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Abstract
AIM
To study the trend of hepatocellular carcinoma incidence 
after correcting the misclassification in registering cancer 
incidence across Iranian provinces in cancer registry 
data. 

METHODS
Incidence data of hepatocellular carcinoma were ex
tracted from Iranian annual of national cancer registra
tion reports 2004 to 2008. A Bayesian method was 
implemented to estimate the rate of misclassification in 
registering cancer incidence in neighboring province. A 
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beta prior is considered for misclassification parameter. 
Each time two neighboring provinces were selected 
to be entered in the Bayesian model based on their 
expected coverage of cancer cases which is reported by 
medical university of the province. It is assumed that 
some cancer cases from a province that has an expected 
coverage of cancer cases lower than 100% are registered 
in their neighboring facilitate province with more than 
100% expected coverage.

RESULTS
There is an increase in the rate of hepatocellular car
cinoma in Iran. Among total of 30 provinces of Iran, 21 
provinces were selected to be entered to the Bayesian 
model for correcting the existed misclassification. Pro
vinces with more medical facilities of Iran are Tehran 
(capital of the country), Razavi Khorasan in north-east 
of Iran, East Azerbaijan in north-west of the country, 
Isfahan in central part and near to Tehran, Khozestan 
and Fars in south and Mazandaran in north of the Iran, had 
an expected coverage more than their expectation. Those 
provinces had significantly higher rates of hepatocellular 
carcinoma than their neighboring provinces. In years 
2004 to 2008, it was estimated to be on average 34% 
misclassification between North Khorasan province 
and Razavi Khorasan, 43% between South Khorasan 
province and Razavi Khorasan, 47% between Sistan 
and balochestan province and Razavi Khorasan, 23% 
between West Azerbaijan province and East Azerbaijan 
province, 25% between Ardebil province and East 
Azerbaijan province, 41% between Hormozgan province 
and Fars province, 22% betweenChaharmahal and 
bakhtyari province and Isfahan province, 22% between 
Kogiloye and boyerahmad province and Isfahan, 22% 
between Golestan province and Mazandaran province, 
43% between Bushehr province and Khozestan province, 
41% between Ilam province and Khuzestan province, 
42% between Qazvin province and Tehran province, 44% 
between Markazi province and Tehran, and 30% between 
Qom province and Tehran.

CONCLUSION
Accounting and correcting the regional misclassification 
is necessary for identifying high risk areas and planning 
for reducing the cancer incidence.

Key words: Trend of hepatocellular carcinoma; Cancer 
incidence registry; Misclassification; Bayesian correction

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: In many developing countries and even in some 
developed countries some errors occur in disease registry 
system. Since registered data is used for planning at the 
national and sub-national level, correcting the existed 
errors has a great importance. One of these errors is 
misclassification in registering cancer incidence. It occurs 
because some patients from divested provinces prefer 
to get more qualified diagnostic and treatment services 
at their adjacent provinces with more medical facilities 

without mentioning their permanent residence. The aim 
of this study is to investigate the trend of hepatocellular 
carcinoma after correcting for misclassification error in 
Iran’s cancer registry using Bayesian method.

Hajizadeh N, Baghestani AR, Pourhoseingholi MA, Ashtari S, 
Fazeli Z, Vahedi M, Zali MR. Trend of hepatocellular carcinoma 
incidence after Bayesian correction for misclassified data in Iranian 
provinces. World J Hepatol 2017; 9(15): 704-710  Available from: 
URL: http://www.wjgnet.com/1948-5182/full/v9/i15/704.htm  
DOI: http://dx.doi.org/10.4254/wjh.v9.i15.704

