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ABSTRACT

Background:

Liver and bile duct (LBD) cancers are classified by the two major
histology types: hepatocellular carcinoma (HCC) and cholangiocarcinoma (CCA).
Histological specimens are not necessary for diagnosing LBD cancer, resulting in a
high percentage of LBD cancers with unknown histology. When the percentage of
morphological verification is low, the true incidence rates for each histological type are
often underestimated. The first part of this study aims to estimate the incidences of HCC
and CCA in Songkhla province between 1989 and 2013 among LBD cancer cases after
imputing cases with unknown histology type. The estimated numbers of LBD cancer
cases from the first part were used to determine the trend in incidence of LBD cancers

from 1989 to 2013 and projected to 2030. Opisthorchis viverrini (O. viverrini), a fish-



Vil
borne trematode parasite, is believed to be the major cause of CCA among people living
in northeastern Thailand. To determine if this assumption also exists in southern
Thailand, 768 participants from Songkhla province, where cholangiocarcinoma
incidence has been increasing in the past decade, were examined in the second part of

this study.

Method:

For the first part, a retrospective study was conducted using cases
diagnosed with LBD cancer between 1989 and 2003 from the Songkhla cancer registry
in southern Thailand. Multivariate imputation by chained equations (mice) was used to
re-classify the unknown histologies. Age-standardized rates of HCC and CCA by
gender were calculated and the trends were compared. A retrospective descriptive study
was also conducted to project trends of these incidence rates. Three different projection
models were used to project incidence rates: Joinpoint regression, age-period-cohort,
and Nordpred age-period-cohort models. Incidence rates per 10° population were
calculated and projected to 2030 for HCC and CCA by gender. For the second part, to
determine the possible association between CCA and O. viverrini infestation in
Songkhla population, a cross-sectional parasitological and questionnaire survey was

conducted in Songkhla province.

Results:
0Of 2,387 LBD cases, 61% had unknown histology. After imputation, the

age-standardised incidence rates of HCC in males during 1989 to 2007 increased from



viii
4 to 10 per 100,000 person-years and then decreased after 2007. The rates of CCA
increased from 2 to 5.5 per 100,000 person-years. The rates of HCC in females
decreased from 1.5 in 2009 to 1.3 in 2013 and that of CCA increased from less than 1
to 1.9 per 100,000 person-years by 2013. Complete case analysis gave somewhat
similar, although less dramatic trends. The ratio of males to females was 3:1. Slightly
more than half (50.9%) were aged between 50 and 69 years. HCC was the predominant
subtype (44.4%), followed by CCA (38.1%). Between 1989 and 2013, the three
projection models demonstrated an increase in incidence rate of CCA with a continuing
trend until 2030 in both genders whereas the incidence of HCC is predicted to remain
stable. The incidence rate of HCC and CCA for males in 2030 is expected range from4.1
— 6.0 and 7.6 — 9.4 cases per 100,000 person-years, respecively whereas the incidence
rate of HCC and CCA for females in 2030 is expected to range from 1.3 — 1.5 and 2.7

— 3.9 cases per 100,000 person-years, respectively.

In part 2, the prevalence of O. viverrini infestation among 768
participants was 1.94% (0.05% from stool samples and 1.89% from serum samples).
The average intensity of O. viverrini was 23 eggs per gram among those who tested
positive. The intensity of Trichuris trichiura and hookworm was 83 and 234 eggs per
gram, respectively. Religion, education, district life style, and birthplace were

significantly associated with O. viverrini infestation (p<0.05).

Conclusion:



IX

In Songkhla, the incidence of CCA has been increasing for 20 years but

IS now appears to be stable whereas the incidence of HCC is now declining. This study
suggests that in Songkhla province, the number of cases of LBD cancer will increase.
CCA has been increasing and has more affect on the overall rate and frequency of LBD
cancer cases than HCC in both genders. The effectiveness of comprehensive cancer
prevention and control measures might play an important role in reduction of HCC
incidence. There was low prevalence of O. viverrini infestation in this province and no
association was found between CCA and O. viverrini infection. O. viverrini may
probably not be a risk factor of CCA in Songkhla province. Further studies are needed

to elucidate other causes.
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CHAPTER 1
INTRODUCTION

Chapter 1:Background

1 Study background

Liver and bile duct cancer

Liver and bile duct (LBD) cancer is the second most leading cause of
cancer death worldwide.! With distinguishing histological characteristics and origins,
LBD cancer is classified into two major types, hepatocellular carcinoma (HCC) and

cholangiocarcinoma (CCA).

HCC is known to be associated with hepatitis B virus (HBV) and
hepatitis C virus (HCV) infections.? The majority of HCC cases (84%) and deaths
(83%) occur in developing countries. Regions with high rates of HCC tend to be those
that are endemic for HBV and HCV infections®.

