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Abstract: Serum markers of liver fibrosis are difficult to validate, 

due to the sampling error and observer variability associated with 

percutaneous liver biopsies. Laparoscopic biopsy decreases sampling 

error and increases the reliability of histopathologic assessment. 

We prospectively evaluated the FIBROSpectSM II serum marker test 

for viral liver fibrosis against laparoscopic biopsies by studying 145 

patients with chronic hepatitis B or C who underwent laparoscopy 

in a tertiary care setting. Serum samples obtained at biopsy were 

tested with FIBROSpect II to assess the degree of fibrosis. Multiple 

biopsies were obtained from each patient and scored blindly using 

the Batts-Ludwig system. An average biopsy stage was calculated and 

the performance of the test panel assessed. FIBROSpect II was able 

to rule in significant fibrosis (stages 2–4), with a likelihood ratio of 

2.6. It correctly indicated absence of disease in 74% of stages 0–1 

patients and correctly predicted significant disease in 67% of stages 

2–4 patients. Test correlation was highest with Batts-Ludwig stages 3 

(77%) and 4 (96%) and lowest with stage 2 (43%). Multiple biopsies 

from 52% of patients differed by at least 1 stage. In 13 patients (9%), 

cirrhosis was detected by laparoscopy but not histologically; in 4 

(3%), a stage of 4 was obtained, but cirrhosis was not evident by lapa-

roscopy. FIBROSpect II provided valuable additional information for 

assessing fibrosis. The discordance in fibrosis stage seen in multiple 

biopsies from the same patient underscores the need to consider all 

available information when assessing fibrosis. This study confirms and 

extends results of previous studies evaluating FIBROSpect II using 

percutaneous liver biopsy. 
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There is a growing need for a simple, safe, effec-
tive, and noninvasive method of assessing hepatic 
fibrosis in patients with chronic liver disease. 

Worldwide, over 200 million people are infected with 
hepatitis C virus (HCV) alone, and the incidence of 
chronic hepatitis is expected to increase 3-fold by 2020.1 
Estimates suggest that 20% of HCV-infected patients will 
develop cirrhosis, with 1–4% of those patients developing 
hepatocellular carcinoma.2 Although great progress has 
been made in antiviral therapy, treatment is costly, there 
are significant side effects, and up to 50% of treated HCV 
patients may not achieve long-term sustained viral clear-
ance.3 Patients infected with genotype 1 HCV require 
more aggressive treatment, which creates a need to assess 
fibrosis to guide their treatment.4 In addition, hepatitis 
B virus (HBV) is only inhibited, and not often cleared, 
by antiviral treatments, requiring continued assessment 
of fibrosis.5 Studies are in progress to determine if main-
tenance therapy can significantly reduce the progression 
of fibrosis, even in patients who do not completely clear 
the viruses.4 Noninvasive serum marker tests are critically 
needed to manage the increasing number of patients need-
ing repeated assessment of liver fibrosis, both to evaluate 
the effectiveness of therapy and to indicate treatment 
options for particular types of patients.

Histopathologic examination of a liver biopsy remains 
the standard method by which patients are evaluated for 
liver disease and the extent of fibrosis. Several semiquan-
titative scoring systems that use integers to represent the 
severity of fibrosis based on the architectural disturbance of 
the liver and the location of fibrosis have been introduced. 
The degree of fibrosis does not increase linearly throughout 
these stages: Comparing Metavir fibrosis stages with image 
analysis,6 the amount of fibrosis in stage F2 was found to 
increase 3-fold above that of stage F0, to increase 7-fold in 
stage F3, and 12-fold in stage F4. Although the degree of 
fibrosis as measured by these systems is an important guide 
for prognosis and treatment,4 the rate of fibrosis progres-
sion varies greatly between patients, and many patients 
may never develop advanced disease or cirrhosis.7 This 
potentially leads to serial biopsies in relatively asymptom-
atic patients solely to monitor the progression of disease.

Moreover, repeated biopsy carries an inherent risk 
for the patient, and it is widely recognized that liver 
biopsy often yields an inaccurate assessment of hepatic 
inflammation and fibrosis due to sampling errors and 
interobserver variability and experience.6,8-11 Clinical 

considerations limit the number and size of the biopsy 
samples obtained, even though the accuracy of histologic 
assessment is known to be critically dependent on the 
biopsy length, the degree of fragmentation of tissue core, 
and the number of obtained samples.6,11 In addition, liver 
biopsy is invasive, costly, frequently associated with pain, 
and causes serious complications in 0.1% of patients.5 
Not surprisingly, many patients are reluctant to submit to 
repeated biopsies.  

