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1. INTRODUCTION 

Hepatitis C virus (HCV) infection is considered 

an important cause of hepatic diseases in the 

world (1). More than 200 million persons are 

infected with HCV in the world (2). About 15% 

of the Egyptians had positive HCV antibodies, 

while 10 % had HCV viraemia (3). HCV is one 

of the important causes of chronic hepatitis, 

liver cirrhosis, hepatocellular carcinoma (HCC) 

and liver transplant in Egypt (4). 

Liver biopsy examination is important to 

evaluate chronic HCV patients (5). Patients who 

have significant fibrosis develop almost 

invariably cirrhosis in 10-20 years so HCV 

treatment is important (6). Liver biopsy seems 

to be a safe intervention but it costs much and 

has risk for complication (7). 

Recently many noninvasive markers (NIMs) for 

assessing liver fibrosis have been developed, 

and they are frequently used in clinical practice 

(8). Noninvasive predictors for assessment of 

histology in CHC patients include clinical 

picture, routine investigations, serum fibrosis or 

inflammation markers, and imaging (9, 10). 

The APRI is acceptably accurate for liver 

fibrosis assessment in CHC patients, but not in 

those with chronic HBV (11). The FIB-4 score 

was mainly used in HIV-HCV co-infected 

patients. Vallet- Pichard validated this model in 

a cohort study of patients with HCV mono-

infection (12). 

This study aimed to assess simple models from 

routine investigations for significant fibrosis 

(Ishak score > 2) and cirrhosis prediction in 

HCV patients. 

2. PATIENTS AND METHOD 

Our retrospective study studied 100 CHC 

patients that underwent liver biopsy in the 

Tropical Medicine and Gastroenterology 

Department, Sohag University Hospital, Egypt. 
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Abstract 

Objectives: This study aims to assess simple models from routine investigation for prediction of significant 

fibrosis (Ishak score > 2) and cirrhosis in CHC patients. 

Patients and Method: Our retrospective cohort study studied 100 chronic HCV patients that had liver 
biopsy. Two indices were assessed, aspartate aminotransferase platelets ratio index (APRI) and FIB-4 to 

predict significant fibrosis and cirrhosis. 

Result: APRI was accurate in prediction of significant fibrosis and cirrhosis, with area under ROC: 0.74 and 

0.84 respectively. Using one single cut-off, we could predict absence or presence of significant fibrosis in 

69.9% and 80.8% of patients respectively. The FIB-4 had higher accuracy in prediction of significant fibrosis 

and cirrhosis, with area under ROC: 0.75 and 0.85 respectively. Using one single cut-off, we could predict 

absence or presence of significant fibrosis in 71% and 81% of patients respectively.  

Conclusion: This study demonstrated that we can predict significant fibrosis and cirrhosis in patients with 

CHC by simple indices using available investigations with a high degree of accuracy. Using APRI and FIB-4 

may decrease the need for liver biopsy in CHC patients. 

Keywords: APRI, FIB-4, fibrosis, HCV infection  
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2.1. Inclusion criteria: Chronic HCV patients 

diagnosed by (PCR) and liver biopsy. 

2.2. Exclusion criteria: 

1. Other causes of liver disease. 

2. Liver malignancy. 

3. Previous liver transplant. 

4. Previous interferon or immunosuppressive 

therapy. 

A list of 100 chronic HCV patients who 

underwent percutaneus liver biopsy in Tropical 

Medicine Department was obtained from our 

medical records. Clinical examination, 

laboratory investigations data about those 

patients were obtained.  We used laboratory data 

done within 4 weeks from the liver biopsy date.  

-APRI score according to Wai’s formula (13): 

APRI = 
 

   

                     
     

                       
 

 -FIB-4 score according to Sterling’s formula 

(14): 

FIB-4=
                

                            
 

We used Ishak score (15) as scoring technique:  

F0: No fibrosis 

F1: Fibrous expansion of some portal areas, 

with or without short fibrous septa  

F2: Fibrous expansion of most portal areas, with 

or without short fibrous septa  

F3: Fibrous expansion of most portal areas with 

occasional portal to portal (P-P) bridging  

F4: Fibrous expansion of portal areas with 

marked bridging [portal to portal (P-P) as well 

as portal to central (P-C)] 

F5: Marked bridging (P-P and/or P-C) with 

occasional nodules (incomplete cirrhosis)  

F6: Cirrhosis, probable or definite  

We considered stage 0-2 non-significant 

fibrosis, and stage 3-6 significant fibrosis. We 

compared APRI and FIB-4 with liver biopsy to 

evaluate the possibility of using them as non-

invasive methods to predict significant fibrosis 

and cirrhosis. 

