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Abstract

Background : Assessment of liver disease severity in chronic 
Hepatitis C (CHC) is essential both in pre-treatment and post-
treatment period. We assessed the impact of direct-acting antiviral 
therapy on liver stiffness regression measured by Vibration 
Controlled Transient Elastography (VCTE) in patients with CHC 
and evaluated the diagnostic performance of the APRI and FIB-
4 scores compared to VCTE in detecting advanced fibrosis and 
cirrhosis (F3/F4).

Methodology : Retrospective analysis of consecutive patients 
with CHC who underwent VCTE before and after DAA therapy 
was done. APRI and FIB-4 scores were compared to VCTE.

Results : 88 (56.78%) patients-12 (F3) and 76 (F4) according 
to VCTE, had advanced fibrosis pre-treatment, which reduced to 
69 (44.52%) - 10 (F3) and 59 (F4) after 12 weeks DAA therapy. 
Significant reduction in VCTE value from 14.08  ± 9.05 KPa to 
11.84 ± 8.31 KPa (p=0.002) was noted. There is significant reduction 
in APRI, FIB-4 and GUCI score post-treatment which was not the 
case with Lok score and Bonacini score. Before therapy, FIB-4 
outperformed others to predict advanced fibrosis with score >2.13 
(AUC 0.93), having sensitivity 76%, specificity 96% and accuracy 
86%. However post-treatment, APRI and GUCI score performed 
best to predict F3/F4 fibrosis with score >0.63 (AUC 0.97) and >0.64 
(AUC 0.96), having sensitivity, specificity and accuracy of 85%, 
96.6% and 92% ; 85%, 96.6% and 92% respectively.

Conclusion : Before therapy, FIB-4 had the best accuracy in 
predicting advanced fibrosis whereas APRI and GUCI score were 
the best indices post-treatment. (Acta gastroenterol. belg., 2021, 84, 
43-50).

Keywords : Chronic hepatitis C, APRI, FIB-4, GUCI, lok index, 
transient elastography.

Background and aims

Chronic Hepatitis C (CHC) is one of the most 
important cause for liver related morbidity including 
complications like cirrhosis, end-stage liver disease, 
hepatocellular carcinoma (HCC), ultimately leading to 
mortality (1). These complications have tripled over the 
past 15 years, and models project they will peak between 
2030 and 2035 (2). Over the past decade therapeutic 
options for Hepatitis C virus (HCV) infection have 
evolved from Peg-Interferon plus Ribavirin, to oral Direct 
Acting Anti-virals (DAA). Peg-interferon and Ribavirin 
therapy was associated with sub-optimum care and high 
treatment related toxicity. On the other hand, DAA can 
achieve Sustained Virological Response (SVR) or cure in 
maximum patients (>95%) with few associated adverse 
events (3). The advent of oral DAAs has drastically 
modified the prognosis of patients with HCV infection. 
However, the main goal of their use is to increase survival 

and quality of life by modifying the natural history of 
the infection (that is, by interrupting the sequence of 
fibrosis to cirrhosis and HCC) beyond eradication of 
the virus. The benefits of DAA extends across distinct 
patient populations, including classical difficult-to-
treat individuals, such as patients with cirrhosis or 
liver transplant recipients. Attainment of SVR has been 
associated with substantial reduction in all-cause as well 
as liver-related mortality, liver transplantation (LT) and 
HCC prompting World Health Organisation (WHO) to 
set targets for elimination of the virus as well as reduction 
in HCV related complications in future (4-6). The rapid 
inhibition of HCV replication seen with DAA seems to be 
accompanied by initial reductions in liver inflammation 
that ultimately may result in amelioration and regression 
of liver fibrosis.

Presence of cirrhosis (METAVIR, F4 or Ishak, 5-6) 
in HCV population indicates that patients should be 
treated for longer duration or different regimen and 
also, they are to be monitored for portal hypertension 
related complications and requires HCC screening. So 
many algorithms have come up using various serum 
markers and demographic features of patients with or 
without VCTE. However, given the important clinical 
implications, in terms of prognosis, monitoring and 
treatment decisions that follow the diagnosis of cirrhosis, 
it seems justified to confirm a diagnosis of cirrhosis by 
two concordant but unrelated tests. 

