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Strengths and limitations of this study

 ► Our updated meta- analysis is now the largest re-
view of hepatitis C virus prognosis including English 
and non- English language observational studies.

 ► We use Markov maximum likelihood estimation 
method, which does not rely on the assumption of a 
linear disease progression to obtain detailed stage- 
specific estimates of fibrosis progression.

 ► Further, we restrict our meta- analysis to newer 
studies using better diagnostic methods compared 
with earlier reviews; and we present more precise 
prognostic estimates for important chronic hepatitis 
C subpopulations in terms of clinical policy (ie, injec-
tion drug users, blood transfusion cohorts, liver clinic 
patients and non- clinical populations).

 ► However, findings indicate that fibrosis progression 
rates display substantial heterogeneity across study 
populations and pooled values from more homog-
enous subpopulations should be considered when 
estimating prognosis.

AbStrACt
Objectives Mathematical models are increasingly 
important in planning for the upcoming chronic hepatitis 
C (CHC) elimination efforts. Such models require reliable 
natural history inputs to make accurate predictions on 
health and economic outcomes. Yet, hepatitis C virus 
disease progression is known to vary widely in the 
literature and published inputs are currently outdated. The 
objectives of this study were to obtain updated estimates 
of fibrosis progression rates (FPR) in treatment- naïve 
patients with CHC and to explore sources of heterogeneity.
Design A systematic review was conducted using Ovid- 
MEDLINE, Ovid- EMBASE and PubMed databases (January 
1990 to January 2018) to identify observational studies of 
hepatic fibrosis in treatment- naïve patients with CHC.
Outcomes Stage- constant FPRs were estimated for 
each study given the reported fibrosis scores and duration 
of infection. Stage- specific FPRs (ie, F0→F1; F1→F2; 
F2→F3; F3→F4) were estimated using Markov maximum 
likelihood estimation. Estimates were pooled using random- 
effects meta- analysis and heterogeneity was evaluated by 
stratification and random- effects meta- regression.
results The review identified 111 studies involving 131 
groups of patients (n=42 693). The pooled stage- constant 
FPR was 0.094 (95% CI 0.088 to 0.100); stage- specific 
FPRs were F0→F1: 0.107 (95% CI 0.097 to 0.118); 
F1→F2: 0.082 (95% CI 0.074 to 0.091); F2→F3: 0.117 
(95% CI 0.107 to 0.129); F3→F4: 0.116 (95% CI 0.104 to 
0.131). Stratified analysis revealed substantial variation 
in progression by study population. Meta- regression 
indicated associations between progression and 
infection age, duration, source, viral genotype and study 
population. Findings indicate that FPRs display substantial 
heterogeneity across study populations and pooled 
values from more homogenous subpopulations should be 
considered when estimating prognosis.
Conclusions This large meta- analysis presents updated 
prognostic estimates for CHC derived from newer studies 
using better diagnostic methods and improves estimates 
for important patient populations in terms of clinical policy 
(eg, injection drug users, non- clinical populations, liver 
clinic patients) and should be a valuable resource for 
patients, clinicians and clinical policymakers.

IntrODuCtIOn
An estimated ~1% of the world’s popula-
tion is infected with the hepatitis C virus 

(HCV).1 2 Chronic HCV (CHC) eventually 
leads to fibrosis, cirrhosis, advanced liver 
disease and death.1 3 4 The level of CHC- 
related hepatic fibrosis is typically detected 
through histology using the meta- analysis of 
histological data in viral hepatitis (METAVIR) 
(scoring system with scores ranging from 
F0 indicating no fibrosis to F4 indicating 
cirrhosis. Published estimates of CHC prog-
nosis have shown large variability in the rate 
of fibrosis progression across these stages.5–8

