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Abstract

Background & Aims—We performed a systematic review and meta-analysis to estimate the 

decrease in liver stiffness, measured by vibration-controlled transient elastrography (VCTE), in 

patients with hepatitis C virus (HCV) infection who achieved a sustained virologic response 

(SVR).

Methods—We searched the literature through October 2016 for observational studies or 

randomized controlled trials of adults with HCV infection who received antiviral therapy (either 

direct acting antiviral agents or interferon-based therapies), underwent liver stiffness measurement 
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using VCTE before starting therapy, and had at least 1 follow-up VCTE after completion of 

therapy; studies also provided data on mean or median liver stiffness measurements for patients 

who did and did not achieve an SVR. We identified 24 studies, and estimated weighted mean 

difference (and 95% CI) in liver stiffness in patients with vs without SVR using random-effects 

meta-analysis.

Results—In patients who achieved SVR, liver stiffness decreased by 2.4 kPa at the end of 

therapy (95% CI, −1.7 to −3.0), by 3.1 kPa 1–6 months after therapy (95% CI, −1.6 to −4.7), by 

3.2 kPa 6–12 months after therapy (90% CI, −2.6 to −3.9), and 4.1 kPa 12 months or more after 

therapy (95% CI, −3.3 to −4.9) (median decrease, 28.2%; interquartile range, 21.8–34.8). In 

contrast, there was no significant change in liver stiffness in patients who did not achieve an SVR 

(at 6–12 months after therapy, decrease of 0.6 kPa; 95% CI, −1.7 to 0.5). Decreases in liver 

stiffness were significantly greater in patients treated with direct-acting antiviral agents than with 

interferon-based therapy (decrease of 4.5 kPa vs decrease of 2.6 kPa; P=.03), cirrhosis at baseline 

(decrease of 5.1k Pa vs decrease of 2.8k Pa in patients with no cirrhosis; P=.02), or high pre-

treatment levels of alanine aminotransferase (P<.01). Among patients with baseline liver stiffness 

greater than 9.5 kPa, 47% (95% CI, 27%–68%) achieved post-treatment liver stiffness of less than 

9.5kPa.

Conclusion—In a systematic review and meta-analysis, we associated eradication of HCV 

infection (SVR) with significant decreases in liver stiffness—particularly in patients with high 

baseline level of inflammation or patients who received direct-acting antiviral agents. Almost half 

the patients considered to have advanced fibrosis, based on VCTE, before therapy achieved post-

treatment liver stiffness levels below 9.5 kPa. Clinical Trial Registration no: CRD42016051034

Keywords

DAA; ALT; cirrhosis; treatment success

INTRODUCTION

Hepatitis C virus infection (HCV) is one of the leading causes of liver cirrhosis and 

hepatocellular carcinoma (HCC) with approximately 170 million people infected with the 

virus worldwide.1, 2 Recently, the Centers for Disease Control, and later the United States 

Preventive Services Task Force recommended screening all adults born between 1945–65 for 

HCV.3 Fibrosis stage and/or liver stiffness are key predictors of adverse outcomes, and in 

recent years, liver stiffness assessment using vibration controlled transient elastography 

(VCTE) has superseded liver biopsy as a favored non-invasive modality.4, 5 In fact, draft 

American Gastroenterological Association (AGA) guidelines recommend using VCTE to 

replace liver biopsy in adults with HCV.

Viral eradication (assessed as sustained virologic response [SVR] 12–24 weeks after 

completion of therapy) has been associated with decline in liver stiffness, due to a 

combination of decrease in hepatic inflammation and possible fibrosis regression, but there 

has been limited assessment of the magnitude of decline. With increasing numbers of 

patients being cured of HCV, this decline in liver stiffness may be an important consequence 
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of antiviral therapy, translating into favorable long-term clinically relevant outcomes, though 

definitive evidence in this regard is still lacking.

Hence, we conducted a systematic review of studies with paired liver stiffness measurement 

using VCTE, before and after antiviral therapy. We estimated (a) magnitude of change in 

liver stiffness at different time points after antiviral therapy in patients achieving SVR (end 

of treatment [EOT], 1–6m after EOT including SVR12, 6–12m after EOT including SVR24, 

and >12m after EOT), (b) magnitude of change in liver stiffness among those who achieve 

SVR and those who do not achieve SVR, to estimate net decline in liver stiffness after 

successful viral eradication, and (c) what proportion of patients with baseline liver stiffness 

>9.5 (corresponding to fibrosis stages, F3 or F4), achieve liver stiffness <9.5kPa 

(corresponding to <F3) 6–12 months after viral eradication.