Non-invasive tools for assessment of liver fibrosis 
has evolved rapidly during the last decade. Various 
methods are available to reliably measure various 
stages of liver fibrosis with variable accuracy, which 
includes imaging techniques and serum biomarkers. 
As an alternative to liver biopsy, Vibration Controlled 
Transient Elastography (VCTE) is the most accurate with 
increasing sensitivity and specificity for advanced stages 
of fibrosis and has become the mainstay of non-invasive 
liver fibrosis assessment (7,8). VCTE has also replaced 
biopsy in some settings (9). Many serum biomarkers 
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Laboratory tests

Complete blood count analyses and blood biochemistry 
tests, were performed in the central laboratory of the 
hospital. HCV RNA was monitored at baseline, week 4, 
and 12 weeks post treatment. HCV genotyping was also 
performed at baseline.

Hepatic stiffness measurement

Liver stiffness measurements were performed using 
VCTE (FibroScan, Echosens, Paris, France) done in 
supine position, with the tip of the transducer placed 
on the skin between 9th to 11th intercostal space over 
the right lobe of the liver (9,17). Only the M probe 
was used for LS measurement.  Patients were fasting 
for a minimum of 6 hours prior to TE. Values for each 
patient were calculated as median of a minimum of 
10 consecutive measurements. To assure quality of 
measurements, VCTE exams with an interquartile range 
(IQR) divided by mean value (IQR/M) of >30% or a 
success rate of < 60% were excluded, as recommended 
by the manufacturer and current guidelines (9). The pro-
posed schedule for this study was TE measurement at 
baseline before DAA treatment and 12 weeks after end 
of DAA treatment. Results were recorded in kilopascal 
(kPa) ranging from 3 to a maximum value of 75 kPa.

While the correlation of VCTE with METAVIR 
fibrosis stages has been established by several studies, 
different cutoffs for each stage of fibrosis have been 
proposed (18,19). In our study, the staging of liver 
fibrosis was based on the following cut-offs : < 7 kPa for 
F0-F1, 7.1-9.5 kPa for F2, 9.6-12.5 kPa for F3, and ≥ 
12.6 kPa for F4 (20).

are available which are used in combination with good 
reproducibility and high applicability and many of 
them can be performed in out-patient clinic with ease. 
However, two serum fibrosis scores, namely fibrosis 4 
(FIB-4) and AST to platelet ratio index (APRI), have been 
validated for chronic hepatitis C for staging liver fibrosis 
(9-11). Moreover, other non-invasive fibrosis indices like 
Bonacini Cirrhosis Discriminate Score (CDS), Gӧteborg 
University Cirrhosis Index (GUCI), Lok index has been 
studied in chronic HCV population (12-15).

American Gastroenterological Association (AGA) 
Guidelines recommend VCTE cut-off of 12.5 kPa to 
detect cirrhosis. Moreover, in non-cirrhotic patients with 
HCV who have achieved SVR after antiviral therapy, 
the AGA suggests a post-treatment VCTE cut-off of 9.5 
kPa to rule out advanced liver fibrosis (16). Thus, in such 
patients we can rule out advanced fibrosis and consider 
discharging patients from a dedicated liver clinic and 
further screening for developing complications, HCC 
surveillance can be avoided. 

Hence, we have conducted this study to look for 
sequential changes in fibrosis parameters in patients 
with chronic HCV infection on DAA therapy and in post 
treatment period. Moreover, we evaluated the efficiency 
of  FIB-4, APRI, CDS, GUCI and Lok Index values 
in comparison to VCTE, in the assessment of hepatic 
fibrosis in chronic hepatitis C patients, as VCTE is not 
available at every center, largely because of technical 
and practical reasons together with its high cost, while 
APRI and FIB-4 scores have been proved quite reliable 
for assessing liver fibrosis.

Methodology

Patients with CHC who received a complete course 
of DAA therapy from January 2016 to July 2019 were 
enrolled in this retrospective analysis. Ethical clearance 
has been taken from Institute Ethics Committee.The 
inclusion criteria were as follows : i. Adults (>18y) 
with HCV with detectable HCV RNA (detection limit 
= 15 IU/mL ; COBAS TaqMan HCV test) ii. Patients 
who have completed antiviral therapy with DAAs, iii.
Underwent liver stiffness measurement using VCTE 
before starting therapy, iv. At least one follow-up VCTE 
and routine investigations performed after 12 weeks of 
completion of therapy and the exclusion criteria were 
as follows : i. Presence of liver disease caused by other 
etiologies, ii. Decompensated liver disease, iii. HCC at 
baseline, iv. Co-infection with hepatitis B virus and/or 
human immunodeficiency virus, v. invalid VCTE-LS 
assessments and vi. laboratory findings of acute hepatitis 
(alanine aminotransferase (ALT) levels ≥10 upper limit 
of normal). 

