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Serum levels of alpha-fetoprotein (AFP) were reported to increase in patients with

significant or advanced hepatic fibrosis. Combination of non-invasive tests decreases

the use of liver biopsy in large proportion of chronic HCV patients. The aim of the study

was to compare and combine AFP with commonly used non-invasive fibrosis tests in

novel scores for prediction of different stages of hepatic fibrosis. Six hundred and fifty

twotreatmentnaïvechronichepatitisCpatientswereenrolled.Demographicdata,basic

pre-treatment laboratory tests including complete blood count (CBC), liver biochemical

profile and renal functions test, international normalized ratio (INR) in addition to AFP,

liver stiffness measurement (LSM) by Fibroscan and liver biopsies were retrospectively

analyzed. AST to Platelet Ratio Index (APRI) and FIB-4 scoreswere calculated. Different

predictive models using multivariate logistic regression analysis were generated and

presented in equations (scores) composed of a combination of AFP, LSM plus FIB-4/

APRI scores. AFP was correlating significantly with LSM, FIB-4, and APRI scores. Areas

under receiver operating characteristic curves (AUROCs) for predicting significant

hepatic fibrosis, advanced hepatic fibrosis, and cirrhosis were 0.897, 0.931, and 0.955,

respectively, for equations (scores) containing AFP, LSM, and FIB-4. AUROCs for

predicting significant hepatic fibrosis, advanced hepatic fibrosis and cirrhosis were

0.897, 0.929, and 0.959, respectively, for equations (scores) containing AFP, LSM, and

APRI. The study shows that combining AFP to serum biomarkers and LSM increases

their diagnostic performance for prediction of different stages of liver fibrosis.
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1 | INTRODUCTION

Alpha-fetoprotein (AFP) is an alpha 1 globulin that constitutes most of

the serum proteins of the fetus.1 It is encoded by AFP gene2 and

produced by many tissues including fetal liver, yolk sac, and gut in

human and other different species.3,4 AFPwas first discovered in 1956

by Halbrecht and Klibanski5 in hepatocellular carcinoma (HCC) and

other tumors,6–8 maternal serum during pregnancy9 adverse preg-

nancy outcomes,10 neural tube defects,11 and Down's syndrome.12

AFP serum levels were elevated in acute and chronic HCV especially in

presence of steatosis and fibrosis.13–18 Different non invasive fibrosis

markers are used currently with good acceptability, reliability, and

reproducibility.19 APRI and FIB-4 are two routinely available scores for

prediction of hepatic fibrosis.20,21 They were validated in different
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chronic liver diseases including chronic HCV with good sensitivity and

specificity.22 Fibroscan is a highly accurate method for assessment of

hepatic fibrosis with good sensitivity and specificity.23 AFP has been

involved in many surrogate biochemical scores for prediction of

different stages of hepatic fibrosis.24–26 The aim of the study was to

compare AFP with commonly used non-invasive fibrosis tests and to

combine AFP with these tests in novel scores for prediction of

different stages of hepatic fibrosis.

2 | PATIENTS AND METHODS

Data of 652 chronic HCV naïve patients was collected from Kasr Al-

Ainy viral hepatitis treatment center in Cairo University and

retrospectively analyzed. Patients were classified according to fibrosis

stage in pre-treatment liver biopsy into five groups according to

METAVIR score (F0, F1, F2, F3, and F4). The following pre-treatment

investigations were done for the patients including liver biochemical

profile (ALT, AST, serum albumin, total bilirubin), PT, PC, INR, urea,

creatinine, CBC, AFP, HCV Ab, PCR for HCV RNA, HBsAg, abdominal

ultrasound, Fibroscan® and liver biopsy. Patients were divided into

three groups: (i) Patients with significant hepatic fibrosis (≥F2); (ii)

Patients with advanced hepatic fibrosis (≥F3); (iii) Patients with liver

cirrhosis (F4). Patients with other type of chronic liver disease or

hepatocellular carcinoma were excluded from the study. We

calculated (APRI) and FIB-4 scores according to their formulas.20,21

2.1 | Liver stiffness measurement (LSM)

LSM was done using ultrasound Transient Elastography (Fibroscan®

502, Echosens, France). LSM was obtained in fasting patients (at least

4 h) 1 week before liver biopsy, and the examination was done by the

technique described by Castera. Quality criteria included 10 valid

measurements and the ratio interquartile range on median (IQR/

median) < 30%. Cutoff values for (≥F2), (≥F3), and (F4) were 7.1, 9.5,

and 12.5 KPa, respectively.27

2.2 | Serum biomarkers20,21

Calculation of APRI and FIB-4 scores was done as follows:

APRI = (AST/AST upper limit of normal)/platelet count

(expressed as platelets × 109/L) × 100.

