINP=5.25 μg/L, Table 3). Next, we
performed logistic regression analyses by using new values (ALT score, HA score,
PIIINP score), for the construction of a new predicting model of significant inflammation
(Table 4). The derived formula for predicting significant inflammation (SI score) was as
follows;
SI score = 1.773 × ALT score + 1.599 × PIIINP score + 0.677 × HA score – 1.962

The ROC curve of the new predictive model for significant inflammation is
demonstrated in Figure 1. The AUROC of the SI score was 0.831 (CI: 0.788-0.875,
P=0.000), which was higher than that of each of the single markers.
Next, the diagnostic performance of the SI score was analyzed. The sensitivity,
specificity, positive predictive value and negative predictive value of the SI score for
predicting significant inflammation were 79.5, 70.8, 76.8, and 74.3%, respectively, at a
cutoff score of 0.0625.
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Table 4. Predictors of significant inflammation according to multiple logistic
regression analysis
95.0% CI for
Parameter
B
S.E.
Wald
df
Sig.
Exp(B) EXP(B)
Lower

Upper

ALT score

1.773

0.270 43.267

1

0.000

5.891

3.473

9.992

PIIINP score

1.599

0.278 33.084

1

0.000

4.946

2.869

8.527

HA score

0.677

0.279 5.888

1

0.015

1.968

1.139

3.400

Constant

-1.962

0.271 52.279

1

0.000

0.141

PIIINP, procollagen III N-terminal peptide; HA, Hyaluronic acid
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Figure 1. Receiver operating characteristic (ROC) curve of the SI score for
prediction of significant inflammation. The area under the ROC curves was 0.831
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IV. DISCUSSION

We have investigated the relationship among biochemical variables and liver
necroinflammation as assessed by histologic examination of liver biopsy
specimens in patients with CHB. Based on a multivariate logistic regression
analysis, three variables were identified as independent predictors for significant
inflammation (ALT, procollagen III N-terminal peptide, and hyaluronic acid).
These variables were used to generate the scoring system, which we call the
“significant inflammation (SI) score”, that could predict significant inflammation
with an AUROC of 0.831. The advantage of our scoring system is the use of a
logistic regression, which has facilitated the appropriate weighting of the
parameters that compose the SI score. By applying the appropriate cutoff score,
the presence of significant inflammation could be diagnosed with a sensitivity of
79.5% and specificity of 70.8% in patients with CHB.
Most non-invasive markers have been assessed for liver fibrosis staging and
reports on serum markers for liver inflammation and are relatively rare [13, 19,
23]. The Actitest has been validated as a serum marker for necroinflammatory
activity in patients with chronic viral hepatitis [13, 24]. Myers et al. used the
Fibrotest and Actitest to discriminate mild from extensive fibrosis and
inflammation in patients with CHB [13]. The same study demonstrated that
- 17 -