Demographic data, complete blood count analysis 
results, and biochemical data were collected at baseline,  
week 4, end of treatment, and 12 weeks post completion 
of treatment.

Bonacini Cirrhosis Discriminate Score (21) : (CDS, possible total 
score 0-11):

Score Platelet score 
(x 109/L)

ALT/AST Ratio 
score

INR score

0 >340 >1.7 <1.1
1 280-340 1.2-1.7 1.1-1.4
2 220-279 0.6-1.1 >1.4
3 160-219 <0.6
4 100-159
5 40-99
6 <40

AST/platelet ratio index (APRI) (11): (AST/upper limit of normal 
AST) × (100/platelet count [×103/mm3])
FIB-4 score (22): (Age [years]×AST(IU/L))/(platelet count(109/
L)×(ALT (IU/L))1/2)
Lok index (14): exp (log odds) / [1 + exp(log odds)]
log odds = − 5.56 − (0.0089 × platelet count [×103/mm3]) + (1.26 × 
AST/ALT ratio) + (5.27 × INR)
Gӧteborg University Cirrhosis Index (GUCI) (23):
[AST/Upper Limits of Normal (ULN)] X (prothrombin-INR ×100) / 
Platelet count (×109/L) 

Table I. — Equations for various scores

Abbreviations : ALT: Alanine Transaminase, AST : Aspartate 
Transaminase. 
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The number of patients receiving Sofosbuvir com-
bination therapy with Daclatasvir, Ledipasvir or Vel-
patasvir was 70 (45.2%), 29 (18.7%) and 56 (36.1%) 
respectively.

Changes in liver stiffness parameters

In pre-treatment period, the mean (± SD) VCTE value 
was 14.08  ± 9.05 kPa, APRI score was 1.42 ± 1.13, FIB-
4 score was 2.88 ± 3.02, CDS, GUCI and Lok index of 
5.4  ± 1.94, 1.15 ± 1.12 and 0.41  ± 0.24 respectively. 
Stages of liver fibrosis according to VCTE were 
evaluated as F0-1 in 40 (25.8%), F2 in 27 (17.42%), F3 in 
12 (7.75%) and F4 in 76 (49.03%) patients. Similarly in 
the post-treatment period the mean (± SD) VCTE value 
was 11.84 ± 8.31 KPa. APRI score, FIB-4 score, CDS, 
GUCI and Lok index scores in the post-treatment period 
were 0.54 ± 0.35, 1.91 ± 1.59, 5.7 ± 1.54, 0.6 ± 0.39 
and 0.52 ±  0.22 respectively. The liver fibrosis stages in 
the post-treatment period were F0-1 in 62 (40%), F2 in 
24 (15.48%), F3 in 10 (6.45%) and F4 in 59 (38.07%) 
patients as shown in table III. The decrease in fibrosis 
stage by 2 stage in post-treatment period i.e. change from 
F4 to F2 stage was seen in 6 patients whereas change 
from F3 to F2 stage was seen in 5 patients.

The serum based non-invasive biomarkers were 
calculated by using the following formulas shown in 
Table I :

Statistics

Statistical analysis was performed using SPSS 22.0 
(IBM Corp, Armonk, NY USA). Continuous variables 
are represented by their median (IQR) or mean ± standard 
deviation. Statistical analysis was performed using the 
paired t-test for comparisons of continuous variables 
between groups and the corrected Chi-squared test for 
comparisons of qualitative data. Diagnostic performances 
for APRI and FIB-4 scores versus TE-LS were analyzed 
separately, according to sensitivity, specificity, accuracy, 
and area under the receiver operating characteristic 
(ROC) curve. A two-tailed P-value <0.05 was considered 
to be statistically significant. 