INTRODUCTION
Hepatocellular carcinoma (HCC) is the 5th most common 
cancer worldwide[1]. It is the fifth most common cancer 
in men (7.5% of the total, 554000 cases) and the ninth 
most common cancer in women (3.4% of the total, 
228000 cases). Eighty-three percent of the estimated 
new cancer cases worldwide occurred in less developed 
regions in 2012 that 50% of that belongs to China alone[2]. 
HCC is the second most common cause of cancer death 
in the world[1] and it is estimated to be responsible for 
nearly 746000 deaths based on Globocan report 2012[2]. 
The major risk factors for HCC, are infection with the 
hepatitis B virus (HBV) and hepatitis C virus[3]. The most 
common cause of HCC in Iran is HBV and 80% of HCC 
cases are positive for at least one of the markers of 
HBV[4-6]. It is estimated that approximately 1.5 million 
people in the country are infected with this virus and 
15% to 40% of them are at risk of developing cirrhosis or 
HCC[7,8]. The other known risk factors are Gender (HCC 
is more common in males than in females), Race (Pacific 
Islanders and Asian Americans have the highest rates 
of HCC, followed by American Indians and Hispanics, 
African Americans, and whites), Cirrhosis, Non-alcoholic 
fatty liver disease, Heavy alcohol use, Obesity, Aflatoxins 
and Tobacco use[9]. Overall mortality to incidence ratio of 
HCC is 0.95, so the geographical patterns of incidence 
and mortality are similar[2,3]. The regions of high incidence 
are Eastern Asia and South-Eastern Asia, the regions 
of intermediate incidence are Southern Europe and 
Northern America (9.3) and the lowest rates are occur 
in South-Central Asia and Northern Europe[2]. Iran is 
located in Middle East, an area with low risk for HCC[1,10] 

with an annual incidence much less than 5 per 100000 
populations[4,11] but, while prognosis for HCC is very poor, 
the true prevalence of HCC in Iran is unknown and up to 
40% of its death statistics are underreported; so it is not 
considered as an uncommon malignancy[2-4]. 

Nowadays having a thorough information of geographic 
distribution of cancers has become so important[12]. 
Cancer registries are known as the main resource of 
epidemiologic data by registering the mortality, incidence, 
prevalence and survival for different disease in a 
systematic manner that is used by health policy makers 
for cancer control planning and evaluation of cancer 
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screening programs, detecting the impact of treatments 
and interventions, and allocating of resources to various 
provinces based on their need to healthcare facilities[13]. 
In addition to poor diagnosis of HCC, some patients 
want to get healthcare in facilitate neighboring provinces 
outside their resident without reporting their permanent 
address. It causes misclassification error in cancer registry 
system. Misclassification error is the disagreement 
between the observed and the true value. The expected 
coverage of cancer incidence in different provinces is the 
evidence of existence of misclassification error; that the 
observed rate of incidence is more than expected rate 
in some of the provinces, but then, it is much less than 
expected rate in their neighboring provinces[14], while it 
is expected that the rate of cancer incidence be about 
the same in neighboring provinces that are similar in 
lifestyle and environmental conditions. Misclassification 
error in registered data leads to erroneous estimates of 
the incidence rates of cancer in different provinces and 
consequently affects need assessments. There are two 
methods to correct for misclassification error. The first is 
using a valid data that usually is not available or it is so 
time consuming and costly to valid a sample data and 
generalizing the results to the population[15]. The second 
is implementing Bayesian method. This is a statistical 
method that can be used to import the researcher’s 
prior knowledge about the rate of misclassification to the 
analysis and updating prior information with observed 
data to estimate the misclassification rate[16].

The aim of this study is to assess the trend of HCC 
incidence after correcting for misclassification error in 
registering cancer incidence in neighboring provinces of 
Iran, using a Bayesian method.

MATERIALS AND METHODS
Incidence data of HCC was extracted from Iranian annual 
of national cancer registration report from 2004 to 
2008[14]. Annual of 2008 was the last available data to use. 
The Age Standardized Rate (ASR) for HCC [coded based 
on the 10th revision of the International Classification of 
Diseases (ICD-10; C22)] was calculated for all provinces 
of Iran in each year with direct standardization method 
and using the standard population reported by Word 
Health Organization for both genders and four age groups 
(0-14 years, 15-49 years, 50-69 years and over than 70 
years old). Age standardized rate was used to achieve 
comparative statistics on cancer in Iran with those for 
other countries[17]. 