METHODS

This systematic review was conducted according to the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) guidelines, and the process followed an 

a priori established protocol, registered on PROSPERO (CRD: CRD42016051034).6

Selection Criteria

We included observational studies or randomized controlled trials (RCTs): (1) conducted in 

adults (>18y) with HCV who received antiviral therapy (with either direct acting antiviral 

agents [DAAs] or interferon-based therapies), (2) underwent liver stiffness measurement 

using VCTE before starting therapy and (3) at least one follow-up VCTE performed after 

completion of therapy, and (4) provided data on mean/median liver stiffness with measure of 

variability, stratified by patients who achieved SVR and those who didn’t achieve SVR (i.e., 

both baseline and follow-up liver stiffness reported separately in patients who achieved SVR 

and those who did not).

We excluded the following studies: (1) cross-sectional studies with no post-treatment follow-

up liver stiffness assessment, (2) studies conducted in untreated patients with HCV or with 

other etiologies of liver disease (without sufficient subgroup data on patients with HCV), (3) 

baseline fibrosis assessed only using liver biopsy (without liver stiffness assessment), (4) 

liver stiffness assessed with non-invasive tools other than VCTE, (5) data were not stratified 

based on SVR status, or (6) if <80% of the study cohort underwent follow-up VCTE after 

completion of therapy. In the case of duplicate studies from the same cohort, we included 

data from the most recent comprehensive report.

Search Strategy

We conducted a systematic search of multiple electronic databases (including included 

Medline, EMBASE, Scopus, Web of Science, Cochrane Central Register of Controlled 

Trials, and Cochrane Database of Systematic Reviews) from January 1, 2005 to October 31, 

2016, with no language restrictions. The search was designed and conducted by an 

experienced medical librarian with input from the study investigators, using controlled 

vocabulary supplemented with keywords, for observational studies and RCTs of HCV 

patients who underwent antiviral treatment. The details of the search strategy are included in 
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the online supplement. The titles and abstract of studies identified in the search were 

reviewed by 2 investigators independently (S.S., A.F.) to exclude studies that did not address 

the research question of interest, based on the aforementioned pre-specified inclusion and 

exclusion criteria; full text of the remaining articles was examined to determine whether it 

contained relevant and complete information. Additional studies were searched from the 

bibliographies of the selected articles and review articles on the topic. We also manually 

searched conference proceedings of major gastroenterology and hepatology conferences 

(American Association for the Study of the Liver Meeting, European Association for the 

Study of the Liver International Liver Congress, and Digestive Diseases Week organized in 

conjunction with the American Gastroenterological Association) from 2013–2016 to identify 

additional studies published only in abstract form. Figure 1 reports the schematic diagram of 

study selection. Chance-adjusted agreement between reviewers was high, but not formally 

calculated.

Data Abstraction and Risk of Bias Assessment

Data on the following study- and patient-related characteristics were abstracted onto a 

standardized form: (1) study characteristics – first author, time period of study/year of 

publication, country of the population studied; (2) patient characteristics – mean age, sex, 

body mass index (BMI), co-infection with human immunodeficiency virus (HIV) or 

hepatitis B virus, HCV viral genotype and viral load, baseline aspartate aminotransferase 

(AST) and alanine aminotransferase (ALT), baseline cirrhosis, type and duration of antiviral 

therapy, number of patients who achieved and did not achieve SVR; (3) liver stiffness 

assessment – number of patients who underwent baseline and follow-up VCTE, timing of 

VCTE in relation to antiviral therapy and number of patients studied at each time point, 

mean/median liver stiffness along with measure of variability (standard deviation [s.d.], 

range, or interquartile range [IQR]) both before and after therapy, stratified by SVR status.