Results

From January 2016 to July 2019, a total of 188 
patients of chronic Hepatitis C including compensated 
cirrhotics due to HCV were included. Thirty three of 
them failed to meet our inclusion criteria- 21 of them had 
chronic kidney disease with 19 patients on hemodialysis, 
5 patients of HIV/HBV co-infection, 2 patients with 
HCC and follow up data were unavailable for remaining 
5 patients. Thus, complete data set was available for 155 
patients.

Patient Characteristics

Amongst all, 151 patients were treatment naïve cases 
of chronic hepatitis C. Four patients had prior failure to 
Interferon based therapy. The mean (±SD) age of our 
study population was 43.19 ± 13.69 years, with males 
constituting 82 (52.9%) of all. 91 (58.7%) patients had 
history of body piercing, 19 (12.25%) had history of 
blood transfusion,with history of parenteral drug abuse 
in 7 (4.51%) and tattooing in 14 (9.03%) patients. Nine 
(5.8%) patients had a first degree family member of 
chronic hepatitis C. Genotype 3 was the most common 
genotype causing HCV infection in our study population 
amounting to 120 (77.41%) followed by Genotype 1 in 
27 (17.41%), Genotype 4 in 4 (2.58%) and each patient 
with Genotype 2 and 5. Two patients had non-typable 
genotype because of low HCV RNA titre. The median 
HCV RNA count in our patient population was 4,76,792  
(2,30,061-18,01,500). The demographic and baseline 
characteristics of the study population has been tabulated 
in Table II.

Virological outcomes

Virological clearance, defined as HCV-RNA < Lower 
Limit of Quantification with a detection threshold of 15 
IU, was observed in 154 (99.3%) patients after 12 weeks 
of treatment.

Characteristics Value:
Age,  (Mean ± SD) years 43.19 ± 13.69
Gender

Male (N, %)
Female (N,%)

82 (52.9%)
73 (47.1%)

Source of Infection, n (%) 
Parenteral drug use 
Transfusion 
Tattoo
Body piercing
Unknown 

7 (4.51%)
19 (12.25%)
14 (9.03%)
91 (58.7%)
44 (28.38%)

HCV + Family member 9 (5.8%)
Hemoglobin  (g/dL) Mean ± SD 12.58 ± 2.34
Platelet (× 109/L) (Mean ± SD) 181.64 ± 72.4 
Bilirubin (mg/dL) (Mean ± SD) 0.75 ± 0.58

ALT, IU/L (Mean ± SD) 62.09 ± 41.57 
AST, IU/L (Mean ± SD) 58.72 ± 34.95 
ALP, IU/L (Mean ± SD) 178.96 ± 44.7
GGT IU/L (Mean ± SD) 61.91 ± 33.34
Albumin (g/dL) (Mean ± SD) 3.7 ± 0.47
INR  (Mean ± SD) 1.03 ± 0.11
Creatinine (mg/dL) (Mean ± SD) 0.78 ± 0.15
Quantitative HCV RNA 
Median (Interquartile Range)

4,76,792 (2,30,061-18,01,500)

HCV genotypes, N (%) 
1
2
3
4
5 
Non-typable

27 (17.41%)
1 (0.64%)
120 (77.41%)
4 (2.58%)
1 (0.64%)
2 (1.29%)

Table II. — Demographic and baseline characteristics of 
the study population

Abbreviations : ALP : Alkaline Phosphatase, ALT : Alanine 
Transaminase, AST : Aspartate Transaminase, GGT : Gamma Glutamyl 
Transferase, INR : International Normalized Ratio, SD : Standard 
Deviation.
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group indicating advanced fibrosis or cirrhosis was 
calculated as >0.63 (AUC 0.97), with sensitivity 85%, 
specificity 96% and accuracy 92% (Fig. 2). Similarly, 
the optimal FIB-4 score to predict F3/F4 patients as 

Based on VCTE fibrosis stage classification, we 
estimated the optimal APRI, FIB-4, CDS, GUCI and Lok 
index scores, both in pre-treatment and post-treatment 
period, to predict the presence of advanced fibrosis/
cirrhosis (F3/F4) using ROC curve analysis (Table IV 
and V).

