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Abstract
Background  Egypt is experiencing a hepatocellular 
cancer (HCC) epidemic due to widespread hepatitis C virus 
(HCV) transmission. The use of sofosbuvir-related therapies 
producing improved treatment success has permitted 
an updated, nationwide, HCV treatment programme with 
expanded coverage. This study simulated the multidecade 
impacts of the new treatment programme on hepatitis and 
HCC.
Methods  A Markov model of HCV infection and treatment 
analysed the HCV-related HCC epidemic between 2009 
and 2050, using parameters based on peer-reviewed 
studies and expert opinion. Comparing the ‘new’ and 
‘old’ scenarios, and with the old treatment programme 
being replaced or not by the new programme in 2015, the 
annual number, prevalence and incidence of HCC were 
simulated for representative Egypt populations including 
HCV-infected patients aged 15–59 years in 2008, healthy 
people aged 5–59 years in 2008 and 5-year-old children 
cohorts entering the population each year beginning in 
2009. Averted HCC cases were calculated, and sensitivity 
analyses were performed.
Results  Compared with the old scenario, the estimated 
number, prevalence and incidence of future HCC cases in 
the new scenario would peak earlier and at lower levels in 
2025 (~29 000), 2023 (~28/100 000) and 2022 (~14/100 
000), respectively. The new treatment programme is 
estimated to avert ~956 000 HCC cases between 2015 
and 2050.
Discussion  By reducing cancer cases and shortening 
the peak epidemic period, the new programme should 
substantially diminish the HCC epidemic across Egypt. Our 
timeline forecast for Egypt’s HCC epidemic, and evaluation 
of various disease and programme components, should 
be useful to other countries that are developing policies to 
address HCV-related liver cancer prevention.

Introduction
Primary liver cancer ranks among the highest 
incidence cancers and is the second leading 
cause of cancer deaths (9%) globally.1 Hepa-
titis C virus (HCV) infection induces cirrhosis 

Key questions

What is already known?
►► Egypt’s new, nationwide, hepatitis C virus (HCV) 
treatment programme was designed to help 
mitigate the future disease burden from liver cancer 
in that country.

►► The old programme, which used traditional 
pegylated interferon and ribavirin therapy and only 
targeted limited numbers of patients at certain 
fibrosis stages, was replaced in 2015 by a series of 
superior sofosbuvir-related therapies and greater 
patient treatment capacity.

What are the new findings?
►► Simulation results show how the new HCV 
treatment programme should lessen the magnitude 
of Egypt’s expanding, decades-long, liver cancer 
epidemic by clearing infections and reducing 
disease progression.

►► These findings demonstrate how fewer hepatitis C 
infections result in lowered liver cancer incidence 
and a shorter peak epidemic period.

►► The forecasted benefits of the programme will 
be diminished if the capacity of the treatment 
programme is lower, or if the incidence of acute 
hepatitis C is higher, than expected.

What do the new findings imply?
►► Public health interventions to reduce liver cancer 
should be enhanced by maintaining or increasing 
the treatment programme capacity.

►► Our results also highlight the value of improved 
surveillance and increased analyses of HCV 
transmission across Egypt, as well as use of high-
efficacy sofosbuvir-related hepatitis C therapies.

►► By developing simulation models that use accurate 
and detailed treatment success rates for different 
HCV patient groups, interventions could become 
more focused.

http://gh.bmj.com/
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and thereby increases hepatocellular carcinoma (HCC) 
risk. Worldwide, HCV infection is estimated to cause 
about one-quarter of HCC cases.2 Egypt is experiencing 
an HCC epidemic largely due to HCV infection3 with the 
world’s highest infection prevalence (~10%) in 2008, and 
a 2015 HCV seroprevalence of 6.3%.4 HCV transmission 
is still ongoing in Egypt, with new cases estimated at 2.4 
per 1000 person-years.5 Accordingly, liver cancer inci-
dence and mortality continue to rise in Egypt: HCC liver 
incidence cancer increased from 18.8 to 26.5 per 100 000 
between 1999 and 2007 among males, and from 5.2 to 7.0 
per 100 000 among females.6 The shift from hepatitis B 
virus to HCV as an underlying cause of HCC is going on 
among Egyptian patients.7 

Recognising that treating patients with HCV can both 
prevent HCV transmission and decrease cancer risk,8 
the Egyptian government embarked on a national HCV 
treatment programme beginning in 2006 by providing 
subsidised therapy to certain groups of patients with 
HCV across the country. The programme provided 
pegylated interferon and ribavirin (Peg-IFN+RBV) as 
the standard therapy.9 However, this therapy only leads 
to a limited sustained virological response (≤60%) for 
patients with HCV genotype 4,10 which represents 90% of 
HCV-infected Egyptians.11 Poor administration, as well as 
the contraindications and side effects of PEG-IFN/RBV 
therapy, also limited programme effectiveness.12 With 
this programme ongoing, the HCV-related liver cancer 
burden was predicted to increase by 10%–15% between 
2013 and 2030,13 prompting the Egyptian Ministry of 
Health and Population (MOHP) to update the HCV 
treatment programme. This involved combining daclat-
asvir/sofosbuvir and ribavirin (DAC/SOF±RBV) as the 
first new standard therapy—which has developed into 
a series of sofosbuvir-based therapies and generic sofos-
buvir-based therapies—and expanding programme 
coverage to more patients with HCV experiencing a 
greater range of disease stages.14 Sofosbuvir is a newly 
developed direct-acting antiviral agent and has been 

characterised as having higher treatment efficacy, easy 
oral administration, shortened course, higher genetic 
barrier to resistance and less adverse effects compared 
with Peg-IFN+RBV therapy.15 16 Sofosbuvir-based therapy 
has shown treatment efficacy ranging from 71% to 95% 
in Egypt hepatitis C patients.17 18