The risk of bias in included studies was assessed using a modified scale derived from the 

Newcastle–Ottawa scale,7 and included the following 6 items: (1) representative of the 

average adult in the community (1 point for unselected participants in population-based, 

multicenter studies or RCTs; 0.5 points for unselected participants in single-center hospital-

based study; 0 points if non-consecutive selected group of patients), (2) large cohort size (1 

point if size >200 patients; 0.5 points if size between 50 and 200 patients; 0 points if size 

<50 patients), (3) adequate follow-up length after antiviral therapy (1 point if mean follow-

up of cohort >2 years ; 0.5 points if 6 months-2 years; 0 points if <6 months), (4) adequate 

reporting of conditions in which VCTE was performed both at baseline and follow-up such 

as fasting status or transaminase level <2× upper limit of normal (1 point if adequately 

described both pre- and post-antiviral therapy; 0.5 points if described only at baseline; 0 

points if not mentioned), (5) presence of confounders for liver stiffness assessment (which 

may independently modify stiffness even after achieving SVR) such as acute hepatitis, HIV 

or HBV co-infection, excessive alcohol consumption (1 point if absence of all confounders; 

0.5 if presence of 1 confounder in a subset of patients (<30% of cohort); 0 points if >30% of 

cohort has confounders or data not reported), and (6) other potential sources of risk of bias. 

Studies with score >4, 3–4 and <3 were suggestive of low, moderate or high risk of bias.
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Outcomes assessed

Primary outcome—The primary outcome of interest was change in liver stiffness, 6–12 

months after completion of anti-viral therapy in those who achieve viral eradication, as 

compared to pre-treatment liver stiffness.

Temporal evolution of liver stiffness after viral eradication: In order to assess temporal 

evolution of change in liver stiffness after completion of antiviral therapy, we performed 

separate analyses based on timing of post-treatment liver stiffness assessment (end of 

treatment (EOT), within 1–6 months after EOT, including patients with SVR12, 6–12 

months after EOT, including patients with SVR24, and >1y after EOT) in patients who 

achieved viral eradication.

Subgroup and sensitivity analyses: In order to understand stability of association and 

identify factors that may influence magnitude of change in liver stiffness 6–12m after EOT 

(or heterogeneity in summary estimate), we performed subgroup analyses based on: (a) type 

of antiviral therapy (DAAs vs. interferon-based therapies), baseline cirrhosis either based on 

author-define VCTE cut-off (ranging from 12.5–14.6 kPa) or liver biopsy (>75% of cohort 

with cirrhosis vs. <75% with cirrhosis), co-infection with HIV (>30% with co-infection HIV 

vs. 0–30% of cohort), geographic location (Western vs. Asian), and publication type (full-

text vs. conference proceedings). Additionally, to understand the impact of baseline factors 

that may influence change in liver stiffness, we performed meta-regression based on mean 

BMI of cohort, mean pre-treatment ALT and proportion of cirrhosis. We also performed 

sensitivity analysis, restricting only to high quality studies.

Secondary Outcomes—To estimate net decline in liver stiffness after viral eradication, 

we compared the change in liver stiffness in those who achieved SVR vs. those who did not 

achieve SVR. Finally, we estimated what proportion of patients with pre-treatment liver 

stiffness >9.5kPa, achieved post-treatment liver stiffness <9.5kPa after SVR.

Statistical Analysis

We used the random-effects model of DerSimonian and Laird to calculate weighted mean 

difference (WMD) and 95% confidence intervals (CI) between pre- and post-treatment liver 

stiffness in patients who achieved SVR and those who did not achieve SVR.8 For all 

analyses, median was consider equivalent to mean, and IQR was converted to s.d. by 

dividing by 1.35, and range was transformed to s.d. by dividing by 4, in accordance with the 

Cochrane manual.9 Heterogeneity between study-specific estimates was estimated using the 

inconsistency index (I2), and cut-offs of <30%, 30%–59%, 60%–75% and >75% suggested 

low, moderate, substantial and considerable heterogeneity, respectively.10 Sources of 

heterogeneity were investigated using subgroup analyses by stratifying original estimates 

according to study characteristics as described above, or using meta-regression (for 

continuous variables); p-value of <0.05 was suggestive of the grouping variable being a 

significant source of heterogeneity. Small study effects were assessed qualitatively using 

funnel plot asymmetry and quantitatively using the Egger’s regression test.11 All analysis 

was performed using Comprehensive Meta-Analysis (CMA) version 2 (Biostat, Englewood, 

NJ).
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RESULTS

From a total of 2377 unique studies identified using our search strategy, 23 observational 

studies, and one post-hoc analysis of an RCT, were included in this analysis.12–35 Fifteen 

studies were excluded due to lack of data stratified by SVR status, 22 were excluded due to 

lack of repeated paired LSM, 15 because conducted on untreated patients (or merged data of 

treated and untreated cohorts), and 4 due to high drop out rate (>20%).

