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Quantitative estimates of the current and future burden of hepatitis C virus (HCV) disease 
are required to plan a public health response to the HCV epidemic with regard to both 
prevention and treatment. A forward projection model was used to estimate the numbers of 
both current and. former injecting drug users (IDUs) who acquired HCV and progressed to 
moderate and severe disease in Glasgow and Scotland during 1960-2030. The model was 
designed to synthesize information on the incidence and cessation of injecting drug use, the 
incidence of HCV infection among IDUs, the rate of HCV disease progression, and the 
annual number of IDUs developing HCV-related decompensated cirrhosis. During 2003, a 
total of 17,400 and 42,900 HCV-infected IDUs were estimated in Glasgow and Scotland, 
respectively, this compares with approximately 5,000 and 13,900 diagnosed, respectively, 
and 13,200 and 32,200 with chronic HCV, respectively. The number of IDUs developing 
HCV-related decompensated cirrhosis in Scotland is estimated to double between 2000 and 
2020. As many as 16% and 27% of former IDUs in 2005 aged 30-39 and 40-49 years, 
respectively, were estimated to have moderate disease, which highlights the potential benefit 
of targeting HCV testing at former IDUs who belong to these age groups. In conclusion, the 
identification and treatment of a larger proportion of former IDUs with HCV disease and 
ed ucation about the importance of minimal alcohol consumption are needed to help achieve 
a greater impact on the future morbidity and mortality of this disease. (HEPA-roLoGY 2005;42: 
711-723.) 

I
n most resource-rich countries, a significant number 
of persons acquired hcpati;i, C virus (HCV) infec-
tion in the 1 9)?Os inc 1980s,' before the identifica-

tinn of the virus and the avai'.ahility of diagnostic tests. 
Chronic HCV does not result in major morbidity for 
many years: 4%-10% develop cirrhosis after 20 years of 
infection.z Thus, the impact of this infection on health 
care systems is only now becoming apparent.' ^'here are 
also concerns about the burgeoning medical costs of treat-
ing chronic HCV. In the UK, antiviral treatment is rec-
ommended and deemed cost-effective for patients shown 
to have moderate HCV disease.' 
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In Scotland, 18,1 09 persons had been diagnosed with 
HCV by 20036; among those for whom risk factor infor-
mation was available, 90% had injected drugs. Less than 
10% of HCV-diagnosed persons in Scotland had, how-
e ei, teeei= d , 12titi fie, tnera r,y; and 60%-80% of the total 
HCV-inferred population likely remained undiagnosed.' 
To plan a pu'bLe health response to this epidemic with 
regard to treatment needs and preventive measures, quan-
titative estimates of the current and future burden of 
HCV disease are required. 

Our aim was to develop a model to estimate the num-
bers of (current and former) injecting drug users (IDUs) 
in Greater Glasgow and Scotland belonging to different 
stages of HCV disease now and in the future. Modeling 
was confined to the [DU population, because the over-
whelming majority of HCV transmissions in Scotland 
have been associated with this group. To determine the 
benefit of treating HCV-infected (former) [DUs, the im-
pact of different antiviral treatment strategies on the inci-
dence of severe HCV disease was explored. 

Patients and Methods 
Overview 

The study involved three stages: (1) the development 
of an HCV projection model for IDUs in Greater Glas-
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Fig. 1. Schematic outline of HCV disease stages through which current and former IDUs progress in a model according to defined transition rates. 
(a) Estimates of the number of individuals commencing (and ceasing) injecting drug use each year in Glasgow are shown in Appendix A. (b) Estimates 
of the percentage of uninfected current lolls who acquired chronic HCV, (c) uninfected current IDUs who acquired HCV but resolved their infection, 
and (d) previously infected current IDUs who had resolved their infection but were reinfected and acquired chronic HCV were generated through a 
separate modeling exercise each calendar year in Glasgow. Of note, 15% to 40% of individuals with actrte HCV were assumed to resolve their infection 
and become susceptible to reinfection. (e) An estimated 56% (95% Cl 43%-70%) of chronically infected cases had moderate disease (defined as 
3-5/6 on fibrosis and/or >3,/18 on necroinflammatory scores) after 20 years of infection. (f) Progression from chronic HCV to compensated cirrhosis 
was modeled based on a Weibull distribution with cirrhosis prevalence estimated at 7.5% (95% Cl 5%-10%) and 20% (95% Cl 10%-40%) after 20 
and 40 years, respectively; increased rates of progression among those who were male, older at HCV acquisition, HIV-coinfected, and heavy alcohol 
users were explored in the model (see Patients and Methods). (g) Annual mortality (from causes unrelated to HCV) among current IDUs was estimated 
in the range of 1% to 2% and among former IDUs was assumed to be two to five Imes higher than the age- and sex-specific rates forthe general 
Scottish population; mortality from HIV was also accounted for in the model (see Patients and Methods). See Appendix B for further details of 
transition rates following the development of compensated cirrhosis. HCV, hepatitis C virus; pa; per annum; HCC, hepatocellular carcinoma. 

gow (a region with approximately one third ofall IDUs in 
Scotland" and a wealth of epidemiological data); (2) a 
comparison of the impact of diffc_ en; antiviral treaunent 
scenarios on severe HCV disease; and (3) the extension of 
stage 1 to the entire Scottish . DU population. 

The pt(J~C]Liull model was designed to incorporate the 
knowledge and uncertainty about major parameters relat-
ing to: (I) the IDUpopulation (z.e., incidcncc and cessa-
tion of_njecting and mart -ity); 2) the characteristics of 
IDUs a-llecting HCV disease prc~gve lion (i.e. r sex, age, 
HIV coinfecricn, and betty alcohol irttajcc); (3) the inci-
denceofHCV ufectionamong current IDUs; and (4)the 
rate of HCV disease progression (including the influence 
of host factors and the current uptake el antiviral ther-
apy). Local data were used to inform the h rst three param-
eters, available up to 2000 (estimates from this year were 
applied in subsequent years, 2001-2030), and the world-
wide literature was reviewed to inform on the fourth pa-
rameter. Modeled outcomes were fitted to data on the 
prevalence of current IDUs, the prevalence of HCV 
among current IDUs, and the incidence of decompen-
sated cirrhosis among HCV-infected IDUs. 