CCA, a form of cancer comprised of mutated epithelial cells that
originate in the bile ducts, is the second most common primary hepatic malignancy,
representing 30% of all primary hepatic malignancies worldwide.*® It is classified as
either intrahepatic or extrahepatic, both of which have different epidemiological

features, and different biological, pathological and clinical characteristics.®

According to the series: Cancer in Thailand” 8, HCC and CCA are
grouped together as cancers of the LBD. This grouping is in accordance with the
Bithmus and Corlette classification. This system provides the description of tumor
location and longitudinal extension in the biliary tree.* It is limited due to its failure to

characterize the radial extension of the tumor lesion. However, it provides a practical



manner for surgical oncologists to describe the lesion, and in turn, the
anticipated extent of liver that may need to be resected for complete extirpation of the

malignancy.

The incidence of CCA was reported to be increasing in the United
States® and Australia'®, with age standardized rates (ASR) of around 1.0 per 100,000 in
both countries. There have been attempts to classify subtypes of CCA according to the
radiographic appearance as described by the Bithmus and Corlette classification of
perihilar CCA!!, and based on cells of origin.!? Both classifications agree that both

intrahepatic and extrahepatic cancers are CCA.

In Thailand, during 2004-2006, the ASRs of LBD cancer were 42.8 per
100,000 in males, and 18.2 in females. The rates decreased to 38.6 per 100,000 in males
and 14.6 in females during 2007-2009 with variations in the proportions of HCC and
CCA being demonstrated. The main risk factor for CCA is liver fluke infestation,
specifically the Opisthorchis viverrini (OV) species, which is common in Southeast
Asia.”?® Infestation from other species of liver fluke, such as Clonorchis sinensis, is
known to be main risk factor for hepatobiliary cancer in Korea.* Reported from Khon
Kaen cancer registry in the northeast of Thailand, where the prevalence of O. viverrini
O. viverrini is very high, the ASRs of HCC were 30.3 in males and 13.1 in females®®

whereas the CCA incidence rates were 62.0 in males and 25.6 in females.®

2 Study setting background

Songkhla cancer registry

In 1989, the Songkhla cancer registry was established, the third
population-based cancer registry in Thailand. Information of cancer cases is gathered
from all hospitals in and around Songkhla province, as well as from laboratories and
death certificates. The collected data from cancer patients comprise registry number,
name, residential address, date of birth, age, sex, date and method of diagnosis,

topographic site, histology and extent of cancer, and vital status of patient.” 1/



The primary site and histology of the cancer(s) are coded
according to the ICD-O 3 edition (Fritz et al., 2000), Second and subsequent primary
cancers are also entered into the registry.

In the past, the diagnosis of LBD cancer in Songkhla, where liver cancer
was not common, required histopathological and/or cytological confirmation, and
would only be performed among those who had a good performance status because of
the painful side effects of fine needle aspiration (FNA). Due to advances in radiographic
techniques and improved image quality, and the use of Bithmus and Corlette
classification, histological confirmation of LBD cancer has declined. while the
incidence of LBD cancer with unknown histology in the Songkhla cancer registry has
increased. The percentage of LBD cancer cases with unknown histological type
increased from 40 in 1999 to 70 in 2005 and then plateaued. The percentage of HCC
rapidly decreased in 2000 and thereafter has steadily declined while the percentage of

CCA increased slightly until 1998 and has remained steady since (Figure 1).
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Figure 1 Percentage of histological types of LBD cancer by calendar year in the

Songkhla cancer registry.



Cholangiocarcinoma in Thailand and Songkhla province

In Thailand, the association between CCA incidence and the number of
cases of liver fluke infestation has been observed for many decades.’® CCA was
observed in a high percentage of liver cancers from the northeastern region where the
prevalence of O. viverrini O. viverrini infestation is higher than in other regions in the
country.*® Other studies showed that the incidence of CCA in the two major regions of
Thailand, northeastern and northern, varied at least 12-fold and correlated strongly with
the prevalence of O. viverrini infestation?® In contrast, no relationship has been
observed between HCC and liver fluke infestation. The geographical pattern of liver
fluke infestation in Thailand varies by region, with greatest prevalence in the North
(19.3%), and Northeast (15.7%) compared with the central (3.8%) and southern (<1%)
regions.? 21 There are also regional differences in the ratio of different types of liver
cancers. CCA predominates in the Northeast (Khon Kaen) where it comprises 87% of
liver cancers (of known histology) whereas in the northern region (Chiang Mai) the
percentage is 38.2%. In the South, the proportion of CCA cases is 4%. Moreover,
variation also exists within sub-regions. A ten-year cohort study in the Northeastern
region?? showed that the age-standardized incidence of CCA among those aged more
than 35 years varied three-fold between districts of Khon Kaen province, from 94 to
318 per 100,000 person-years, with an average of 188. The positive association between
prevalence of O. viverrini infestation and incidence of CCA was statistically significant
at the population level after adjusting for age group, sex and period of sampling.

In southern Thailand, however, there has been an increase in the
incidence of LBD over the past decade. In Songkhla province, the annual ASRs of LBD
cancer reported in 1998, 2002, 2005, and 2008 were 7.8, 10.9, 16.0, 18.8 per 100,000
population in males, respectively and 2.1, 2.9, 4.6, 5.3 per 100,000 population in

females, respectively.” 81723

In Songkhla, the percentage of cases with morphological verification
(%MV) declined from 60% in 1997 to 20% in 2005 (Figure 2). This occurred after the



adoption of the Bithmus and Corlette classification, which does not require

laboratory and histological investigation in diagnostic procedures for LBD cancer
cases. Such a classification has higher sensitivity than the pathological diagnosis, thus
the number of cases with LBD cancer have increased. Another side effect was that many

clinicians did not specify the type of cancer in the medical records.
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Figure 2 Percentage of morphologic verification (%MV) and imaging verification

(%I1V) among LBD cases by calendar year, Songkhla province.