FIB-4 = Age (years) × AST (U/L)/platelet count (×109/L) × ALT

(U/L)1/2

2.3 | Statistical analysis

Data analysis was performed using SPSS 21 for Windows. Numerical

variables were described as mean and standard deviation (SD) and

categorical variables were described as numbers (No.) and percentage

(%). ROC curves were graphed to determine appropriate AFP levels

in predicting different stages of liver fibrosis. Binary Spearman

correlation test was used. Scatter diagrams were also graphed to

visualize the relation between numerical variables. Results of

univariate analysis as well as background literature guided the

selection of variables considered for logistic regression modeling

(multivariate analysis). Different predictive models using multivariate

logistic regression analysis were generated. The best fitting models

were composed of a combination of AFP, LSM plus FIB-4/APRI scores.

These variables were presented in equations (novel scores) for logit

probability of fibrosis stages. Then, ROC curves were graphed for the

calculated scores to decide cutoff points that show optimal sensitivity

and specificity for significant fibrosis, advanced fibrosis, and cirrhosis.

3 | RESULTS

The study included 652 naïve chronic HCV patients (203 females, 449

males), mean age ± SD was 41 (±10). General characteristics of the

studied group are presented in Table 1. According to staging of hepatic

fibrosis, we had F0 in 25 patients (3.83%), F1 in 331 patients (50.77%),

F2 in 127 patients (19.48%), F3 in 94 patients (14.42%), and F4 in 75

patients (11.50%). AFP could predict significant hepatic fibrosis (≥F2)

with 71.3% sensitivity and 62.4% specificity at a cutoff value of

2.55 ng/mL and AUROC curve of 0.743. For advanced hepatic fibrosis

(≥F3) and cirrhosis (F4); sensitivity, specificity, and AUROC curve were

(69.8%, 77.6%, and 0.79) and (64%, 85%, and 0.818) at cutoff values of

4 ng/mL and 6 ng/mL, respectively.

Cutoff values for AST, AFP, and platelets for prediction of

different fibrosis stages takingMETAVIR score as a reference one time

and LSM by fibroscan as a reference another time are shown in

(Supplementary Tables S1 and S2).

TABLE 1 General characteristics of the studied group

Mean ±SD Median

Age 41.1 10.6 41

Body mass index (BMI) 27.89 4.45 27.97

(ALT) (U/L) 55.9 42.59 42

(AST) (U/L) 49.5 33.59 39

(GGT) (U/L) 39 36.6 23

Albumin (gm/dL) 3.9 0.5 3.9

Total bilirubin (mg/dL) 0.9 0.27 1

Platelet count (×103/mm3) 212.68 69.59 205

Prothrombin concentration (%) 89.36 9.24 90

Creatinine (mg/dL) 0.97 0.20 0.9

Fasting blood sugar (mg/dL) 92.9 18.6 90

Hemoglobin (gm/dL) 14 1.48 14

Total leucocytic count (×103/mm3) 6.3 1.99 6

(AFP) (ng/mL) 5.16 10 2.73

LSM (Kpa) 9.8 8.1 6.9

FIB-4 1.5 1.19 1.3

APRI 0.70 0.76 0.6

SD, standard deviation.
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FIGURE 1 Correlation between AFP and different fibrosis stages by METAVIR

FIGURE 2 Correlation between AFP and liver stiffness measurement (LSM)
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FIGURE 3 Correlation between AFP and APRI