Model Structure 

In annual cycles during 1960-2030, Markov modeling 
was used to simulate individuals' progression from corn-

mencement of injecting drug use through predefined 
HCV disease states until death from causes related and 
unrelated to HCV (Fig. 1). Progression from one state to 
another was based on transition probabilities derived 
from a comprehensive review of the literature. The model 
distinguishes between HCV uninfected, chronically in-
fected, and previously but no longer infected persons. 
Once chronically infected, cases had the potential to 
pro,ress sc lucntially to moderate disease, compensated 
cirrhosis, and then either decompensated cirrhosis orhep-
atocellular carcinoma (HCC). Persons were Eirther char-

acterized according to age, sex, heavy alcohol use, and 
HIV coinfection to explore the influence of these factors 
on HCV disease progression. By tracking individuals' de-
velopment of HCV-related complications each year, the 
model estimates past, current, and future HCV-related 
morbidity and mortality. SPLUS software (MathSoft, 
Inc., Seattle, WA) was used to generate simulations. 

Model Parameters 

TheIDUPopulation. Estimates of the incidence and 
cessation of iniccting during 1960-2000 in Glasgow (Ap-
pendix A) were derived previously through the use of a 
modified Delphi approach, which combined expert opin-
ion with capture—recapture lDU prevalence estimates,9
and an annual rate of morta_ity, from overdose and other 
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causes (unrelated to HCV and HIV), among current 
IDUs of i% 2%,10 Current IDUs were assumed to have 
ceased injecting by 50 years of age. The mortality of 
former IDUs from causes unrelated to HCV and HIV was 
assumed to be 2 to 5 times higherl 1.12 than the average 
annual age- and sex-specific rates for the general Scottish 
population. 

Cluxracteristics of IDUs A cting HCV Disease 
Progression. Sex and age. The sex and age distributions 
of newly initiated IDUs were based on those of IDUs 
surveyed in Glasgow during the 19905'3: 27.5% were 
female, and the mean age ateommercementof rjcrt1rg 
was 17.5 years up until the mid-1980x, ili,icasiin linear-v 
thereafter to 23.5 years by 2000. 

HIT coipfrction. The majority of HIV infections 
among Scottish TDUs occurred during 1983-1985 (an 
estimated 1 .000. 15% of whom resided in Greater Glas-
gow14). Mortality among H lV-i nfected IDUs was based 
on data generated by the Collaborative Group on AIDS 
Incubation and HIV Survival,'• and adjusted down (by 
75')n) after 1995.  to allow for increased survival due to 
highly active anti-retroviral therapy. 

Heavy alcohol use. Studies of drug users have reported 
prevalcaces in the range of 15%-45% for either problem 
drinking or drinking above the recommended safe lim-
its.''" Jo accommodate this range of uncertainty, two 
rates (20'Yo and 40%) of heavy alcohol use were explored 
in the model. 

71te Incidence of HCV Infection Among Current 
IDUs. Previously, estimates of the percentage of (1) un-
infected current IDUs who acquired chronic HCV, (2) 
uninfected current IDUs who acquired HCV but spon-
taneously cleared their infection, and (3) previously in-
fected current IDUs (who had cleared their infection) 
who were reinfected and acquired chronic HCV were 
generated each calendar year during 1960-2000 in Glas-
gow.9 Briefly, stochastic simulation had been used to 
model the transmission of HCV among IDUs in Glasgow 
according to their needle/syringe sharing be}saviors; of 
note, 15%-40% of those with acute HCV were assumed 
to recover from their infection and become susceptible to 
reinfection but were half as likely to devc_op new viremia 
fohowing re-expo .trc. Lstnnates that provided mod-
eled I--ICY prnlaic_icus eolststent with survey data21 were 
used in the projection model. 

The Rate of HCV Disease Progression. Chronic 
HCV to moderate disease and comtcnsated cirrhosis. Pro-
gression from chronic HCV to compensated cirrhosis was 
modeled based on a Weibull distribution with cir-nosis 
prevalence estimated initially (and an,csed ilr rnudel fi t-
ting) at 6.5% (95% Cl 3.5%-9.5'0} and 20'i<, ;9575 C1 
10%-40%) after 20 and 40 years, respectively, according 
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to a systematic review of nine community-based stud-
Progression to moderate disease (defined as 3-516 

on fibrosis and/or >3/18 on nectoinfamrnator,t scores23) 
was similarly derived from three of the community-based 
studies with relevant dara24-26: an estimated 5671, {43%-
70%) of chronic cases had moderate disease after 20 years. 

An increased rate of progression u, cirrhosis among 
chronically HCV-infected individuals who were male 
(relative risk 1.6; 95% Cl 1.2-2.0),-' older at HCV acqui-
sition (1.08 per year; 95%Yo Cl 1.04-1.12.)8, HIV coin-
tecred (2.9; 95% Cl 1./-5.1)), " and heavy alcohol users 
iiii 95% Cl 1 _7-7.3) u:_s also explored in die model. 

(ii ; ho;rt 07 r'i75o rz trr tFd cirr ,ors, HCC, 
andr d--th. The transition rates =pl owing compensated 
cirrhosis are summarized in Fi_,, 1 (derails inA- pcndix B). 