When the percentage of morphological verification is low, the true
incidence rates for each histological type are often underestimated. Multiple imputation
(multiple imputation) is a statistical method which can be used for datasets with missing
entries.?*?® multiple imputation produces a distribution of plausible values for a missing

variable in a record given the values of that record’s non-missing covariates.



Chapter 2:Literature Review

This literature review aims to present 1) existing knowledge about
imputation models, trends and projections for CCA, and 2) the main risk factors of O.

viverrini infestation in Thailand from previous studies.

1 Missing data and methods of handling missing data

Based on the Songkhla population-based cancer registry, with a long
period of collecting data, the cancer surveillance system provided useful information of
the cancer cases. The information of cases, classified according to their site of origin
and histology, is mainly used for planning and evaluating cancer control activities.
According to limitations of both provider side and payer side, it is impossible to
complete all data without unknown information of histology.?” When classification
systems differ in coding histology, temporal inferences by histological categories can

lead to incorrect conclusions.

To make use of cancer registry database with incomplete information
and improve the cancer prevention and control programs, LBD cancer cases with

unknown histology should be treated as missing data.

2.1.1 Missing data

There are three types of missing data?®:
1) Missing completely at random (MCAR): There is no pattern in the missing data
on any variables.
2) Missing at random (MAR): There is a pattern in the missing data but not on the
primary dependent variables.
3) Missing not at random (MNAR): There is a pattern in the missing data that

affects the primary dependent variables. For example, lower-income participants



are less likely to respond and thus affect the conclusions about
income and likelihood to recommend. Missing not at random is the worst-case

scenario.
2.1.2 Methods of handling missing data

There are many methods for handling missing data during analysis:
listwise deletion, recovering the values, educated guessing, average imputation,

common-point imputation, regression substitution, and multiple imputation.

The multiple imputation method creates several complete datasets by
replacing the missing values with values which are drawn from a distribution
specifically modelled for each missing entry. The imputed datasets are then used to
estimate the parameter of interest by applying analytic methods. Finally, all parameter
estimates are pooled into one estimate, and its variance estimated. Under proper
conditions, the pooled estimates are less biased and have the correct statistical

properties.?8-30

A review of studies related to the missing data and prediction in multiple
imputation of incomplete variables is summarised in Table 1. The first study explored
the implications of perfect prediction for multiple imputation using monotone or the
MICE (multiple imputation using chained equations) method.3! The researchers
compared active drug-A data at 5 different doses with a control drug or placebo and the
occurrence of pain relief after tooth extraction was an outcome. The result showed that
the point estimates and their standard errors varied between the two multiple imputation
methods. However, results are not expected to agree precisely, and it is a concern that
the standard errors for some of the parameters are substantially larger for the multiple
imputation analyses than for the complete-case analysis. The multiple imputation
method gives precise estimates when compared with the complete case analysis.

However, small sample sizes can lead to perfect predictions.



In the second study, the researchers aimed to impute the
missing values for cholesterol and compared eight imputation procedures of 28 cohorts
within the Asia Pacific Cohort Studies Collaboration (APCSC).%? Unconditional and
conditional mean, multiple hot deck, expectation maximization, and four different
approaches of multiple imputation were used to impute the missing values of
cholesterol. For 22 studies for which less than 10% of the values for cholesterol were
missing, and for the pooled Asia Pacific Cohort Studies Collaboration, all methods gave
similar results. With roughly 10-60% missing values, in such cases multiple imputation
would probably be the best choice. Multiple imputation allows for any type and number
of variables and gave the most reliable variance estimates when compared with the

other imputation methods.

Another study, the researcher try to illustrate bias problems and the role
of multiple imputation by generated datasets with speed data MAR for 50% and seat
belt use data MAR for 20% of surviving drivers. 2 Multiple imputation was used to
create 25 sets of imputed values of each dataset and estimated 2,000 pooled risk ratios
using known and imputed values. Risk ratio and variance estimation of complete-case
datasets and datasets after using multiple imputation was compared. The multiple
imputation method often resulted in a lower bias and a higher power compared with
complete-case analysis, however, the amount of missing data in the study and other
details of variables was a determining factor.

A study in the USA investigating the patterns of receiving and reporting
adjuvant therapies for stage II/111 colorectal cancer patients using age, gender, cancer
stage at diagnosis, race, marital status, hospital transfer, comorbidity, and income to
impute chemotherapy and radiotherapy data.?® The authors stated that the multiple
imputation method could increase the precision of estimates compared to analyzing the
survey data alone. According to the limitations of cancer registry system, multiple
imputation is one method that can increase precision and power of data in a cancer

registry.