FIGURE 4 Correlation between AFP and FIB-4
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Mean values ± SD for LSM in different stages of hepatic fibrosis

and cirrhosis were: (4.8 ± 1.2 Kpa for F0), (6.2 ± 2.6 Kpa for F1),

(8.3 ± 2.8 Kpa for F2), (13.7 ± 9.2 Kpa for F3), and (25 ± 10.3 Kpa for

F4). Calculated biomarker scores in different stages of hepatic fibrosis

and cirrhosis showed mean values ± SD of (0.40 ± 0.22 for F0),

(0.50 ± 0.41 for F1), (0.64 ± 0.48 for F2), (0.89 ± 0.65 for F3), and

(1.63 ± 1.54 for F4) for APRI and (1 ± 0.611 for F0), (1.11 ± 0.78 for F1),

(1.41 ± 0.83 for F2), (2.06 ± 1.24 for F3), and (3.00 ± 1.74 for F4) for

FIB-4, respectively.

AFP was correlating significantly with stages of hepatic fibrosis by

METAVIR, LSM by fibroscan, APRI, and FIB-4 in different stages of

hepatic fibrosis and cirrhosis (Figures 1-4)

Novel scores (models) for logit probability of significant, advanced

fibrosis and cirrhosis) are shown in Table 2.

AUROC, cutoff values that show optimal sensitivity, specificity

and accuracy, PPV and NPV for scores containing AFP, LSM,

FIB-4/APRI, in comparison to LSM by fibroscan, APRI and FIB-4 for

prediction of significant, advanced fibrosis and cirrhosis are shown in

Tables 3-5, respectively.

4 | DISCUSSION

AFP is linked mainly to the presence of HCC although a lot of evidence

supports its diagnostic ability for other conditions.1,4,7–9,11,12,14,16–18

The relation between serum elevation of AFP and liver fibrosis

progression was established specially in chronic HCV.28 Our results

showed significant positive correlation between serum levels of AFP

and stage of hepatic fibrosis by METAVIR score. These results agree

with results of Attallah et al, who found highly significant positive

correlation between AFP serum levels and stage of hepatic fibrosis in

chronic HCV patients without HCC,29 Tai et al who found that AFP

levels ≥ 6 ng/mL were associated with advanced hepatic fibrosis30 and

Hu et al who found that elevated AFP was associated with advanced

hepatic fibrosis in chronic HCV patients.28 The results showed that the

ability of AFP in detection of different fibrosis stages was almost

superior to AST and platelets with higher sensitivity and specificity

when using METAVIR or fibroscan results as a reference.

There was a significant positive correlation between serum levels

of AFP and LSMmeasured by fibroscan. This was reported in hepatitis

B patients by Fung et al, who found that LSM correlated positively with

AFP serum levels.31

Almost, this is the first study describing such positive correlation

between serum levels of AFP and LSM in chronic HCV patients. We

also found that serum AFP levels were positively correlating with

serum biomarkers of hepatic fibrosis (APRI and FIB-4). Some studies

investigated the elevation of AFP in chronic HCV patients without

HCC. Chen et al, found that hepatic fibrosis (≥F2), AST ≥40 IU/L,

albumin <3.5 gm/dLwere significantly associatedwith elevatedAFP.14

Chen et al, found that old age, thrombocytopenia, elevated AST, and

hepatic fibrosis (≥F3) predisposed patients with chronic HCV to have

high AFP serum levels.32

Increased AFP in chronic HCV patients may be due to a selective

transcriptional activation of AFP gene,33 or it may be related to the process

of hepatocyte proliferation or loss of normal architectural arrangement.34

In our study, different predictive models using multivariate logistic

regression analysis were generated to predict different fibrosis stages.

The best fitting models were composed of combination of AFP, LSM

plus FIB-4/APRI scores and presented in equations (novel scores) for

logit probability of significant fibrosis, advanced fibrosis, and cirrhosis.

AUROCs for hepatic fibrosis ≥F2, ≥F3, and F4 were 0.897, 0.931,

and 0.955, respectively, for scores containing AFP, LSM, and FIB-4.

Sensitivity and specificity of the optimal cutoff levels at the previous

fibrosis groups were 86.5% and 80.2 %, 90.5%, and 84%, 94.7%, and

91.7%, respectively.

AUROCs for hepatic fibrosis ≥F2, ≥F3, and F4 were 0.897, 0.929,

and 0.959, respectively, for scores containing AFP, LSM, and APRI.