The error rate and risks associated with biopsy have 
intensified the search for noninvasive serum marker 
tests that can identify patients with more severe fibrosis, 
who require more stringent management and treatment, 
and assess the progression of disease. Several different 
biomarkers or combinations of markers have been pro-
posed.12-15 However, validation of these tests has been 
complicated by the lack of a gold standard for compari-
son. Most studies have, out of necessity, relied on fibrosis 
stages derived from a single percutaneous biopsy and have 
attributed any discordance to the failure of the fibrosis 
markers when, in fact, it is widely accepted that there is 
considerable inaccuracy in biopsy results. 

The goal of our study was to use the more accurate 
technique of laparoscopic examination and biopsy8,10 to 
prospectively evaluate the clinical utility of FIBROSpectSM 
II, a panel of 3 serum markers directly related to extracell- 
ular matrix turnover. To minimize sampling error and 
provide a more complete liver assessment, multiple biop-
sies were taken from both the right and left lobes, when 
clinically feasible. All livers were also visually evaluated for 
cirrhosis by the laparoscopist during the procedure.  

Serum marker tests potentially reflect not only 
a more global assessment of liver disease than a single 
biopsy, but, more importantly, they are not subject to 
interobserver variation or sampling errors. Measurement 
of fibrosis matrix components theoretically might detect 
smaller or more rapid changes in the extent of fibrosis 
than those reflected by the histologic fibrosis stage. 
Therefore, these tests may provide an important adjunct 
to the use of biopsy in the management of liver disease.

Methods

Patients
Consecutive patients over the age of 18 years who had 
chronic HBV or HCV infection and who were undergo-
ing laparoscopy-guided liver biopsy were recruited. All 
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patients accepted into the study had active infections. 
For HBV, this was demonstrated by a positive hepatitis 
B surface antigen or HBV DNA level of greater than 100 
IU/mL. For HCV, this meant a positive HCV antibody or 
HCV RNA level of greater than 60 IU/mL. Each patient 
was infected with only HCV or HBV, and no patient was 
coinfected with HIV. No patient had received treatment 
for hepatitis for 6 months prior to the biopsy. Patients 
who were taking medications that affect liver function or 
could interfere with the FIBROSpect II test were excluded. 
In addition, patients with a history of excessive alcohol 
intake, decompensated cirrhosis, nonalcoholic steatohep-
atitis, drug-induced hepatitis, primary biliary cirrhosis, 
autoimmune hepatitis, alpha-1-antitrypsin deficiency, 
hemochromatosis, or Wilson disease were excluded. 
The study was performed in accordance with US Food 
and Drug Administration regulations for Good Clinical 
Practice and approved by the Institutional Review Boards 
(IRB) of the University of Miami School of Medicine and 
the Western IRB. All patients signed informed consent 
for the study and procedures.

Study Design 
Demographic information, medical history, and viral 
etiology were collected for the cohort of 145 patients. 
Concomitant medications were recorded, as were stan-
dard biochemical lab results that were obtained within 
6 months of biopsy. Serum samples from each patient 
were collected either before the administration of pre-
operative drugs on the day of biopsy or within 5 days 
after biopsy. Samples were given a coded study identifica-
tion number and were shipped frozen for FIBROSpect 
II analysis. Because liver fibrosis can occur in patches, 
biopsies were obtained from multiple sites during the 
laparoscopic examination to evaluate the status of the 
entire liver, not just the most severely affected areas. A 
single institutional pathologist, who was selected for skill 
and experience in liver fibrosis assessment, reviewed all 
biopsies. The pathologist had no knowledge of patient 
identity or clinical information. For comparison to the 
FIBROSpect II results, the average biopsy stage across 
all samples was used for each patient. Additionally, the 
biopsy scores and FIBROSpect II results were compared 
to the liver cirrhosis assessment made by the laparoscopist 
during the procedure.

Testing
All testing was conducted at Prometheus Laboratories in 
San Diego, California. The test panel was composed of 
3 serum markers that directly reflect extracellular matrix 
turnover: hyaluronic acid (HA), tissue inhibitor of metal-
loproteinase-1 (TIMP-1), and alpha2-macroglobulin 
(A2M). Serum HA was measured in an enzyme-linked 

immunosorbent assay (ELISA) using HA-binding protein 
(Corgenix), TIMP-1 was measured by a sandwich ELISA 
(Amersham Biosciences), and A2M was measured by 
nephelometry (Beckman Coulter). The analytical perfor-
mance of these 3 assays has been validated in the clinical 
laboratory, with intra-assay and interassay variability of 
2–11% and 1–11%, respectively. Test results were gener-
ated by technologists blinded to clinical, histologic, and 
laboratory findings. For each patient, the levels of the 3 
markers were combined using a logistic regression algo-
rithm to generate a FIBROSpect II index score ranging 
from 1 to 100. Three results were reported: the individual 
index score, a dichotomized interpretation of no/mild 
fibrosis versus significant fibrosis, and the associated 
probabilities for the Metavir fibrosis stages. The dichoto-
mized result was generated using a cutoff index score of 
42, which was previously determined in a large cohort 
of chronic HCV patients. A score of less than 42 was 
interpreted as consistent with no/mild disease, defined as 
fibrosis stages 0 or 1. An index score of 42 or greater was 
interpreted as consistent with significant disease, defined 
as fibrosis stages 2, 3, or 4. We used the dichotomized 
result to calculate the test performance measures of accu-
racy, sensitivity, and specificity.  