Lee (2010) * demonstrated the effectiveness of multiple
imputation in data with 10% to 80% missing observations using absolute bias and root
mean squared error of multiple imputation measured under different types of missing
data. The bias and root mean squared error using multiple imputation were found to be
much lower than using a complete case analysis. The Markov chain Monte Carlo
method as an imputation mechanism can be used for continuous and univariate missing

variables.

In conclusion, for improving cancer registry data with a high percentage
of unknown histology type in LBD cancer cases, there are many studies explained about
missing data and model selection. According to the literature review, incomplete data
are common and methods to handle them are important. If we use only complete case
analysis, the result can be misleading, with usually an underestimation of the true
incidence. The multiple imputation method demonstrated that more precise results can

be obtained and provides reasonable values for imputing incomplete data.
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Table 1 Summary of studies related to missing data and

prediction in multiple imputation of missing data.

Authors, year White IR, Daniel R, Royston P., 2010 3!
Country United Kingdom
To explores the implications of perfect
Obijectives prediction for multiple imputation using monotone or
MICE imputation method.
Exposure An active drug-A at 5 different doses, a control
variables drug or placebo.
The occurrence of pain relief after tooth
Outcome extraction, lindicating some or complete relief from pain
and 0 indicating no relief
366 patients, with moderate or severe pain from
Setting their third molar extracted, were assigned to one of seven
treatment groups randomly.
Methods/Tool/ | | Mor_lot_one multiple imputation was used fgr
Analvsi impute the missing outcomes. The prevalence of pain
nalysts relief across the 7 treatments at the final time-point.
— The point estimates and their standard errors were
varied between the two multiple imputation methods.
— These are not expected to agree precisely. However, it
Results is a cause for concern that the standard errors for
some of the parameters that substantially larger for the
multiple imputation analyses than for the complete-
case analysis.
— Imputation method showed a good precision when
compare with complete case analysis.
Comment — Multiple imputation method should concern about
small sample size which can lead to perfect
prediction.
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Table 1 (continued)

Authors/year Barzi F, Woodward M., 2004 2
Country Australia
Objectives To fill in the missing values for cholesterol and
comparison of eight imputation procedures.
Exposure Age, sex, systolic blood pressure, diastolic
variables blood pressure, body mass index, smoking, diabetes,
survival time, CHD death, and death from any cause.
Outcome The missing values for cholesterol.
Setting The 28 studies in the Asia Pacific Cohort
Studies Collaboration (APCSC).
Methods/Tool/ Unconditional and conditional mean, multiple
Analysis hot deck, expectation maximization, and four different
approaches of multiple imputation were used for impute
the missing values of cholesterol.
Results — For 22 studies for which less than 10% of the values
for cholesterol were missing, and for the pooled
APCSC studies, all methods gave similar results.
— With roughly 10-60% missing values, multiple
imputation would probably give the best result.
Comment — Compared with the other imputation methods,

multiple imputation allows for any type and number
of variables and gave the most reliable variance
estimates.




12

Table 1 (continued)

Authors/year Cummings P., 2013 %

Country United states of America

Objectives To illustrate bias problems and the role of
multiple imputation

Exposure Using seat belt in difference speed of driving

variables

Outcome Death of driver

Setting Driver who using seat belt in difference speed
of driving

Sample 2,000 hypothetical data sets with speed data
missing at random (MAR) for 50% and seat belt use data
MAR for 20% of surviving drivers.

Methods/Tool/ The adjusted risk ratio for seat belt use was

Analysis estimated in each data set using complete-case analysis.
Multiple imputation was used for create 25 sets of
imputed values of each data set and estimated 2,000
pooled risk ratios using known and imputed values. Risk
ratio and variance estimation of complete-case data sets
and data sets after using multiple imputation was
compared.

Results — Multiple imputation reduced bias and increased power

of study.
Comment — Multiple imputation was not always reduce bias and

increased precision compared with complete-case
analysis.

— Amount of missing data in the study and other details
of variables should consider.
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Table 1 (continued)

Authors/year He Y, Yucel R, Zaslavsky AM., 2008. %

Country United states of America

Objectives To study the patterns of receiving and reporting

adjuvant therapies for stage II/lIl colorectal cancer
patients.

Exposure Age, gender, cancer stage at diagnosis, race,

variables marital status, hospital transfer, comorbidity scores, and
the median income of the patient’s census block group.

Outcome The adjuvant chemotherapy and radiotherapy

data

Setting Patients age 18 or older who were newly

diagnosed with stage Ill colon cancer or stage Il or Il
rectal cancer and underwent surgery.

Sample About 12,594 patients from 10 regional cancer

registries in California during 1994 to 1997.
Methods/Tool/ Cancer registry variables was used for impute
Analysis the chemotherapy and radiotherapy data. Multiple
imputation method using Bayes’ theorem underlies the
calculation of the probability.

Results — The multiple imputation analysis can increase the
precision compared to analyzing the survey data
alone.

Comment — According to the limitations of cancer registry system,

multiple imputation is the one of method that can
increase precision and power of data in cancer registry




14

Table 1 (continued)

Authors/year J H Lee, 2010 3

Country United states of America

Objectives To examines the effectiveness of multiple

imputation in data with 10% to 80% missing observations

using multiple imputation measured under difference type
of missing data.