Cue eat uptake of .utuivin l t/era?y. The m.,;dc, was 
dcsigncd ra rake account of former IDUs' (with mod-
erate HCV disease) initiation on, and response to, an-
tiviral therapy. Other factors influencing eligibility for 
treatment (e.g., heavy alcohol use and psychiatric sta-
tus) were not considered. Clearance of the virus was 
estimated at 20%, 40%, and 50% with interferon 
alone, interferon plus ribavirin, and pegylated inter-
feron plus ribavirin, respectively, 29- 1 Compliance to 
HCV treatment once initiated was assumed to be 
90%.32•33 The number of I DUs who had been initiated 
on antiviral therapy in Glasgow and Scotland by the 
end of 2003 was estimated, off mistically. at 500 and 
1,500, respective.y. Cptt.ke of rrcarment in -subsequent 
years was set the same as in 2003; different uptake rates 
were also applied to assess the potential of antiviral 
therapy to reduce the incidence ofsevere HCV disease 
in rho future (described ,elw). 

Model .pitting 
Theairy,rItit, modcllituii gwastoassessthevalidityof 

model assump_ir'its or gcucrat c outcomes consistent with 
available epidemioltrgical data. Each simulation generated 
estimates of the number of new decompensated cirrhosis 
cases per year S,) and were compared with the expected 
number (R,), which were determined through record-
linkage of Scotland's HCV diagnoses database with hos-
pital records, for 1996-2001 (Fig. 2) using a standard X2 

goodness-of-fit measure. The expected numbers oflDUs 
developing decompensated cirrhosis (R,) were based on 
the number of HCV-iiagnosed individuals admitted to 
the hospital with this -oi -iplication, adjusted to account 
for the proportion estimated to be IDUs (88%). and es-
timated rates of nonhospitalisation (14%) and non—
HCV diagnosis (18%) of decompensated cases. If the 
goodness-of--fit test statistic ( 0U-~ n, (S, — R32/R,) was less 

than the 99,9% critical value for the XZ distribution on 
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Fig. 2. The expected (A) and modeled (4) annual incident number of decompensated cirrhosis cases among HCV chronically infected IDUs in 
(A) Glasgow and (B) Scotland, 1980-20:30(95% CI is presented for modeled data). Models included the influence of increased progression for males, 
older age at HCV acquisition, coinfection with HIV. and heavy a collol use (40% uptake). DC. decompensated cinhosls. 

five degrees of freedom, the simulated data were regarded 
as consistent with the record-linkage data. Simulations 
were performed until 1,000 accumulated, which pro-
duced simulated results consistent with record-linkage 
data via this criterion. The parameter values—for key un-
certainties, (1) the incidence ofHCV infection, (2) HCV 
disease progression rates (including/excluding the influ-
ence of host factors), (3) uptake of heavy alcohol use, and 
(4) mortality of former IDUs—that produced consistent 
simulation results were compared with those applied a 
priori to determine the range of model assumptions that 
generated the best-fitting data. 

Different Antiviral Treatment Scenarios 
The number of former IDUs initiated on antiviral 

therapy in Glasgow in 2005, and in each year thereafter, 
was increased from the estimated current uptake of 75 to 
a maximum range of 250; 500, and 1,000 per year. The 
stage at which former IDUs were initiated on treatment 
was varied between moderate disease only, a combination 
of moderate disease and compensated cirrhosis, and a 
combination of mild and moderate disease. The response 
to therapy was assumed to be the same irrespect;ve of the 
stage of HCV disease, but was varied between the current 
rate of 45% (50% clearance X 90% compliance) and two 
improved rates of 75% and 100%. The percentage of 

severe HCV-related events (i.e., decompensated cirrhosis 
and HCC) potentially prevented among IDUs in Glas-
gow was estimated as a result of these different treatment 
scenarios. 

Extension of'14lodel to the Entire Scottish IDU 
Population 

The model was adapted to the whole of Scotland, 
based on availahie epidemiological data, by adjusting four 
key parameters. first, the number of individuals who 
commenced injecting each calendar year was increased 
(twofold compadcd with that used for Glasgow by 1980, 
ncreasing to tin ecfdld by 1990 and fourfold by the mid-

19)0s) in accordanec rvitn IDU prevalence estimates for 
Scealand.r -4 Second, the percentage of current IDUswho 
aca uirea l 1 UV each calendar year was halved for Scotland 
compared witlr that for Glasgow from 1987 onward, in 
acc.,rdance with HCV prevalence data among current 
IDUs.34a5 Third, 1,400 current IDUs were infected with 
HIV in Scotland during 1983-2000 (described previ-
ously). Finally, 1,500 former lDUs with moderate HCV 
disease in Scotland were assumed to have been initiated 
on antiviral therapy by the end of 2003 (described previ-
ously). All other parameters on cessation of injecting, 
characteristics of 1DUs, HCV disease progression, and 
mortality rates were retained the same as in Glasgow. The 
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model for Scotland was similarly fi tted to record-linkage 
data on the estimated incidence ofdecompensated cirrho-
sis among HCV-infected IDUs. 

Results 
Assessaeerti of IICV Projection Model. 

The model, which excluded the influence of covariates 
sex, age, HIV, and alcohol) on HCV disease progres-

sion, underestimated the incidence of decc'm ensated cir-
rhosis among Glasgow IDUs during 1996 20( 1 (mean 
total of 72 modeled compared with 158 estimated 
through record-linkair.c); only 9% of simulation, were 
consistent with roe rcl-1n .ccige data. Model on isiatency 
irnnmvc'ul en 771 an( 40'i, fnl lowin7 rho nc shin of 
cov"'ria_e effects wirh rate, of hesv- slc.hn use at 2(1 ;6 
sod 40A, respects e_y. Increasing the overall progression 
to cirrhosis at 20 years to 7.5% (,'S""' CI 5%-10%) gels-
crated higher consistency still: 5:k in the Glasgow model 
with covariate effects and. 40% uptake of heavy alcohol 
use, and 27% with the equivalent model for Scotland. 
The distributions for other model parameters produced 
by consistent simulations were not significantly different 
from those employed a priori. Consistent simulations 
from the model that assumed 7.5% (5%-10%) and 20% 
(10%-409i progression to cirrhosis after 20 and40years, 
respectively, were used to generate outcomes thereafter. 