Characteristics and Quality of Included Studies

Table 1 describes the characteristics of the included studies. We identified 24 observational 

studies including 2934 patients with HCV with paired VCTE before and after antiviral 

therapy (2214 patients achieved SVR). Nineteen studies were conducted in Europe, two 

studies in Japan, and one each in USA, China and Egypt. Of the 24 studies, 15 reported the 

primary outcome of change in liver stiffness, 6–12 months after completion of antiviral 

therapy, in 1548 patients who achieved SVR.12, 13, 16, 17, 19–25, 27, 29, 33, 34 All studies only 

reported data from reliable VCTE readings (at least 10 validated measurements, and an 

interquartile range [reflects variations among measurements] of less than 30% of the median 

value).

Table 2 describes the baseline characteristics of patients in the included studies. The mean 

age of participants at the time of initial biopsy ranged from 39y to 67y; majority of patients 

were males. The mean BMI ranged from 22.8 to 27.8kg/m2, and the mean ALT ranged from 

52 to 110IU/L. In included studies, 0 to 89% of patients had baseline cirrhosis; in five 

studies, >75% of patients had cirrhosis. In three studies, >50% patients were co-infected 

with HIV. Concomitant diabetes, NAFLD, excessive alcohol use and HBV was 

inconsistently reported, and when reported, was present in <10% of cohort. Patients were 

treated with interferon-based therapy in 8 studies, and DAAs in 6 six studies. Overall, 9 

studies were deemed to be at low risk of bias (eTable 1).

Change in liver stiffness in patients with viral eradication

At 6–12 months after end of therapy: On pooled analysis of patients who achieved SVR, 

the mean liver stiffness declined by 3.2 kPa (95% CI, 2.6 to 3.9), as compared to pre-

treatment liver stiffness, 6–12 months after EOT, with substantial heterogeneity (I2=65%) 

(Figure 2).12, 13, 16, 17, 19–25, 27, 29, 33, 34 The median relative decline in liver stiffness was 

28.2% (interquartile range [IQR], 21.8–34.8) In contrast, mean liver stiffness remained fairly 

unchanged 6–12 months after EOT in patients who did not achieve SVR (WMD, −0.6; 95% 

CI, −1.7 to 0.5; p=0.31; 7 studies).

In 4 studies, with 191 patients who achieved SVR and were classified as having ‘cirrhosis’ 

(based investigator-defined liver stiffness >12.5–14.6kPa or histology) prior to therapy, 

26.6% (95% CI, 15.9–40.9%; I2=61%) patients had decline in liver stiffness to below 

9.5kPa.12, 15, 16, 34 Similarly, from 261 patients who achieved SVR and were classified as 

having ‘advanced fibrosis or cirrhosis’ (based on liver stiffness >9,5kPa), 47.1% (95% CI, 

27.1–68.0; I2=89%) patients had post-treatment liver stiffness below 9.5 kPa.12, 15, 16, 22, 34
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Subgroup analysis and Meta-regression: On subgroup analysis, the magnitude of decline 

in liver stiffness was higher in patients treated with DAAs (WMD, −4.6 kPa; 95% CI, −3.3 

to −5.6) as compared to patients treated with interferon-based therapies (WMD, −2.6; 95% 

CI, −1.9 to −3.4) (Pinteraction=0.03), and in cohorts where the majority of patients had 

baseline ‘cirrhosis’ (>75% cirrhosis vs. <75% cirrhosis: WMD, −5.1 kPa vs. −2.8 kPa; 

Pinteraction=0.02) (Table 3). Of note, while the absolute magnitude of decline was higher in 

patients with high baseline stiffness, the relative magnitude of decline was comparable. No 

significant differences were observed based on presence or absence of HIV co-infection or 

geographic location.

On meta-regression, the magnitude of decline in liver stiffness was dependent on baseline 

ALT, i.e., cohorts in which patients had higher mean baseline ALT experienced a more 

significant decline in liver stiffness after SVR, as compared to patients with lower mean 

ALT (p<0.001) (eFigure 1A). Similarly, cohorts with higher proportion of patients with 

baseline cirrhosis (or higher pre-treatment liver stiffness) experienced greater absolute 

decline in liver stiffness (p=0.006) (eFigure 1B). No association was observed between 

baseline BMI and magnitude of decline in liver stiffness (p=0.34) (eFigure 1C).

