Systematic Quantitation of Histologic Patterns Shows Accuracy in Reflecting Cirrhotic
Remodeling
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ABSTRACT
Background and Aim
There still lacks a tool for precisely evaluating cirrhotic remodeling. Histologic distortion
characterized in cirrhosis (i.e. cirrhotic patterns) has a validated pathophysiological meaning
and the potential relevance to clinical complications. We aimed to establish a new tool for
quantify the cirrhotic patterns and test it for reflecting the cirrhotic remodeling.

Methods
We designed a computerized algorithm (qCP) dedicated for the analysis of liver images
acquired by second harmonic microscopy. We evaluated its measurement by using a cohort
of 95 biopsies (Ishak staging F4/5/6=33/35/27) of chronic hepatitis B (CHB) and a carbon
tetrachloride-intoxicated rat model for simulating the bidirectional cirrhotic change.

Results
QCP can characterize 14 histologic cirrhosis parameters (HCPs) involving the nodules, septa,
sinusoid and vessels. For CHB biopsies, the mean overall intra- and inter-observer
agreement was 0.94±0.08 and 0.93±0.09, respectively. The robustness in resisting sample
adequacy-related scoring error was demonstrated. The proportionate areas of total (CPA),
septal (SPA), sinusoidal, and vessel collagen, nodule area, and nodule density (ND) were
associated with Ishak staging (p0.01 for all). But only ND and SPA were independently
associated (p0.001 for both). A HCPs-composed qCP-index demonstrated an excellent
accuracy in quantitatively diagnosing evolving cirrhosis (areas under receiver operating
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characteristic curves 0.95-0.92; sensitivity 0.93-0.82; specificity 0.94-0.85). In the rat model,
changes in CPA, SPA, and ND had strong correlations with both cirrhosis progression and
regression and faithfully characterized the histologic evolution.

Conclusions
QCP preliminarily demonstrates potential for quantitating cirrhotic remodeling with high
resolution and accuracy. Further validation with in-study cohorts and multiple-etiologies is
warranted.

Keywords
Liver cirrhosis; liver fibrosis; fibrosis change; biopsy; quantitative image analysis; chronic
hepatitis B; animal model.

INTRODUCTION
Cirrhosis is a leading cause of liver related mortality 1. Historically, cirrhosis has been
considered to be irreversible. However, recent studies of hepatitis B viral suppression and
hepatitis C cure have raised the possibility of regression of cirrhosis

2, 3

. Additionally, multiple

therapies targeting advanced fibrosis are being developed with the goal of reversing cirrhosis
4

. A major limiting factor in such development is the historical view of cirrhosis as a single

histological entity. It is well established that the dynamic range of fibrosis progression extends
from bridging fibrosis to cirrhosis in viral hepatitis and led to the extended Ishak fibrosis
scoring system 5. However, this does not capture the ongoing fibrotic remodeling of the liver
This article is protected by copyright. All rights reserved.

that goes on even when cirrhosis (Ishak F6) is fully established. There is currently no well
validated method to capture bidirectional remodeling of fibrosis in the context of viral hepatitis
and advanced hepatic fibrosis.

Cirrhosis is characterized by a diffuse histologic distortion 6, i.e. the cirrhotic patterns, of
which the septal width, nodule size and total fibrosis area have been frequently verified to be
associated with major endpoints 7-12. However, among all the cirrhotic patterns, collagen area
(or content), defined as the area ratio of collagen to tissue-section, is the only one that is
analyzed based on the fully-quantitative measurement and meanwhile, that has been most
intensively investigated in clinical studies

12-15

. Given that cirrhotic patterns associated with

clinical events are indeed not limited to the one of collagen area 7-12, the prevalent application
of collagen area suggests that a fully-quantitative measurement may technically benefit an
extensive assessment and thus, provide the precise data of histologic change in cirrhosis,
which could be helpful to address the clinical needs.

For quantitating fibrosis patterns, based on the second harmonic generation (SHG)
microscopy

16

, we previously developed a qFibrosis algorithm which measures the texture

features of collagen fiber for assessment

17

. However, the cirrhotic patterns, such as the

presence of nodules and annular septal bands and their geometrical features, are beyond the
scale of morphologic targets identifiable in qFibrosis algorithm. Nevertheless, such items are
what the clinicians may have more interest to know about for the overall assessment of
fibrotic remodeling

7-9, 18, 19

. Therefore, in present study, we first developed an automated

algorithm for systematically quantitating the cirrhotic patterns based on a new strategy of
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image-analysis; and then we evaluated its accuracy in characterizing the cirrhotic
remodeling.

