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ABSTRACT
Objective: To determine whether advanced cirrhosis - defined by the detection of nodular 
liver contours or portal venous collaterals on imaging studies - could be predicted by fibrosis 
algorithms, calculated using laboratory and demographic features extracted from patients’ 
electronic medical records. To this end, we compared seven EMR-based fibrosis scores with 
liver imaging studies in a cohort of HCV patients. Methods: A search of our health system’s 
patient data warehouse identified 867 patients with chronic HCV infection. A total of 565 patients 
had undergone at least one liver imaging study and had no confounding medical condition 
affecting the imaging features or fibrosis scores. Demographic and laboratory data were used 
to calculate APRI, Fib4, Fibrosis Index, Forns, GUCI, Lok Index and Vira-HepC scores for all 
viremic patients who had undergone liver imaging. Data points selected for the calculation of 
these scores were based on laboratory results obtained within the shortest possible time from 
the imaging study. Areas under the receiver operating curves (AUROC), optimum cut-offs, 
sensitivities, specificities and positive and negative predictive values were calculated for each 
score. Results: Seven algorithms were performed similarly in predicting cirrhosis. Sensitivities 
ranged from 0.65 to 1.00, specificities from 0.67 to 0.90, positive predictive values from 0.33 to 
0.38, and negative predictive values from 0.93 to 1.00. No individual test was superior, as the 
confidence intervals of all AUROCs overlapped. Conclusions: EMR-based scoring systems 
performed relatively well in ruling out advanced, radiologically-defined cirrhosis. However, their 
moderate sensitivity and positive predictive values limit their reliability for EMR-based diagnosis.
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INTRODUCTION

Fibrosis staging represents a critical step 
in the evaluation of  patients with chronic 
hepatitis C virus (HCV) infection. It identifies 
patients with advanced disease stages who 
require screening for complications such as 
hepatocellular cancer or varices, while also 
being used to prioritize patients for treatment 
with direct-acting antiviral drugs.[1-3] The 
conventional staging process typically involves 
multiple steps, including laboratory testing, 
liver imaging, elastography or liver biopsy. 
In turn, this process requires numerous, 
dedicated patient visits, and is therefore not 
easily applicable to large patient populations.

In recent years, a number of  serum-based 
fibrosis tests have been developed and 
validated. Many studies have reported 
reasonable performance characteristics and 
good agreement with biopsy or elastography 
data.[4, 5] With the advent of  electronic 
medical record systems, fibrosis scores 
can be easily calculated after extracting the 
pertinent test results for each patient. This 
process does not require additional patient 
visits, and can be applied to large patient 
cohorts. As such, EMR-based fibrosis 
staging might simplify and expedite the 
population-wide staging of  patients with 
HCV. We recently tested the performance 
characteristics of  several serum-based 
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fibrosis prediction scores in a cohort of  patients with 
chronic hepatitis C, using liver biopsy as the gold standard.
[6] We noticed that the scores were better suited to detect 
higher fibrosis stages, although their overall performance as 
judged by AUROCs was only moderate. We hypothesized 
that an EMR-based approach could be used to identify 
patients with the most advanced fibrosis stage. This 
hypothesis was tested in a cohort of  HCV-infected patients, 
in a large, integrated healthcare system.

MATERIALS AND METHODS

Ethics committee approval
The Institutional Review Board and Ethics Committee 
approved the study. It was determined that informed 
consent need not be obtained from individual patients, 
since all the patient identifiers had been removed from 
the data file.

Identification of patients with chronic hepatitis 
C infection
NorthShore University Heath System maintains a patient 
database containing key data extracted from the EPIC 
medical record system. A search of  the patient data 
warehouse was carried out to identify all the patients who 
had received inpatient or outpatient care between 2003 
and 2013, using the search terms for hepatitis C antibody 
and hepatitis C RNA polymerase chain reaction (PCR) 
testing. Patients with documented active HCV infection 
were further analyzed.