Exposure DBP, height, weight, age, BMI, and cholesterol

variables

Outcome Systolic blood pressure (the predictive study of

coronary heart disease)

Setting A predictive study of coronary heart disease

Sample 3,154 of coronary heart disease patients

Methods/Tool/ An effectiveness of multiple imputation was

Analysis compared with complete cases analysis.

Results — The bias and root mean squared error using multiple
imputation are much smaller than complete case
analysis.

— The Markov chain Monte Carlo method as an
imputation mechanism can use for continuous and
univariate missing variables.

Comment — When large proportions of data are missing, the
number of imputations, imputation mechanisms, and
missing data mechanisms need to be considered.

2 Trend and trend projection

2.2.3 Disease trend

Public health officers monitor trends in rates of disease and trends in
many other public health aspects, such as in medical, social, and behavioural risk factors

for various diseases. Trends in observed rates provide valuable information for program
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planning, program evaluation, and policy measures. Examining data over

time also facilitates predictions about future frequencies and incidence rates.

For public health, trend data are presented for disease rates over a period
of time. These rates are considered as the true underlying population parameters and
therefore statistical assessment is rarely engaged. If the rates are assumed to have no

error, future trends can be presented and predicted naturally.

2.2.4 Trend projection models

Generally, statistical models are frequently used to estimate future
trends in cancer incidence rates by extending past trends. The relationships between the
risk factors and the cancer rates are analysed, and projected by applying the future times
in the equation. Many different statistical methods in terms of model types and data
used have been used to project cancer burden. The results vary depend on the model,
for example, simple linear regression, log-linear regression, or age—period—cohort
(APC) model.** % For APC models, the age, period and cohort effects are obtained
from generalized linear models. Nordpred APC models are based on 5-year intervals
and generalized additive models with spline smoothing.®® A model is fitted to all
available data or their subset for a goodness-of-fit test.3> 3’ The trend is extrapolated
based on the assumption of the observed trends which include keeping current rates

unchanged with continuing trend and adjusting the extent to the future.

In this study, the trend in incidence of LBD cancer and projection model
was analysed by using the 3 models as follows:

1) Joinpoint regression analysis

Joinpoint regression involves fitting a series of joined straight lines or
segments on a logarithmic scale to the age-standardized incidence rates.*® The trends in
incidence are reflected by the annual percent change of each segment. The models
incorporate estimated standard errors of the rates. The tests of significance use a Monte

Carlo method with permutation tests. The estimated slopes from this model are then
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transformed back to represent an annual percentage increase or decrease
in the rate. If a change point is detected within any period, then the annual percent

change is estimated from the trend in the last segment.

2) Age-Period-Cohort model

Age-Period-Cohort models are a class of models for demographic rates
usually observed over a broad age range over a reasonably long time period, and
classified by current age, follow-up date (period) and birth date (cohort).®>3° This can
be shown in a Lexis-diagram with data of follow-up time along the x-axis, and age
along the y-axis. A single person’'s life-trajectory is therefore a diagonal line. Tabulated
data enumerates the number of events and the risk time in some subsets of the Lexis

diagram, usually subsets classified by age and period in equal intervals.

The Age-Period-Cohort model describes the rates as a sum of age-
period- and cohort-effects. The three variables age (at follow-up), a, period (i.e. date of
follow-up), p, and cohort (date of birth), c, are related by the equationa=p — c. A
person's current age can be calculated by subtracting their date of birth from the current
date. Hence the three variables used to describe rates are linearly related, and the model
can therefore be parametrized in different ways, and still produce the same estimated

rates.

In popular terms it is possible to move a linear trend around the three
terms, because the age-terms contain the linear effect of age, the period-terms contains

the linear effect of period and the cohort effect contains the linear effect of cohort.

3) Nordpred power-5 models

The Nordpred approach was developed as part of a comprehensive
analysis of cancer trends in the Nordic countries.®® #° This approach is based on a
standard APC Poisson regression model and gives more realistic long-term projections.

It is now one of the most frequently used methods for worldwide cancer projections.*!-
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3 The log-linear relationship between the rate and the covariates in the

standard model produces predictions in which the rates grow exponentially with time.
The Nordpred model uses a power- link function instead of the log-link function to
lower this growth. The power-link function is an approximation of the log-link function

based on the Box-Cox power transformation theory, in which }111)% x* = log(x). The
Nordpred model is defined as follows:

Caseap ~ Poisson(Map),

Rap = (Aa+D.p+Pp+Ce)°

where Rap is the incidence rate for age group a in calendar period p, which is
the mean count pap Of caseqp divided by the corresponding population sizeap; As, Pp and
C. are the non-linear components of age group a, period p and cohort c, respectively;
and D is the common linear drift parameter of period and cohort.3® A cohort is
calculated by subtracting age from period: ¢ = A + p—a, with A =number of age groups.