Liver Biopsy and Scoring
Macroscopic evaluation of cirrhosis was made by the 
laparoscopist based on observation of the following 
criteria: diffuse nodules on the liver surface, shallow 
nodules slightly protruding from the liver, and liver hard-
ness by palpitation or rigidity when lifted with a blunt 
probe. A verbal description was recorded at the time of 
laparoscopy, and a picture of each liver was obtained as 
documentation. Whenever possible, biopsy samples were 
taken from both the right and left lobes, with sites chosen 
to obtain the best overall evaluation of liver condition. 
Biopsies were obtained using an automatic 16-gauge 
tru-cut needle (biopsy gun). All biopsies included in the 
analysis contained at least 6 portal tracts. Formalin-fixed, 
paraffin-embedded sections were stained with hematoxy-
lin and eosin and with Masson’s Trichrome. Slides were 
labeled with patient identification numbers and then 
reviewed blindly by the pathologist. Histologic findings 
were assessed according to the standard grading and stag-
ing method based on the Scheuer system,16 as modified by 
Batts and Ludwig.17,18 This is similar to the Metavir system 
commonly used in Europe, with stages 0–1 comparable 
to Metavir stages F0–F1, and stages 2–4 comparable to 
Metavir stages F2–F4.  

Statistical Analysis
Patient baseline characteristics were descriptively sum-
marized and reported as mean and range. Continuous 
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variables between groups were compared by analysis of 
variance. A biopsy was considered adequate for analysis if 
it contained at least 6 portal tracts. Clinical performance 
for FIBROSpect II was calculated versus the fibrosis stage 
determined from biopsies, as follows. When multiple 
biopsy samples for a patient were available for analysis, 
the scores were averaged and rounded to the nearest whole 
number. For the 4 patients in which only 1 biopsy with 
at least 6 portal tracts was obtained, the biopsy score from 
this single biopsy was used in the analysis. Only the 2 
dichotomized interpretations of “consistent with stages 
0–1” and “consistent with stages 2–4” were used in cal-
culating the test performance measures. For comparison 
of grade and stage variability between multiple biopsy 
samples from one individual, the biopsy scores of all 
individual biopsies were used. For comparison between 
the right and left lobes of the liver, the biopsy scores for 
each lobe were averaged and the comparison was made 
between these averages. 

Results

Demographic and Clinical Data
The majority (n=138, 95%) of the 145 patients enrolled 
in the study had chronic HCV infection, but a small 
percentage (n=7, 5%) was infected with HBV. There 
did not appear to be a difference between these patient 
groups in terms of demographics, number of biopsy 
samples obtained, or histopathologic scoring (data not 
shown). Only gamma glutamyl transferase, aspartate 
aminotransferase, and alanine aminotransferase levels 
were slightly lower in the HBV patients, although these 
levels were within the range seen for the HCV patients. 
Because these laboratory values were not used directly in 
any calculation, both groups of patients were analyzed 
together (Table 1).

Patient characteristics were similar to that of other 
clinical viral hepatitis populations,9,15 except that a very 
high percentage of our patients had significant disease. 
Only 23 patients (16%) had mild disease, defined as stage 
0 or 1, whereas 53 patients (36%) were stage 2 and 69 
patients (48%) were stages 3–4. This resulted in an overall 
prevalence of 84% for fibrosis stages 2–4. HCV genotype 
was available for all 138 HCV patients; of these, 120 
patients (87%) were genotype 1, and 9 patients (6.5%) 
were genotype 2, with 2 of these 9 infected with 2A/2C 
and 1 with 2A/2C/4E. There were also 5 patients (3.6%) 
with genotype 3, and 4 patients (2.9%) with genotype 4. 
Of the HCV genotype 1 patients, 50.8% had previously 
received treatment, whereas 25% of genotype 4 patients 
had been previously treated. A higher percentage of geno-
type 2 (77.8%) and genotype 3 (80%) patients had previ-
ously received treatment. Previous treatment was reported 

for 3 of the 7 patients (42.8%) infected with HBV. All the 
patients had active viral infections at the time of the study 
and had been off treatment for at least 6 months.  

A total of 432 biopsies were taken from the 145 
patients; however, 12 biopsies had fewer than 6 portal 
tracts and were not included in our analysis. There were 
118 biopsies (28%) with a length of less than 1.5 cm and 
302 (72%) with a length of at least 1.5 cm. There were 
42 biopsies (10%) with a length of at least 2.0 cm and 
only 2 biopsies (0.4%) with a length of at least 2.5 cm. 
Of the patients with multiple biopsies taken, 92% had at 
least 1 biopsy of 1.5 cm or longer in length, and 68% had 
2 or more biopsies of 1.5 cm or longer, with additional 
smaller biopsies taken from other areas of the liver. Two 
or more analyzable biopsy samples were provided by 98% 
of the patients, with 84% providing a biopsy from both 
the right and left lobes (Table 2). 