Fortunately, HCV treatment has been revo-
lutionised by highly effective therapies making 
elimination a plausible objective. Recently, 
the WHO launched a global strategy to this 
end, targeting a 90% reduction in new infec-
tions, a 65% reduction in liver- related death, 
a diagnosis rate of 90% and a treatment rate 
of 80% by 2030. This will necessitate radical 
expansions in prevention, screening and 
linkage to care.9
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However, a key challenge to the development of national 
elimination strategies has been the lack of reliable estimates 
of local disease burden, HCV prevalence and the preva-
lence of the undiagnosed population.9 Currently, the only 
way to estimate such unknown parameters involves mathe-
matical modelling. For this reason, WHO has been assisting 
countries through expert consultation and modelling initia-
tives.9 Mathematical models are also increasingly important 
for estimating the health and economic consequences of 
scaling up screening and treatment programmes. However, 
these models require reliable natural history inputs to make 
accurate predictions.10 11 Yet, HCV disease progression is 
known to vary widely in the literature and published natural 
history inputs are currently outdated.5–8

In general, the variability in HCV disease progression 
has been attributed to differences in the study popula-
tion (eg, liver clinic, blood donors, injection drug users 
(IDU)); differences due to study setting (ie, clinical vs 
non- clinical); differences among study subjects with 
respect to clinical risk factors for disease progression;12–14 
as well as to variation in the methods used for calculating 
fibrosis progression rates (FPR).15

The established clinical risk factors for rapid progres-
sion of hepatic fibrosis include older age, male gender, 
excessive alcohol use, high body mass index and hepa-
titis B virus (HBV) or HIV coinfection.12–14 However, 
more recent studies have indicated race/ethnicity and 
viral genotype as possible risk factors as well.16–20 Studies 
have also suggested that patients identified in clinical 
settings display a more rapid progression compared with 
those identified in non- clinical settings, for example, by 
screening programmes.5

In terms of methodological variability, studies gener-
ally estimate progression using two methods: a direct 
method involving serial biopsies, and an indirect method 
involving a single biopsy and the estimated duration of 
infection.15 Multiple biopsies are less common and often 
involve patients who need to be monitored closely for 
rapid progression; while the more common indirect 
method assumes a constant progression rate from the 
time of infection despite evidence indicating variability 
between stages.5 21 22

To account for stage- specific variation in progression, 
Yi et al22 have proposed the Markov maximum likelihood 
estimation (MMLE) method, which can estimate accu-
rate stage- specific FPRs from observational studies where 
only a single biopsy and the estimated duration of infec-
tion are available. This has improved the external validity 
and accuracy of stage- specific progression estimates by 
allowing much larger numbers of single biopsy studies to 
inform HCV prognosis.22

A previous systematic review from our group has esti-
mated FPRs using this method.5 This study has been 
widely used in pharmacoeconomic evaluations. However, 
since its publication, a decade ago, new prognostic studies 
have become available, highlighting additional sources of 
variability (ie, viral genotype, race/ethnicity) that merit 
further investigation.16–19 23 24

Given the availability of new research and the impor-
tance of natural history estimates particularly for 
informing forthcoming elimination policies, the objec-
tives of this study were: (1) to refine progression estimates 
through an updated systematic review of observational 
studies examining hepatic fibrosis in treatment- naïve 
HCV- infected individuals and (2) to further explore addi-
tional sources of heterogeneity.

MAterIAlS AnD MethODS
Data sources
A systematic literature search was conducted using Ovid- 
MEDLINE, Ovid- EMBASE and PubMed databases without 
language restriction by an experienced medical librarian 
(JB) (original: January 1990 to August 2007; update: 
January 2007 to January 2018). Additionally, the search 
was supplemented by citation searches and by reviewing 
references of relevant studies. Search strings for each 
database are provided in online supplementary materials.

Study selection
Records were imported to EndNote V.X7.7.1 (Thomson 
Reuters, New York City, NY, USA). After duplicate removal, 
potentially relevant studies were screened against eligi-
bility criteria by two independent reviewers. Disagree-
ments were resolved through discussion.