The expected coverage of cancer cases was calcu
lated for medical universities of each province that is 
considered to be 113 per 100000 population. In the 
process of cancer incidence registry, all new diagnosed 
cancer cases by diagnostic centers are reported to the 
medical university. Reported data are entered to software 
which is made by ministry of health. Medical university 
of each province sends its temporary data bank to the 
ministry of health. Ministry of health after removing 
duplicates and coding the recorded cancers based on 

10th revision of international coding of disease provides 
a permanent data bank of cancer cases and sends it 
back to medical university of each province. So medical 
universities have an observed number of cancer cases 
in addition to the expected rate. Percent of expected 
coverage for each province is calculated by dividing the 
observed number to the expected number of cancer 
cases.

The data were entered to the Bayesian model in 
the form of two vectors y1 and y2. Vector y1 = (y11, y21, 
..., yr1)’ contained the data of the province that has an 
expected coverage less than 100% and vector y2 = (y12, 
y22, ..., yr2)’ contained the data of a neighboring province 
with more than 100% expected coverage. Subscript 
r is the indicator of covariate patterns that is made by 
age-sex group combinations. A Poisson distribution was 
considered for y1 and y2 that are count data[18,19]. An 
informative beta prior distribution was assumed for the 
misclassified parameter θ as the probability of registering 
a data in misclassified group; so θ~beta (a,b)[20-22]. In 
order to the expectation of beta distribution which is a/(a 
+ b) get converged to the misclassified rate, prior values 
for b were selected based on the calculated expected 
coverage of the medical university with lower than 100% 
expected coverage and a was calculated with subtracting 
b from 100. Since misclassified parameter is unknown, 
a latent variable approach was employed to correct the 
misclassification effect[18,19]. The latent variable U was 
considered as the number of events from the first group 
that are incorrectly registered in the misclassified group 
with binomial distribution, i.e., Ui|θ,y1,y2~Binomial (yi2,Pi) 
that Pi=(λi1θ)/(λi1θ + λi2 ).

Finally by multiplying likelihood function in prior dis
tribution, posterior distribution obtained in the following 
form; θ|Ui,y1,y2~Beta (∑iUi + a,∑iyi1 + b)[18,23-25]. Misclassi
fied parameter was estimated by using a Gibbs sampling 
algorithm and averaging the generated posteriors. After 
estimating the misclassification rate between each two 
neighboring provinces, the rates of HCC incidence for 
each province were re-estimated and the trend of HCC 
were checked out during 2004 to 2008. Analyses were 
carried out using R software version 3.2.0.

RESULTS
All registered HCC cases from 2004 to 2008 in Iran 
were included in the study. The ASR of HCC for female 
increases from 0.43 per 100000 population (103 cases) 
in 2004, to 1.56 per 100000 (376 cases) in 2008. Also 
ASR of HCC for male increases from 0.66 per 100000 
population (180 cases) in 2004, to 2.03 per 100000 (574 
cases) in 2008. The trend of HCC from 2004 to 2008 for 
Iranian male and female is shown in Figure 1. 

Among 30 provinces of Iran, 21 ones were selected 
for correcting the misclassification error in registering 
HCC incidence in neighboring provinces based on their 
expected coverage percent of cancer cases. In the other 
nine provinces, the number of cancer cases was about 
the same as their expected number; so the cancer 
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rates of them remained unchanged. Each time the data 
of two neighboring provinces that one of them had a 
more than 100% expected coverage and the other 
one had a less than 100% of its expected coverage 
were candidates for entering the Bayesian model for 
estimating the existed misclassification between them. 

For example the reported percent of expected coverage 
of cancer incidence for East Azerbayjan which is a pro
vince with more medical facilities in north-west of Iran, 
was 123.6% in 2008. It means that East Azerbaijan 
province have covered 23.6% more cancer cases than 
its expectation, whereas the West Azerbaijan and Ardebil 
provinces that are in neighborhood of East Azerbaijan, 
have just covered 69% and 63% of their expected 
coverage of cancer incidence respectively; which is a 
clear indication of existence of misclassification error 
in registering cancer cases. The expected coverage for 
the provinces for years 2004 to 2008 are reported in 

Table 1. After implementing the Bayesian method it 
was estimated to be 0.13% misclassification between 
East Azerbaijan and Ardebil and 0.42% misclassification 
between East Azerbaijan and West Azerbaijan in 2008. 
The estimated misclassification rate among other 
provinces for years 2004 to 2008 are reported in Table 
2. The rate of HCC incidence, before and after Bayesian 
correction of misclassification for years 2004 to 2008 are 
reported in Table 3.