Table 1. Patient Characteristics

Characteristic All subjects 

Age, years (range) 52 (30–73)

Gender, male (%) 81 (55.9%)

BMI, kg/m2 27.0 (16.8–51.3)

Prothrombin INR 1.0 (0.5–1.8)

Platelet count (109 cells/L) 197 (43–404)

Albumin, g/dL 4.0 (2.2–5.2)

Total bilirubin, mg/dL 0.67 (1.2–4.2)

GGT (U/L) 84 (10–480)

AST (U/L) 62 (13–510)

ALT (U/L) 79 (16–659)

ALP (U/L) 82 (29–260)

Batts-Ludwig fibrosis (average)

0 4 (3%)

1 19 (13%)

2 53 (37%)

3 39 (27%)

4 30 (21%)

The mean and range are given for all results except fibrosis stage,  
for which the average and percent of the total subjects are indicated.
N=145 for all characteristics except BMI, where complete data were 
available for only 141 subjects.  

BMI=body mass index; GGT=gamma glutamyl transferase; 
AST= aspartate aminotransferase; ALT=alanine amniotransfrase; 
ALP=alkaline phosphatase; INR=international normalized ratio.
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FIBROSpect II Performance
Serum markers reflect the fibrotic process throughout 
the entire liver; therefore, to compare the FIBROSpect 
II results to biopsy stage, we averaged the stages from all 
the biopsies of a patient’s liver to form the patient’s global 
score. Because biopsy stages in histologic scoring systems 
are represented only by integers, the averaged biopsy stage 
had to be rounded to the nearest whole number. Thus, a 
biopsy average of 1.0–1.4 was rounded down to stage 1, and 
a score of 1.5–1.9 was rounded up to stage 2. To minimize 
sampling errors, the laparoscopic findings for all patients 
were reviewed without reference to the histopathologic 
stage, and a determination of cirrhosis was made. If the 
visual evaluation at laparoscopy indicated cirrhosis, the 
stages of all the biopsies taken from the patient were set to 
stage 4, even if histopathologic evidence had indicated a 
different stage. The overall ability of FIBROSpect II to dis-
criminate between no/mild fibrosis and more significant 
fibrosis is demonstrated by the receiver operating charac-
teristic (ROC) curves in Figure 1. A test that cannot dif-
ferentiate between disease and no disease would generate a 
45-degree line. The area under the ROC curve (AUROC) 
is a measure of diagnostic accuracy, so a test that does not 
discriminate between disease and no disease would have 
an AUROC of 0.50. For discriminating between stages 
0–1 versus stages 2–4, the AUROC of FIBROSpect II was 
0.77 (95% confidence interval [CI], 0.672–0.867) and 
for discriminating between stages 0–2 versus stages 3–4, 
the AUROC was 0.83 (95% CI, 0.764–0.898).

The dichotomized interpretation of no/mild fibrosis 
(stages 0–1) or significant fibrosis (stages 2–4) was used 
to calculate the overall test performance measures shown 
in Table 3. The sensitivity, specificity, and accuracy of 
FIBROSpect II were all near 70%, and the likelihood 
ratio for a positive test result in our population was 2.6. 

The ability of the FIBROSpect II test to predict significant 
disease is excellent (93%) in this high prevalence pop-
ulation (84% stages 2–4). The negative predictive value 
is low (30%); however, the low proportion of patients 
with stages 0–1 biopsies (n=23, 16%) limits the reliabil- 
ity of the negative predictive value estimate from this 
study population.  

The FIBROSpect II test had the best concordance 
with biopsy stages 3 and 4 and was least concordant 
when the biopsy was stage 2 (Table 4). Because of the 
small number of stages 0 and 1 patients, these patients 
have been grouped together. When comparing serum test 
and biopsy stage, 6 patients were interpreted as having 
significant disease by serum test but had a histologic stage 
of 0–1 (false-positive). In addition, 40 patients were inter-
preted as having no/mild disease by serum but had a his-
tologic stage of 2–4 (false-negative). However, 30 (75%) 
of these false-negative results were classified as stage 2 by 
histopathologic evidence. Only 1 of the 30 stage 2 patients 
was deemed cirrhotic by laparoscopic inspection.  