Corapariscrr. of 'll vrleler! arid Available 
Lpidereaiologicaal f)atst 

Prevalent Number of Current IDUs. The modeled 
prevalent numbers of current IDUs in Glasgow (mean 
and 95% C_ for years 1990 and 2000: 8,400, 7,500-
9.700; and 7,000, 6,200-8,400, respectively) and Scot-
land (22,200, 18,700-26,700; and 26,000, 19,000-
37.200. respeaively) were consistent with estimates 
venerated mainly through capture—recapture studies 
(C lasgnw 1990 and 20(10: 8494, 95% Cl 7,490-9,72036; 
and 7187, 95% Cl 6,085-8,615,34 respectively; Scotland 
1990 and 2000: 21,700x and 25,1 40, 3'1.37 respectively). 

Annual Number of Drug-Related Deaths. The 
modeled mean annual number of deaths among current 
IDUs unrelated to HCV and HIV was in the range of 
100-110 (limits of 95% CIs: 70-160) for Glasgow and 
350-390 (limits of 95% CIs: 220-640) for Scotland be-
tween 1999 and 2002. Assuming that 90% ofthese deaths 
were drug-related,3° these ranges compare reasonably 
with the annual number of drug-rcl..tcd deaths reported 
by the Scottish General Register Offie during this period 
for Glasgow (96-126) and Scotland '.291-382)." 

Prevalence of HCV Auzo",g Cur°rcret IDUs. The 
modeled prevalences of HCV among current IDUs in 
Glasgow (mean and 95% Cl for years 1990 and 2000: 
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71%, 62%-81%; and 62%, 53%-73%, respectively) and 
Scotland (58%, 46°/0-67%; and 45°I°, 38%-52%, respec-
tively) were in accordance with survey data (Glasgow 
1990-1991 and 2000: 74%, 95% Cl 67%-82%21; 62%, 
58%-66%,35 respectively; and Scotland 2000: 44%, 
30x%0-54%34). 

Incidence of FIG V Related Decornpensated Cirrho-
sis. The number of HCV-infected IDUs developing de-
compensated cirrhosis each year was estimated to double 
approximately between 20(10 and 2020 in Glasgow and 
Scotland (Fig_ 2). During 1990-1995 and 1996-2001, 
15%-23% and 7%-12%, respectively, of HCV-related 
decompensated cases in Scotland were estimated to be 
HIV-coinfected (compared with 5%-] 0% and 2%-4%, 
respective) in Glasgow), which contributed to the sharp 
rise in cases dt~-ina tlse earlier period. 

Modeled HCV Disease Burden 
Figure 3 illustrates the rise in the mean prevalentnum-

her ofHCV-infected ever IDUs in Glasgow and Scotland 
from only 1,700 and 3,800 in 1980 to 15,700 and 3'.800 
in 2000, respectively_ In 2000, a mean of 12,100 and 
28,700 ever IDUs in Glasgow and Scotland, respective].✓, 

were estimated to have chronic I=CV: 5,'00 and 19,900 
of these were former IDUs, respectively (Appendix C). In 
Glasgow, the mean number of former IDUs with moder-
ate HCV disease was estimated to increase 2.5-, 3.7-, and 
4,1-fold between 2000 (2,100) and 2010 (5,200), 2020 
(7,800), and 2030 (8,600), respectively; the mean nuns-
her of ever IDUs with cirrhosis was estimated to rise 1.6-, 
2.4-, and 2.6-fold between 2000 (500) and 2010 (800), 
2020 (1,200), and 2030 (1,300), respectively. 

Modeled Stage of HCV Disease by Age 
Figure 4il luaratcs die uncre ,is- ;sc,rcrityofHCVdisease 

with age among current and former Aasgow I DUs in 2005. 
The mean pres-alenec of cirrhosis among former IDUs in-
creasedfrom 0% n27% among those under 30 and 60 years 
of age or more, respectively. Of relevance with regard to 
targeting HCV treatment, the mean estimated prevalence of 
moderated isease in 2005 was 16% and 27% among former 
IDUs aged 30-39 and 40-49 years, respectively. 

Modeled Impact of Dflerent Treatment Scenarios 
on Severe HCV Disease 

During 2006-2030, 1,690 HCV-infcctcd IDUs in 
Glasgow (who had not reached cirrhosis by 2005) were 
estimated to develop severe HCV disease (consisting of 
1,130 and 560 cases of decompensated cirrhosis and 
HCC, respectively), with no uptake of antiviral therapy. 
Table 1 shows the percentage of severe disease that could 
he prevented through a range of antiviral treatment strat-
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Fig. 3. The modeled prevalent number of I ICV-infected IDUs in (a) Glasgow and (b) Scotland according to stage of HCV disease, 1960-2030. 1ICV, 
hepatitis C virus: IDUs. injecting drug users. 

egies. Only 5% of severe disease will likely he prevented 
over the next 25 years with the current uptake of and 
response to—therapy by75 Former IDUs (with moderate 
HCV disease) in Glasgow per year. l ncreasing the number 
initiated on antiviral therapy from 75 to a maximum of 
2550. 500, and 1 ,000 persons per year was estimated to 
prevent a further I 0%. 23%. and 33% of severe disease. 
respectively. Treatment with more effective antiviral ther-
apies than currently available would prevent a greater pro-
portion of severe disease. A greater and lesser proportion 
of severe disease would he prevented if former IDUs with 
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Fig. 4. The modeled prevalent number of IDUs in Glasgow in 2005 
according to stage of HCV disease, current age. and IDU status. 

compensated cirrhosis and mild d istase, respectively, had 
the same cc ,rortunity to be initiated on—and respond as 
well to—antiviral therapy as those with moderate disease. 