Actitest had an AUROC of 0.82 for predicting significant necroinflammation.
In our study, we tried to evaluate all possible markers affecting liver inflammation
and/or fibrosis. We tested five variables of Fibrotest (total bilirubin, GGT, a2macroglobulin, apolipoprotein A1 and haptoglobin), other direct/indirect markers
of liver fibrosis and/or inflammation, and included a novel candidate marker
(such as a1-antitrypsin). Of the serum markers evaluated in our study, the ALT
was the most accurate predictor of necroinflammation and yielded the highest
AUROC. However, serum ALT levels can fluctuate spontaneously with time and
a single value is unlikely to be representative. It seems that the addition of other
serum markers is required to overcome this limitation.
HA is a glycosaminoglycan, a high molecular weight polysaccharide synthesized
by hepatic stellate cells and degraded by sinusoidal endothelial cells of the liver
[25-27]. In the study by Oberti et al., the serum HA level was considered the most
sensitive test for screening in viral hepatitis B and C [28]. A previous study also
showed that the serum HA level was the best predictor of extensive liver fibrosis
and inflammation for HBeAg-negative CHB [20].
PIIINP is one of the frequently reported direct fibrosis markers, and serum levels
of PIIINP are known to reflect the degree of liver fibrosis in alcoholic liver
disease, viral hepatitis, and primary biliary cirrhosis. The PIIINP level is
correlated with aminotransferase levels in patients with chronic hepatitis [29],
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however, the correlation between the PIIINP and aminotransferase levels may
also reflect that PIIINP is a marker of the inflammatory response driven by HBV
replication. Moreover, elevated levels of serum PIINP have been found in active
liver disease such as chronic active hepatitis and active cirrhosis [30-32]. In
patients with chronic hepatitis C, PIIINP had correlated with inflammatory
activity as well as liver fibrosis, especially reflecting disease activity within and
around portal tracts [33]. Considering the complex interrelation between hepatic
fibrogenesis and the inflammatory process in vivo, it is impossible to separate
pure inflammation from fibrosis in patients with chronic liver disease in the
clinical setting. Our results suggest that PIIINP and HA should not be regarded as
markers linked only with liver fibrosis, but are also influenced by
necroinflammatory activity.
In our current study, we attempted to validate the usefulness of α1-antitrypsin, a
novel liver inflammation marker from proteomics study results. Alpha1antitrypsin, the major serine protease inhibitor in human circulation, is an acute
phase reactant and its levels rise following tissue injury and inflammation [34,
35]. A previous serum proteomic study revealed that different fragments of α1antitrypsin were expressed in patients with HBV infection [18]. In our study, the
α1-antitrypsin level was significantly higher in patients with significant
- 19 -

inflammation in a univariate analysis, but it was not a statistically significant
variable in a multivariate analysis. Because we did not analyze the different
isoforms of α1-antitrypsin, further research will be needed to evaluate clinical
usefulness of analysis of isoforms of α1-antitrypsin.
Our study had some limitations. First, our study lacked a validation group, thus
our results need to be validated in the independent patient population. Second, our
study did not separate HBeAg positive from HBeAg negative patients. The
differences in disease behavior in these two groups had been clearly demonstrated
in earlier studies [13, 36]. Third, the PIIINP and HA are not routinely measured in
the clinical setting and the lack of availability of these serum markers in many
centers makes it difficult to apply the proposed scoring system in a daily clinical
practice.
In conclusion, we have developed a novel scoring system that is accurate in
distinguishing patients with or without significant inflammation and the
measurement of serum ALT, PIIINP and HA appears useful for predicting
significant inflammation in patients with CHB. It has yet to be determined
whether the addition of a novel serum marker of inflammation increases the
diagnostic accuracy of the scoring system.
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- 국문요약 –

만성 B형 간염 환자에서
간의 염증 괴사 활동도 예측을 위한 혈청 마커의 개발
아주대학교대학원의학과
조효정
(지도교수: 정재연)
목적: 이 연구의 목적은 만성 B형간염 환자에서 중등도 이상의 염증 괴사
활동도를 예측하는 혈청 마커를 개발하는 것이다.
방법: 간 조직 검사를 시행한 만성 B형 간염 환자 총 384명의 환자가 연구
에 포함 되었다.
결과:

혈청

ALT

및

Hyaluronic

acid(HA),

procollagen

III

N-terminal

peptide(PIIINP)가 Batts-Lugwig inflammatory activity grade 3 이상의 염증 정도를
예측하는 독립 인자였으며, 이 항목들을 이용하여 중등도 이상의 염증괴사
활동도를 예측하기 위한 식을 개발하였다. Significant inflammation (SI) score =
1.773 × ALT score + 1.599 × PIIINP score + 0.677 × HA score - 1.962. SI
score 의 ROC 곡선 아래 역역은 0.831 이었고, 민감도 및 특이도, 양성
예측도, 음성 예측도는 각각 79.5%, 70.8%, 76.8%, 74.3% 였다.
결론: 만성 B 형 간염 환자에서 ALT, hyaluronic acid (HA) and procollagen III Nterminal peptide (PIIINP)를 이용하여 비침습적이고 정확한 염증 모델을
개발하였다.
핵심어: 만성 B형 간염, 염증 예측 모델, hyaluronic acid, procollagen III Nterminal peptide
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