In addition to the dichotomized interpretation, each 
patient has an individual index score that can range from 
1–100. The relationship between the index score and 

Table 2. Distribution of Biopsy Samples

Biopsy samples No. of subjects

1 4 (3%)

2 43 (30%)

3 62 (43%)

4 36 (25%)

Right lobe only 2 (1%)

Left lobe only 21 (14%)

Both lobes 122 (84%)

The number (percent) of biopsies obtained from different lobes of  
the liver. A total of 145 patients were biopsied; 141 had more than  
1 analyzable biopsy. 
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Figure 1. ROC curves for FIBROSpect II in the 
discrimination of no/mild from significant fibrosis: F0–F1  
vs F2–F4 (black triangles, bold black line), AUROC 0.77;  
F0–F2 vs F3–F4 (open triangles, gray line), AUROC 0.83. 
The diagonal where no discrimination occurs is also shown  
for reference.  

ROC=receiver operating characteristic; AUROC=area under the  
ROC curve.
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average fibrosis stage is shown in Figure 2. Each bar is 
normalized to 100%, even though there were many more 
severely affected patients; this results in fewer patients in 
the bars representing lower index scores. There was good 
correlation between index scores and average biopsy stage 
(Spearman r=0.657; P>.001).  

Sampling Error
Each patient’s liver was also evaluated visually for cirrho-
sis at the time of laparoscopy. For 17 subjects (12%), the 
histologic evidence and visual results were inconsistent. 
Thirteen of the patients (9%) had features that indicates 

cirrhosis such as a nodular surface; however, the histologic 
stage was not scored as stage 4. Ten of these 13 patients 
had an average stage of 3, and 3 patients had an average 
stage of 2. An example of such a patient is shown in Fig-
ure 3; this patient is clearly cirrhotic, although the single 
biopsy obtained was scored as stage 2. The FIBROSpect 
II test was consistent with significant fibrosis, with an 
index value of 99 (range 0–100). In 4 patients (3%), 
there was histologic evidence of cirrhosis (stage 4) but no 
macroscopic evidence at laparoscopy. The FIBROSpect II 
test indicated significant fibrosis for these 4 nonnodular 
cirrhotic patients and for 11 of the 13 cirrhotic patients 
identified by laparoscopy.

To further explore the discordance between 
FIBROSpect II results and biopsy stage, we analyzed the 
variation in the fibrosis stage of multiple biopsies from 
the same patient. In 48% of the patients with multiple 
biopsies, there was no difference in the stage of fibrosis. In 
47% of patients, there was a difference of 1 stage; in 5% 
of patients, there was a difference of 2 stages. A similar 
variation was seen when the degree of inflammation was 
compared across biopsies from the same patient. In 44% 
of patients with multiple biopsies, there was no difference 
in grade between biopsies, in 52% of patients, there was 
a difference of 1 grade, and in 4% of patients, there was a 
difference of 2 grades.  

In the 122 patients with a biopsy from both the right 
and left lobes, there was no consistent unidirectional dif-
ference in the stage of biopsies from the right versus the 
left lobe. In 23 patients, the right lobe biopsy had a lower 
stage than that of the left lobe, whereas in 20 patients, it 
was the reverse, with a higher stage in the right lobe than 

100%

80%

60%

40%

20%

0%
0–19

(n=17)

Fibrosis Stages and FIBROSpect II Index

1

6

8

2

9

21

5

1

1

13

10

2

1
21

8

9

5

1

13

22

3
0

0

20–39
(n=37)

40–59
(n=27)

60–79
(n=25)

80–100
(n=39)

FIBROSpect II Index

5

F4
F3
F2
F1
F0

Figure 2. Distribution of FIBROSpect 
II index scores across fibrosis stages. 
Each bar has been normalized to 100%, 
and the number of subjects (n) in each 
category and the number of patients in 
each stage are indicated.

Table 3. FIBROSpect II Overall Performance

Parameter Value 95% confidence interval

Prevalence (F2–F4) 84.1%

Sensitivity 67.2% 58.1–75.4%

Specificity 73.9% 51.6–89.9%

Accuracy 68.3% 60.0–75.7%

PPV 93.2% 85.7–97.5%

NPV 29.8% 18.5–43.4%

Dichotomized test scores from all 145 subjects were used. Scores below 
42 were interpreted as consistent with stages 0–1 fibrosis; those equal 
to or greater than 42 were interpreted as stages 2–4 fibrosis.  

PPV=positive predictive value; NPV=negative predictive value.  
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in the left. For 79 patients (65%), both the right and left 
lobe biopsies had the same stage.  

The grade of inflammation also showed variation 
between the right and left lobes. In 38 patients, the right 
lobe had a lower grade of inflammation, whereas in 16 
patients, the left lobe had a lower grade. For 68 of the 
patients (56%), both the right and left lobe biopsies had 
the same grade. Similar differences in the histologic evi-
dence of biopsies from the right and left lobes of the liver 
were found in a prior study9 from our group.

Discussion

This study shows that the combination of 3 serum mark-
ers as measured by FIBROSpect II can distinguish no/mild 
fibrosis (stages 0–1) from more significant fibrosis (stages 
2–4) in the majority of patients. 