DISCUSSION
There was a non-ignorable misclassification in registering 
cancer incidence between neighboring provinces in Iran. 
An increase is observed in trend of HCC during 2004 
to 2008. The rate of HCC is even gets higher in some 
provinces after correcting for misclassification. Higher 
rates of estimated misclassifications are belonging to 
provinces with lower facilities like Hormozgan, Bushehr, 
Ilam, Qom, Markazi, Qazvin, Sistan and South Khorasan. 
Meanwhile it seems that misclassification rate is increasing 
during the period under study. It shows that not enough 
attention is paid to equip low-facilitate provinces.

The incidence of this cancer in many countries such as 
the United States, Central America and Europe is on the 
rise[7]. The findings of a study on incidence of HCC in Iran, 
showed that the incidence of this cancer is increasing in 
the country, especially in males and higher age groups[1]. 
A study on HCC indicated that little is known about the 
incidence of HCC in Iran, particularly in southeast of 
the country. Some provinces such as Ardebil, Guilan, 
Kerman, Fars, Razavi Khorasan, and most notably Tehran 
as the capital of Iran, have a low but significantly higher 
incidence proportional to other provinces[26]. It is also 
indicates the presence of misclassification error between 
neighboring provinces that are expected to have similar 
incidence rates of cancer.

Knowledge of geographic pattern of diseases is useful 
to identify the influencing factors on disease incidence 
and planning for disease control and prevention[27,28]. 
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Figure 1  Age standardized rate of hepatocellular carcinoma and its trend 
for male and female in Iran (2004-2008).

2004 2005 2006 2007 2008

South khorasan   30.30   45.16   41.02   41.40
Razavi khorasan 106.50 106.50 101.81 117.54 143.74
Tehran 157.11 157.11 162.25 145.74 155.63
Markazi   43.35   43.35   53.07   57.46   69.60
Sistan   25.24   25.24   18.78   18.83   18.44
Qom   53.09   53.09   62.76   60.98   53.90
Ghazvin   65.07   65.07   71.44   72.84   66.30
Khozesta   61.09   61.09   62.68   69.81 101.19
Ilam   28.42   28.42   32.97   41.27   39.40
Bushehr   28.46   28.46   29.10   26.00   25.00
Golestan   50.65   50.65   58.61   58.20   50.80
Mazandaran 148.13 148.13 161.78 163.83 338.45
North khorasan   30.76   40.47   44.87   34.80
Chaharmahal   40.67   40.67   34.39   40.76   37.00
Isfahan 111.51 111.51 114.09 116.93 106.98
Kohgilouye   23.90   23.90   29.00   29.60   25.10
Hormozgan   25.44   25.44   25.11   25.31   19.00
Fars   98.07   98.07 112.01 134.53 127.65
Ardebil   63.73   63.73   72.71   64.99   63.00
East azarbaijan 108.22 108.22 110.98 138.52 123.60
West azarbaijan   81.96   81.96   75.32   82.53   69.00

Table 1  Expected coverage of cancer cases in provinces of 
Iran (2004-2008)

Estimated misclassification rate

2004 2005 2006 2007 2008
Razavi khorasan South khorasan 0.2   0.51   0.44 0.58
Tehran Markazi   0.31   0.41   0.39   0.38 0.73
Razavi khorasan Sistan   0.39   0.39   0.65   0.41 0.51
Tehran Qom   0.18   0.22   0.18   0.28 0.65
Tehran Ghazvin 0.2   0.25 0.5 0.4 0.74
Khozesta Ilam   0.19   0.21   0.42 0.5 0.73
Khozesta Bushehr   0.38 0.4   0.31   0.36 0.72
Mazandaran Golestan   0.08   0.28   0.21   0.14 0.38
Razavi khorasan North khorasan   0.16   0.43   0.34 0.42
Isfahan Chaharmahal   0.16   0.16   0.18   0.39 0.23
Isfahan Kohgilouye   0.18   0.43   0.16   0.18 0.16
Fars Hormozgan 0.3   0.34 0.4   0.38 0.64
East azarbaijan Ardebil   0.36   0.17   0.13   0.46 0.13
East azarbaijan West azarbaijan   0.28   0.15   0.05   0.25 0.42