In pre-treatment period, the optimal APRI score to 
predict F3/F4 patients as one group indicating advanced 
fibrosis or cirrhosis was calculated as >0.855 (AUC 0.87), 
with sensitivity 84%, specificity 80% and accuracy 82% 
(Fig. 1). Similarly, the optimal FIB-4 score to predict 
F3/F4 patients as one group was calculated as >2.13 
(AUC 0.93), with sensitivity 76%, specificity 96% and 
accuracy 86% (Fig. 1). For Bonacini CDS optimal score 
to predict F3/F4 patients as one group was calculated 
as 6.5 (AUC 0.89), with sensitivity 60%, specificity 
100% and accuracy 80% (Fig. 1). In case of GUCI, the 
optimal score to predict F3/F4 patients as one group was 
calculated as 0.78 (AUC 0.87), with sensitivity 88%, 
specificity 80% and accuracy 84% (Fig. 1) and lastly, the 
optimal Lok index to predict F3/F4 patients as one group 
was calculated as 0.41 (AUC 0.83), with sensitivity 80%, 
specificity 80% and accuracy 80% (Fig. 1).

On the other hand, in post-treatment period, the 
optimal APRI score to predict F3/F4 patients as one 

Parameters Pre-treatment value Post-treatment value P value
VCTE, KPa 14.08 ± 9.05  11.84 ± 8.31 0.002
Stages of liver fibrosis according to VCTE, N (%)

F0-1 (<7 kPa)
F2 (7.1-9.5 kPa)
F3 (9.6-12.5 kPa)
F4 (≥12.6 kPa)

40 (25.8%)  
27 (17.42%)  
12 (7.75%)  
76 (49.03%)  

62 (40%)
24 (15.48%)
10 (6.45%)
59 (38.07%)

0.064

APRI score 1.42 ± 1.13  0.54 ± 0.35  0.003
FIB-4 score 2.88 ± 3.02  1.91 ± 1.59 0.027
CDS 5.4 ± 1.94  5.7 ± 1.54 0.142
GUCI 1.15 ± 1.12  0.6 ± 0.39 0.041
Lok Index 0.41 ± 0.24  0.52 ± 0.22 0.24

Table III. — Pre-treatment and post-treatment values of VCTE and other serum based non-invasive markers-
APRI, FIB4, GUCI, CDS and Lok Index

Score APRI FIB-4 CDS GUCI Lok Index
Fibrosis stage F3/F4 F3/F4 F3/F4 F3/F4 F3/F4
Cut-off value 0.855 2.13 6.5 0.78 0.41
Sensitivity, % 84 76 60 88 80
Specificity, % 80 96 100 80 80
Accuracy, % 82 86 80 84 80
AUC, % 87.36 92.96 89.12 87.2 83.28

Table IV. — Pre-treatment performance indicators of APRI, FIB-4, CDS, GUCI and Lok Index in F3/F4 patients

Score APRI FIB-4 CDS GUCI Lok Index
Fibrosis stage F3/F4 F3/F4 F3/F4 F3/F4 F3/F4
Cut-off value 0.63 1.64 7 0.64 0.525
Sensitivity, % 85 85 85 85 85
Specificity, % 96.66 93.33 90 96.66 73.33
Accuracy 92 90 88 92 78
AUC 97 96.33 90.58 96.91 84.75

Table V. — Post-treatment performance indicators of APRI, FIB-4 CDS, GUCI and Lok Index in F3/F4 patients

Fig 1. — Performance of  APRI, FIB-4, CDS, GUCI and Lok 
Index in the prediction of advanced fibrosis/cirrhosis (F3/F4) in 
chronic Hepatitis C according to TE-LS before DAA therapy.
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cirrhosis. Even recent EASL guidelines states that non-
invasive methods should be used in patients with CHC 
instead of liver biopsy to assess liver disease severity 
prior to therapy as duration of treatment depends on 
presence or absence of cirrhosis (24).

VCTE is one of the most reliable methods for the 
assessment of liver fibrosis in CHC, but because of its 
high cost, its use is not widespread in low- and middle-
income countries (27). In contrary, APRI and FIB-4 
scores are two of the most popular scoring systems for 
liver fibrosis and have been reported to achieve high 
accuracy for the diagnosis of advanced fibrosis and 
cirrhosis in CHC patients compared to liver biopsy 
(10,28). Though few studies have shown reduction in 
Liver Stiffness Measurement (LSM) using VCTE, along 
with other non-invasive fibrosis parameters like FIB-4 
and APRI scores post DAA therapy in CHC, data remains 
scarce with other scores - Bonacini CDS, GUCI and Lok 
index (29-31).