Sensitivity and specificity of the optimal cutoff levels at the previous

fibrosis groups were 87.5% and 83%, 89%, and 84%, 93.3%, and

91.6%, respectively.

Previous studies developed three scores combining AFP with

other serum biomarkers to predict different hepatic fibrosis stages in

TABLE 2 Novel scores for prediction of significant fibrosis, advanced fibrosis, and cirrhosis

AFP, FIB4, Stiffness AFP, APRI, Stiffness

Significant fibrosis L.P. = −4.424 + .055 * AFP + .474 * stiffness L.P. = −4.362 + .057 * AFP + .503 * stiffness

Advanced fibrosis L.P. = −5.317 + .042 * AFP + .302 * FIB4 + .370 * stiffness L.P. = −5.190 + .049 * AFP + .404 * stiffness

Cirrhosis L.P. = −5.423 + .410 * FIB4 + .190 * stiffness L.P. = −5.371 + .778 * APRI + .192 * stiffness

TABLE 3 Cutoff values of the novel scores in comparison to LSM by Fibroscan, APRI, and Fib-4 for prediction of significant hepatic fibrosis (≥F2)

Cutoff value Sensitivity (%) Specificity (%) PPV (%) NPV (%) Overall accuracy AUROC

LSM by fibroscan (kPa) 7.1 85.5 86 82.20 87.50 84.96 0.895

APRI 0.5 60 65 59.21 66.08 62.85 0.704

FIB-4 1.05 74 60 61.17 72.79 66.30 0.739

AFP, FIB4, stiffness 0.330 86.5 80.2 79.01 87.30 83.10 0.897

AFP, APRI, stiffness 0.335 87.5 83 81.45 88.65 85.09 0.897
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chronic HCV patients. Atallah et al created a predictive score (Fibrosis

Routine Test [FRT]) consisting of age, AFP, APRI, and albumin.

AUROCs were 0.81, 0.89, and 0.95 for hepatic fibrosis ≥F2, ≥F3, and

F4, respectively, higher than AUROCs of other fibrosis scores (APRI,

FIB-4, GUCI). The sensitivity and specificity of the optimal cutoff levels

of hepatic fibrosis ≥F2, ≥F3, and F4were 73% and 83%, 71% and 83%,

73% and 81%, respectively.24 Omran et al, created Fibro-α score. It

was composed of AFP, AST, ALT, platelet count and used for patients

with hepatic fibrosis (≥F3) and (F4). TheAUROCs of Fibro-α scorewere

0.82 for patients with hepatic fibrosis ≥F3 and 0.80 for cirrhotic

patients. The sensitivity and specificity of the optimal cutoff levels

were 83% and 55% for hepatic fibrosis ≥F3, 82% and 62% for

cirrhosis.25

Atallah et al, constructed the Biotechnology Research Center

(BRC) score combining Age, AFP, and platelet count to stage liver

fibrosis. BRC produced AUROCs 0.85 for hepatic fibrosis (≥F2), 0.82

for hepatic fibrosis (≥F3), and 0.88 for F4. The sensitivity and

specificity of the optimal cutoff levels for the previous fibrosis groups

were 78% and 78%, 74% and 76%, 84% and 80%, respectively.26

These findings show that scores of this study are superior to the

scores of the previous studies with higher AUROC, sensitivity and

specificity at the optimal cutoff levels. In addition, liver stiffness is

included in our scores thus giving high accuracy as liver stiffness is an

accurate and validated method for assessment of liver fibrosis in

contrast to the previous scores that did not use it.

In comparison to the non invasive tests (APRI and FIB-4), cutoff

values of the novel scores have higher AUROCs, sensitivity, specificity,

accuracy, PPV and NPV.

In comparison to LSM by fibroscan, cutoff values of the novel

scores have higher sensitivity while cutoff values of LSM by fibroscan

have higher specificity. Thus, these novel scores are superior andmore

accurate than APRI and FIB-4 and can be used to improve the

sensitivity of fibroscan for prediction of different stages of fibrosis.

5 | CONCLUSION

Combining AFP to serum biomarkers and liver stiffness measurement

increases their diagnostic performance for prediction of different

stages of liver fibrosis.
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