Table 2  Bayesian estimated from misclassification rate 
between provinces

Hajizadeh N et al . Bayesian correction for misclassified HCC incidence
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When a cluster with high incidence is not occurred by 
chance, this question comes to mind that what could 
be the underlying causal mechanism. It is natural to 
initially get focused on risk factors of the disease[29]. But 
major differences in incidence rate of HCC in neighboring 
provinces that are almost identical in exposure with risk 
factors, is justifiable with existence of misclassification 
error in registering patient permanent residence, that 
are diagnosed and registered in facilitate provinces of the 
country.

In conclusion there is misclassification error in cancer 
registry system despite international efforts to standardize 
cancer incidence data collection processes and elimination 
of deficiencies in personal and demographic information, 
especially in developing countries such as Iran[30]. 
So the true incidence rate of HCC is higher than the 
reported rate in some provinces and consequently 
lower in some other provinces. Since cancer registry 
data is used by health policy makers to allocate the 
facilities and resources to different provinces. To help for 
making the right decisions, it is necessary to correct for 
misclassification in cancer incidence between provinces. 
Otherwise again fewer resources will be assigned to low 
facility provinces based on the low incidence rate, while 
they are in need of more healthcare facilities and the 
true cancer incidence rate is more than taught in that 
provinces.

Iran is located in Middle East, a region where majority 
of HCC cases presents with intermediate or advanced 
stages of the disease[4,31]. In most Asian countries, early 
detection and treatment services are limited. There 
are many people who have no health insurance and 
many of them are too poor to go for screening tests or 
medical treatments. Therefore, it is important for the 
health organizations and governments in each country to 

recognize these groups in order to reduce the incidence 
and mortality of cancers[5].

The dramatic increase in the forecasted number of 
deaths due to HCC in the United States is a warning to 
the research and healthcare systems since it projected 
to be one of the top three cancer killers in 2030[32-34].

So whereas deaths from liver are projected to increase, 
changes in treatment and prevention strategies, using 
screening tests, vaccination, and informing about risk 
factors and early symptoms of HCC can alter both the 
incidence and death rates. It requires an unisonant 
effort by search and health care organizations now for a 
substantial change in the future[7,9,34]. Also employing and 
training more motivated and educated staff in all sectors 
of cancer registry program in order to complete the 
cancer case registry forms accurately and remit them to 
the appropriate center, Enhancing hardware and software 
resources, expert researchers in medicine, biostatistics 
and computer science are needed to qualify the cancer 
registry program and increasing its completeness; 
specially in address-related information[35,36].

In the absence of valid data, statistical methods are 
good alternatives for correcting the existed errors in data. 
Of course it should be noted that there is always some 
uncertainty as a potential weakness in statistical models 
and the statistical model which was used in this study 
is also not an exception. Thus a small cluster of HCC 
cases could be misattributed as patients registering in a 
neighboring province. But the low cost, high speed and 
efficiency of this model can compensate small errors.

COMMENTS
Background
Some patients from deprived provinces prefer to get medical treatment in their 