FIBROSpect II test results were reported both as an 
index score and as a dichotomized interpretation indicat-
ing either no/mild or significant disease. We found a good 
correlation between the FIBROSpect II index scores and 
average biopsy stage (Spearman r=0.657; P>.001). The 
index score allowed the reliability of the test result to be 
assessed for each patient. The cutoff index value used for 
the dichotomized interpretation was determined in a large 
cohort of chronic HCV patients.15,19 Index scores of less 
than 42 were dichotomized as consistent with Metavir 
F0–F1, and scores of 42 and greater as consistent with 
Metavir F2–F4. The probability of an accurate result 
naturally increases as the index score diverges from 42. 
For example, in this study, an index score above 60 was 
associated with only a 6% chance of being stages 0–1, a 
17% chance of being stage 2, and a 77% chance of being 
stages 3–4, for a total of a 94% chance of being stages 
2–4. An index value of 80 was associated with only a 
2.5% chance of being a false-negative (stages 0–1), an 8% 
chance of being stage 2, and a 90% chance of being stages 
3–4, for a total of a 98% chance of being stages 2–4.  

We used the dichotomized test interpretations of 
no/mild (stages 0–1) and significant fibrosis (stages 2–4) 
for the overall performance analysis. Using average biopsy 
stage for comparison with test results, the likelihood ratio 
for a positive test result in our population was 2.6, and 
the ROC curves demonstrated good discrimination with 
AUROC of 0.77 (stages 2–4) and 0.83 (stages 3–4). The 
sensitivity, specificity, and accuracy were all close to 70%.  
The positive predictive value was 93%, whereas the nega-
tive predictive value was 30%. However these predictive 
values are strongly influenced by the prevalence of signifi-
cant disease in the population; the high disease prevalence 
in patients scheduled for laparoscopy did not allow for a 
good estimation of these parameters.  

Although patients with decompensated cirrhosis were 
excluded based on clinical assessment, 24 asymptomatic 

Table 4. Concordance with Batts-Ludwig Staging

Average Stage 0 1 2 3 4 Total 

FS II positive 2 4 23 30 29 88

FS II negative 2 15 30 9 1 57

Total 4 19 53 39 30 145

Number 
concordant
Percent 

17 
74%

23
43%

30
77%

29
97%

105
72%

Figure 3.  View of a cirrhotic liver at laparoscopy, with 
the top of the right lobe (A) and the underside of the left 
lobe, which reveals patchy granularity and severe nodularity 
(B). This patient was staged as F2 by histopathology. The 
FIBROSpect II score was positive, with an index of 99 out of 
100 possible.

A

B

FS II=FIBROSpect II.
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patients who had one or more biochemical indications 
of cirrhosis (platelet count <100 million/mL, bilirubin 
>2 mg/dL, albumin <3.5 g/dL) were included. These 
patients serve as a validation of the test’s ability to identify 
significant disease. FIBROSpect II did correctly identify 
21 of these patients as having significant disease, and 1 
patient with biopsy stage 1 and a decreased albumin (3.3 
g/dL) was correctly identified as having no/mild disease. 
However, 2 patients were incorrectly classified. 

Overall, FIBROSpect II correctly identified 67% of 
the 122 patients with significant fibrosis (stages 2–4). The 
greatest discordance between serum marker test interpre-
tation and average biopsy stage was observed at stage 2, 
at the point of dichotomization. This is also the point at 
which disease is just beginning. Of the 40 false-negative 
FIBROSpect II results, 30 patients (75%) were stage 2 by 
biopsy. Therefore, the test is best able to identify either 
patients with early disease or those with advanced serious 
disease. Other serum marker tests or panels are also least 
accurate in the middle of the range, and several of them 
include an indeterminate range that may encompass up to 
50% of the patients tested.20 As an example, results allow-
ing the calculation of the aspartate transaminase-to-plate-
let ratio index (APRI)10 were available for 143 subjects of 
this study. APRI values for one third (33%) were between 
0.5 and 1.5, the range where APRI cannot determine the 
degree of fibrosis. For the 52 stage 2 patients, 16 (30%) 
had APRI values in this indeterminate range and only 3 
(8%) would have been correctly predicted as F2 or greater 
by APRI. For the 39 stage 3 patients, 21 (54%) were in 
the indeterminate range, with only 5 (13%) correctly 
predicted. FIBROSpect II was able to predict significant 
fibrosis in 43% of the stage 2 patients and in 77% of the 
stage 3 patients, with no indeterminate range.