Review of imaging studies to determine the 
absence or presence of cirrhosis
The imaging data of  each patient were reviewed. 
Abdominal ultrasound, CT scan or MRI studies obtained 
after the establishment of  active HCV infection were 
identified. The radiology reports in the patients’ EMR 
were reviewed with regard to the presence or absence of  
descriptive terms of  a “nodular liver” or “porto-systemic 
collaterals”. No additional radiologic review or independent 
interpretation was performed.[7-9]

Exclusion criteria
The list of  patients’ problems, biopsy reports, progress 
notes and discharge summaries were reviewed to identify 
the confounding factors that could potentially affect the 
accuracy of  radiologic diagnosis or the calculation of  
fibrosis scores. We excluded patients who had concomitant 
causes of  liver disease, including alcoholic hepatitis, primary 
biliary cirrhosis, hemochromatosis and Wilson’s disease. 
Similarly, patients with documented infiltrative or metastatic 
liver disease, ongoing chemotherapy, myelofibrosis, 
aplastic anemia, idiopathic thrombocytopenia and chronic 
coumadin therapy were excluded, as were patients with 

cachexia, defined as a BMI of  <18.5. HCV viremia, around 
the time of  the liver imaging study, was ascertained. Patients 
who had undergone HCV treatment prior to their imaging 
study were excluded.

Calculation of fibrosis scores
Laboratory and demographic data were extracted on all 
viremic patients who had undergone liver imaging studies. 
These data were used to calculate the following, previously 
validated fibrosis scores: aminotransferase to platelet ratio 
index (APRI),[10] Forns,[11] Vira-HepC,[12] Fibroindex,[13] Lok 
Index,[14] Göteborg University Cirrhosis Index (GUCI),[15] 
and Fib-4.[16] The upper limits of  normal for AST and 
ALT used in the calculations were 19IU/ml for women 
and 30IU/ml for men. We selected laboratory values that 
were obtained within the shortest possible time span from 
the imaging study.

Statistical analysis
Statistical software by the SAS Institute (Cary, North 
Carolina) was used to calculate sensitivity, specificity, 
positive and negative predictive values, as well as receiver 
operating characteristics (ROC) associated with each test. 
The test characteristics were applied to differentiate the 
presence or absence of  radiologic cirrhosis. The 95% 
confidence interval for the area under the receiver operating 
characteristics (AUROC) was calculated as suggested by 
Hanley and McNeil.[17, 18] The statistical methods of  this 
study were reviewed by Dr. Amnon Sonnenberg from 
Portland VA Medical Center and the Oregon Health & 
Science University.

RESULTS

Identification of HCV-infected patients
The total NorthShore patient population (2003 to 2013) 
comprised of  1,040,458 individuals. Of  these, 10,571 
patients – corresponding to approximately 1% of  the 
overall population – had undergone HCV antibody 
testing. A total of  867 patients were actively infected upon 
confirmatory testing. As expected, the majority (604/867, 
70%) of  viremic patients belonged to the baby boomer 
generation (1945-1965). Pre- and post-baby boomers 
contributed 171 (20%) and 92 (10%) patients, respectively.

A total of  565 patients had undergone at least one liver 
imaging study and met the inclusion criteria. For 147 of  the 
excluded 302 patients, no imaging studies were available in 
the EMR system. The remaining 155 patients were excluded 
for a variety of  reasons, as listed in Figure 1.

ROC curves for detection of advanced fibrosis
Figure 2 shows the receiver operating characteristics of  
the seven fibrosis tests. The ROC curves were similar, 
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with the exception of  the Forns and Fibroindex indices, 
both of  which could be calculated only in a minority of  
patients.

Table 1 shows a statistical comparison of  the areas under 
the receiver operating curves. Excluding Fibroindex 
and Forns, the AUROCs ranged from 0.78 to 0.84, 
corresponding to a “fair” to “good” performance. No 
single test was statistically superior, as the confidence 
intervals of  all AUROCs overlapped.