ASR before Bayesian correction ASR after Bayesian correction

2004 2005 2006 2007 2008 2004 2005 2006 2007 2008
South khorasan 0.50 0.46 0.46 0.47 0.83 0.98 0.95 1.12
Razavi khorasan 0.74 0.35 1.18 0.91 1.57 0.54 0.17 0.61 0.25 0.64
Tehran 0.43 0.44 0.57 0.46 2.23 0.37 0.37 0.51 0.41 2.12
Markazi 0.37 0.25 0.35 0.30 0.32 0.63 0.48 0.61 0.49 0.66
Sistan 0.44 0.21 0.26 0.52 0.63 1.07 0.50 1.14 1.65 1.90
Qom 0.67 0.55 0.95 0.45 0.48 0.90 0.78 1.22 0.65 1.05
Ghazvin 0.62 0.47 0.24 0.27 0.32 0.80 0.65 0.40 0.42 0.67
Khozesta 0.79 0.65 1.00 1.23 5.09 0.62 0.46 0.73 0.93 4.47
Ilam 1.13 0.86 0.54 0.49 0.78 1.88 1.50 1.23 1.07 2.23
Bushehr 0.45 0.36 0.85 0.83 0.82 1.05 0.87 1.75 1.97 3.16
Golestan 0.76 0.40 0.83 0.55 0.66 0.88 0.62 1.13 0.68 1.14
Mazandaran 0.22 0.46 0.61 0.28 1.04 0.18 0.35 0.43 0.20 0.80
North khorasan 0.62 0.62 0.76 0.86 0.94 1.28 1.34 1.89
Chaharmahal 0.84 1.13 1.02 0.52 1.01 1.17 1.57 1.55 1.01 1.62
Isfahan 0.41 0.61 0.64 0.85 0.83 0.27 0.40 0.44 0.68 0.52
Kohgilouye 0.39 0.32 1.15 1.36 1.54 0.68 0.90 1.78 2.18 2.51
Hormozgan 0.26 0.25 0.69 0.68 0.51 0.56 0.57 1.78 1.70 2.23
Fars 0.30 0.35 1.12 0.80 2.21 0.22 0.27 0.67 0.54 1.56
Ardebil 0.47 0.49 0.41 0.41 2.20 0.74 0.61 0.48 0.69 2.65
East azarbaijan 0.69 0.30 0.19 0.92 0.97 0.44 0.16 0.12 0.57 0.61
West azarbaijan 0.64 0.55 0.91 0.98 0.53 0.86 0.64 0.97 1.27 0.84

Table 3  Age standardized rate of hepatocellular carcinoma
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neighboring provinces with more medical facilities without mentioning their 
permanent residence. It makes misclassification error in cancer registry data. 
Consequently health policy makers who use cancer registry data for resource 
allocation and cancer control programs will make mistakes in their decisions. 
The aim of this study is to investigate the trend of hepatocellular carcinoma 
incidence after correcting for misclassification between neighboring provinces 
by means of a Bayesian method.

Research frontiers
Knowing about geographic spread of cancers is so important for identification 
the risk factors of cancers for control and prevention purposes. There is 
misclassification in patient’s permanent residence in Iran’s cancer registry 
data that leads to under-estimating the rate of cancer in some provinces and 
consequently over-estimating in other provinces. While those cancer rates 
are used in spatial analysis to determine the high risk areas, the existence of 
misclassification error is usually ignored. The hotspot of this study is accounting 
and correcting for misclassification in registering cancer incidence using the 
Bayesian method.

Innovations and breakthroughs
By using the Bayesian method for estimating the rate of misclassification, that’s 
enough to have prior information about the misclassification rate and there is no 
need for validating data to explore the misclassification rate which is costly and 
time consuming. Bayesian method for correcting the misclassification is a faster 
and more cost effective method in comparison to data validation which in many 
cases is not achievable.

Applications
Cancer incidence rates are used for allocating medical resources to different 
provinces. So to have more accurate estimates from the rates of cancer 
incidence in each province misclassification error in registering patient’s 
permanent residence should be corrected. Consequently better planning and 
decisions will be made for interventions for cancer control and prevention.

Terminology
Bayesian method is a statistical method that assigns a prior distribution to 
parameters or events, according to expert’s idea or previous knowledge from 
previous studies and updates those distributions with combining prior knowledge 
by observed data by using Bayes’ theorem. Misclassification is one of the 
measurement error which is defined as disagreement between the observed 
value and the true value in categorical data.

Peer-review
This is a very interesting study from Iran aimed at estimating the rate of regional 
misclassification in registering the incidence of hepatocellular carcinoma in 
cancer registry system using a Bayesian method. The study is original and very 
well written. The statistical analysis is well done. The results are consistent.  
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