Previous studies have revealed that APRI score with a 
cut-off value of 1 has a sensitivity, specificity, PPV, NPV 
of 61%, 64%, 81% and 40% respectively in determining 
F3-F4 fibrosis ; whereas, with a score of 2, the values 
are 46%, 91%, 63% and 82% respectively (10). In our 
study, pre-treatment APRI score, with a cut-off value 
of 0.855 and post-treatment cut-off value of 0.63 was 
found to have better sensitivity, specificity and accuracy. 
Similarly, for FIB-4 score a cut-off value of <1.45 had 
a sensitivity, specificity and NPV of 74.3%, 80.1% 
and 94.7% and score >3.25 had sensitivity, specificity 
and PPV of 37.6%, 98.2% and 82.1% respectively for 
determining F3-F4 fibrosis (32). In our study, pre-
treatment FIB-4 score, with a cut-off value of 2.13 and 
post-treatment cut-off value of 1.64 was found to have 
better values.VCTE has a sensitivity, specificity, PPV, 
NPV of 67%, 89%, 48% and 95% at a cut-off value of 7.1 
for F ≥2 ; 73%, 91%, 81% and 87% at a cut-off value of 
9.5 for F ≥3 ; and 87%, 91%, 95% and 77% respectively 
at a cut-off value of 12.5 for F4 (18).

Giannini et al in their prospective follow up study of 
HCV induced advanced, compensated liver disease after 
SVR to antivirals for a median duration of 60 weeks, has 
found that there is significant decrease in liver stiffness 
by VCTE, with progressive decline in APRI and FIB-4 
score, spleen bi-polar diameter along with increase in 
platelet count, thus concluding that post SVR, there occurs 
improvement in liver stiffness, which is accompanied 
by an amelioration of indirect indices of liver fibrosis 
and function, and by a decrease in parameters of portal 
hypertension (33). This is concordant to our study, where 
we found a significant decline in liver stiffness measured 
by VCTE from 14.08 ± 9.05 KPa to 11.84 ± 8.31 KPa 
(p=0.002) in post-treatment follow up of only 12 weeks. 
The platelet count has also increased from mean (±SD) 
value of 181.64 ± 72.4 (× 109/L) to 199.56 ± 77.96 (× 
109/L), so is serum albumin from mean (±SD) value of 
3.7 ± 0.47 g/dL to 4.01 ± 0.28 g/dL. There is significant 
decline in APRI score from 1.42 ± 1.13 to 0.54 ± 0.35 

one group was calculated as >1.64 (AUC 0.96), with 
sensitivity 85%, specificity 93% and accuracy 90% (Fig. 
2). For Bonacini CDS optimal score to predict F3/F4 
patients as one group was calculated as 7 (AUC 0.89), 
with sensitivity 71%, specificity 94% and accuracy 84% 
(Fig. 2). In case of GUCI, the optimal score to predict 
F3/F4 patients as one group was calculated as 0.64 (AUC 
0.97), with sensitivity 85%, specificity 96% and accuracy 
92% (Fig. 2) and lastly, the optimal Lok index to predict 
F3/F4 patients as one group was calculated as 0.52 (AUC 
0.85), with sensitivity 85%, specificity 73% and accuracy 
78% (Fig. 2).

Discussion

With worldwide prevalence of approximately 71 
million chronically infected individuals, HCV is a major 
cause of chronic liver disease (24). Muyldermans et al in 
their meta-analysis has shown that HCV seroprevalence 
of 1.01% in adult general population of Belgium, 
which constitutes an important health issue (25). The 
identification of cirrhosis remains a vital step in the pre-
treatment assessment of patients with chronic hepatitis 
C infection, and directly impacts treatment choice, 
duration, and potential need for Ribavirin, as well as 
the requirement for variceal and HCC surveillance. 
However, recent AASLD 2019 guidelines has simplified 
treatment for CHC along with compensated cirrhotics 
(26). Pre-treatment assessment for presence of cirrhosis is 
mandatory for all patients with non-invasive assessment 
parameters like- FIB-4, APRI, VCTE and other non-
invasive serologic tests like Fibrosure, Enhanced Liver 
Fibrosis test, or clinical evidence of cirrhosis (e.g., liver 
nodularity and/or splenomegaly on imaging, platelet 
count < 150,000/mm3, etc.). Accordingly treatment is 
to be considered for patients of CHC with or without 

Fig 2. — Performance of  APRI, FIB-4, CDS, GUCI and Lok 
Index in the prediction of advanced fibrosis/cirrhosis (F3/F4) 
in chronic Hepatitis C according to TE-LS after 12 weeks of 
DAA therapy.
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that Lok index and APRI correlated with histological 
fibrosis stages (rho=0.581, and 0.460, respectively) and 
reported an AUROC (95% CI) of 0.787 (0.741-0.832) 
and 0.692(0.639-0.745), respectively (15).