Discussion 
is die first attempt to estimate th.e current and 

future burden of HC-'V disease in Scotland related to in-
jecting drug use—data that will aid the panning of a 
public health response to this epidemic. A mean of 17,400 
and 42.900 persons who had ever injected crags were 
estimated to he living with HCV during 2003 in Glasgow 
and Scotland, respectively. This compares with approxi-
mately 5,000 (29%) and 13.900 (324x,) diagnosed, re-
spectivelyv—observations that are consistent with our 
understanding that 60%-80% of the HCV-infected pop-
ulation remain undiagnosed. 7 Of these infected IDUs in 
Glasgow and Scotland, 13,200 and 32.200 were esti-
mated to have chronic HCV and therefore at risk of de-
veloping cirrhosis. In Glasgow and Scotland, respectively, 
it was further estimated that 210 and 750 HCV-infected 
IDUs had died prematurely from liver failure by the end 
of 2003, mainly over the last decade; this compares with 
38 and 352 IDUs known to have died from AIDS in 
Glasgow and Scotland, respectively (persona] communi-
cation: Glenn Codere, Health Protection Scotland). 

It is estimated that the number ofHCV-infected I DUs 
developing dccompcnsated cirrhosis in Scotland will dou-
ble between 2000 and 2020. ;Modeling efforts in other 
countries have predicted similar rises: it is estimated that 
mortality from HCV-related liver disease will increase 
twofold between 2000 and 2020 in the United States 40

2.5-fold between 1990 and 2020 in Prance,41 and 1.9-
fold between 1998 and 2020 in Switzerland.41 The esti-
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Table 1. Modeled Mean Percentage (and 95% Cl) of Severe HCV-Related Events (Total of 1,690; 95% Cl 890-2.770) 
Potentially Prevented by Antiviral Therapy Among IDUs in Glasgow During 2006-2030 (Among Those Who Developed 

Cirrhosis After 2005) 

Uptake of Antiviral Therapy: 
Stage at Which Former Maximum Number of Former 

IDUs Were Initiated 1DUs Initiated per Year 
on Treatment (Mean Total During 2005-2030) 

Modeled Mean % (95% Cl) of Severe Disease Prevented Among Glasgow 
IDUs During 2006-2030 by Treatment According to These 

Response Rates to Antiviral Therapy 

4S% Response 75% Response 100% Response 

Mild and moderate disease 75(1,950) 3% (2%-4%) 55.(3%-6%) 6% (4%-B%) 
250(6,500) 1 %(: 1.-lt%) 6%(11%-19%) 20i ( -355) 
500 (12.990) 1%% (13%-22%) 295% (22%-36%) 38%:3D°6-485:) 

1,C33(21,070) 3 (20%-34%) 50%1 )43%-50%) 67% :57%-OH,) 
Moderate disease 7571350, 55)30-0%: 80 r5A-1ss) 109J(!4i~

::0(1,507 10- (11%-19%) 25% (105-32%) 3..i :25°5-425) 
130 (22,757) 28%(22%-34%) 47%5 (3'S-HO) 63%:495-76% ) 

1,000(15.33 ) 384(34^/„-41%) 03%(570-67%) 84% ([60-88%) 
Moderate disease and 75 (2.957, 05(45-803 10% (7%-13%) 13% :105-175.) 

compsnsated cirrhosis _50 (6.507) 19 % (S%-24%) 3211 (255-70%) 43% (33'.-53%) 
500 (12,507 35 (2800-40%) 58%(4 7 00-68%) 7700(1301-879) 

1,CO3 (16.127) 42 1/.391/ -i4111U) 6971(6500-72%) 92%(8891-95%) 

Percentages are based on dl-  erent (_; stages of HOC d nate at e,,hlcn Error IDUs were Initiate1 on rreatment, (2) uptake of antiviral therapy, and (3) response 
rates to antiviral therapy (i.e., compliance to treatment and cicarencn o? :he v.rus). 

mated incidence of HCV infection in 2000 was carried 
forward to years 2001-2030, out clearly this rate could be 
influenced by the impact of future prevention initiatives; 
thus the numbers progressing to moderate but not severe 
disease could be overestimated. 

Several countries have dcvclopcd models to forecast the 
future course of their HCV epidemic, but few have vali-
dated their predictions by fitting model outcomes to past 

epidemiological trends relating to HCV.41,43 'The aim of 
this study was to capture the essential features of the HCV 
epic:ernic among IDUs—initially in Glasgow, because 
more epidemiological data exist for this region than else-
where in Scotland and calibrate model parameters with 
data, principally on the prevalence of IDUs, the preva-
lence of HCV among IDUs, and the incidence of HCV-
related dccompcnsated cirrhosis among IDUs. Insights 
gained from the model fitting process in Glasgow, such as 
on the rate of prol;nssion to cirrhosis, were used to apply 
the model to the whole of Scotland. 