To extrapolate the model for future periods, two approaches are
considered instead of simple continuation of the overall historical trend. The software
determines whether the average trend across all observed values, or the slope for the
last 10 years of observed values, is used as the drift component D to be projected. The
software does this by testing for departure from a linear trend. If the trend across the
entire observation period departs significantly from linearity, only the trend in the
current decade is used for projection. To attenuate the impact of current trends in future
periods, a ‘‘cut trend”’ option is used, which is a vector of proportions indicating how
much to cut the trend estimate for each 5-year projection period. A gradual reduction
in the drift parameter of 25%, 50%, 75% and 75% in the second, third, fourth and fifth

5- year period, respectively, is used as a default.3>4°

A review of studies related to trend and trend projection models is
summarised in Table 2. The first study was conducted in Denmark.* The researcher

examined the changes in incidence, mortality, and prevalence relative survival of liver,
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gall bladder, bile duct, and pancreas cancer (HPB-c) patients. The

incidence and mortality rates of cancer of the liver and pancreas increased over time
while the rates of cancer of the gall bladder and bile duct decreased. About 20% of
Denmark cancer registry cases did not have morphological verification. But the rare
histological subtypes of specific cancers were associated with either a much worse or

better prognosis which reduced generalizability.

The second study aimed to assess the incidence trend of HCC in Khon
Kaen, Thailand, from 1990 to 2009.%° The result showed that gender and year of
diagnosis was associated with the incidence of HCC. The third study aimed to estimate
the incidence and trends of liver cancer, particularly focusing on CCA in Khon Kaen,
Thailand.'® The authors suggested that the increase in incidence rates in the first 5to 6
years may have been due to improved completeness of the registry. The rate stabilized
in the subsequent 10 to 12 years. Gender and year of diagnosis were associated with
trend of HCC. The issues of prime concern included data collection, data processing,

statistical analysis/synthesis and reporting reliable and complete data.

The fourth study aimed to forecast mortality of HCC in Taiwan using an
APC model.* The age and period effects were quite notable of increasing HCC
mortality of Taiwanese in both sexes while the cohort effect decreased the HCC
mortality. Gender, age, year of diagnosis, and year of birth were associated with the
trend of HCC mortality. Although the APC forecasting seems to be a good fit for trend,
researchers should not project trends for more than 15 years in the future due to

forecasting method assumptions.

Trends of PLC should be presented by histologic subtypes because
different histologies require different measures and policy for disease control. A study
from Minnesota reported a trend of diagnosing earlier stages of the cancer.*® The age
and period effects were quite notable of increasing HCC mortality of Taiwanese in both
sexes while the cohort effect decreased the HCC mortality. Gender, age, year of
diagnosis, and year of birth were associated with HCC mortality.
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In summary, findings from the literature review suggest
that handling of incomplete data is very important. If only complete-cases are used in
the analysis, the result can be misleading with usually under estimation of the incidence.
Among the projection models, APC model, Joinpoint regression, and the Nordpred
model were used in many countries for model projection, especially on cancer trend.
These multiple imputation methods and three trend projection models will be used in

this study.
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Table 2 Summary of studies related to trend and trend

projection models of CCA incidence.

Authors/year Bjerregaard JK, Mortensen MB, Pfeiffer P.,
2016 4

Country Denmark

Objectives To examine the changes in incidence,

mortality, prevalence relative survival of HPB-c patients

with particular on the elderly

Explanatory
factors on LBD cancer

Age and sex of patient

incidence

Outcome incidence, mortality, prevalence of HPB-c
patients

Setting HPB-c patients in Danish Cancer Registry

Sample All cases of the Danish Cancer Registry and the
Danish Cause of Death Registry with follow-up for death
or emigration from 1978 to 2013.

Methods/Tool/ Sex- and age-specific relative survival

Analysis proportion ratios were calculated for each of the
diagnostic groups for the age groups 0-69, 70-79, 80-89
and 90 + years and for the five-year periods of diagnosis
1968-1972, 1973-1977, ..., 2003-2007 and 2008-2012.
Incidence and mortality, age group specific numbers and
rates per 100 000 person years of diagnosis.

Results The incidence and mortality rates of cancer of

the liver and pancreas increased over time while the rates

of cancer of the gall bladder and bile duct decreased. All
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HBP-c were more frequent in person age over 70 than in

younger persons.

Comment

About 20% of Denmark cancer registry was
missing of microscopic verification. But the rare
histological subtypes of specific cancers associated with
either a much worse or better prognosis which reduced

generalizability.

Table 2 (Trend, continued)

Authors/year Wiangnon S, Kamsa-ard S, Suwanrungruang
K, Promthet S, Mahaweerawat S, Khuntikeo N., 2012 %5

Country Thailand

Obijectives To assess the incidence trend of hepatocellular

carcinoma in Khon Kaen, Thailand, between 1990 and
20009.

Explanatory

factors on LBD cancer

Gender and year of diagnosis

incidence
Outcome The age standardized rate (ASR) and annual
percent change.
Setting The data of all cancers in Khon Kaen can be
retrieved from
database of the Khon Kaen Cancer Registry
(KKCR).
Sample All 7,859 liver cancer cases (ICD10 code

C22.0) according to International Classification of
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Disease for Oncology were selected from population-
based data set of KKCR.