In our study, in pre-treatment period, Lok index at cut-
off value of 0.41 was found to have similar sensitivity, 
specificity and accuracy of 80% for F3/F4 fibrosis, 
with an AUROC of 0.832. However, in post-treatment 
period, unlike other non-invasive fibrosis markers the 
mean (±SD) value of Lok index was paradoxically seen 
to increase. The cut-off value for significant fibrosis 
(F3/F4) in post-treatment period, was 0.525, which had 
sensitivity, specificity and accuracy of 85%, 73.33% and 
78% with an AUROC of  0.847. 

Similarly, the mean (±SD) value of Bonacini CDS was 
also found to increase in post-treatment period.

Four  patients, who were exposed to Interferon based 
regimen and failed to achieve SVR, was included in 
our cohort and all of them achieved SVR 12 post DAA 
treatment. 

After completion of treatment, the identification of 
advanced fibrosis and cirrhosis has important prognostic 
implication. Advanced liver fibrosis and cirrhosis are 
linked to worse liver-related outcomes in patients with 
CHC (36). Simmons et al in their long-term follow up 
study with 642 patients have found that the 5-year risk 
of HCC in patients with cirrhosis is 22.6%, compared to 
only 3.2% in those without cirrhosis (37). The number 
of patients in our study who had advanced fibrosis (≥F3) 
on VCTE, in the post treatment period was 69 (44.52%). 
AGA guidelines also suggest following up such patients 
in dedicated hepatology center post-treatment (16). 
Although none of the patients had HCC in the follow up 
period. However, long term follow up of these patients is 
needed to confirm our findings. 

Achieving SVR is known to reduce the risk of portal 
hypertension and its associated complications (38,39). In 
our study, SVR 12 was present in 99.3% of our patients. 
Though fibrosis regression after SVR is variable and not 
ubiquitous, post-SVR reversal of cirrhosis is associated 
with an absence of liver-related complications (40). In 
our study, 5 (3.2%) patients had post treatment worsening 
of liver function after achieving SVR. Two patients had 
ascites post treatment, with new onset of jaundice was 
seen in one patient. Two patients presented with variceal 
bleeding followed by further decompensating feature in 
form of ascites and encephalopathy.

In our study, in the pre-treatment period, FIB-4 score 
was found to perform better compared to other indices 
with a better specificity, accuracy and AUC value, 
however in the post-treatment period APRI and GUCI 
were better predictors of advanced fibrosis compared 
to FIB-4. Concurrent to our study, Papadopoulas et al 
in their retrospective comparison of VCTE with APRI 
and FIB-4 score in patients with CHC in pre-treatment 
period, found FIB-4 score to perform better than APRI 
score (41). Similarly, Verlinden et al in their Belgian 
cohort also found FIB-4 to perform better with better 

(p=0.003) and FIB-4 score from 2.88 ± 3.02 to 1.91 ± 
1.59 (p=0.027) as well. 

Hsu et al in their retrospective analysis has shown that 
there is rapid and sustained reduction in non-invasive 
fibrosis indices- APRI and FIB-4 from week 2 until 12 
weeks post treatment in patients with CHC who achieved 
SVR to DAA therapy (30). There was significant reduc-
tion in aminotransferase levels as well as increase in 
platelet count in post treatment period. However, unlike 
our study, LSM was measured using Acoustic Radiation 
Force Impulse (ARFI) elastography and the median LSM 
decreased from 1.78 (1.25-2.30) m/s at baseline to 1.38 
(1.14-1.88) m/s at 12 weeks post-treatment (P < 0.001). 
Similar finding was noted by Bachofner et al. in their 
observational study, where they found that median FIB-
4 and APRI values significantly decreased from 2.54 
(IQR 1.65-4.43) and 1.10 (IQR 0.65-2.43) to 1.80 (IQR 
1.23-2.84, p < 0.001) and 0.43 (IQR 0.3-0.79, p < 0.001), 
respectively (31). LSM using VCTE showed a regression 
of 32.41 % after DAA treatment. The median VCTE 
prior to DAA treatment was 12.65 kPa (IQR 9.45-19.2 
kPa) and decreased to 8.55 kPa (IQR 5.93-15.25) post-
treatment. 