The importance of including the effect of age and sex 
on the nrosression of chronic HCV in models has been 
illustrated reviou 1v i a3; however, the potential liinr.a-

tion o) cxc,udiirg the influence ufalcohol and I  tuts - 

fection with regard to underestin erir -7f ,V disrase 

burden has mostly only been aelzadowla :;ed.614= Dis-

counting the influence of these factors on disease progres-
sion underestimated the number of IDUs developing liver 
failure in Glasgow during 1996-2001 by more than half 
that expected from the record-linkage initiative. How-
ever. the results still indicated that either (1) the preva-
lence of cirrhosis at 20 years was higher than the mean of 
6.5% assumed; (2) the increased rate of disease progres-

sion by cofactors (age, sex, HIV coinfection, and alcohol) 
had been underestimated; or (3) the heterogeneity in pro-
gression had not been fully explained_ 

Projections clearly rely on the accuracy of the model as-
sumptions used to derive them. Further research is needed in 
Scotland to examine the incidence and cessation ofiniccting 
drug use, the prevalence of heavy alcohol use by HCV diag-
nosis status among current/former 1DUs, and mortality 
among current/former IDUs. It was important to model the 
progression to moderate disease, even with the limited data 
available, because patients reaching this stage are recom-
mended for antiviral therapy.'' The prevalence of moderate 
disease after 20 years of chronic HCV was based on necro-
inflammation activity, which can fluctuate over time but 

was regarded as cumulative for the purposes of modeling. 

Estimates of disease progression derived from community-
basad :,_udies=' 'could appear to be the most appropriate for 
population-le'su HCV natural history models,4' because Cl) 
they were gent _`_y longitudinal with known time of HCV 
infection, (2) recruitment was not based on presence of 
sylnvtoma is sr established chronic liver disease, and (3) 
thou combined epidemiological characteristics were broad-y 
rclesciatativcofHCV-ittfectca pout acions in most western 
cot arries. A comprehcnn ivc review of the literature on pro-
gression following development of comFensated cirrhosis re-
vealed higher annual rates to dceompcnsatcd cirrhosis 
(6.5`A,) and HCC (3.5%) than had been used in previous 
model applications (4t% and 0.5(56-2%, respective1y).46-45

Compared with the number of people living with 
chronic HCV in Scotland, relatively few have received 
antiviral therapy. Progress needs to he made in (1) iden-
tifying individuals who wou.d most benefit from antiviral 
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therapy and (2) retention of those diagnosed with chronic 
HCV in clinical follow-up. A mean of 3,000 and 6,600 
former IDUs were estimated to ''-Ie living with moderate 
HCV disease in 2003 in Glasgow and Scot i an . respec-
tively; if the uptake of antiviral therapy ci0fltlllLCs at the 

current level, these numbers were estimated to doubts by 
2010. As high as 16% and 2?% of Glasgowformer IDUs 
in 2005 aged 30-39 and 40-49 years, respectively, were 

estimated to have moderate discasc, which high.ght, the 
potential benefit of targeting HCV testing at these age 
groups of former IDUs. 

Treatment of chronic HCV with pegylated interferon 
plus ribavirin has been shown to he cost-effective 4`' and is 
expected to reduce future disease complications. In 
France, however, it has been demonstrated that at least 
halfofthe HCV-infected population would require anti-
viral therapy to curb the future rise in the number of 
HCV-related deaths and, at most, reduce the incidence of 
decompensated cirrhosis by 25% over the next 20 years.41
Increasing the uptake of antiviral therapy among former 
IDUs in Glasgow by up to 1,000 cases per year during 
2005-2030 would have a considerable though not huge 
impact (38% reduction) on the future incidence of severe 
HCV disease. However, treatment with more effective 
antiviral therapies than currently available of up to 1,000 
former IDUs per year with moderate HCV disease (62% 
of those HCV-infected by the year 2030) could poten-
tially prevent between 38% and 84% of severe disease 

over the next 25 years in Glasgow. Reducing the burden 
of severe disease in the future involves not only increasing 
the numbers of infected persons in treatment but also 
ensuring that those treated are the ones most at risk of 
progressing to liver failure and cancer (i.e., those with 
moderate disease and compensated cirrhosis rather than 
mild disease). 

The simulations did not consider the different re-
sponse to antiviral therapy according to genotype, the 
retreatment of nonresponders, or that patients who had 
not responded to antiviral therapy may have benefited 
from a reduced rate of liver disease progression.'" Thus 
the model may have underestimated the potential long-
term benefit of antiviral therapy but illustrates that cur-
rent practice, with treatment of a relative minority of 
HCV-infected patients, will scarcely affect the future bur-
den of this disease. 

In conclusion, there is some urgency for action, because 
HCV is frequently asymptomatic until cirrhosis develops. 
Additional research regarding the cost-effectiveness of H Cyr' 
testing strategies targeted at former IDUs should be pursued 
to help formulate public health policy in this area. The iden-
tification and treatment of a larger proportion of former 
IDUs with advanced HCV disease, education about the im-
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portanceofminimalale:ihol consnmprion. and the develop-

ment of better ro_erarcd .her pies 1212)' i,.elp lit achieve a 
greeter impact con the n-S-htdivand. m. rt I.ty cfthis dt. ease. 
Meanwhile, the development of initiatives to prevent the 
further spread of HCV infection among current IDUs and 
the initiation of non-ID Js into injecting should not he ne-
glected. 
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Appendix Fig. A. Estimates (10th, 50th, and 90th percentiles per annum) of incidence, cessation, and prevalence of injecting drug use in Glasgow 
during 1960-2000. (A) Incident number of IDUs per annum. (B) Percentage permanently ceasing injecting per annum. (C) Prevalent number of IDUs 
per annum, 

Appendix 
The transition rates of HCV chronically infected per-
sons billowing the development of compensated cir-
rhosis arc detailed in the table and are referred to as 
transitions (i)-(vii). -he annual probability of liver 
transplantation (iii) among decompensated cirrhosis 

cases was based on Scottish data (details available from 

the authors). For the remaining transition rates, perti-

nent English language papers were identified through 

the PubMed database, which was searched to the end of 

January 2004 using the terms hepatitis C and either 
cirrhosis, hepatocellular carcinoma, or liver transplanta-
tion and augmented by additional citations from these 
papers. 