Temporal evolution of change in liver stiffness—In assessing temporal evolution of 

decline in liver stiffness in patients who achieved SVR, liver stiffness declined by 2.4 kPa 

(95% CI, 1.7–3.0) at EOT (9 studies),12, 15, 18–20, 23–25, 28, 30, 3.1 kPa (95% CI, 1.6 to 4.6) 

1–6 months after EOT (5 studies, including patients with SVR12),13, 14, 19, 31, 32, and 4.1 

kPa (95% CI, 3.3 to 4.9) >12 months after completion of antiviral therapy (8 studies) (Figure 

3).12, 15–17, 24–26, 28, 35 Overall, this change in stiffness over time was statistically significant 

(p=0.014). In contrast, mean liver stiffness at EOT and >12m after completion of antiviral 

therapy in those without SVR was unchanged as compared to pre-treatment liver stiffness 

(EOT: WMD, −0.5 [95% CI, −1.5 to 0.5]; >12m after EOT: WMD, 0.9 [95% CI, −1.9 to 

3.2]). In comparing patients who achieved SVR vs. no SVR, the overall difference in 

magnitude of decline in liver stiffness was −3.3 kPa (95% CI, −2.2 to −4.6) at 6–12 months 

after completion of therapy. This magnitude of difference also increased with increasing 

time since antiviral therapy (p=0.003) (eFigure 2).

Sensitivity Analysis and Publication Bias—The primary results were unchanged on 

sensitivity analysis restricted to high quality studies (change in liver stiffness in patients with 

SVR, 6–12m after EOT: −3.0 [95% CI, −2.1 to −3.9]). There was no evidence of small study 

effects quantitatively based on funnel plot, or qualitatively based on Egger’s test (p=0.27).

DISCUSSION

Through a systematic review of 24 studies with paired liver stiffness measurement using 

VCTE, before and after antiviral therapy, we made several key observations. First, liver 

stiffness decreases significantly, by approximately 3.1 kPa, in 6–12 months after achieving 

viral eradication; in contrast, liver stiffness remains unchanged in patients who do not 

achieve SVR. The median decline in liver stiffness was 28.2%, with an interquartile range of 

21.8% to 34.8%. Approximately 47% of patients with baseline liver stiffness in the advanced 

fibrosis or cirrhosis range (>9.5kPa), have post-treatment liver stiffness below 9.5kPa. 
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Second, in patients who achieve SVR, the magnitude of decline in liver stiffness is 

incremental over time after completion of therapy, increasing progressively from −2.4 kPa at 

EOT to −4.1kPa at 12 months and beyond. Third, the magnitude of decline in liver stiffness 

is higher in patients with high baseline liver stiffness, patients treated with DAAs (vs. 

patients treated with interferon-based therapies), and patients with high baseline 

aminotransferases (a marker of hepatic inflammation prior to therapy). These findings are 

directly applicable to patient care and health policy. Since increasing numbers of patients are 

seeking care and are being cured of HCV, estimation of magnitude of decline in liver 

stiffness non-invasively after viral eradication may help identify patients likely to be at low 

risk of liver-related complications (for example, non-cirrhotic patients with post-treatment 

liver stiffness <9.5kPa), although robust evidence of how decline in liver stiffness correlates 

with improvement in clinically relevant outcomes is very limited.

With increasing reliance on non-invasive modalities for fibrosis assessment in patients with 

chronic liver diseases, and ease of serial measurement, assessment of change in liver 

stiffness is perhaps more relevant than change in fibrosis stage. Decline in liver stiffness 

following viral eradication is probably a combination of resolution of hepatic inflammation, 

as well as regression of fibrosis; it is probable that early decline is largely related to 

resolution of inflammation, whereas continued decline beyond 1 year after EOT may be 

related to fibrosis regression, as has been observed with paired liver biopsy studies with 

interferon-based therapy.36, 37 However, detailed prospective studies are warranted to 

evaluate short- and long-term implications of rapidity and magnitude of decline in liver 

stiffness with anti-viral therapy. While progressive increase in liver stiffness has been 

associated with worsening liver-related complications regardless of fibrosis stage, at this 

time, it is conjectural that decline in liver stiffness will likely translate into lower risk of 

liver-related complications.