In assessing the clinical value of serum marker tests 
like FIBROSpect II, it is important to consider the role 
they would play in disease management and the setting 
in which they would be used. As more treatment options 
become available, the role of serum marker tests is chang-
ing. FIBROSpect II was originally proposed as a way 
of identifying patients with mild disease in the general 
population where antiviral treatment and biopsy might 
be deferred. An example is the study by Christensen 
and associates21 of 142 Alaska natives/American Indians 
chronically infected with HCV. They found that the use 
of FIBROSpect II would have avoided biopsies in 44% of 
their stages 0–1 cohort, with only 4 Ishak stage 3 patients 
(3%) incorrectly categorized as having mild disease. All of 
the more severely affected patients were correctly identi-
fied. In their study population, there was a prevalence of 
significant disease of 38%, sensitivity of 93%, specificity 
of 66%, accuracy of 76%, and NPV of 94%. A similar 
study by Zaman and colleagues22 studied Oregon patients 

with chronic HCV, comparing FIBROSpect II results with 
Metavir biopsy scores. The overall prevalence of significant 
fibrosis was 36.1%, with sensitivity of 71.8%, specific-
ity of 73.9%, and accuracy of 73.1%. The AUROC was 
excellent at 0.826.  

In contrast, the prevalence of significant disease in our 
study population of patients scheduled for laparoscopy was 
very high (84%). Many of the patients had already been 
treated unsuccessfully; 53% of our HCV patients had 
already undergone some type of antiviral treatment, and 
43% of our HBV patients had already undergone previous 
treatment.  Instead of using FIBROSpect II to select those 
with mild disease, a better use of the test in this clinical 
context would be to identify patients with late-stage dis-
ease, who would be targeted for a more intensive regimen 
of treatment or for cirrhosis and hepatocellular cancer fol-
low-up. By using an index value of 60 or greater as a cutoff, 
we would have correctly identified 60 of the 64 patients as 
having significant disease, and incorrectly identified only 
4 patients (stages 0–1). A cutoff index value of 80 would 
have correctly identified all but 1 of the 40 patients in this 
group, for a probability of 97% of stages 2–4 disease.  

It is also important to evaluate the performance 
of FIBROSpect II in the context of the known errors 
inherent in the assessment of fibrosis by liver biopsy 
histopathology. Although liver biopsy provides important 
information about the location and extent of fibrosis 
and the degree of hepatic inflammation, it is not always 
a good comparison standard. Previous studies have used 
the fibrosis stage of a single liver biopsy specimen as the 
gold standard for evaluating noninvasive fibrosis tests and 
have attributed discordance to the failure of serum marker 
tests. However, discordance may also come from errors in 
the biopsy stage. 

Fibrosis due to chronic viral hepatitis is part of the 
wound-healing response of the liver. Inflammation and 
deposition of extracellular matrix proteins are initially 
localized to the area around the portal tracts. Repeated 
injury due to chronic disease eventually leads to the sub-
stitution of hepatocytes with extracellular matrix, then 
to bridging fibrosis, and then to frank cirrhosis.23 The 
standard procedure of percutaneous liver biopsy ends up 
sampling only 0.002% of the entire liver mass, usually 
from the right lobe; therefore, a single biopsy may miss 
localized or patchy fibrosis. Bedossa and colleagues6 stud-
ied the correlation of Metavir stage and fibrosis percent, 
as measured by image analysis. The amount of fibrosis 
they observed appeared to increase in a nonlinear fashion, 
with little change in early stages and a more rapid increase 
beginning at stage F2. A similar relationship was also 
found in an earlier study by Pilette and associates.24 These 
investigators compared three measurements of fibrosis: 
area-by-image analysis, fibrosis stage, and serum markers. 



Gastroenterology & Hepatology Volume 3, Issue 5  May 2007  375

E V A L U A T I O N  O F  F I B R O S P E C T  I I  B Y  L A PA R O S C O P Y

Although all were well correlated, serum markers were 
better correlated with the area of fibrosis than with the 
semiquantitative fibrosis stages.  

Differences of one stage have previously been 
reported between biopsy samples taken from within the 
same liver. When two separate biopsies were taken from 
the right lobe of the liver through a single skin puncture 
in 29 chronic HCV patients,8 44.8% differed by at least 
1 stage. Regev and colleagues9 sampled both the right 
and left lobes of chronic HCV patients at laparoscopy 
and found that 33.1% of patients had a difference of 
at least 1 stage between lobes: 14.5% of these patients 
had cirrhosis in one lobe, whereas stage 3 fibrosis was 
detected in the other. In this study, 52% of patients had 
a stage difference of at least 1 in biopsies taken from dif-
ferent sites within their livers, and 8 (6.5%) had cirrhosis 
in 1 lobe and stage 3 in the other. All our biopsies were 
read by a single, experienced pathologist; therefore, these 
differences likely reflect heterogeneity in the distribu-
tion of fibrosis. In 5 patients, 2 biopsies were obtained 
in which one scored as stage 1 and the other as stage 2; 
this is the point where the averaging and rounding of the 
averaged biopsy stage would affect the interpretation of 
the results. Which stage is the correct one to use in com-
parison to the serum test results for these cases? Because 
the fibrosis stage is a whole number, we had to round the 
average value of 1.5 to stage 2 for the calculation of test 
performance. In fact, 3 of these patients were reported 
as consistent with F0–F1 by FIBROSpect II and there-
fore as false-negatives, whereas the other 2 patients were 
reported as consistent with F2–F4. Although validation 
studies confirm that the intersample variability of the 
FIBROSpect II assays is no more than 11%, information 
about the variability of repeated samples from the same 
subject obtained at different times is not available. This 
issue merits further study.