Sensitivity, specificity, negative and positive 
predictive values
Table 2 summarizes the performance characteristics of  the 
scoring algorithms. Optimal cut-offs were derived from the 

AUROC analysis. Moderate sensitivities were observed, 
ranging from 0.66 to 0.84. Specificities ranged from 0.76 
to 0.82. Positive predictive values ranged from 0.33 to 0.38, 
and negative predictive values from 0.93 to 0.97. In general, 
fibrosis scores were better suited to rule out than rule in 
advanced radiologic cirrhosis.

DISCUSSION

The present analysis was prompted by the results of  our 
previous study on the performance characteristics of  
serum-based fibrosis tests in HCV-infected patients.[6] 
We observed that the scores performed better at higher 
fibrosis stages, with the highest AUROCs observed for the 
detection of  cirrhosis. Given this trend, we hypothesized 

Table 1: Area under the receiver operating curves for detection of cirrhosis

Fibrosis index N TP TN AUROC 95% CI

APRI 548 73 475 0.78 (0.71 - 0.84)

FIB-4 548 73 475 0.84 (0.78 - 0.90)

Fibroindex 77 14 63 0.78 (0.62 - 0.93)

Forns 62 3 59 0.96 (0.80 - 1.00)

GUCI 460 66 394 0.79 (0.72 - 0.85)

Lok 460 66 394 0.83 (0.76 - 0.89)

Vira-HepC 548 73 475 0.81 (0.75 - 0.87)

N: number of patients; TP: true positive; TN: true negative; AUROC: area under the receiver operating curve; CI: 95% confidence interval.

 n = 867 
Confirmed 

HCV-infected 

n = 720 (83.0%) 
Imaging data 

available 

n = 147 (16.9%) 
No liver imaging 

studies on file 

n = 565 (65.1%) 
Eligible for 

analysis 

n = 155 (17.8%) 
Exclusion criteria 

present 

Figure 1: HCV study population. The figure summarizes the inclusion and exclusion criteria of the study. Of 867 patients with proven chronic HCV infection, 147 patients 
were excluded due to the lack of liver imaging studies on file. 155 patients were excluded due to the following reasons: successful HCV treatment prior to imaging 
study (n=44, 28.3%; unavailability of imaging studies after establishment of HCV diagnosis (n=42, 27.1%); lab data obtained during hospitalization for an acute illness 
(n=17, 10.9%); BMI < 18.5 (n=12, 7.7%); concomitant hepatocellular carcinoma (n=8, 5.2%); prior liver transplantation (n=7, 4.5%); end-stage renal disease or 
nephrotic syndrome (n=7, 4.5%); metastatic liver disease (n=5, 3.2%); active alcohol abuse during lab testing (n=3, 1.9%); and miscellaneous reasons (n=10; 6.5%). 
HCV: hepatitis C virus.
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Figure 2: Receiver Operating Characteristics of serum-based fibrosis scores.

Table 2: Performance characteristics of seven fibrosis scores

 Fibrosis index N cut-off sensitivity specificity PPV NPV

APRI 548 2.16 0.66 0.81 0.35 0.94

FIB-4 548 3.00 0.84 0.76 0.35 0.97

Fibroindex 77 1.57 0.93 0.67 0.38 0.98

Forns 62 8.48 1.00 0.90 0.33 1.00

GUCI 460 2.55 0.65 0.82 0.38 0.93

Lok 460 0.56 0.73 0.80 0.38 0.95

Vira-HepC 548 0.81 0.71 0.78 0.33 0.95

N: number of patients; PPV: positive predictive value; NPV: negative predictive value; GUCI: Göteborg University cirrhosis index.