The promise that this new treatment programme holds, 
with more effective therapy and better capacity, is encour-
aging, as it could greatly decrease the future burden 
of HCV-related HCC. However, the long-term impacts 
of this new treatment programme on the Egypt HCC 
epidemic have not been adequately quantified, and such 
insights are needed to inform policymakers and guide 
future research and prevention. The treatment regimen 
used in the MOHP treatment programme has been 
rapidly developing, and generic drugs for sofosbuvir are 
becoming widely used across the country.19 This changing 
market landscape, together with the fact that very few 
of the therapies using generic drugs have been tested 
for their clinical efficacy, adds additional uncertainty to 
future patterns of HCV infection and the HCV-related 
HCC epidemic in Egypt. The sole published study that 
attempted forecasts of the future epidemic of HCV-re-
lated HCC under HCV treatment used limited and now 
outdated treatment data.13 Therefore, we conducted the 
present simulation study to produce updated, more real-
istic results, which quantify likely impacts of the new HCV 
treatment programme using a series of sofosbuvir-based 
therapies on Egypt’s future HCC epidemic pattern. We 
also carried out sensitivity analysis for key parameters of 
our simulation to test the robustness of our results.

Methods
Model description
We developed a Markov simulation model for HCV-to-HCC 
progression in MATLAB (V.2017b), from published data 
on the natural history of HCV infection that was param-
eterised based on the best available evidence from the 

Figure 1  Markov model of HCV–HCC disease process. The process of how initially healthy people become chronically 
infected with HCV, go through fibrosis stages (F0–F3) to cirrhosis (F4), and eventually to HCC. Untreated patients can 
be successfully treated and then might become reinfected, or they could be the patients for whom the treatment fails 
(F). Dashed line indicates the newly included patients with HCV who are qualified for treatment in the new treatment 
programme. HCC, hepatocellular carcinoma; HCV, hepatitis C virus.
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Egyptian population (figure 1).7 20 These model parame-
ters were used for both the old and new scenario models. 
In the old scenario, the old treatment programme was 
based on PegIFN+RBV and was simulated unchanged 
through 2050. For the new scenario model, the old treat-
ment programme was maintained until 2015, and then 
modelled through 2050 under the new treatment scenario 
that uses sofosbuvir-related therapies and greater popu-
lation coverage. As compared with the old PegIFN+RBV 
therapies, which only treat patients with liver fibrosis 
scores in stages F1–F3, sofosbuvir-related therapies also 
treat patients in stages F0 and F4 (cirrhosis), as well as 
with cirrhosis (dashed line, figure 1).21 For these simula-
tions, we assumed that all patient therapy was completed 
within 1 year.20 Successfully treated people followed the 
same age-specific and sex-specific mortality pattern of the 
general population and had a one-time HCV reinfection 
prevalence of 13%.22 Reinfected patients were treated 
again in our simulation.5 A proportion of patients had 
treatment failure, were not treated again and followed 
the normal HCV-to-HCC transition pattern. The back-
ground age  group-specific death rates were based on 
either government census data or the rate of death from 
cirrhosis or HCC, whichever was greater. Liver trans-
plant for patients with cirrhosis was not considered in 
the model due to its limited use in Egypt.23 The time 
horizon of the simulation ended in 2050 considering 
the changing treatment setting for HCV infection, and 
the possibility that the incidence of acute HCV infection 
might change.

Model population and data sources
The Egyptian Demographic and Health Survey 2008 
(EDHS 2008) contained the most recent HCV prevalence 
estimate at a national level. That survey, which tested 
people 15–59 years old for presence of HCV genetic mate-
rial and specific antibodies, represented the HCV patient 
case data for stage-specific infection in 2008. Our simula-
tion added newly infected patients beginning in 2009. We 
considered three population subgroups as representative 
of Egypt: HCV-infected people aged 15–59 years in 2008, 
healthy people aged 5–59 years in 2008 and 5-year-old 
children cohorts that entered the population each year 
beginning in 2009. Simulation was carried out on these 
base cohorts, with no overlap among cohorts or popula-
tion subgroups.