MATERIALS AND METHODS
Rat model of cirrhosis progression and regression
As previously described

20

, adult male Sprague Dawley rats (200-250g) were treated with

carbon-tetrachloride (CCl4) at 0.15-0.2 mL/100 g, ip, twice weekly for 12 weeks, and then
underwent spontaneous recovery for another 12 weeks. Liver specimens (n=4-5 for each
time point) from the left lateral lobe were harvested at 6, 8 and 12 weeks of CCl4 treatment
and at 2, 4 and 8 weeks after cessation of intoxication. The tissue samples were routinely
processed. Sample slides (4 m thickness) were stained with Masson trichrome and
evaluated using the Ishak fibrosis staging system

5

by a pathologist in Department of

Pathology, Guangzhou Huayin Medical Laboratory Center (Guangzhou, China). For second
harmonic generation (SHG) imaging, the sample slides underwent microscopy without
staining. Serum samples were isolated at the time of liver harvesting and stored at -80˚C until
analysis of hepatic biochemical profiles (AEROSET system, Abbott Laboratories, USA). All
the above animal work was previewed and approved by the Animal Care and Use Committee
of Southern Medical University.
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Clinical liver biopsy samples
Clinical samples were collected from the stored biopsy blocks of chronic hepatitis B (CHB)
patients referral to the Department of Infectious Diseases at Nanfang Hospital (Guangzhou,
China) for medical examination or treatment between 2005 and 2013. All the patients had
given written informed consent for biopsy and permission for use of their medical records.
The study was conducted according to the Declaration of Helsinki guidelines and was
approved by the Ethics Committee of Nanfang Hospital. The inclusion criteria were: treatment
naïve biopsy, histological diagnosis of advanced fibrosis or cirrhosis, sample length ≥10 mm
and without over-fragmentation (i.e., if fragmented, all fragments ≥3 mm). Exclusion criteria
were: diagnosis of other etiologies of liver diseases, concomitance of fatty liver disease or
chronic venous outflow obstruction, and co-infection with hepatitis C, D or human
immunodeficiency virus. The specimens were routinely processed. Masson trichrome-stained
samples (4 m thickness) were evaluated using the Ishak fibrosis staging

5

by a blinded

senior liver pathologist (YFZ) in the hospital department. For SHG imaging, the slices were
prepared in the same way as for the rats. Overall, 95 core needle biopsies were included. The
mean length was 20.0  7.8 mm (10.0-50.0 mm) with 0-7 fragments. The number of complete
portal triads was 11  4 (4-31). The biopsy numbers were evenly distributed between Ishak
F4 (33), F5 (35), and F6 (27).
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SHG image acquisition
An SHG/two-photon excitation fluorescence microscope (Genesis, HistoIndex Singapore)
was employed for detecting fibrillar collagen as described previously

17

. The technical

principle is that the endogenous signals of fibrous collagen and tissue parenchyma can be
sensitively and specifically identified by nonlinear optical imaging with second harmonic
generation and two-photon excitation fluorescence microscopy, respectively

16

. Briefly, liver

tissue slices (4 µm thickness) were routinely processed without specific staining. Then for
each sample, the slice was imaged with a 20  objective and 512  512 pixels of resolution.
Three images of 13  13 multi-tiles were randomly acquired for a final size of 4.84 mm2 in
each animal specimen; for each clinical biopsy, the whole section was imaged. All images
were processed using the qCP algorithm developed in the present study.

Establishing a computerized image-analysis algorithm for quantitating the cirrhotic
patterns
Details for the design and calculation of the algorithm named qCP are described in the
Supplementary Materials. Briefly, a procedure of multi-channel image-processing was
developed to label and digitally segment the image-patterns of the principle cirrhotic patterns,
involving the nodules, septal bands, vessels and sinusoid. Each geometrical parameter of the
cirrhotic pattern was then measured as a feature element of the histological cirrhosis
parameters (HCPs). The process of image-analysis by qCP is illustrated in Fig.1. Result of
image-procession is represented by Fig.S1.
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Building a qCP-index model for simulating a dichotomized decision
The HCPs were then included to develop the function model, namely qCP-index for exploring
the potential application. A soft-max logistic regression model

21

was taken as an inducer of

multi-category classifier. With the algorithm of stratified ten-fold cross-validation

22

, HCP

datasets of the 95 biopsies were used for training and testing the inducer to select the
classifier, qCP-index. Detailed calculation is described in the Supplementary Materials.