2.3. Ethical consideration: 

We got acceptance of Ethical Committee. 

Patients signed informed written consent before 

collecting the data. 

2.4. Statistical Analysis 

 Data were represented as mean, mean standard 

error, and range. Data were analyzed using 

student Mann-Whitney to compare two groups 

as the data were not normally distributed.  

Qualitative data were presented as numbers and 

percentages and compared using Chi square test. 

Data analysis was by sensitivity, specificity, 

positive, and negative predictive value 

according to receiver operating characteristic 

(ROC) curve. We use multivariate analysis to 

identify predictors of fibrosis and cirrhosis. P 

value was considered significant if it was less 

than 0.05.  

3. RESULTS 

3.1. Patients Characteristics: 

The mean patients age was 41.16 ± 1.19 years, 

68 (68%) were men. 45% patients were with 

significant fibrosis and 15% were with cirrhosis 

(Table 1). 

Table1. Characteristics of the patients 

Characteristics Summary statistics 

Age Mean ± SE                                        41.16 ± 1.19                                                                             

Males, n (%) 68 (68%) 

Ishak Score, n (%): 0 

    1 

    2 

    3 

    4 

    5 
    6 

5 (5%) 

16 (16%) 

34 (34%) 

17 (17%) 

13 (13%) 

15 (15%) 
  0 (0%) 

 Significant fibrosis, n (%) 45 (45%) 

 Cirrhosis, n (%) 15 (15%) 

SE: Standard error 

3.2. Significant fibrosis and cirrhosis 

predictors:  

We used univariate analysis for assessment of 

factors with significant fibrosis and cirrhosis 

(Table 2). 
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Table2. Univariate analysis of variables associated with the presence of significant fibrosis and cirrhosis 

Variable 
Non significant 

fibrosis N=55 

Significant 

fibrosis N=45 

P  

value 

No 

cirrhosis 

N=85 

Cirrhosis 

N=15 

P 

value 
Age 

Mean ± 

SE 

 

38.76 ± 1.61 

 

44.09 ±1.68 

 

0.03* 

 

39.91 ±1.27 

 

48.27 ± 2.72 

 

0.009* 

Males 40 (72.73%) 28 (62.22%) 0.26 61 (71.76%) 7 (46.67%) 0.06 

ALT 

Mean ± 

SE 

 

45.76 ± 7.99 

 

56.24 ± 5.06 

 

0.004* 

 

46.48 ± 5.41 

 

73.13 ± 10.75 

 

0.001* 

AST 

Mean ± 
SE 

 

37.67 ± 3.27 

 

54.87 ± 4.14 

 

0.0002* 

 

41.56 ± 2.75 

 

67.20 ± 7.08 

 

0.0004* 

AST/ALT 

Mean ± 

SE 

 

1.01 ± 0.05 

 

1.07 ± 0.05 

 

0.39 

 

1.04 ± 0.04 

 

1.03 ± 0.08 

 

0.001* 

Platelets 

Mean ± 

SE 

 

254.30 ± 9.92 

 

255.58 ± 9.28 

 

0.001* 

 

249.75±7.40 

 

 

193.93±15.86 

 

 

0.001* 

*Statistically significant. 

Multivariate analysis demonstrated that age 

(P=0.03), ALT level (P=0.04), AST level 
(P=0.002), and platelet number (P=0.04) were 

 the independent significant fibrosis predictors 

while AST level (P=0.02), and platelets number 
(P=0.02) were nondependent predictors of 

cirrhosis (Table 3). 

Table3. Multivariate logistic regression of factors predicting occurrence of significant fibrosis and cirrhosis 

 Significant fibrosis Cirrhosis 

Factors Odds ratio (95% confidence 

interval) 

P value Odds ratio (95% confidence 

interval) 

P value 

Age 1.05 (1.01-1.09) 0.03* 1.07 (1.00-1.15) 0.06 

Sex 0.68 (0.24-1.93) 0.47 0.25 (0.05-1.31) 0.10 

ALT 0.98 (0.96-0.99) 0.04* 0.98 (0.96-1.01) 0.16 

AST 1.06 (1.02-1.09) 0.002* 1.05 (1.01-1.09) 0.02* 

AST/ALT  0.65 (0.13-3.23) 0.60 0.48 (0.04-5.48) 0.56 

Platelets 0.99 (0.99-1.00) 0.04* 0.98 (0.97-0.99) 0.02* 

*Statistically significant. 

ROC curves for significant fibrosis prediction with APRI with AUC of 0.74 and cirrhosis with AUC 
of 0.84 were plotted in Figure 1.  