Population and demographic data for 2008, as well as 
the projected number of children aged 0–4 years for 2009–
2050, were obtained from the United Nations Population 
Department.24 Apart from the age-specific and sex-spe-
cific HCV prevalence from the EDHS survey,25 we applied 
a constant incidence estimate of acute HCV infection at 
2.4 per 1000 person-year,5 in addition to age-specific and 
sex-specific mortality rates of Egypt’s general population 
from WHO.26 The age-specific and sex-specific fibrosis 
progression rates, together with mortality rates of patients 
with cirrhosis and HCC, were calculated from several 
other previous studies.13 27 We obtained information on 

the capacities (number and eligibility of patients treated) 
of treatment programmes and the success rate of past 
HCV therapy (PegIFN+RBV) from multiple sources.20 21 28 
Because several clinical studies are still ongoing that are 
evaluating the success rate of the sofosbuvir-based thera-
pies among Egyptian patients with HCV genotype 4, we 
based our overall success rate of 95% for sofosbuvir-re-
lated therapies on published reports among Egyptian 
populations and expert advice.17 18 29–31  Details of the 
data used in parameterising the simulation are included 
in the online supplementary tables.

Main outcome measures
Beginning with the EDHS 2008 data, we estimated from 
2009 to 2050 the future patterns of HCC due to HCV 
infection within the three population subgroups to 
produce the number of new cases, the annual prevalence 
and the annual incidence. Two scenarios were simu-
lated: one where the past treatment programme using 
PEG-IFN/RBV was maintained, and a second in which 
the new treatment programme with sofosbuvir  thera-
pies was initiated in 2015. The new programme differs 
from the old one in three ways: (A) the patient inclusion 
criteria were expanded from people with liver fibrosis 
scores of F1–F3 to F0–F4 patients; (B) the target number 
of patients treated annually was increased from 55 000 
to 350 000; and (C) the new sofosbuvir-related thera-
pies was used to improve overall HCV treatment success 
from ~62% to ~95%, with 95% based on evidence for 
DAC/SOF±RBV therapy and expert opinion.18 21 23 30 31 
The proportion of patients with hepatitis C treated was 
estimated for each year based on the preceding year’s 
number of patients with HCV across all subgroups. The 
number, prevalence and incidence of cirrhosis and HCC 
in each year and for both scenarios were simulated. The 
forecasted number of averted HCC cases during 2009–
2050 under the new programme, that  is, the total old 
treatment scenario simulated patients with HCC minus 
that for the new scenario, was calculated as a measure of 
the new programme impact.

Sensitivity analysis
The success rate uncertainty of sofosbuvir-based ther-
apies was estimated by varying the base case incidence 
of acute hepatitis C by  ±25%. We performed one-way 
deterministic sensitivity analysis (DSA) and probabilistic 
sensitivity analysis (PSA) to evaluate the uncertainty in 
parameter estimates used during simulations. Parameters 
evaluated included those for acute hepatitis C incidence, 
self-clearance of acute HCV infection, rate of reinfection 
after successful HCV treatment, the number of patients 
treated annually by the new programme and the success 
rate of sofosbuvir-related therapies. The forecasted 
number of averted HCC cases by the new programme 
was calculated in each simulation as indicator of new 
programme impact. In one-way DSA, changes in the 
number of averted cases were estimated by varying ±50% 
of the range for the number of treated patients annually 

https://dx.doi.org/10.1136/bmjgh-2017-000572
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and for acute hepatitis C incidence, varying between 
92.5% and 97.5% for treatment success rate and ±25% of 
their ranges for all other parameters. Tornado plots were 
used to present the DSA results. In PSA, 1000 Monte Carlo 
simulations were performed to allow for the parameters 
to vary simultaneously based on their different distribu-
tions. Scatterplots were used to present the distributions 
of averted HCC cases in relation to three key parame-
ters of the new treatment programme and hepatitis C 
epidemic, namely the treatment success rate of sofosbu-
vir-related therapies, the number of patients treated each 
year by the new programme and the incidence of acute 
HCV infection. The distribution and related distribu-
tion parameters used in PSA are presented in the online 
supplementary tables.

Results
HCV incidence at different fibrosis stages
The simulated number of incident HCV cases at different 
fibrosis stages decreased sharply with the implemen-
tation of the new treatment programme (figure  2B) 
compared with the old scenario with the old programme 
(figure 2A), except for F0 cases where there were more 
cases in the new scenario (figure  2B). This forecasted 
decline for F1–F3 cases under new scenario continued 
until around 2024, and then stabilised at a low level with 
a trend of slow increase.

HCC epidemic forecasts
Using scenarios in which different treatment 
programmes were adopted and with various success 
rates, the forecasted number, prevalence and incidence 
of cirrhosis and HCC cases in Egypt were projected 
each year (figure  3). Under the old scenario, the 
estimated peak number of new HCC cases (~61 000) 
would occur in 2034, followed by a slight decrease 
towards 2050 (figure 3B). The prevalence (figure 3D) 
and incidence (figure  3F) of newly incident HCC 

cases peaked around 2032 (~54/100  000) and 2030 
(~26/100  000), respectively, and both decreased 
through 2050. In the new scenario with the implemen-
tation of the new programme, the general trajectories 
of HCC case number, incidence and prevalence were 
similar, except at much lower levels following imple-
mentation of the new programme in 2015, and with 
their peaks occurring earlier than in the old scenario. 
Simulation results for cirrhosis cases (figure  3A, 
figure 3C, figure 3E) followed a similar pattern as for 
HCC cases. Comparing the results for the old and new 
scenarios, the new scenario treatment programme 
averted ~956 000 HCC cases and ~18 million cirrhosis 
cases during 2015–2050.