Statistical analysis
Analyses were performed using SPSS version19.0 (IBM Corporation, USA) or MATLAB®
2012a (MathWorks Inc., USA). Spearman’s correlation was used to assess the relationship
between variables. Intra and inter -observer agreement was evaluated by intraclass
correlation coefficient (ICC) analysis. Multivariable logistic analysis was used to test the
independent association of continuous variables with ordinal data. The area under the
receiver-operating characteristic curve (AUC) was used for performance analysis. Two-sided
p values 0.05 were considered significant.
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RESULTS
Quantitation of histological cirrhotic patterns by qCP
QCP, a new automated algorithm of image-analysis was developed dedicated for quantitating
the cirrhotic patterns (Supplementary Materials and Fig. 1). A total set of 14 HCPs were
identified and measured as continuous variables relative to their original dimensions. The
HCPs encompassed the geometrical features of blood vessels, including the vascular area
(VA), vascular perimeter (VP), vascular long-axis length (VLL), vascular short-axis length
(VSL), vascular thickness (VT), and vascular density (VD); the proportions of collagen areas
in different sublobules, including the total collagen proportionate area (CPA), vessel collagen
proportionate area (VPA), septal collagen proportionate area (SPA), and perisinusoidal
collagen proportionate area (FPA); and the geometrical features of nodules, including the
nodule area (NA), nodule long-axis length (NLL), nodule short-axis length (NSL), and nodule
density (ND). Definitions of all the HCPs are described in Table S1 and are illustrated in Fig.
S1.

Validation of clinical feasibility with CHB liver biopsies
We took Ishak fibrosis staging

5

as the standard reference for analyses, based on the

following considerations. First, Ishak fibrosis staging

5

is among the most commonly used

histological references in the studies of morphometric analysis
recognized in clinical practice

13-15, 23-25

and is widely

26, 27

, especially for the patients with chronic viral hepatitis.

Second, given that aim of our study is to develop a tool for quantitating dynamic cirrhotic
patterns, Ishak F4-6, representing the trend from bridging fibrosis to complete cirrhosis, can
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suffice the need for showing the early cirrhotic evolution.

Assessment of the methodological reproducibility
We first determined whether the established procedure could have an acceptable
reproducibility for assessing the clinical biopsies. Nine biopsies (three for each stage) were
randomly selected from the included samples by an investigator (RHL). Image acquisition
was independently performed by another two investigators (JLY and HLL), respectively; and
was repeated a week later. All the images were analyzed using qCP by the fourth investigator
(WH) blinded to the imaging-operators and clinical data of these samples. Data by qCP
assessment were taken for the ICC analysis of all HCPs (Table S2). The overall intra- and
inter-observer agreement was 0.94 ± 0.08 and 0.93 ± 0.09, respectively.

Then we evaluated the impact of sample adequacy on qCP assessment. We found that the
length of liver biopsies had no impact on the Ishak score (rs=0.03; p=0.79) and the HCPs
such as CPA (rs= -0.12; p=0.25), SPA (rs= -0.04; p=0.71) and ND (rs= -0.03; p=0.79). We then
virtually reduced the samples’ size by 50%. Relative to measurement of the original sizes,
concordance by ICC analysis of the CPA, SPA, and ND measures were 0.89, 0.88, and 0.90,
respectively. All data indicate that qCP measurement could have good resistance to the
sample adequacy-related scoring issues.
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Correlation between HCPs and histological fibrosis stages
We then measured HCPs across the Ishak stages (Fig. 2 and Table S3). From F4-6, the
HCPs such as VD, CPA, SPA, FPA and VPA kept increasing, meanwhile the nodules became
smaller and more intense (p0.05 for all) (Fig. 3A). ND (rs=0.87), SPA (rs=0.84) and CPA
(rs=0.83) demonstrated strong strength of correlation (p0.001 for all) (Table 1). The
characteristics of them at different stages are shown in Fig. 4A-C. In univariable analysis,
HCPs such as CPA, SPA, FPA, VPA, VD, NA and ND were associated with Ishak stage
(p0.05 for all) (Table S4). In multivariable regression, only ND (p0.001) and/or SPA
(p=0.001) were independently associated (Tables S5 and S6). Additional analysis by AUC
shows that the combination of SPA and ND could have better performance to predict the
fibrotic severity than the rest individual HCPs (Fig. 5A-C and Table S7).