Studies were included if they satisfied the following 
criteria: (1) CHC defined as the presence of anti- HCV 
antibody detected by second or third- generation ELISA 
and at least one of the following: HCV RNA detected by 
PCR, recombinant immunoblot assay, elevated alanine 
aminotransferase (ALT) or liver biopsy; (2) full- length 
peer- reviewed original observational study; and (3) no 
HCV treatment prior to biopsy. Studies involving fewer 
than 20 cases, postliver transplant patients and those 
where FPRs could not be calculated were excluded. 
Multiple reports from the same study were identified by 
comparing author, year and sample size. The report with 
the most complete information was preferred, if equiva-
lent, then the most recent publication was included.

Data extraction
Study, host, viral and liver disease- related information was 
extracted in duplicate by two independent reviewers using 
piloted forms. For non- English studies, native speakers 
were contacted for help with full- text review and data 
extraction processes. A complete list of abstracted data 
items and all abstracted data are provided in the online 
supplementary material. Studies that reported results 
in subgroups, which may influence disease progression, 
were extracted separately.

Age at HCV acquisition, for studies that did not report 
this information, was imputed by taking the difference 
between age at assessment and the estimated duration of 
infection. For some studies that report composite fibrosis 
stages (eg, F0/F1), data were distributed 50:50 across 
F0 and F1. Stage distribution was not performed when 
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more than two stages were reported collectively (eg, F0/
F1/F2). Definitions used by reviewers and criteria used 
to convert histological and non- invasive scores to the 
METAVIR system are provided in online supplementary 
tables S1 and S2, respectively.

Study quality
Because the included studies vary widely by study design, 
population and setting, and since the study outcomes (ie, 
FPRs) were generated using the MMLE method (given 
the duration of infection and the fibrosis scores reported 
in each study), rather than being directly extracted from 
the included studies, instead of applying a generic quality 
appraisal tool, we addressed issues that may bias outcome 
measurement and the accuracy of FPR estimation more 
directly. To improve the accuracy of case ascertainment, 
the updated meta- analysis was restricted to newer studies 
where all participants had confirmatory RNA testing for 
CHC. Further, studies were stratified by two independent 
reviewers by the mode of infection, which can influence 
the estimation of the duration of infection, as well as by 
study design, setting and population to address issues 
around representativeness/generalisability of findings. 
The categories were based on the criteria described in 
online supplementary table S2. Finally, other clinical 
factors such as excess alcohol use and HIV or HBV coinfec-
tion among study subjects, which may impact outcomes, 
were adjusted for using meta- regression analyses.

estimation of FPrs
Two methods were used to estimate the annual FPRs for 
each included study: (1) the stage- constant FPR (scFPR) 
was estimated by dividing the total number of transitions 
in METAVIR units by the person- years of HCV infection; 
(2) the stage- specific FPRs (ie, F0→1, F1→2, F2→3 and 
F3→F4) were estimated using the MMLE method.22

Data synthesis
Identified groups were stratified by methodological and 
clinical subgroups. Estimates were pooled by random- 
effects meta- analyses. Time to cirrhosis was determined 
using the pooled stage- specific progression rates (αs)

5 22:

 
Time − to − Cirrhosis =

(
1

α01
+ 1

α12
+ 1

α23
+ 1

α34

)
  

Finally, the pooled FPRs and their 95% CIs were used 
to estimate the mean cumulative probability of cirrhosis 
up to 40 years after HCV exposure for clinically important 
subpopulations.

heterogeneity
For all estimates, publication bias, small study effects 
and heterogeneity were assessed by visual inspection of 
funnel plots of the natural log of FPRs against inverse 
variance. A statistical test for funnel plot asymmetry was 
not performed due to presence of significant heteroge-
neity (online supplementary figure S1).25 26 Heteroge-
neity was quantified using the I2 statistic, with values of 
25% and 75% indicating low and high heterogeneity.27 

Previously identified sources of heterogeneity (eg, 
study related, methodological, clinical and viral) were 
explored through stratification and random- effects meta- 
regression analyses using a linear mixed model- maximum 
likelihood method weighted by a multiplicative variance 
adjustment factor.5 12–14 18 Missing values were imputed 
using the mean values. The natural log of FPRs was used 
as the dependent variable.