One-way DSA
The robustness of the simulation results was evaluated 
by calculating the number of cirrhosis cases averted and 
the number of HCC cases averted while varying each of 
the key parameters within their tested range (figure 4). 
The number of patients treated annually had the greatest 
influence on the number of averted cancer cases, 
followed by incidence of acute HCV infection, and less 
effect from the success rate of sofosbuvir-related thera-
pies. Self-clearance rates of acute HCV infection had rela-
tively little impact, with that for males being slightly more 
influential than that for females. The impact patterns of 
parameter variabilities on averted cirrhosis cases were 
similar. The influence of sofosbuvir-related treatment 
success on trends of cirrhosis and HCC was also made 
evident (figure 3) by varying parameter values between 
92.5% and 97.5%. This produced high–low differences 
ranging  ~2  600 HCC cases, a prevalence range of  ~2.5 
HCC cases per 100 000 people and an incidence range 
of ~1.1 HCC per 100 000 per year (figure 3B, figure 3D, 
figure 3F).

Figure 2  Change in number of HCV-infected patients in different stages in both scenarios. The change in number of patients 
with HCV in all stages in the future decades, under the old scenario (A) where the old programme is maintained and under the 
new scenario (B) where the new programme was initiated in 2015. HCC, hepatocellular carcinoma; HCV, hepatitis C virus.

https://dx.doi.org/10.1136/bmjgh-2017-000572
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Probabilistic sensitivity analysis
Using 1000 PSA simulations, the numbers of cirrhosis and 
HCC cases averted under the new programme varied in 
relation to treatment success, number of patients treated 
and incidence of acute hepatitis C (figure  5). Overall, 
these simulations generated a range of averted cirrhosis 
case numbers between ~15 and ~20 million (figure  5A, 
figure 5B, figure 5C), and a range of averted HCC case 
numbers between ~800 thousand and ~1050 thousand 

(figure 5D, figure 5E, figure 5F). There was a strong posi-
tive relationship between the number of patients treated 
annually by the new programme and averted HCC case 
numbers (figure 5E). The positive relationship between 
hepatitis C incidence and averted HCC case number was 
weaker (figure  5F), and even weaker for the treatment 
success rate of sofosbuvir-related therapies and number of 
averted cases with higher level of uncertainty, as reflected 
in the more scattered distribution pattern (figure  5D). 

Figure 3  Projected case number, prevalence and incidence of cirrhosis and HCC in both scenarios. The simulated number 
of cirrhosis cases (A) and HCC cases (B), the prevalence of cirrhosis (C) and HCC (D), as well as the incidence of cirrhosis (E) 
and HCC (F). For the new scenario with the new treatment programme using sofosbuvir-related therapies, high (97.5%) and 
low (92.5%) overall treatment success rates were assumed in order to evaluate uncertainty in the efficacy of this treatment 
protocol.
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The relationship between averted cirrhosis case number 
and the three parameters were similar, except with slightly 
less uncertainty (figure 5A, figure 5B, figure 5C).

Discussion
The simulation results from this study indicate that the 
new HCV treatment programme will avert ~956 000 HCC 
cases and  ~18 million cirrhosis cases between 2015 and 
2050. Using a Markov modelling approach, which 
forecasted the future epidemic of HCV-related liver 

Figure 4  Influence on the impact of new treatment programme from single programme parameters. Changes in the 
forecasted number of averted cases of cirrhosis (A) and of HCC (B) that would occur as the result of differences in key input 
parameters under the old and new treatment scenarios. The number of averted cases refers to the difference in future cases 
under the scenario where the old treatment programme was maintained and that in the scenario with the new treatment 
programme being implemented, that is, the number of cases avoided by the implement of the new programme. Light grey 
bars indicate the direction and magnitude of change of the number of averted cases when given the input parameter as its 
maximum tested value, whereas the dark grey bars indicate the direction and magnitude of change of the number of averted 
cases when given the input parameter as its minimum tested value. HCC, hepatocellular carcinoma; HCV, hepatitis C virus.

Figure 5  Influence on the impact of new treatment programme from multiple program parameters. Changes in the forecasted 
number of averted cases of cirrhosis (A–C) and of HCC (D–F) in relation to the variation of key input parameters under the 
old and new treatment scenarios were presented through 1000 PSA simulation results. HCC, hepatocellular carcinoma; PSA, 
probabilistic sensitivity analysis.
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cancer in Egypt, we demonstrated how a new treatment 
programme is likely to have considerably greater impact 
than the older programme would have, with more effec-
tive sofosbuvir-related therapies and an expanded popu-
lation being treated. We analysed the evolution of the 
HCC epidemic from the present to the year 2050, and 
by comparing the number, incidence and prevalence of 
HCC cases in Egypt under the two treatment scenarios, 
we demonstrated that the new treatment programme, 
if carried out as planned, should substantially reduce 
the HCV-related HCC epidemic across Egypt by curing 
patients at an earlier stage and diminishing the number 
of patients at advanced fibrosis stages.