We observed a greater magnitude of decline in liver stiffness in patients who achieved SVR 

with DAAs vs. interferon-based therapy. This may be related to more rapid clearance of 

viremia observed with DAAs, with associated rapid decline in hepatic inflammation and 

fibrogenesis, or potentially higher baseline stiffness in DAA-treated patients resulting in 

greater magnitude of decline in stiffness. We also observed a greater magnitude of decline in 

liver stiffness in patients with higher baseline liver stiffness, as compared to those with lower 

baseline stiffness, and in those with higher baseline ALT. This may be a reflection of higher 

hepatic inflammatory burden, which responds rapidly to effective antiviral therapy, causing a 

larger magnitude of change in stiffness, although its clinical significance in terms of more 

favorable long-term outcomes is still unclear. It is important to note that in cohorts with 

higher median baseline stiffness, while the absolute decline in liver stiffness with SVR was 

higher (as compared to cohorts with lower median stiffness), the relative magnitude of 

decline in stiffness was more homogeneous (28.2% decline [IQR, 21.8–34.8]). We did not 

observe any significant difference in change in stiffness based on BMI, on meta-regression. 

There was very limited data on co-existing diabetes, NAFLD or alcohol consumption, so the 

potential impact of these ongoing hepatic insults on change in liver stiffness remains to be 

seen.
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The strengths of our systematic review include a (a) comprehensive and systematic literature 

search with well-defined and restrictive inclusion criteria (limiting to studies in which >80% 

patients underwent post-treatment VCTE), (b) stratification of analyses by SVR status 

allowing for comparative assessment, although the number of SVR patients was 

considerably higher due to the inclusion of several studies reporting only on patients with 

SVR, (c) recognizing temporal evolution of liver stiffness following SVR and a priori 
determining primary time point of analysis, (d), rigorous evaluation of study quality which 

has been used as the basis for sensitivity analysis, (e) assessment of multiple, clinically 

relevant end points, and (f) performing several pre-planned subgroup and sensitivity 

analyses and meta-regression accounting for key determinants of change in liver stiffness. 

However, there are several limitations in our meta-analysis. First, we did not have access to 

individual participant data, and hence all analyses were performed at study-level, using 

mean or median liver stiffness pre- and post-therapy to inform magnitude of change in 

stiffness. Moreover, patients recruited in the studies conducted with DAAs presented higher 

baseline liver stiffness, which may play a role in the greater magnitude in decline in liver 

stiffness observed in this subgroup. Second, timing of VCTE post-SVR was also based on 

mean/median time, as opposed to a fixed time point at which all patients underwent 

assessment; hence, we used ranges of time of post-treatment VCTE assessment in reporting 

our analyses. Third, follow-up assessment after SVR was relatively short, hence, long-term 

evolution of liver stiffness after antiviral therapy and impact of decline in liver stiffness on 

patient clinical outcomes could not be ascertained. Fourth, studies did not consistently report 

potential confounders like NAFLD, diabetes, alcohol consumption which may influence 

liver stiffness. When variables were available, such as co-infection with HIV or mean BMI, 

we performed sub-group analysis or meta-regression, and observed no significant impact on 

magnitude of decline in stiffness. Finally, our systematic review focused only on VCTE, and 

not other modalities of liver stiffness assessment such as shear-wave elastography or 

acoustic radiation force impulse.38,39

In conclusion, liver stiffness measured using VCTE declines significantly after achieving 

SVR (median, 28.2%), and the magnitude of decline is incremental with time since antiviral 

therapy. Magnitude of decline is higher in patients treated with DAAs, and in patients with 

higher baseline stiffness. Approximately 47% of patients with baseline classification of 

having advanced fibrosis or cirrhosis range liver stiffness, may have decline of post-

treatment liver stiffness to <9.5kPa. With this decline in liver stiffness, it is conceivable that 

risk of liver-related complications would decrease, particularly in non-cirrhotic patients. 

Future research is warranted on the impact of magnitude and kinetics of decline in liver 

stiffness on improvement in liver-related outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Study Selection Flowsheet

Singh et al. Page 12

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2019 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Forest plot with individual studies showing magnitude and kinetics of decline in liver 

stiffness in patients with HCV who achieve sustained virologic response, as compared to 

baseline, prior to anti-viral therapy
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Figure 3. 
Comparison of change in liver stiffness over time, in patients with HCV who achieve SVR 

vs. patients who do not achieve SVR
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