Methods/Tool/
Analysis

Jointpoint analysis was used for trend
incidence analysis and identified a significant changing
point of the trend. The age standardized rates (ASR) were
used to describe the incidence rates.

Results

The incidence trends decreased in both sexes.
Males were affected two times more likely than females.
The most common age group of cases was 50 and 69
years. The ASR was 13.1 to 49.8 per 100,000 among
males and 4.8 to 38.4 per 100,000 among females since
1985.

Comment

Having a long period of data are useful for
trend analysis
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Table 2 (Trend, continued)

Authors/year Kamsa-ard S, Wiangnon S, Suwanrungruang
K, Promthet S, Khuntikeo N, Kamsa-ard S,
Mahaweerawat S., 2011 16

Country Thailand

Objectives To perform a statistical estimation of the

incidence trends of liver cancer, particularly focusing on

cholangiocarcinoma (CCA)

Explanatory
factors on LBD cancer

Gender, year of diagnosis, and ASR by
calendar year.

incidence

Outcome ASR and annual percent change of liver cancer.

Setting Cases of CCA were retrieved from the KKCR
and all those with a specific ICD-0-3" diagnosis with a
coding of C22.1, C24.0, C24.8 and C24.9 were selected.

Sample 18,589 cases of liver cancer registered between
1985 and 2009.

Methods/Tool/ The ASR and 95% CI were used for describe

Analysis the incidence rates of CCA. Incidence trends were
calculated using the generalized linear model method
(GLM). Jointpoint analysis was used to identify the best
fitting model.

Results The rate increase in the first 5 to 6 years may
be due to improved completeness of the registry. The
rather stable rate in the subsequent 10 to 12 years later.

Comment The issues of prime concern include: data

collection, data processing, statistical analysis/synthesis

and reporting reliable and complete data.
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Table 2 (Trend, continued)

Authors/year Tzeng IS, Lee WC., 2015 %
Country Taiwan
Obijectives To forecast hepatocellular carcinoma mortality

in Taiwan using an age-period-cohort (APC) model.

Explanatory

Gender, age, year of diagnosis, and year of

factors on LBD cancer | birth
incidence

Outcome Mortality of hepatocellular carcinoma

Setting HCC mortality of Taiwanese age more than 40
year old.

Sample Individual health records derived from the
Department of Health, Taiwan between 1976 and 2005.

Methods/Tool/ The age model, the age-period model, and the

Analysis APC model.

Results The age effects and period effect were quite
notable of increasing HCC mortality of Taiwanese in both
sexes while cohort effect decreased the HCC mortality.

Comment Although the APC forecasting seems to be a

good fit for trend, researcher should not project trend
more than 15 years ahead due to forecasting method

assumption.
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Table 2 (Trend, continued)

Authors/year Zhang Y, Ren JS, Shi JF, Li N, Wang YT, Qu
Cetal., 2015 %

Country China

Obijectives To give a longer-term and more recent

comprehensive picture on the current status of PLC

worldwide.

Explanatory

factors on LBD cancer

Age, gender, year of diagnosis

incidence

Outcome Incidence and changing trend in incidence

Setting PLC cases including HCC, CCA, and
combined of HCC and CCA (cHCC-CC).

Sample The data from Cancer Incidence in Five
Continents of 24 countries in Americas, Asia, Europe, and
Oceania between 1973 and 2007.

Methods/Tool/ Joinpoint regression analysis was used. The

Analysis significance tests of changing trend using permutation
method. The significant of annual percentage change
(APC) and average annual percentage change (AAPC)
was examined.

Results The ASRs for PLC were declining in several
Asian populations between 1973 and 2007. In contrast,
ASRs for PLC were increasing in some European,
American and Oceanian populations.

Comment Trend of the PLC should present by histologic

subtypes because difference histology are different

measures and policy for disease control.
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3 Risk factors of cholangiocarcinoma

The risk of developing bile duct cancer is mainly from chronic
inflammations of the bile duct.* In western countries, primary sclerosing cholangitis
may cause by many conditions of the liver or bile duct.*’ In addition, hepatolithiasis,
chronic non-alcoholic liver disease, cirrhosis, and obesity are other known risk factors
for CCA. Other rarer conditions associated with CCA development are bile-duct
adenoma, multiple biliary papillomatosis, congenital fibropolycystic liver, choledochal
cysts, Caroli’s disease, and exposure to the radiopaque medium thorium dioxide.*3 49
However, approximately 90% of CCA cases cannot be assigned to any of these
recognized risk factors.*” 50 Comparison of these risk factors in the West,
hepatolithiasis is a very uncommon disease. In contrast, intra- and extrahepatic bile duct
stones are much more common in Eastern Asia.>! In Japan, hepatolithiasis is strongly
associated with cholangiocarcinoma with proportions varying from 10% to more than
60%.% In Taiwan, similarly other risk factors of cholangiocarcinogenesis, as bacterial
infection and bile stasis, which virtually demonstrate in all patients, and underlie
cholangiocarcinoma development. This carcinogenic process is not limited to the

