Introduction

A Chronic hepatitis B, C (and D) are leading
cause of cirrhosis and HCC

A Important indication for liver transplantation
A Global epidemiology not well understood

A Better understanding of prevalence, diagnosis
rate, treatment rate and burden of disease
required

A Need to understand historical and future
trends hepatitis C morbidity
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Complications of persistent infection with
hepatitis B,C,D or coinfection

Chronic hepatitis=» Cirrhosis

Variceal bleeding
Ascites

Subacute bacterial
peritonitis

I Bacterial infections
Hepatic encephalopathy
Portal hypertension

Thrombocytopaenia and
neutropaenia

Portal vein thrombosis
Renal impairment
Hyponatraemia
Hepatocellular carcinoma
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Nephrotic syndrome
Lipid abnormalities
Osteopaenia

Skin disorders
Lymphoma (hepatitis C)
Vasculitis

Insulin resistance

Type 2 diabetes
Autoimmune disorders
Cardiovascular mortality
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Other complications

Coinfection:

Transmission: social
networks

Incarcerated population
liver disease in HIV

Psychogical and
neurocognitive morbidity

Health inequalities

Morbidity associated with
risk behaviour
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Complications of treatment
Medical treatment

hepatic resection,
embolisation targeted
therapy

Complications of liver
transplantation



Estimated HCV Prevalence by

M <10%
Bl 10%-19%
L] 20%-29% % N
] >2.9% Global Anti-HCV Prevalence
| Not included in a WHO region 2.2% 130,000,000 Positives

J Perz et al., CDC, unpublished data, 2002



Current burden of HCV disease

I The pool of existing cases of liver disease is due to
past infection.

I HCV not identified until 1989

I By then had i nfected 100s
worldwide

I Also following WWII, increasing use of blood
products and injecting drug use

I Unsafe therapeutic injections contributed



Excess Mortality HCV in Scotland

Record linkage
a.Cumulative annual HCV diagnoses 1991 and 2006 (n=20 749).
b. Annual numbers of linked hospital episodes and(})a)ed days
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All cause morbidity and fitted episodes
Diagnosed HCV positive

N Person- Rate SMR
Yr
All 62921 99 649 79 3.41
Age <25 4912 8574 55 4.8
Age >65 3093 2193 231 2.4

McDonald SA et al Epid and Infection epub 2010



Liver related morbidity Diagnosed HCV

positive
n Rate SMR
All 29491 27 41
Age <30 3222 13 81
Age >60 1589 83 73

McDonald SA et al Epid and Infection epub 2010



A Numerous authors developed Markov
models to estimate the disease burden

A However, all forecasts are complicated by
the uncertainty in key assumptions.

T WIll current trends continue at same rate?

AWill introduction future treatments impact on
morbidity?

AChange in government policy?
I Necessity to build models



Number of cases by year of cirrhosis by gender and age
Stacked prevalence
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1,200,000

1,000,000 4

800,000 A

600,000 -

400,000 +

200,000 -

B Cirrhosis M 50+
B Cirrhosis M 31-50
B Cirrhosis M 0-30
Cirrhosis F 50+
O Cirrhosis F 31-50
O Cirrhosis F 0-30

1950

1960 -
1970
1980

1 1 1 1

o o o o o
(0] o . N [s2)
(o)} o o o o
=~ N N N N
Year

Davis G et al Gastroenterology 2010;138:5131 521



Projected number of cases by year of decompensation and HCC
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) Time to HCC diagnosis
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Cumulative incidence

Cumulative incidence
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Applying a systems approach

A Limited data sources

A Biased samples not representative

A Systems approach to build a simulation model
A Inflows and outflows: dynamic

A When inflows of population outweigh the outflows,
the size of the group will increase

A Conversely, the size of the population will decrease
when outflows are higher than inflows.

A The benefit of this approach is that it does not require
accurate information except for the relative size of
populations moving in and out.

Kershenobich D, Razavi H, Cooper C, Alberti A, Dusheiko G, Pol, S, Zuckerman E, Koike K, Han K, Wallace C,
Zeuzem S, Negro F
I-C3 coalition and Kromite



A systems dynamic modeling framework

The flow rates can
change overtime
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Results

A Mortality rate among hepatitis C infected individuals
determined to be higher than the general population

A Mortality key driver of future prevalence.

A HCV-infected individuals do have a higher mortality
rate than the general population.

A Liver related mortality is higher among HCV-infected
Individuals relative to the general population.

A There is a noticeable increase in liver related mortality
rate after the age of 45 as the disease progresses

A Third, mortality due to IDU overshadows all other
causes of mortality in individuals 15-44 years

Kershenobich D, Razavi H, Cooper C, Alberti A, Dusheiko G, Pol, S, Zuckerman E, Koike K, Han K, Wallace C,
Zeuzem S, Negro F
I-C3 coalition and Kromite



Factors influencing mortality among HCV infected individuals

General
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Control of infection

A Safe blood transfusion

A Safe injections

A Education

A Preventing iv drug use

A Treatment attempt to control the disease

Appropriate treatment stratification

I
i Side effects and high cost; despite pharmaco-economic value
.

|
|

Worldwide sales of hepatitis C drugs risen to £3 billion

" Treatment consumes considerable health care resources
" Must be affordable to most

A Other co-morbid conditions /modifiable factors

Alcohol, obesity, coinfection HBV HCV
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Incidence of cirrhosis in chronic hepatitis B

Combined data from published studies

Oy
i

40+

30

Taiwan and Korea

— HEeAg negative

—-- HBeAqg positive

50

as
]

40+

30 1

201

10+

Europe

— HBeAg negative
—-- HBeAg positive

38

Fattovich, J Hepatol 2008; 48: 336-352




Natural history of cirrhosis type B

Annual incidence decompensation

Annual incidence HCC

Survival

5-yrs probability in compensated cirrhosis
5-yrs probability after decompensation:
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Level of HBV DNA (PCR-assays) at entry & risk of
liver-related mortality

REVEAL STUDY: 3653 HBsAgQ untreated asian carriers

mean follow-up 12.5yrs Y 159 died from liver-related causes
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HBV-DNA levels (> 104 cp/ml), HBeAg positivity, increasing age, male sex,

cirrhosis independent predictors of liver-related death
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Persistent HBV DNA and/or HBeAg during follow-up &
risk of liver related mortality in liver clinic studies

Fattovich G, Gut 2008; 57: 84-90
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Natural history of chronic hepatitis B: conclusions

U High level HBV replication and long duration of active
hepatitis important predictors of adverse clinical

outcome

U Sustained suppression of HBV replication (inactive
carrier state) before the onset of cirrhosis

U favorable prognosis (with similar survival compared
to uninfected individuals in caucasians)

U Treatment forms part of the control of the disease