Quantitative data were extracted from each paper on 
(1) the cumulative proha,iliry _/r)] of not progressing to 

the outcome (,or 'he hac survived) at t years It = 5 for 
transitions (i). (ii), (iv', (vi); t= 2 for (v); t — I for (vi)-]; 
(2) the total. nunsber _'f subjects (n); and (3) the number 
(or estimate of the number, of subjects censored Ic(t)] 
before tyears; probabilities s(ri were converted into aver-
age annual prtlgrrssu n rra:es 7.a . I — s("t)"] and are pre-
sented in the table_ Foaled estimates (with 95% C(s) 

of s(t) were derived using random effects,' ,' where the 
variance ofs(t; was estimated using Peto's method; [i.e., 
s(t)(l — s(t)) ; (n — c;t)), and then converted into 
annual progression rates as above. The 95% Cl ranges of 
the pooled annual progression rates were used in the 
model. 
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Appendix B Table. Estimated Annual Transition Probabilities for Progression of HCV-Infected Persons With Cirrhosis 

Progression Between Disease States Average Annual Transition Rates Estimated from Literature 

Total Number of Subjects Pooled Estimate 
Initial State Outcome Point Estimate (Mean Years of follow-up) Reference (95% Ci§) 

ri) Compersalad )ecompensated airnccsis 3.9i*t 355 (5.1) 8attovich, e:aD 6.5%(4.0%-9.2%) 
cirhosis 4.917 112 (4.5) -lu, et al 1

6.411t 136 (6.6) =attovi h, at al.e 
9.135) 44(3.3) Serfaty eta 
9.7/ 1 257 (5.3) G'nes, et

(ii) Compensated HCC 0.71J 124(6.1) Tatane at al ° 3,5%(2.4%-4.6%) 
cirhosis 1.Da4 405 (8.0) 6entil'n' . el 5L10

1.4/* 384 (5.1) Fartoc':h or at" 
2.1%* 112 (4.5) Hr, et al.' 
2.1% 136 (6,6) Fattoreh. at aL" 
2.5%* 163 (5.3) F.' no et
2.8%* 416 (5.7) Pagan eta
3.4%t 396 (4.2) Manna I e: all° 
4.6% 166(5.5) Cnlara'nonte et al 14
4,7% 349 (5.8) Ikeda, at a -' 
5.1%t 228 (3.7) Fran': at a
5.1% 44(3.3) Sarfaty et a ,% 
6.9% 45(5.5) N'ahigr.ahi, e: all' 

12.3%t 400 (3.0) Tsai, e: al '^ 
(iii)Decompensated _ivertransplantation 2.1% 507(1.9) H:tch'nson at al 2.0%§ 

Cirrhosis (u lr pu:uIt led data) 
(iv) Decompensated Death 12.6%* 24 (DM) Fa:tn'^h, c: nil 18.6%(13.7%-25.0%) 

cirrhosis 12.9%* 65 (2.0) Fattov ch, et al.a 
14.0% 49 (DM) Hr. et al.' 
22.3% 507 (1.9) I l ,.toh'n>on, et al. 

(unoubisred cata) 
30.7%t 121 (DM) 71i6s. eta 

(V) HCC Death 54.0% 70(0.1) h' ,tch'n>nn at al 60.5%(54.5%-67.6%) 
(unpur,isred data) 

57.6%* 60 (DM) Dcgos at a 
63.9%) 2,573 (DM) EI-Snr=,H, ': aly 

(vi) Liver transplantation Death in first year 5.2% 58(3.1) F2ik, e: al." 14.6%(11.1%-18.2%) 
(for decompensated 6.0% 97 (DM) luchcr Cl z '~ 
cirrhoses) 711% 54(3.4) swha, et alt 

10,0% 128 (2.7) wall at a.,
13.0% 209 (4,1) Neumann, or al.'' 
16.0% 510 (2.5) Ghobra e: al7n 
20 D% 3.084 (DM) Detre et aloe 
2_.0% 149 (3.0) Gans et al?' 
2.8% 715 (9.4) Jain, et al 28
22,1% 1.080 (DM) Fagiuo' at al , a 

(vi') Liver transplantaton Death in second year or 3.3% 149 (3.0) 'Lane -t al -' 4.4% (3.5%-5.3%) 
(for decompensated later 3.1% 1.080 (DM) Pogiuo . eta . 29
cirrhosis) 3.5% 715 (9.4) Jo ri, at al,-' 

3.6% 209 (4.1) Neumann, e: al 2 ; 
5.1% 128 (2.7) Wal , er a
5.1% 3,084 (DM) Polar '1 al '° 
5.1% 510 (2.5) GhoLr a, cr aL 2 e 
6.5% 54(3.4) Snuhati at al?' 

10.3% 58(3.1) Falk, et al,an 

Abbreviations: HCC, hepatocellular carcinoma; DM. data miss ng. 
includes persons who had received antiviral therapy. 
tUnrelated to HCC. 
):Includes HCV antbody-negative persons. 
§Range/estimate used in model, 
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Appendix C Table. The Modeled Prevalent Number (Mean and 95% CI) of IDUs in Glasgow and Scotland by Stage of HCV Disease and IDU Status, 2000-2030 

Calendar Yew 
IOU 

Region Status HCV Disease Stage 2100 2005 2010 2015 2020 2025 2030 

GI asgav All All (DU: 24,260 (19,76) 32650) 29,150 (22705 37850) 33680 (24890-43230) 37.650 92627) 49.341) 40,880 (27.170-54,14C) 43,150 (27.500 50,760) 44,443 (29940-63.020) 
.0111160 in8:1,' 15. 730 (12,702 20580) 19750 (5515'l ___'C. 20333 Ill 39026.200) 22.937 (('217 78.712) 24569 ;7.58^. 21930) 25240 (16.996 34.770I 25621 (13210 35877) 
All 7h1 71'.47y oiected 12.591 (9.710 77g00( (2.0.50 (11 3271 17 770) 561.3 (11,(5S 19.960) 16,96. 11761) 270.3) 17,99 ,:7596 24,110) 18480 (12 15) 257961 77621 (11 003 2',020) 
Mild 97.1] . :1 7 670) 9.770 177_ )5S0) 9 1011 90711-2720) 0,910 (5 170-(9 799 8,07: (19'7'2 3 270. 9770 ,0527-17331) R 180 14217-20900) 