Statistical analysis
Statistical analysis was conducted using SAS (SAS version 
9.4) and PROC MIXED and PROC MIXED ML proce-
dures were used for all meta- analyses and meta- regression 
analyses. The plots were generated using RStudio 
V.1.1.383 (RStudio, Boston, MA, USA). A two- sided signif-
icance level of 0.05 was used to indicate significance for 
hypothesis tests.

reSultS
Study selection
The current study is an update of a previous review 
covering the period from January 1990 to August 2007.5 
The updated literature search (January 2007 to January 
2018) identified a total of 10 440 records (figure 1). 
Following duplicate removal, 7193 abstracts were 
screened, and 1304 records were included for full- text 
review. Overall, the update identified 45 new studies 
reporting on 60 new patient groups (24 689 HCV- infected 
subjects) resulting in total of 140 studies and 171 groups 
of patients (57 810 subjects) in combination with the 
earlier review. Group- level summary of study and partici-
pant characteristics is provided in online supplementary 
tables S3 and S4, respectively.

However, the updated meta- analysis was restricted 
to newer studies where all participants had HCV RNA 
testing. After elimination of 40 study groups where RNA 
status was either missing or unclear, the updated meta- 
analysis included 111 studies reporting on 131 groups 
of patients (42 693 subjects and 723 058 person- years of 
follow- up time). The study characteristics of the 40 study 
groups excluded from the meta- analysis are described in 
online supplementary table S5.

Study characteristics
The study characteristics of the 131 groups included in 
the meta- analysis are summarised in table 1. A majority, 
84% (n=110), of the included groups were assessed in a 
clinical setting (vs non- clinical). Compared with the orig-
inal review, the update identified relatively more patients 
evaluated in a non- clinical setting (12% (n=3068) of orig-
inal vs 31% (n=5392) of new subjects). In terms of study 
design, a majority, 68% (n=88), used a cross- sectional/
retrospective versus a retrospective- prospective study 
design. Majority of study groups (124 out of 131) assessed 
hepatic fibrosis using only histology; only seven performed 
a non- invasive assessment of hepatic fibrosis (six used liver 
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Figure 1 Preferred Reporting Items for Systematic Reviews and Meta- Analyses (PRISMA) flow diagram showing the study 
selection progress. The literature search recovered a total of 5718 citations. Following duplicate removal and supplementary 
citation searches, the review process identified a total of 45 new studies reporting on 60 groups of HCV- infected patients. 
Together with the 95 studies reporting on 111 groups identified by the original review, the current update identified a total of 
140 studies of 171 HCV- infected groups of patients. Meta- analysis was restricted to 111 studies reporting on 131 study groups 
where chronic hepatitis C (CHC) was confirmed by HCV RNA testing in all subjects. HCV, hepatitis C virus.

stiffness measurements (LSM) and one used a combina-
tion of invasive and non- invasive methods).

Regarding the patient populations, liver clinic patients 
were the most frequently studied group (69%). In total, 
there were 91 groups of liver clinic patients; 10 of IDUs; 6 
of dialysis patients; 5 of females, 4 community, renal trans-
plant recipients and infectious disease patients; 3 of blood 
donor groups; and 2 of paediatric and post- transfusion 
groups (table 1). Furthermore, the update identified a 
total of 10 evaluations of genotype 1, three of genotype 3 
and one each of genotype 2 and 4 infected groups.

Clinical characteristics of study subjects
The clinical characteristics of subjects are summarised 
in online supplementary table S6. The majority of the 
subjects were male (62%) and white (69%). The mean 
age at assessment of liver fibrosis was 44 years, the mean 
age at infection was 26 years and the mean duration 
of infection was 18 years. The average prevalence of 
excess alcohol use was 20%. IDU accounted for 43% 
and blood transfusion for 26% of infections. Cirrhosis 
was present in 12%. The majority of the subjects (76%) 

had an elevated ALT. The mean ALT of all subjects was 
88 IU/L. In terms of viral genotype, the average preva-
lence of genotype 1 was 56%, genotype 3 was 18%. On 
average, 2% of subjects were coinfected with HIV and 
0.4% with HBV.