Today’s HCV epidemic in Egypt is the result of a mass 
schistosomiasis treatment campaign during the 1950s to 
1980s, when improperly sterilised needles were reused.32 
Largely due to Egypt’s improved infection control prac-
tices in clinical settings,9 decreased HCV seroprevalence 
among Egyptian blood donors has been observed,33 
indicating a lower transmission rate of HCV infection. 
Nevertheless, HCV-related HCC cases are continuing to 
rise due to the long delay between infection and appear-
ance of liver cancer. The peak of HCV-related HCC cases 
around year 2032 forecasted in our model corresponds 
to results of another study addressing the future disease 
burden of HCV under the old treatment methods, with 
predicted HCC cases reaching a plateau during 2020–
2030.13 Our more detailed simulation demonstrated 
that those patients with HCC who comprised this peak 
mostly consisted of existing HCV infections in 2008, with 
the latter increase being represented mainly by patients 
with cancer from the patients with HCV developed from 
healthy population later in the century, demonstrating 
the potential future disease burden resulting from both 
a current high prevalence of HCV and an anticipated 
future population increase.

Under the new treatment programme, the peak of 
HCC cases was still predicted, although at reduced 
and more concentrated levels. The magnitude of this 
trend depended on the capacity of the new treatment 
programme, or number of patients with HCV treated 
each year, with flatter epidemic curves at lower levels 
as number of treated patients increased. DSA and PSA 
results showed how changes under the new treatment 
programme could alter future epidemic patterns. Our 
analyses also revealed how the effectiveness of the new 
treatment programme could be compromised by unmet 
treatment capacity targets or inferior bioequivalence of 
generic sofosbuvir drugs. In addition, results showed that 
the forecasted epidemic pattern would change if the true 
incidence of acute hepatitis C in Egypt were different than 
current estimates. Specifically, the higher peaks of simu-
lated HCV infection would produce a more severe HCC 
epidemic, even under the new treatment programme.

The actual treatment capacity (number of patients 
treated each year) of the new programme is the most 
important factor that influenced the forecast results 
and will be influenced by several factors, such as the 

cost of sofosbuvir-related therapies and the capacity to 
detect HCV-infected patients who, at early stages, might 
have few symptoms. When the new programme began 
(between 2014 and 2015), the producer of sofosbuvir 
(Sovaldi), Gilead, offered the drug to Egypt at 99% 
discount,34 which enabled rapid expansion and scale-up 
of the number of people reached. The recent introduc-
tion of generics is also correlated with, and might further 
accelerate, the decrease in the price sofosbuvir-related 
therapies,35 which may lead to even better patient access 
through the new treatment programme. One possible 
challenge to achieving the targeted high treatment 
capacity of the new programme involves building and 
maintaining a competent infrastructure and administra-
tion system, which has been the focus of attention since 
the beginning of the new programme era; relevant efforts 
have brought about improved patient access and compli-
ance.5 As to successfully identifying patients with hepatitis 
C patients through population screening programme 
and timely diagnosis, a nationwide screening programme 
for HCV infection has been launched at hospitals, univer-
sities, and mobile clinics in Egypt but has yet to gather 
momentum.36 37

There is some uncertainty regarding the incidence 
of acute hepatitis C in Egypt. The true HCV infection 
incidence across Egypt is difficult to access, because it 
relies on national HCV infection surveillance that is 
not publicly available and whose quality is unknown. 
Estimates of national-level HCV incidence based on 
back-calculated HCV  antibody prevalence in cross-sec-
tional studies7 may only apply to certain age cohorts who 
have been through the schistosomiasis treatment era.38 
We relied on the few cohort studies from local areas 
that have been carried out,39 producing results that may 
not be representative of Egypt as a whole.25 One recent 
report calculated a whole population incidence of 2.0‰ 
derived from the Egyptian government’s claim that there 
are 150 000 newly infected HCV patients each year.29 We 
used an incidence of 2.4‰ per person-year based on an 
expert review.5 However, this number might still be an 
underestimation considering  that the cancer incidence 
we calculated seemed to be relatively low: our HCC esti-
mate was much smaller than a liver cancer incidence level 
(33.6/100 000) in 2011 calculated from a national popu-
lation-based cancer registry programme, which was the 
first and only time liver cancer incidence was calculated 
on a national level for Egypt.40 This discrepancy might be 
due to an underestimation of hepatitis C incidence, an 
overestimation of the treatment success rate of the old 
programme, or that the model did not include people 
who were older than 59 years old in 2008. Although 
values of the parameters related to the old programme 
came from clinical studies and government reports,21 23 it 
is difficult to evaluate their accuracy due to lack of disease 
registries and incomplete surveillance.

The overall success rate of the new sofosbuvir-based 
and generic  sofosbuvir-based therapies was another 
important parameter influencing the impact of the new 
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treatment programme. As demonstrated by sensitivity 
analysis, the overall treatment success rate of sofosbu-
vir-related therapies across all-stage hepatitis patients had 
a positive association with the number of averted HCC 
cases. Yet estimations for such efficacy can be difficult 
considering  that Egypt’s recommended national treat-
ment programme has been changing recently between 
different sofosbuvir-based therapies. With little clinical 
evidence about efficacy on Egypt’s genotype 4 patients, 
several generics drugs for sofosbuvir have been used in 
Egypt, yet their bioequivalency is not fully documented, 
and other generics may enter the treatment setting in the 
near future.19 21 23 Moreover, patients’ adherence to hepa-
titis C treatment may also have an impact on the overall 
treatment success rate of sofosbuvir-related therapies, 
which would be an important topic in future studies.