 

Figure1. ROC curves of APRI in the prediction of significant fibrosis and cirrhosis. An AUC of 1.0 is 

characteristic of an ideal test, whereas an AUC of 0.5 or less indicates a test of no diagnostic value. 

According to the ROC, we chose 2 cut-off 

points for prediction the presence (coordinate B: 
APRI <0.84) or absence (coordinate A: APRI ≤ 

0.21) of significant fibrosis. Patients had APRI 

greater than 0.84, 10 from 12 (83.3%) would be 

with significant fibrosis. Patients had APRI = 

0.21 or less, 15 of 17 (88%) did not have 
significant fibrosis. The best cut off point is at 

0.58 with accuracy 69.9% (Table 4). 
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Table4. Optimum diagnostic cut off value, AUC, sensitivity, specificity, and positive and negative predictive 

values (percentages) of APRI values for prediction of significant fibrosis 

APRI  Cut off AUC all Significant 

fibrosis 

Non-

significant 

fibrosis 

Sensitivity Specificity PPV NPP Accuracy  

Low cut 

off 
>0.21  

 
 

0.74 

(0.64-

0.84) 

83  43 40 95.6 27.3 51.8 88.2 61.5 

≤0.21 17 2 15 

Best cut 

point 
>0.58 27 22 5 48.9 90.9 81.5 68.5 69.9 

≤0.58 73 23 50 

High 

cut off 
>0.84 12 10 2 22.2 96.4 83.3 60.2 59.3 

≤0.84 88 35 53 

 AUC: Area under curve, PPV: Positive predictive values, NPV: Negative predictive values 

We also chose 2 cut-off points for prediction the 

presence (coordinate D: APRI <1.05) or absence 

(coordinate C: APRI ≤ 0.27) of cirrhosis. 
Patients had APRI greater than 1.05, 4 of 7 

(57.1%) had cirrhosis. Patients had APRI of 

0.27 or less, 31 of 31 (100%) would not have 

cirrhosis, and 3 only of 85 (3.5%) without 

cirrhosis would be identified falsely with 
accuracy 61.6%. The best cut off point is at 0.66 

with accuracy 80.8% (Table 5). 

Table5. Optimum diagnostic cut off value, AUC, sensitivity, specificity, and positive and negative predictive 

values (percentages) of APRI values for prediation of cirrhosis 

  APRI  Cut 

off 

AUC all Significant 

fibrosis 

Non-

significant 

fibrosis 

Sensitivity Specificity PPV NPP Accu

racy  

Low 

cut off 

>0.2
7 

 
 
 

0.84 
(0.73
-
0.95) 

69 15 54 100 36.5 21.7 100 68.3 

≤0.2
7 

31 0 31 

Best 

cut 

point 

>0.6
6 

21 11 10 73.3 88.2 52.4 94.9 80.8 

≤0.6
6 

79 4 75 

High 

cut off 

>1.0
5 

7 4 3 26.7 96.5 52.4 88.2 61.6 

≤1.0
5 

93 11 82 

AUC: Area under curve, PPV: Positive predictive values, NPV: Negative predictive values 

APRI is < 0.84 (the greater cut-off level for 
significant fibrosis), hence the positive 

predictive value for significant fibrosis is 

83.3%. The APRI value is > 1.05 (the greater 
cut-off value for cirrhosis), hence the negative 

predictive value for cirrhosis is 88%. So, these  

patients may have significant fibrosis not 
cirrhosis. 

ROC curves to predict significant fibrosis and 

cirrhosis with FIB-4 were in Figure 2 with AUC 
0.75 and 0.85, respectively. 

 

Figure2.  ROC curves of FIB-4 in the prediction of significant fibrosis and cirrhosis (p=0.21). An AUC of 1.0 is 

characteristic of an ideal test, whereas an AUC of 0.5 or less indicates a test of no diagnostic value. 
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According to the ROC, we chose 2 cut-off 
points for prediction the absence (coordinate A: 

FIB-4≤0.64) or presence (coordinate B: FIB-4 

<1.76) of significant fibrosis. Patients had FIB-4 

of 0.64 or less, 15 of 17 (88%) did not have  

significant fibrosis. In patients having FIB-4 
greater than 1.76, 19 of 21 (90.5%) would have 

significant fibrosis. The best cut off point is at 

1.44 with accuracy 71 % (Table 6). 

Table6. Optimum diagnostic cut off value, AUC, sensitivity, specificity, and positive and negative predictive 

values (percentages) of FIB4 values for prediction of significant fibrosis. 