Performance of qCP-index in diagnosis of cirrhosis
Given that in real practice, there is often a requirement for dichotomous decision, we
developed a qCP-index to exemplify the application. The development process is illustrated
in Fig.1. Data show that, compared with the index-model built with the 8 HCPs significantly
correlated with Ishak scoring, the model incorporating all the 14 HCPs had a higher AUC
(0.95 vs. 0.91) for discriminating F4 from F5,6 and a comparable AUC (0.92 vs. 0.91) for
differentiating F5 and F6. Furthermore, by ten-fold cross-validation, accuracy rates of
classification by the models with the 14 and the 8 HCPs were 84.3% and 80.1%, respectively.
Thus, the model with all the 14 HCPs was eventually taken as qCP-index. Characteristics of
the qCP-index measurement are shown in Table 2 and Fig. 4D. An excellent diagnostic
performance of qCP-index was verified in discriminating Ishak stages (AUC 0.95-0.92;
This article is protected by copyright. All rights reserved.

sensitivity 0.93-0.82; specificity 0.94-0.85) (Fig. 5D-F and Table S7), which is better than that
of qFibrosis (AUC 0.73)

17

, implying the strength of the present study. Furthermore, the

results might also suggest the potential application of all the 14 HCPs rather than a few of
them for various clinical settings in the future studies.

Validation of bidirectional cirrhosis in dynamic animal model
Correlation between the HCPs and change in the fibrotic severity
In the CCl4-induced bidirectional cirrhotic model 20, we first determined the changes of HCPs
and liver biochemical function parameters across Ishak stages. From F4-6, the median CPA
and SPA increased from 4.4% to 12.4% (p=0.001) and 3.5% to 11.0% (p=0.001), respectively;
meanwhile the NA reduced by over 5-fold (p=0.004) and ND increased by 3.5-fold (p=0.002)
(Fig. 3B). Changes in the hepatic biochemical function parameters demonstrated a pattern of
worsening hepatic function, as expected (Table S8). The correlation to Ishak stages is shown
in Table S9. Among all HCPs, the strong correlates in order of strength were ND (rs=0.95;
p0.001), SPA (rs=0.91; p0.001), and CPA (rs=0.89; p0.001). By univariable logistic
regression, CPA was associated with Ishak staging (p=0.048) (Table S10).

Correlation between the HCPs and the injury course, hepatic biochemical function,
and ascites
With disease progression, NA (rs= -0.85; p=0.008), ND (rs=0.85; p=0.008), CPA (rs=0.78;
p=0.02) and SPA (rs=0.76; p=0.03) had a strong correlation with the course of injury (Table
S11). Among them, CPA, SPA and ND were closely associated (β> 0.5, p<0.05 for all) with
86% (6/7) to 71% (5/7) of the hepatic biochemical function parameters that were statistically
This article is protected by copyright. All rights reserved.

associated with fibrosis staging (Table S12). Ascites is a representative manifestation of
decompensated cirrhosis. In CCl4-induced cirrhotic rats, ascites can develop with progression
of intoxication 28. In this study, the diagnosis of ascites was defined as accumulation of fluid in
the peritoneal cavity without blood or obvious infection, which was observed both in physical
examination and operation of liver resection of the animal. ND (rs=0.57; p=0.03) and SPA
(rs=0.55; p=0.04) were moderately correlated to the ascites development (Table S13). These
results collectively indicate the pathophysiological relevance of HCPs, such as the CPA, SPA
and ND, with cirrhosis development in the rat model.

Cirrhosis regression versus progression
The cirrhotic animal model had two opposite phases in its disease course and had to
experience the same cirrhotic stage at the initial point of spontaneous recovery after 12
weeks of intoxication. Therefore, we explored whether there was any difference in the HCPs
between the opposite evolving processes. Compared with the progression phase, median VA,
VT, CPA, SPA, VPA, ND and NLL were significantly decreased over the course of recovery
(p0.05 for all), indicating their active remodeling in the initial phase of regression. However,
there was no significant change in the NA across the two phases (p=0.07), which might imply
the relatively belated recovery in the annular organization. Because the recovery was also
verified by the concurrent improvement in the hepatic biochemical function parameters (Table
S14), all data indicate that HCPs were sensitive to the histological changes associated with
cirrhosis reversal, even if the cirrhotic state remained.
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DISCUSSION
In this study, we developed qCP, an algorithm of image analysis to systematically quantitate
the cirrhotic patterns with documented pathophysiological relevance; data by evaluation with
both the clinical biopsies and dynamic animal model show that qCP measurement can reflect
the histologic changes in cirrhosis with high resolution and accuracy.