Mcderste 2560 1 7'21-.. '00.') 4140 15 .E-6170) 5930 ..990-1950) 1.050 (5245 9,4511 8111 (6.005-10320. 9,703 '424) 1~,9025 0990 (5350 12.950) 
Serer (1,r 0osis( 507 (302-000) 6') (408801 820 (,00-11620 1.000 (660-1,180, 1.171 ( 710-1.8222) 1,202 '716-2.160) 1 340 1670-2380) 

Former All tor7.er DOs 17.283 (12.1022-25.570) 22240' (16446-31150) 27210 (10.46=--;36290) 31.26: (21.96)-41,895) 34540 23.272-46,19)') 36,320 (22.50) 50 5001 33101 033.11-54,350) 
All HO',' inleaRo 11.383 (8.319-16,300) 14466 (10690-1929), 17)5) (11.)1=2. 390q 19,18_ 4,577-27.407) 207.E ]5;76036,530) 21040 (1<066-28 716' ' 21310 119.221-07421) 
All 70r -•no.a ly rfe.I6] 8,(30 32502575) 10.4512 (2<30-146_0) 12e'V (9.3316.280) 14,10 (('.001.1 17.20'.]) 15133 (((1,730 2(1,] LC) 10.66(1 p( lOr 21 67Gl 1579:) (161( 1 52) 

Mild 6.100 '213'200. 570) 681'3 7223 9 700, 6.E30 '9.121 9350) 6,430 (3.723 9°.6)) 6.2) (2120-9566) 0.720 '3 .100 9.401 0,710 (2,910 0603)) 
M137ra1: 7.136 1.1 7 1000) 3530 12.303 5190, 5220 12.,050 737)) 6!383 04.930 8,980) 7,1.7 (5.767, 11(340 2,202 "0'31'2 11,361) 0.550 10030 1237()) 

2e P (or hool( 450 (320 610) Eli (U) 240'1 600 (500 (14071 002643 1.400) 115 ; ('i0 1.3(0) 1,270 )71( 2.140) 1.220 1660 2.250) 
Scotland All 811503 77.483 (54981-172260' 99,1.60 (65 .17-190,1&1) 701,80_1 (33320-140.080) 112,3 3 179_90-154,850) ]20'90 "81.51 1.,7,400) 120 751 (97663-I'S 229) 110,673 (790 0178790) 

All 016168i 37.247 (2.961-52 167 , 45,381 (3434)-65210, 50899 (3023'2-60 '2001 55,11 ;4).61.174.753) 581 ) ( 1 (i1C 27,230) 59003 (4) 516 86.7401 5(151' (24 (1,] 81.602) 
All _hrooe1y 16eeto6 28.705 (21256_1)7207 33330 (35 625-47347 36791 (27.)60-5G.340') 39,10 726)-53.081) 40,519 (16.530-57,830) 40970 (26.181 595801 4401 (22,003-012523) 
Mild 21.50'3 (12 61231 566', 22,506 )1405'1-34 305", 22129 (12.956-32..40) 20,551 112,163-21393) 19 2'U (]0,74C 29,550) 18 250 (939)1 29,310) 1'661  (0'111 2990)'
Mc3ere.:e 5.641, 3123 9e65•; 9170 10,7'23-14,351( 12 049 (7127-19.320) 15,922 (6030-24,5301 15,213 (10,656-27.670) 19,230 (16.376-20.246" 1..48) )7,610-29,326! 

Seu' o (,n.loslsj 1560 1213 . 026; 1.820 I 1,'30 1 2490) 2240 20,60'2 3.090) 2,630 (1. '40-3,610( 28 (1] 6'1 40)6) 3,190 4,710 6616) • 200 (1.630 5,042) 
Former Oil 10rmer0Us 51165 (33,0l'. 31.536 69.306 l4 _1 193,211) 03797 (5976' 121.070) 94.681' ' 00,62-12' 150) 105.11 ;70'.9)6 14(.311) 17 121 1 1'J'  174.459) 111,4_+3 759500 :(3920) 

All Infected 26719 (10 191 90631, 37050 (35 460 62 440, 41501 (72 .;4 -51900) 46,47 :1491) 6'_34)) 49453 36.11' 37 7-0) 51110 56991 60 130. 311121 (11.553 7172)) 

Al r,hromcally infer,teel 19.490 (1.601-79.,;90, 75746 (18 -0_i-;719 7 17 74'1 (9 36"-4'3.240, 32,5 10 (7391'7-453.1) 34217 17171' 19.330) 74070 72 520-51500) 34.47 (70.17 S'.72'9 

Mild 13565 (8,(30-21.750) 16500 (9770-24,630) 16'67 (025)0-24.220) 15,05 9.02- 225501 12.930 0000-21 69)1 13.(10 :6.920-71,268) 12.562 (6309-2260, 

Moderate 4.640 2523-2,815, 7°80 4932-12,54)) 11533 (7,710-17.620) 14,917 (0263-27280) 17377 99- 0--06)) 18.550 2,530-28.510) 18661 (0390-20175,' 
Fevre (cirrhosis) 1,420 ,114'3-: 78)1 1760 ;1,364-2330) 3,160 '1050-2,950) 2.570 (1690-36:0) 293 (1 14'1-9.o75( 3,159 ;1 603-S,S30} 3,230 11,530-5,803) 

2-i 
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