Overall FPrs
The pooled scFPR was 0.094 (95% CI 0.088 to 0.100) 
METAVIR units per year (table 2). The stage- specific FPR 
estimates were generally lower for transitioning between 
F0→F1 (0.107; 95% CI 0.097 to 0.118) and F1→F2 
(0.082; 95% CI 0.074 to 0.091); relative to F2→F3 (0.117; 
95% CI 0.107 to 0.129) and F3→F4 (0.116; 95% CI 0.104 
to 0.131). Overall, the estimated time to cirrhosis was 39 
years. The I2 statistic indicated a high level of heteroge-
neity which was relatively more pronounced at earlier 
stages. The pooled FPRs stratified by study update are 
provided in online supplementary table S7. Forest plots 
of the pooled stage- specific FPRs are provided in online 
supplementary figures S29–S5.
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Table 1 Summary of subgroups included in the meta- analysis

Updated review
(1990–2018)

Original review
(1990–2007)

New groups
(2007–2018)

n SS n SS n SS

All groups 131 42 693 81 25 492 50 17 201

Study setting   

  Clinical 110 34 233 70 22 424 40 11 809

  Non- clinical 21 8460 11 3068 10 5392

Study design   

  Cross- sectional/retrospective 88 29 088 72 22 921 16 6167

  Retrospective- prospective 43 13 605 9 2571 34 11 034

Study population   

  Females 5 1420 4 1400 1 20

  Blood donors 3 408 2 223 1 185

  Paediatric patients 2 223 0 . 2 223

  Post- transfusion 2 509 1 469 1 40

  Liver clinic 91 32 524 61 21 338 30 11 186

  Injection drug users 10 5132 4 670 6 4462

  Community 4 1451 3 1044 1 407

  Dialysis patients 6 408 3 191 3 217

  Renal transplant 4 179 3 157 1 22

  Infectious diseases 4 439 0 . 4 439

Publication year   

  <2000 4 629 4 629 0 0

  2000 to <2005 56 16 460 54 16 309 2 151

  2005 to <2010 37 12 041 23 8554 14 3487

  ≥2010 34 13 563 0 . 34 13 563

Age at assessment   

  <40 23 5540 13 2166 10 3374

  ≥40 108 37 153 68 23 326 40 13 827

Estimated age at infection (years)   

  <20 11 2318 4 662 7 1656

  30 to <40 95 35 926 64 21 576 31 14 350

  20 to <30 19 3864 13 3254 6 610

  ≥40 6 585 0 . 6 585

Estimated duration of infection 
(years)

  

  <10 8 834 2 212 6 622

  10 to <20 71 21 949 50 13 800 21 8149

  ≥20 52 19 910 29 11 480 23 8430

HCV genotype   

  Genotype 1 10 3000 5 1854 5 1146

  Genotype 2 1 90 0 . 1 90

  Genotype 3 3 1426 0 . 3 1426

  Genotype 4 1 117 0 . 1 117

The meta- analysis was restricted to 131 study groups (81 from the original review and 50 new groups) where CHC was confirmed by HCV 
RNA testing in all subjects.
CHC, chronic hepatitis C; HCV, hepatitis C virus; n, number of groups included in the meta- analysis; SS, total sample size in each group.
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Figure 2 Cumulative probability of cirrhosis for various patient populations. The cumulative probability of cirrhosis over years 
of HCV infection for (A) all study groups by estimation method; and groups stratified by (B) study setting; (C) viral genotype; and 
(D) study population using stage- specific progression rate estimates. Cumulative probabilities are projected using unadjusted 
estimates and may be confounded. A high degree of heterogeneity is present within the liver clinic, injection drug use and 
community populations, as well as for genotype 1- infected groups and for studies stratified by study setting. HCV, hepatitis C 
virus.