FIB4   Cut 

off 

AUC all Significant 

fibrosis 

Non-

significant 

fibrosis 

Sensitivity Specificity PPV NPP Accuracy  

Low cut 

off 
>0.64  

 
 

0.75 

(0.65-

0.84)) 

83 43 40 95.6 27.3 51.8 88.2 61.5 

≤0.64 17 2 15 

Best cut 

point 
>1.44 28 23 5 51.11 90.91 82.1 69.4 71.0 

≤1.44 72 22 50 

High cut 

off 
>1.76 21 19 2 42.2 96.4 90.5 67.1 69.3 

≤1.76 79 26 53 

AUC: Area under curve, PPV: Positive predictive values, NPV: Negative predictive values 

We also chose 2 cut-off points for prediction the 

presence (coordinate D: FIB-4 <2.54) or 

absence (coordinate C: FIB-4 ≤ 0.84) of 

cirrhosis. Patients had FIB-4 more than 2.54, 5 

of 5 (100%) had cirrhosis. On the other hand, 

for patients with FIB-4 of 0.84 or less, 37 of 38 

(97%) would not have cirrhosis. The best cut off 

point is at 1.29 with accuracy 81% (Table 7). 

Table7. Optimum diagnostic cut off value, AUC, sensitivity, specificity, and positive and negative predictive 

values (percentages) of FIB4 values for prediction of cirrhosis 

FIB4   Cut 

off 

AUC all Significant 

fibrosis 

Non-

significant 

fibrosis 

Sensitivity Specificity PPV NPP Accuracy  

Low cut off >0.84  

 

 

0.85 

(0.72-

0.97) 

62 14 48 93.3 43.5 22.6 97 68.4 

≤0.84 38 1 37 

Best cut 

point 

>1.29 34 13 21 86.7 75.3 38.2 97 81.0 

≤1.29 66 2 64 

High cut 

off 

>2.54 5 5 0 33.3 100 100 89.5 66.7 

≤2.54 95 10 85 

AUC: Area under curve, PPV: Positive predictive values, NPV: Negative predictive values 

FIB-4 is < 1.76 (the greater cut-off level for 

significant fibrosis), hence the positive 
predictive value for significant fibrosis is 

90.5%. FIB-4 is > 2.54 (the greater cut-off value 

for cirrhosis), hence the negative predictive 
value for cirrhosis is 89.5%. So, this patient may 

have significant fibrosis not cirrhosis. 

The FIB-4 score showed better AUROC curve 

(0.75, 0.85) than APRI score (0.74, 0, 84) 
regarding significant fibrosis and cirrhosis 

prediction (Figures 3, 4). 

 

Figure3. Receiver operating characteristic (ROC) curves comparing FIB4 and APRI for prediction of 

significant fibrosis (P = 0.85). 
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Figure4. Receiver operating characteristic (ROC) curves comparing FIB4 and APRI for prediction of cirrhosis 

(P =0.86). 

4. DISCUSSION 

Our study tried to evaluate one or more scores 

with the help of routine investigations for 

prediction cirrhosis and significant fibrosis in 
CHC patients. This study demonstrated that 

platelets number and AST level were the 

independent predictors for cirrhosis, while age, 
platelets number, ALT and AST levels were the 

independent predictors for significant fibrosis. 

Our results were like the results of many studies 
before, that platelets number and AST level 

were significant for prediction of either cirrhosis 

or significant fibrosis (16-18). 

To detect the relationship between AST level 
and platelets number and the fibrosis stage, we 

tested 2 indices, the APRI and FIB-4, which 

were simple and are comparably accurate with 
models with 3 or more variables for prediction 

significant fibrosis and cirrhosis. APRI and FIB-

4 in significant fibrosis and cirrhosis prediction 
were evaluated in a subsequent set of patients 

with near accuracy. There were many studies to 

predict of significant fibrosis and cirrhosis in 

chronic HCV patients in the years before (9, 10, 
19). 

This study tries to present new features. First, 

we got a good percentage of patients who had 
significant fibrosis (45%) and cirrhosis (15%). 

Secondly, we included patients who had liver 

biopsies at our center not only patients enrolled 

in treatment trials (17, 18). Thirdly, this study 
studied only patients who did not receive 

treatment as many previous results showed that 

liver histology may be better even in non 
responders to interferon treatment (20, 21). Last 

but not least, our predictive score needs 

objective and easy investigations. Platelets 
number and AST level are routine investigations 

for patients with chronic HCV, so no need for 

additional tests. Many studies reported 

decreased platelets number and increased AST 

level with liver fibrosis progression. There is 

more platelets sequestration with splenomegaly 
with progression of fibrosis and portal 

hypertension (22). Studies in patients with liver 

transplantation demonstrated that liver fibrosis 
progression makes hepatocytes produce less 

thrombopoietin, and so less platelets formation 

(23, 24). 