Small and therefore unrepresentative samples make 
histologic diagnosis more inaccurate. A biopsy size of 1.5 
cm with 5 portal tracts is generally considered adequate 
for analysis;9 however, even then, appreciable sampling 
error can occur. The study by Bedossa and associates6 

investigated how biopsy length influenced the accuracy 
of fibrosis stage. A large area of each biopsy was reviewed 
to establish a reference Metavir stage against which the 
stages obtained from shorter “virtual” sections were 
compared. Only 65% of 1.5-cm biopsies and 75% of 
2.5-cm biopsies were scored as having the same stage as 
the reference. Therefore, this group recommended that 
biopsies used for fibrosis staging be at least 2.5 cm in 
length. A sample length of 2.0 cm with 11 portal tracts 
was recommended in a recent study by Colloredo and 
associates.25 However, Rousselet and colleagues11 found 
that it was the experience of the pathologist, rather than 

specimen length, that was the critical factor in obtaining 
a reproducible fibrosis stage. 

In actual practice, even at specialized centers, many 
patients do not have biopsies meeting these standards. 
Clinical considerations limit biopsy size; unfortunately, 
there is no straightforward way in which the treating 
physician can use length, number of portal tracts, and 
biopsy fragmentation to determine the expected accuracy 
of the reported stage and grade. At most hospitals, liver 
biopsies are not always read by the same pathologist, and 
the level of experience varies. Poynard and colleagues14 
recently used predetermined risk factors to assign dis-
cordance to either liver biopsy failure or to failure of a 
serum marker test in a large cohort of patients. Discor-
dance was observed in 29% of the patients in their series 
but was attributable to the failure of serum markers in 
only 2.4% of patients. In Poynard’s study, for the group 
of biopsies scored at an experienced academic center, 
mean biopsy length was 1.6 cm, with 31% being at least 
1.5 cm in length and containing at least 5 portal tracts. 
Only 14% of the biopsies were 2.5 cm or longer. In our 
study, 432 biopsies were taken, with 420 containing 6 
or more portal tracts. Of the patients, 92% (134) had 
at least 1 biopsy that was at least 1.5 cm in length, with 
additional smaller biopsies taken from other areas of the 
liver. Because FIBROSpect II provided a more global 
indication of liver fibrosis, an average of all the biopsies 
from each subject was used for our comparison.  The 
results were not changed when biopsies smaller than 1.5 
cm were removed from the analysis. Only 12 of the 145 
subjects had more than 1 biopsy of at least 2.0 cm, and 
these longer biopsies comprised only 10% of the total. 
Thus, we could not make a further analysis. However the 
biopsy series of Christensen and associates21 did show 
increased concordance of biopsy stage and FIBROSpect 
II score for biopsies of greater than 2 cm. 

To reduce biopsy sampling error, we corrected 
biopsy scores using the assessment made visually by the 
laparoscopist. All biopsy samples were read by the same 
experienced pathologist. In earlier comparisons of biopsy 
histopathologic evidence to laparoscopic examination,10,26 
32–61% of cases with visual evidence of cirrhosis were 
missed by histopathologic evidence. In our study, 17 
patients (12%) had histopathologic scores that were 
not consistent with laparoscopic assessment. However, 
this did not affect the overall performance calculated for 
FIBROSpect II because it combined stages 0–1 (no/mild 
disease) and 2–4 (significant disease). In all of these  
17 patients, the fibrosis stage was read as stage 2 or 3.  

We have demonstrated that FIBROSpect II can 
successfully distinguish severe fibrosis (stages 3–4) from 
no/mild fibrosis (stages 0–1) in a predominantly HCV-
infected population. This further supports the ability of 
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the serum marker test to correctly predict severe disease, 
even in the absence of other, more obvious biochemical 
evidence. FIBROSpect II score was a less reliable predictor 
for patients with stage 2 disease. However, the index score 
could be used to assess the reliability of the test result 
for any given patient. Because this test is not subject 
to interobserver variability or to sampling error, it may 
offer distinct advantages in assessing fibrosis, particularly 
in situations where repeated testing is indicated. Unlike 
percutaneous liver biopsy, there is minimal risk to the 
patient. Thus, the FIBROSpect II test panel may be a use-
ful adjunct to biopsy in the management of HCV and 
HBV liver disease. Further study of FIBROSpect II is war-
ranted to assess its ability to accurately measure fibrotic 
changes over time and to detect both the accumulation of 
fibrosis and its decrease in patients undergoing antiviral 
or antifibrotic therapy.  
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