APRI Fib-4 Fibroindex

Forns GUCI Lok

ViraHepC
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that EMR-based scores might perform best in detecting 
advanced cirrhosis. Testing this hypothesis in a clinical 
patient cohort is challenging since such patients rarely 
undergo a diagnostic liver biopsy. For example, in our 
previous study, only 5 of  191 (2.6%) clinic patients with 
chronic HCV who underwent a liver biopsy had Ishak stage 
6 fibrosis. In the absence of  a tissue diagnosis, we reasoned 
that the presence of  unequivocal radiologic criteria of  
cirrhosis would represent an acceptable alternative. In our 
review of  the radiological literature, a nodular liver (often 
described as “undulating liver surface”) and the presence 
of  porto-systemic collaterals were the two most frequently 
used imaging criteria for cirrhosis.[7-9]

Our study reveals a modest ability of  the seven scores to 
detect advanced cirrhosis, with sensitivities ranging from 
0.66 to 0.84, excluding Fibroindex and Forns. Based on 
this result, the serum-based testing would identify majority 
of  the patients, but would miss approximately one third 
of  patients in this category. A second finding of  interest 
was the relatively poor positive predictive value of  all 
tests (ranging from 0.33 to 0.38), indicating that only 
approximately one of  three patients with high scores would 
be confirmed to have radiologically-advanced fibrosis. 
We speculate that some of  the “false positive” patients 
might have earlier-stage or compensated cirrhosis. This 
interpretation is supported by the known, low sensitivity 
of  imaging studies for cirrhosis.[19]

A third finding of  our study was that no single algorithm 
was significantly superior, as the confidence intervals of  
the AUROCs for APRI, Fib-4, GUCI, Lok, and Vira-
HepC overlapped. We did not have sufficient data to 
fully evaluate Fibroindex and Forns scores – these tests 
incorporate less commonly ordered tests such as gamma 
globulin, total cholesterol and GGT. However, based on 
the comparison of  their positive and negative predictive 
values with those of  the remaining five algorithms, it 
is doubtful that a larger sample size would have yielded 
different outcomes. Therefore, we suggest that all the 
tested algorithms have similar limitations in their utility. 
This finding is in agreement with a recent meta-analysis 
by Chou,[19] and with our own recent study.[6]

The fourth major finding was the demonstration that all 
scoring algorithms had high negative predictive values, 
indicating that they are well-suited to rule out advanced 
cirrhosis. This feature could be incorporated into an EMR-
based staging approach, as it would identify a lower-risk 
group. However, the relatively low sensitivities and positive 
predictive values indicate that additional tests, such as 
imaging studies or elastography, would still be required for 
patients with scores above the cut-off, in order to reliably 
identify patients with advanced cirrhosis.

Our study has a few potential limitations. With regard to the 
radiologic test results, we accepted the initial radiologist’s 
interpretation as documented in the patient’s charts, and did 
not reassess the imaging studies. This approach may result 
in inter-observer variability, although it appears unlikely that 
it would result in major differences in interpretation as we 
included only easily apparent diagnostic imaging features. We 
are aware of  more sophisticated imaging analyses that would 
result in higher accuracy, sensitivity, and specificity. Such 
modalities include parenchymal texture analyses, elastography 
and vascular perfusion studies.[9] However, such measurements 
would require additional testing of  large numbers of  patients, 
which in turn would result in significant logistical obstacles 
and delays. By comparison, our approach has the advantage 
of  utilizing already existing, “real life” imaging data that can 
be obtained from standard electronic medical records.

Another limitation pertains to the clinical utility of  our 
findings, given that many patients with advanced imaging 
features of  cirrhosis may already have been diagnosed based 
on a history of  cirrhosis manifestations, complications, or 
laboratory abnormalities. Ultimately, the clinical value of  
predicting advanced cirrhosis using this approach will need 
to be addressed in a prospective study of  un-staged HCV 
patients, including patients in whom no imaging, biopsy, or 
elastography data may be available. We are in the process 
of  conducting such a study.

In conclusion, our data suggests that fibrosis algorithms 
are well-suited to rule out advanced cirrhosis. This feature 
may be of  value for an initial, EMR-based staging protocol. 
However, due to their modest positive predictive values and 
sensitivities, patients with scores above the cutoff  would 
still have to undergo additional testing to reliably establish 
the presence of  advanced disease. Our data strongly suggest 
that a definitive “in silico” staging system may not be feasible 
using the currently available algorithms.
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