Progressing liver fibrosis may decrease AST 

clearance (25), which leads to AST level 

increase. Also, advanced liver disease may be 

accompanied with injury of mitochondria, 
leading to more AST release relative to ALT 

(26, 27). 

We use the APRI score for the difference 
between AST and platelets values in patients 

with different fibrosis stages. In Williams and 

Hoofnagle study (28), it was observed that with 
progression of chronic liver disease, increase in 

AST is greater than that in ALT. The 

investigators exploited the difference between 

the two factors and the AST/ALT ratio was 
advised to predict cirrhosis. The value of 

AST/ALT ratio was confirmed in cirrhosis 

prediction (29, 30) but there was wide variation 
in its accuracy, with negative predictive values 

variation between 72% and 88%, and positive 

predictive values variation between 64% and 

100%. AST/ALT ratio was an independent 
cirrhosis predictor but it was not sufficient alone 

for accurate cirrhosis prediction. And also, 

AST/ALT ratio was not useful alone for 
significant fibrosis prediction (16, 17). 

The APRI was with high accuracy for prediction 

of significant fibrosis and cirrhosis, with area 
under ROC 0.74 and 0.84 respectively. Using 

single cut-off, we can predict absence or 
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presence of significant fibrosis and cirrhosis in 
69.9% and 80.8% of patients respectively. Our 

results were like recent studies presenting APRI 

score as an important fibrosis and cirrhosis 

predictor (31, 32). In predicting significant 
fibrosis the PPV of the APRI was better than 

NPV, like results in the study of Wai et al. (13). 

NPV of APRI was more than PPV in the 
cirrhosis prediction, with a higher specificity 

and a lower sensitivity. In our results, the 

AUROC of APRI in significant fibrosis 
prediction was more than that in the study of 

Cheung et al. (33). Unlike Silva et al. results, 

where the AUROC of APRI was 0.92 in 

significant fibrosis and cirrhosis prediction, the 
APRI was better in cirrhosis prediction than 

significant fibrosis (34).  

Sterling et al.’s study described FIB-4, 
consisting of ALT and AST level, platelets 

number and age, for fibrosis assessment in 

HIV/HCV co-infected patients (14). FIB-4 

index also was used as an accurate and 
inexpensive fibrosis marker in HCV mono-

infection (12). The FIB-4 was more accurate in 

significant fibrosis and cirrhosis prediction, with 
area under ROC 0.75 and 0.85 respectively. 

Using single cut-off, absence or presence of 

significant fibrosis and cirrhosis could be 
predicted in 71% and 81% of patients 

respectively. This is like other studies (31, 32). 

Recently, Holmberg et al. found that FIB-4 was 

more accurate than APRI and much more 
accurate than a simple AST/ALT ratio for 

predicting advanced fibrosis in CHC patients 

(35).  

Although our study was retrospective, we tried 

to maximize our data accuracy. To make sure of 

data extraction consistency, we established 

predetermined criteria for all subjective 

variables before records reviewing, and all data 

was extracted by one researcher. The main 

variables in this study were objective 

investigations that were available in the hospital 

computer system.  

We had difficulties in this study. This study 
included 100 patients admitted in Tropical 

Medicine Department, Sohag University 

Hospital, 50% of them were with significant 
fibrosis on histopathological examination and no 

one had previous antiviral therapy. Whether we 

can generalize this results to community-based 

practice in which patients are with milder 
disease, or with previous antiviral treatment 

failure is still to be determined. Last but not 

least, this study depends on liver biopsy for liver 
fibrosis assessment, but sampling error and 

intra- and interobserver variability may affect 

the correlations between histopathology and 

noninvasive markers of liver fibrosis.         

5. CONCLUSION 

We found that APRI and FIB-4 scores can be 

used for significant fibrosis and cirrhosis 
prediction in HCV patients with no previous 

treatment with a great degree of accuracy. We 

can use APRI and FIB-4 scores in the clinic or 
at the bedside. We can avoid liver biopsies by 

one simple model for predicting significant 

fibrosis and cirrhosis with good accuracy in 

treatment-naive HCV patients.  

We need more prospective studies for validating 

APRI and FIB-4 scores in more patients with 

chronic HCV in other hospitals, especially, 
community-based practices where there may be 

lower significant fibrosis and cirrhosis 

prevalence, and among patients with previous 

antiviral treatment. 
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