Despite the realism and complexity of our model and 
forecasts, some limitations and assumptions should be 
kept in mind. First, we did not evaluate changing HCV 
transmission. Because the new programme is treating 
many hepatitis patients, HCV transmission should 
decrease somewhat, thereby further enhancing the 
treatment programme. Second, we did not distinguish 
between compensated and decompensated patients with 
cirrhosis, who might experience different disease progres-
sion rates and response to treatments. Epidemiological 
data that support the differentiation between these two 
groups among the Egyptian population was limited, 
and although this differentiation is often important for 
disease burden analysis, this was not the primary concern 
of the present study. Finally, we assumed that patients for 
whom treatment failed would not have another chance 
to be treated, which might not be the case as the overall 
hepatitis burden declines.

Our report represents the first study to define and 
quantify the impacts of the new hepatitis C treatment 
programme on the epidemic of HCC in Egypt. In so 
doing, we have quantified several influential parameters 
that will affect the future HCC epidemic. Our simula-
tions provided updated forecasts well into the future that 
are consistent with the best understanding and available 
data, rather than providing highly precise predictions 
requiring more variables that are not now obtainable. We 
produced a timeline for how the new hepatitis C treat-
ment programme will decrease the HCV-related HCC 
epidemic in the coming decades, as well as the impact 
from two important programme components, namely 
the number of patients treated annually and the treat-
ment success rate.

Conclusion
Our analysis provides a framework for population-level, 
public health policy decisions and identifies needs for 
improved disease registry, surveillance and research. 
Overall, our simulation results suggest promising bene-
fits to Egypt in controlling its HCC epidemic if the new 
HCV infection treatment programme with sofosbuvir is 

maintained or expanded. We highlighted the value of 
enhanced studies on HCV transmission across Egypt and 
of expanding simulations using accurate and detailed 
treatment success rates for different HCV patient groups.

Acknowledgements  We would like to thank Dr Ahmed Cordie, who provided 
updated information on the ongoing clinical studies in Cairo. Dr David Hutton from 
the Department of Health Management and Policy at the University of Michigan 
School of Public Health provided useful suggestions for the modelling approach in 
MATLAB. We would also like to thank other doctors and staff at Gharbiah Cancer 
Society and Cairo who helped the data collection and the access to relevant 
background information, as well as other support they provided to this study.

Contributors  WM, ASS, WAA and MLW contributed to the conception and design 
of the study. AH, MR and IAS monitored the field surveillance and integrity of the 
data. WM and AH. MR and IAS were involved in data acquisition and management. 
TBED contributed to the understanding of current pattern of hepatitis C treatment 
in Egypt. WM and MLW were responsible for statistical analysis, interpretation and 
the report draft. All authors contributed to revisions and the final version.

Funding  This study was funded by University of Michigan Office of Global 
Health. This study also received funds from Cancer Epidemiology Education in 
Special Populations (CEESP) Program of the National Cancer Institute (Grant R25 
CA112383). 

Competing interests  None declared.

Patient consent  Not required.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data sharing statement  Model files and data available on request.

Open Access  This is an Open Access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited and the use is non-commercial. See: http://​creativecommons.​org/​
licenses/​by-​nc/​4.​0/

© Article author(s) (or their employer(s) unless otherwise stated in the text of the 
article) 2018. All rights reserved. No commercial use is permitted unless otherwise 
expressly granted.

References
	 1.	 World Health Organization. World cancer report 2014. Lyon: 

International Agency for Research on Cancer, 2014.
	 2.	 Alter MJ. Epidemiology of hepatitis C virus infection. World J 

Gastroenterol 2007;13:2436–41.
	 3.	 Eldin I, Hablas A, Ramadan M, et al. Cancer incidence in five 

continents (Egypt, Gharbiah). In: Steliarova-Foucher E, Ferlay J, 
Forman D, eds. Cancer incidence in five continents. Lyon, France: 
International Agency for Research on Cancer, 2014:128–9.

	 4.	 Ministry of Health E, El-Zanaty and Associates E, Internaitonal I. 
Egypt health issues survey. Cairo, Egypt and Rockville, Maryland, 
USA: Ministry of Health and Population and ICF International, 2015.

	 5.	 El-Akel W, El-Sayed MH, El Kassas M, et al. National treatment 
programme of hepatitis C in Egypt: Hepatitis C virus model of care. J 
Viral Hepat 2017;24:262–7.

	 6.	 Soliman AS. Ma W, ed. Incidence rate, 1999-2007, 2016.
	 7.	 Lehman EM, Wilson ML. Epidemiology of hepatitis viruses among 

hepatocellular carcinoma cases and healthy people in Egypt: a 
systematic review and meta-analysis. Int J Cancer 2009;124:690–7.