Stratification by study setting and design
Time- to- cirrhosis estimates indicated a faster progres-
sion to cirrhosis in groups initially identified in a clinical 
versus non- clinical setting (37 years vs 47 years) (table 2). 
In terms of study design, there was only a small differ-
ence in progression among cross- sectional/retrospective 
versus retrospective- prospective design (38 years vs 41 
years), which was lost following adjustment for covariates 
(online supplementary table S8). The cumulative proba-
bility of cirrhosis by study setting is presented in figure 2.

Stratification by study population
Time- to- cirrhosis estimates indicated a relatively slower 
progression to cirrhosis for the female (74 years), 
blood donor (63 years), paediatric (45 years) and post- 
transfusion cohorts (44 years) and a faster progression for 
infectious disease (19 years), renal transplant (24 years), 
dialysis (35 years), community (35 years) and IDU (37 
years) populations relative to liver clinic populations (40 
years) (table 2).

In general, simple stratification by study population 
was able to explain heterogeneity in estimates primarily 
for the later stages of disease. However, a high level of 
heterogeneity persisted for liver clinic, IDU and commu-
nity groups. The unadjusted cumulative probability of 
cirrhosis for different study populations is displayed in 
figure 2.

Based on time- to- cirrhosis estimates derived from 
covariate- adjusted FPRs, female (52 years), blood donor 
(55 years) and post- transfusion (44 years) groups main-
tained a relatively slower progression, while paediatric 
groups (36 years) displayed a slightly faster progression 
relative to liver clinic populations (38 years) (online 
supplementary table S8). Infectious disease (34 years) 

and community (33 years) groups maintained a rela-
tively faster progression following adjustments, while the 
covariate- adjusted progression was somewhat compara-
tively slower for dialysis patients (47 years), renal trans-
plant (39 years) and IDUs (40 years).

Stratification by publication year
Based on unadjusted time- to- cirrhosis estimates, earlier 
studies (< year 2000) indicated a slower progression to 
cirrhosis (49 years) versus studies published after 2000 
(table 2). This was also apparent following covariate 
adjustment (online supplementary table S8).

Stratification by age and duration of infection
In terms of age, groups with a younger mean age at 
assessment (<40 years) displayed a faster progression to 
cirrhosis (33 years) versus an older age (≥40) (40 years) 
(table 2), while groups with an older age at infection 
(≥30 years) displayed a more rapid progression (20–28 
years) relative to a younger age (<30 years) (42–45 years). 
Fibrosis also progressed faster (17 years) in groups with a 
shorter duration of infection (<10 years).

Stratification by viral genotype
Regarding viral genotype, groups infected with viral geno-
type 1 displayed a much slower progression to cirrhosis 
versus genotype 3 (59 years vs 30 years) (table 2). Slower 
progression for genotype 1 versus genotype 3 groups 
remained following covariate adjustments (43 years vs 
34 years) (online supplementary table S8). In the strat-
ified analysis, genotype 3 groups exhibited considerably 
less heterogeneity versus genotype 1. The unadjusted 
cumulative probability of cirrhosis for genotypes 1 and 3 
is displayed in figure 2.

https://dx.doi.org/10.1136/bmjopen-2018-027491
https://dx.doi.org/10.1136/bmjopen-2018-027491
https://dx.doi.org/10.1136/bmjopen-2018-027491
https://dx.doi.org/10.1136/bmjopen-2018-027491
https://dx.doi.org/10.1136/bmjopen-2018-027491
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univariate analysis
In the univariate analyses, most clinical covariates 
displayed an association with at least one progression 
estimate except for HIV coinfection, male sex, white and 
Asian race (online supplementary table S9). For more 
advanced stages of disease, genotype 1 was associated with 
a slower progression to advanced fibrosis (F2→F3; rela-
tive risk (RR)=0.53) and to cirrhosis (F3→F4; RR=0.39); 
while genotype 3 was associated with faster progression to 
cirrhosis (RR=2.62). Additionally, injection drug- related 
infections displayed faster progression (RR=1.65) and 
black race slower progression (RR=0.47) to cirrhosis.