In the present study, GUCI at a cut-off value of 0.78, 
had sensitivity, specificity and accuracy 88%, 80% 
and 84% with an AUC of 0.87, for diagnosis of F3/F4 
fibrosis in the pre-treatment period, whereas cut-off 
value of 0.64 had sensitivity 85%, specificity 96% and 
accuracy 92%, with an AUC of 0.97 in post-treatment 
period. Cordie et al has shown that GUCI at cut off ≥ 
0.57, is good indicator of significant fibrosis with 72% 
sensitivity, 66% specificity, and a PPV and NPV of 51% 
and 83%, respectively (34). Although,  Fouad et al has 
recommended a higher cut off of GUCI score of ≥1.56 
as an optimal cutoff value for the diagnosis of cirrhosis 
(35). Another study stated that under the cut off value of 
0.33, severe fibrosis and cirrhosis are not present (13).

Till date, no study has compared the evolution of 
GUCI in various time frame in relation to DAA therapy 
for chronic liver disease due to HCV. This study has 
shown that there is significant decrease in GUCI score in 
patients of CHC post DAA therapy.

Though post-DAA therapy, there is reduction in mean 
(± SD) APRI, FIB-4 and GUCI scores in our patient 
cohort, but there was increase in mean Bonacini CDS 
and Lok index. Moreover, the cut-off value of predicting 
advanced fibrosis/cirrhosis (F3/F4) was found to be 
lower in post-treatment period for APRI, FIB-4 and 
GUCI score, this was not the case with CDS and Lok 
index. Previous studies have compared pre-treatment 
and post-treatment change in fibrosis scores using non-
invasive parameters like VCTE, ARFI, and serum based 
markers- APRI and FIB-4 (29-31).

Lok et al from their HALT-C cohort has devised 
the model - Lok index, for which  two cut points were 
introduced : 0.2 to rule out cirrhosis and 0.5 to confirm 
cirrhosis and the reported AUROC to detect cirrhosis 
was found to be 0.78-0.81 (14). Masuzaki et al reported 
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AUROC compared to APRI to discriminate between F0-
F2 and F3-F4 in CHC patients (42).

There are few limitations to our study. The most 
important being liver biopsy was not performed for 
assessment of fibrosis. The study being a single center 
one, the sample size was small. Although the study being 
a retrospective one, careful selection of patients were 
considered with strict inclusion criteria. We believe that 
a significant proportion of our study population (49%) 
had F4 fibrosis in the pre-treatment period, despite 
including consecutive patients of CHC presenting to 
our centre. There is a possibility that it might distort the 
mean values of various indices, but it is unlikely to do so 
when population of different fibrosis stages are compared 
separately. Regarding the cutoff values we propose, they 
could be considered in patients of CHC for identifying 
advanced fibrosis/cirrhosis (F3/F4) both before and 
after therapy. There is a considerable difference in 
cut-off values of fibrosis scores in the pre-treatment 
and post-treatment period, which is supposedly due to 
improvement in hepatic inflammation post-DAA therapy. 
However, a reduction in fibrosis is also hypothesized, but 
in such a small follow-up duration, this might be less 
contributory for the same. Prospective study with pre-
tratment and post-treatment liver biopsy might solve 
the query. In conclusion, our study demonstrated that 
in the pre-treatment period, the FIB-4 score with cutoff 
threshold of 2.13 and APRI score with cutoff threshold 
of 0.63 in the post-treatment period could potentially 
be used to predict patients with significant fibrosis. We 
believe that these markers could reduce the need for 
LSM by VCTE significantly, in pre-treatment evaluation 
of patients with CHC, which would in turn allow a more 
rapid treatment decision for patients with CHC, which 
is of special significance in the era of a worldwide HCV 
elimination plan. Moreover, in the post treatment period, 
patients requiring to attend surveillance program for 
HCC can be decided accordingly in absence of VCTE. 
However, larger prospective multi-center studies are 
needed to confirm our findings. 
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