Cirrhotic patterns have been indicated of their relevance for many years. Our study shows the
first instance of systematically quantitating them by using a computerized image-analysis
algorithm, qCP particularly designed to address the need for identifying the overall
morphology and geometric parameters of the histological cirrhotic patterns. Assessment data
on using qCP show the merits. To test qCP’s feasibility for clinical samples, we recruited
biopsies from patients with CHB, a major local liver disease. Data show an excellent
reproducibility of the qCP assessment. Interestingly, in further assessment, SPA and ND
demonstrated more robustness than CPA alone for characterizing the histologic changes in
advanced fibrosis stages. Because the CPA in our study was calculated based on the same
definition as the documented12, 13, SPA and ND could be considered as the representative
HCPs in future studies of CHB-related cirrhosis. This result replicates previous reports
18

8, 9, 13,

but with more solid supporting data of measurement.

Correlation of CPA to Ishak staging in discriminating Ishak F4-6 have been investigated in
hepatitis C or B patients in previous studies 13, 29. However, in these studies, the SPA and ND
variables were never included, and the values of CPA were not exactly the same as those in
our study although the trend of CPA change is similar. Here, it is worthy to note that direct
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comparison of the exact values of CPA or other variables between the independent studies is
difficult, because the involved imaging technologies

13, 29

, parameter definitions

29

, or

etiologies 30 often differ between the studies.

To further validate qCP algorithm for detecting bidirectional cirrhotic changes, we employed a
well-recognized animal model

20

that is qualified for an intensive observation of the fibrotic

remodeling, which however, is hard to perform in clinical settings. Data show that, as the
intoxication persisted, total and septal collagen areas increased, and smaller nodules
developed. These changes are consistent with the patterns of progressive cirrhosis as
described 20. Notably, ND appeared to be the variable statistically most correlated with fibrotic
severity, which properly reflects the micronodular morphology represented by this model

20

.

Cirrhosis regression is often associated with a net decrease in fibrosis content and the
obviously thinning septal bands 19, 20. This was reflected by a significant decrease in CPA and
SPA as well as a significant reduction in vascular thickness and area, indicating the decaying
fibrous bridge between the vessels. Meanwhile, nodular organization can persist during
cirrhosis regression irrespective of the above decrease

19, 20

. Interestingly, this was also

reflected in the analysis of HCPs by showing an insignificant change in NA across the whole
landscape. Collectively, these animal data suggest that qCP algorithm could accurately
reflect the meaningful histologic changes in cirrhosis remodeling.
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Altogether, addressing the need for assessing histologic changes in cirrhosis, our study has
the strength of a novel strategy for measuring cirrhotic patterns, a dedicated technical
establishment, and a systematic validation in both experimental model and clinical biopsies.
Besides, because of its validated relevance to Ishak staging, qCP could be used as a
complement to Ishak staging for extra measuring of the changes in cirrhosis. All these make
the present work distinct from other recently studies using SHG technology to detect liver
fibrosis for various applications

17, 31-34

. Meanwhile, some issues also need to note in this

study. First, qCP is a tool of fibrosis assessment using liver biopsy. Therefore, the inherent
shortcomings of biopsy examination will barrier the performance of qCP assessment. Second,
the clinical validation was based on CHB biopsies only. CHB remains a leading cause for liver
cirrhosis and hepatocellular carcinoma (HCC) worldwide 35. Fibrotic burden could be the most
important risk factor for HCC development in CHB patients even with sufficient virologic
remission

36, 37

. Therefore, CHB-related cirrhosis is an important topic. The other major liver

diseases such as steatohepatitis have different patterns and courses in histology of fibrotic
changes

38

, whether qCP can work well in measuring the cirrhotic patterns with other

etiologies needs additional separate data. Third, the present study did not additionally
compare qCP with the other advanced histological systems such as the Laennec system 7 to
categorize the intra-stages of cirrhosis. Indeed, the design of qCP has incorporated the
cirrhotic patterns documented in these