	 8.	 El-Serag HB. Epidemiology of viral hepatitis and hepatocellular 
carcinoma. Gastroenterology 2012;142:1264–73.

	 9.	 Population EMoHa. Plan of action for the prevention, care & 
treatment of viral hepatitis, Egypt 2014-2018, 2014.

	10.	 El Raziky M, Fathalah WF, El-Akel WA, et al. The Effect of 
Peginterferon Alpha-2a vs. Peginterferon Alpha-2b in treatment of 
naive chronic HCV Genotype-4 patients: a single centre Egyptian 
Study. Hepat Mon 2013;13:e10069.

	11.	 Abdel-Hamid M, El-Daly M, Molnegren V, et al. Genetic diversity 
in hepatitis C virus in Egypt and possible association with 
hepatocellular carcinoma. J Gen Virol 2007;88(Pt 5):1526–31.

	12.	 Centers for Disease Control and Prevention (CDC). Progress toward 
prevention and control of hepatitis C virus infection--Egypt, 2001-
2012. MMWR Morb Mortal Wkly Rep 2012;61:545–9.

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.3748/wjg.v13.i17.2436
http://dx.doi.org/10.3748/wjg.v13.i17.2436
http://dx.doi.org/10.1111/jvh.12668
http://dx.doi.org/10.1111/jvh.12668
http://dx.doi.org/10.1002/ijc.23937
http://dx.doi.org/10.1053/j.gastro.2011.12.061
http://dx.doi.org/10.5812/hepatmon.10069
http://dx.doi.org/10.1099/vir.0.82626-0
http://www.ncbi.nlm.nih.gov/pubmed/22832935


Ma W, et al. BMJ Glob Health 2018;3:e000572. doi:10.1136/bmjgh-2017-000572 9

BMJ Global Health

	13.	 Razavi H, Waked I, Sarrazin C, et al. The present and future disease 
burden of hepatitis C virus (HCV) infection with today's treatment 
paradigm. J Viral Hepat 2014;21(Suppl 1):34–59.

	14.	 McNeil DG. Curing hepatitis C, in an experiment the size of Egypt: 
The New York Times, 2015.

	15.	 Kowdley KV, Lawitz E, Crespo I, et al. Sofosbuvir with pegylated 
interferon alfa-2a and ribavirin for treatment-naive patients 
with hepatitis C genotype-1 infection (ATOMIC): an open-label, 
randomised, multicentre phase 2 trial. Lancet 2013;381:2100–7.

	16.	 Koff RS. Review article: the efficacy and safety of sofosbuvir, a 
novel, oral nucleotide NS5B polymerase inhibitor, in the treatment 
of chronic hepatitis C virus infection. Aliment Pharmacol Ther 
2014;39:478–87.

	17.	 Doss W, Shiha G, Hassany M, et al. Sofosbuvir plus ribavirin for 
treating Egyptian patients with hepatitis C genotype 4. J Hepatol 
2015;63:581–5.

	18.	 Abd-Elsalam S, Sharaf-Eldin M, Soliman S, et al. Efficacy and safety 
of sofosbuvir plus ribavirin for treatment of cirrhotic patients with 
genotype 4 hepatitis C virus in real-life clinical practice. Arch Virol 
2018;163.

	19.	 Bahey T. Ma W, ed. National goal of the Egypt HCV management 
program, 2017.

	20.	 Kim DD, Hutton DW, Raouf AA, et al. Cost-effectiveness model 
for hepatitis C screening and treatment: Implications for Egypt 
and other countries with high prevalence. Glob Public Health 
2015;10:296–317.

	21.	 Esmat G. Ma W, ed. Chronology of treatment protocols, 2016.
	22.	 Inform P. CROI2015: Hepatitis C re-infection rates in people after an 

SVR 2015. https://www.​projectinform.​org/​hepc/​croi2015-​hepatitis-​c-​
re-​infection-​rates-​in-​people-​after-​an- svr/ (accessed 23 Dec 2017).

	23.	 Cordie A. Ma W, ed. Questions about the new treatment, 2016.
	24.	 World Population Prospects. The 2017 Revision: United Nations, 

Department of Economic and Social Affairs, Population Division, 
custom data acquired via website. https://​esa.​un.​org/​unpd/​wpp/ 
(accessed 23 Dec 2017).

	25.	 El-Zanaty F, Way A. Egypt demographic and health survey 2008. 
Cairo, Egypt: Ministry of Health, El-Zanaty and Associates, and 
Macro International, 2009.

	26.	 World Health Organization. WHO mortality database.
	27.	 Deuffic-Burban S, Mohamed MK, Larouze B, et al. Expected 

increase in hepatitis C-related mortality in Egypt due to pre-2000 
infections. J Hepatol 2006;44:455–61.

	28.	 Levin J. Efficacy of the oral Sofosbuvir-based combination in HCV 
genotype 4-monoinfected patients from the French observational 
cohort ANRS CO22 HEPATHER. Vienna, Austria: EASL, 2015.

	29.	 Breban R, Doss W, Esmat G, et al. Towards realistic estimates of 
HCV incidence in Egypt. J Viral Hepat 2013;20:294–6.

	30.	 Salama H. sofosbuvir plus daclatasvir with fixed versus weight 
adjusted dose of ribavirin fortreatment of HCV, Genotype 4 among 
Egyptian patients, 2016.