Regarding study- related factors, studies conducted 
in a non- clinical setting (vs clinical) indicated a slower 
progression in the earlier stages of disease (RR=0.68–
0.75). In terms of study population, relative to liver clinic 
patients, IDUs (RR=1.72) and infectious disease groups 
(RR=2.26) displayed a faster progression and females 
(RR=0.46) displayed a slower progression to cirrhosis. 
For earlier stages, dialysis, renal transplant and infec-
tious disease populations all exhibited a faster progres-
sion (RR=2.12–2.54) and females again displayed a slower 
progression (RR=0.45). Many covariates (eg, infectious 
diseases, females, genotype 3) were also associated with 
the overall progression (scFPR).

Multivariable analysis
After adjusting for multiple covariates (table 3), the dura-
tion of infection remained independently associated 
with slower progression for all FPRs (RR=0.94–0.97). 
Age at infection was also independently associated with 
faster progression between F1→F2 (RR=1.03) and with 
overall progression (scFPR; RR=1.01). Similarly, blood 
transfusion- related infection displayed faster progres-
sion from F0→F1 (RR=2.37) and in overall progression 
(scFPR; RR=1.63). Regarding viral genotype, following 
adjustment for covariates, genotype 1 was significantly 
associated with a slower progression between F2→F3 
(RR=0.58) and faster progression from F0→F1 (RR=1.61). 
No significant association was observed for viral genotype 
3 or for ethnicity. In terms of study- related factors, only 
dialysis populations maintained a significant association 
after covariate adjustment, exhibiting a slower progres-
sion versus liver clinic patients, at early stages (F1→F2; 
RR=0.58). Based on the adjusted R2, covariates explained 
~38%–56% of the heterogeneity in the stage- specific FPR 
estimates and 87% in the stage- constant estimate.

DISCuSSIOn
Our large systematic review of HCV natural history 
presents updated and refined estimates of CHC- related 
hepatic fibrosis progression in treatment- naïve patients. 
Overall, the updated estimates were generally consis-
tent with previous studies and indicated an average 
time to cirrhosis of ~39 years.5 14 28 However, the current 
study found a slightly slower progression compared with 
our previous analysis, especially at the earliest stage of 

fibrosis.5 This is possibly because the updated review 
included more studies where patients were identified 
through screening efforts in non- clinical settings, and 
thus involved less symptomatic patients when compared 
with the original study.

In general, the current update improves upon our 
previous analysis by focusing on more recent studies 
where CHC was confirmed by better diagnostic methods 
and by incorporating substantially more subjects iden-
tified in a non- clinical setting (8460 vs 3068) and more 
IDU populations (5132 vs 670) thereby providing more 
precise estimates of progression for these important 
subpopulations. Further, we identified study population 
as an important source of heterogeneity indicating that 
population- specific estimates should be considered when 
estimating prognosis. With respect to the IDU popula-
tion, based on the 10 groups identified, we found a faster 
average time to cirrhosis for this population (37 years), 
when compared with our earlier estimate (40 years), and 
to a previous review, which used similar methods (46 
years).29 Following covariate adjustments, the progression 
was slightly slower (40 years); this could be due to the 
inclusion of more genotype 3- infected individuals in the 
present study.

In our updated analysis we also further explored the 
effects of viral genotype and race/ethnicity on prognosis. 
Univariate analyses identified genotype 3 as a predictor 
of faster progression and genotype 1 a predictor of 
slower progression from advanced fibrosis to cirrhosis. 
Similarly, a previous meta- analysis of scFPR also found a 
faster progression for genotype 3 versus genotype non-3 
groups.18 Due to the small number of studies a meta- 
regression could not be used to explore confounders 
in that study. In our large meta- regression, genotype 1 
displayed a faster progression at the earliest stages but a 
slower progression at more advanced stages of fibrosis. 
Similarly, univariate analysis also indicated a slower 
progression from significant fibrosis to cirrhosis for black 
race and female populations in agreement with previous 
studies20 23 24; although these relationships were lost upon 
covariate adjustment.