7-9

and some other

6, 19, 20, 27

seminal studies. With the

first stage of establishment and preliminary validation of qCP measurement in the present
study, intra-staging cirrhosis with reference to these advanced systems can be our next
objective in a clinical study.
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To address the diverse needs in clinical practice, the development of qCP will carry on in two
aspects. One is evaluating qCP performance in different clinical settings, such as the in-study
cohorts of CHB or the other major etiologies. Another one is identifying the clinical relevance
of qCP measurement, e.g. the association with response to treatment or the correlation with
other key clinical markers, such as HVPG and clinical stages

1, 39

, given that they are well

validated in predicting the major clinical outcomes of progressive cirrhosis.
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Table 1. Correlations between Ishak fibrosis scores and histological cirrhosis parameters
(HCPs) in the chronic hepatitis B liver biopsies.
Spearman

HCP

coefficient

correlation

p value

Vascular area

0.06

0.52

Vascular perimeter

-0.01

0.94

Vascular long-axis length

-0.02

0.84

Vascular short-axis length

0.05

0.65

Vascular thickness

0.08

0.44

Vascular density

0.27

0.006*

CPA

0.83

<0.001*

SPA

0.84

<0.001*

FPA

0.36

<0.001*

VPA

0.25

0.01*

Nodule area

0.48

<0.001*

Nodule long-axis length

0.63

<0.001*

Nodule short-axis length

0.63

<0.001*

Nodule density

0.87

<0.001*

*Statistically significant. CPA, total collagen proportionate area; SPA, septal collagen
proportionate area; FPA, sinusoidal collagen proportionate area; VPA, vessel collagen
proportionate area.
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Table 2. Characteristics of qCP-index relative to Ishak fibrosis scoring in the chronic hepatitis
B liver biopsies.

qCP-index

Ishak

Biopsy

stage

number

Median

Minimum

Maximum

95%CI

Mean

SEM

F4

33

0.18

0.13

0.45

0.17-0.22

0.20

0.07

F5

35

0.46

0.14

0.83

0.42-0.52

0.47

0.16

F6

27

0.80

0.48

0.91

0.71-0.82

0.76

0.14

SEM, standard error of mean; CI, confidence interval.
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Fig. 1. Illustration of developing an algorithm for quantitating the histological cirrhosis
parameters (HCPs). Collagen patterns were set as the elemental features of image. By
image processing and feature quantitation, HCPs of these patterns were quantitatively
identified. qCP-index was then built with the HCPs using a soft-max regression.
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Fig. 2. Imaging analysis of histological cirrhosis parameters in the chronic hepatitis B
liver biopsies.

Raw images (green/red) for the liver biopsies at Ishak stages F4-6 and their

respective processed images with principle histological patterns, including vessel (blue),
septa (yellow) and sinusoid (cyan), are represented. White arrows show the cirrhotic nodules
detected. Note that all the fluorescent colors were the pseudo color coded by second
harmonic microscopy software which detects the endogenous signal of fibrous collagen
(green) and hepatic parenchyma (red) for generating the raw images, or qCP which identifies
the principle histological patterns in the raw images with computerized image analysis for
generating the processed images.
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Fig. 3. Changes in histological cirrhosis parameters (HCPs) between Ishak fibrosis
stages. (A) Chronic hepatitis B liver biopsies, (B) animal model. CPA, collagen proportionate
area; SPA, septal collagen proportionate area; FPA, sinusoidal collagen proportionate area;
VPA, vessel collagen proportionate area; NA, nodule area; NLL, nodule long-axis length; NSL,
nodule short-axis length; ND, nodule density; VA, vascular area; VP, vascular perimeter; VLL,
vascular long-axis length; VSL, vascular short-axis length; VT, vascular thickness; VD,
vascular density. * p<0.05, ** p<0.01.
This article is protected by copyright. All rights reserved.

Fig. 4. Distributions of CPA, SPA, ND and qCP-index at Ishak fibrosis stages in chronic
hepatitis B liver biopsies. (A) Total collagen proportionate area (CPA), (B) septal collagen
proportionate area (SPA), (C) nodule density (ND), and (D) qCP-index. Box shows median,
interquartile range, and minimum-maximum range. *** p<0.001.

This article is protected by copyright. All rights reserved.

Fig. 5. Performances of histological cirrhosis parameters (HCPs) and qCP-index for
discriminating Ishak fibrosis stages in chronic hepatitis B liver biopsies. HCPs: (A) F4
vs. F5-6; (B) F4-5 vs. F6; and (C) F5 vs. F6. qCP-index: (D) F4 vs. F5-6; (E) F4-5 vs. F6; and
(F) F5 vs. F6.
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