	31.	 Omar H, El Akel W, Elbaz T, et al. Generic daclatasvir plus sofosbuvir, 
with or without ribavirin, in treatment of chronic hepatitis C: real-
world results from 18 378 patients in Egypt. Aliment Pharmacol Ther 
2018;47:421–31.

	32.	 Frank C, Mohamed MK, Strickland GT, et al. The role of parenteral 
antischistosomal therapy in the spread of hepatitis C virus in Egypt. 
Lancet 2000;355:887–91.

	33.	 Ismail AM, Ziada HN, Sheashaa HA, et al. Decline of viral hepatitis 
prevalence among asymptomatic Egyptian blood donors: a glimmer 
of hope. Eur J Intern Med 2009;20:490–3.

	34.	 Fick M, Hirschler B. Gilead offers Egypt new hepatitis C drug at 99 
percent discount 2014. https://www.​reuters.​com/​article/​us-​hepatitis-​
egypt-​gilead- sciences/gilead-offers-egypt-new-hepatitis-c-drug-at-
99-percent-discount- idUSBREA2K1VF20140321 (accessed 23 Dec 
2017).

	35.	 Hill A, Simmons B, Gotham D, et al. Rapid reductions in prices for 
generic sofosbuvir and daclatasvir to treat hepatitis C. J Virus Erad 
2016;2:28–31.

	36.	 El-Faizy M. Egypt wins acclaim for aggressive campaign against 
hepatitis C 2017 [updated 2017-10- 09. http://www.​france24.​com/​
en/​20171004-​egyptian-​government-​works- eradicate-hepatitis-c 
(accessed 28 Feb 2018).

	37.	 Saleh H. Egypt combats hepatitis C epidemic with state-run scheme 
2017. https://www.​ft.​com/​content/​d1e18e96-​d81b-​11e6-​944b-​
e7eb37a6aa8e (accessed 28 Feb 2018).

	38.	 Miller FD, Abu-Raddad LJ. Quantifying current hepatitis C virus 
incidence in Egypt. J Viral Hepat 2013;20:666–7.

	39.	 Mostafa A, Taylor SM, el-Daly M, et al. Is the hepatitis C virus 
epidemic over in Egypt? Incidence and risk factors of new hepatitis 
C virus infections. Liver Int 2010;30:560–6.

	40.	 Ibrahim AS, Khaled HM, Mikhail NN, et al. Cancer incidence in 
egypt: results of the national population-based cancer registry 
program. J Cancer Epidemiol 2014;2014:1–18.

http://dx.doi.org/10.1111/jvh.12248
http://dx.doi.org/10.1016/S0140-6736(13)60247-0
http://dx.doi.org/10.1111/apt.12601
http://dx.doi.org/10.1016/j.jhep.2015.04.023
http://dx.doi.org/10.1007/s00705-017-3573-0
http://dx.doi.org/10.1080/17441692.2014.984742
https://www.projectinform.org/hepc/croi2015-hepatitis-c-re-infection-rates-in-people-after-an- svr/
https://www.projectinform.org/hepc/croi2015-hepatitis-c-re-infection-rates-in-people-after-an- svr/
https://esa.un.org/unpd/wpp/
http://dx.doi.org/10.1016/j.jhep.2005.08.008
http://dx.doi.org/10.1111/j.1365-2893.2012.01650.x
http://dx.doi.org/10.1111/apt.14428
http://dx.doi.org/10.1016/S0140-6736(99)06527-7
http://dx.doi.org/10.1016/j.ejim.2009.03.005
https://www.reuters.com/article/us-hepatitis-egypt-gilead- sciences/gilead-offers-egypt-new-hepatitis-c-drug-at-99-percent-discount- idUSBREA2K1VF20140321
https://www.reuters.com/article/us-hepatitis-egypt-gilead- sciences/gilead-offers-egypt-new-hepatitis-c-drug-at-99-percent-discount- idUSBREA2K1VF20140321
https://www.reuters.com/article/us-hepatitis-egypt-gilead- sciences/gilead-offers-egypt-new-hepatitis-c-drug-at-99-percent-discount- idUSBREA2K1VF20140321
http://www.ncbi.nlm.nih.gov/pubmed/27482432
http://www.france24.com/en/20171004-egyptian-government-works- eradicate-hepatitis-c
http://www.france24.com/en/20171004-egyptian-government-works- eradicate-hepatitis-c
https://www.ft.com/content/d1e18e96-d81b-11e6-944b-e7eb37a6aa8e
https://www.ft.com/content/d1e18e96-d81b-11e6-944b-e7eb37a6aa8e
http://dx.doi.org/10.1111/jvh.12090
http://dx.doi.org/10.1111/j.1478-3231.2009.02204.x
http://dx.doi.org/10.1155/2014/437971

	Forecasted impacts of a sofosbuvir-based national hepatitis C treatment programme on Egypt’s hepatocellular cancer epidemic: simulation of alternatives
	Abstract
	Methods
	Model description
	Model population and data sources
	Main outcome measures
	Sensitivity analysis

	Results
	HCV incidence at different fibrosis stages
	HCC epidemic forecasts
	One-way DSA
	Probabilistic sensitivity analysis

	Discussion
	Conclusion
	References