To help describe the differences in disease progression 
across the different groups, our updated analysis used 
the covariate- adjusted stage- specific FPRs to estimate 
the average expected time to cirrhosis for each group. 
After adjustment for confounders, we found that time 
to cirrhosis was 43 years for genotype 1 versus 34 years 
for genotype 3 groups. In general, adjusted progressions 
were slower for the blood donors (55 years), females (52 
years) and black patients (46 years) and generally faster 
for IDUs (40 years), infectious disease units and commu-
nity patients (~34 years) and Asian populations (29 years).

Our study is limited in several ways. We excluded 
reports where the data on infection duration were not 
available. Thus, the results may not be generalisable to 
individuals with an unknown source of infection. More-
over, estimates based on self- report, such as the dura-
tion of infection, alcohol and drug use, may suffer from 

https://dx.doi.org/10.1136/bmjopen-2018-027491
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recall bias. Studies in IDUs suggest that there may exist 
a median lag of ~3 years between the first year of drug 
use and HCV infection.17 30 Therefore, the accuracy of 
the estimates of infection duration may vary by the mode 
of infection,31 resulting in a possible underestimation 
of FPRs for IDUs. Additionally, alcohol use tends to be 
inconsistently reported. Finally, aggregated analyses may 
suffer from ecological fallacy.32 It is also important to note 
that although newer non- invasive methods are replacing 
biopsy, non- invasive prognosis currently remains limited 
making biopsy- based stage- specific estimates the most 
suitable method for representing the natural history of 
HCV at the current time.33

Finally, our analyses identified substantial hetero-
geneity, especially among earlier versus later stages of 
fibrosis. This is not surprising as published estimates 
are known to vary extensively. While we have explained 
some of this variation, it is possible that some heteroge-
neity is also related to sampling variability associated with 
biopsies, though non- invasive estimates also demonstrate 
considerable variability.33 Other sources of variation may 
include obesity, steatosis, insulin resistance or genetic 
factors that can moderate fibrogenesis, which remain 
largely unreported in the literature.34–38 Furthermore, 
I2 statistic, which measures the extent of variation due 
to heterogeneity versus sampling error, may be inflated 
when study sizes are large or sampling error is low as in 
our case.39

Our study also has significant strengths: (1) it is the 
largest meta- analysis of HCV prognosis including English 
and non- English language studies; (2) it uses the MMLE 
method to obtain detailed stage- specific estimates of HCV 
prognosis in treatment- naïve patients, a method that 
does not rely on the assumption of linear disease progres-
sion; (3) compared with our original study, the current 
update improves the precision of prognostic estimates 
for important patient groups in terms of clinical policy 
(ie, asymptomatic patients identified in non- clinical 
settings through screening efforts, IDUs, blood transfu-
sion populations, liver clinic patients); (4) our update 
was also restricted to more recent studies where CHC is 
identified using better diagnostic tests; (5) further, the 
large numbers of included studies have allowed for us 
to explain ~38%–87% of the apparent heterogeneity in 
progression; and finally, (6) we present natural history 
data that can be easily applied to mathematical models 
for estimating HCV prevalence, disease burden, resource 
utilisation, budget impact and cost- effectiveness, all of 
which will be necessary for planning appropriate elimina-
tion programmes in the near future. Furthermore, given 
the level of heterogeneity identified across studies, our 
updated analysis suggests that pooled progression esti-
mates from more homogenous subpopulations should be 
considered when estimating prognosis in policy models.

In conclusion, the accurate estimation of HCV disease 
progression remains important in the era of HCV elimi-
nation particularly due to existing policy question around 
elimination strategies, which necessitate a variety of 

modelling- based methods to help inform policy.40 41 The 
current study is now the largest and most detailed review 
of HCV prognosis, which presents more precise prog-
nostic estimates for important subpopulations in terms 
of clinical policy and should be a valuable resource for 
clinicians, patients and particularly clinical policymakers.
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