intrahepatic lesions.> %3

The situation of liver fluke infestation in East Asian countries indicates
that it is endemic in Korea, China, Vietnam, Thailand, Laos, and Cambodia. In addition,
people with C. sinensis infestation were infrequently reported from Singapore and
Malaysia due to many being infested from other countries with travelling or through
eating imported fish®*. Moreover, Asian immigrants from endemic areas contribute
liver fluke infestation in all parts of the world. In Thailand however, CCA is strongly
associated with infestations from liver fluke parasites which occur in the bile

ducts, gallbladder, and liver as a result of eating raw fish.5 %0 5% 56

In 1994 the International Agency for Research on Cancer has recognized
O. viverrini as “definitely carcinogenic to humans”, based on evidence from

experimental studies on animals and humans.>” In 2009, the same classification was
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given to C. sinensis.® Several studies in Thailand indicated that
estimations of the relative risk associated with O. viverrini infestation although none of

them evaluated the specific risk of CCA.

4 Liver fluke and prevalence in Thailand

2.4.5 Species and life cycle

Liver fluke infestation in Thailand is due to the O. viverrini Opisthorchis
viverrini parasite.> The characters of O. viverrini adult worms are flat, leaf-shaped, and
transparent and the adult worm lives in the hepatic bile ducts of a definitive host, such
as humans, dogs, and cats. Their first intermediate host is snails in Bithynia genus and
cyprinoids fishes are the second intermediate host. A schematic overview of the

Opisthorchis life cycle is given in Figure 3.
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Figure 3 Opisthorchis life cycle

(Modified from http://www.cdc.gov/parasites/opisthorchis)
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In the life cycle of opisthorchiasis from adult flukes inhibit the bile duct
where they lay many eggs. Fully developed eggs are then deposited into the
environment via the feces. After ingestion by a suitable host (first intermediate host)
such as a snail, the eggs develop inside the snail in several stages and consequently
become cercariae, a tadpole-shaped larval trematode worm. Then, the cercariae are
released from the snail and penetrate freshwater fish (second intermediate host) and
encyst as metacercariae in the muscles or under the scales. Mammals, such as cats,
dogs, and humans as a definitive host become infested by ingesting undercooked fish
containing these metacercariae. The metacercariae undergo excystation in the
duodenum after ingestion. They then ascend through the intestinal wall and liver
parenchyma into the biliary ducts where they attach and develop into adults. They can
lay eggs after 3 to 4 weeks in the bile duct. The adult flukes reside in the biliary and

pancreatic ducts of the mammalian host, where they attach to the mucosa.®

2.4.6 Geographic distribution of liver fluke

Approximately 25 million people in Asia and Europe are infested with
three human liver flukes: O. viverrini, C. sinensis and O. felineus. Among these,
humans are mostly infested with C. sinensis (15 million) followed by O. viverrini O.
viverrini (10 million) and O. felineus (1.2 million).More than 700 million people
worldwide are at risk of being infested by these three liver flukes.®® ¢ The regions
mostly affected by O. viverrini O. viverrini are in the areas of northeast Thailand, Lao
PDR, Cambodia and Vietnam while endemic areas for C. sinensis are Korea, China,
Taiwan, Vietnam, and Japan. Poland, Germany, Russia, Federation of Kazakhstan and
Western Siberia are endemic for O. felineus.®? An outbreak of O. felineus reoccurred in
central Italy between 2003 and 2011 after consuming raw fillets of tench (Tinca
tinca).5® Because of extensive traveling and also importation of fresh water aquaculture
products from Asia, it is now increasingly common to find infested people in non-

endemic areas.>*
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2.4.7 Prevalence of liver fluke in Thailand

The prevalence of parasite infestation in Thailand in 1957, 1981, 1991,
1996, 2001 and 2009 was reported by the Bureau of General Communicable Diseases,
Department of Disease Control, Thai Ministry of Public Health.5* % Previous surveys
used the Kato thick smear and Formalin-ether concentration technique (FECT) for stool
examination. The parasite infestations prevalence has been decreasing along the survey
years (Figure 4). The last nationwide survey in Thailand during 2009 found an overall
prevalence of O. viverrini infestation of 8.7%; the Northeast (16.6%), the North (10%),
the Central (1.3%), and the South (0.01%) regions.®®
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Figure 4 Prevalence of parasite infestation in Thailand 1957-2009 4
(Source: http://thaigcd.ddc.moph.go.th)

2.4.8 Liver fluke control program in Thailand

O. viverrini is a carcinogenic parasite and the primary prevention of
CCA can be achieved by parasite control, especially mass drug administration, which,
in northeast Thailand, was initiated in the early 1980s.2% ® In the past, the historical
prevalence of O. viverrini in Thailand was as high as 80%, and then declined to 25% in
1990. In 1997, it reduced even further to 15-20%. After that it was more or less stable



32

until 2013. The highest prevalence of O. viverrini infestation was found in

Northeast Thailand, while it also has an extensive mass drug administration program.
A trend analysis of CCA during 1985-2000 in Khon Kaen province showed that the
significant reduction of CCA incidence in the few past years may be due to a real
decrease in risk factors such as liver flukes.'® Not only the liver fluke control but other
factors may also lead to a reduction of the CCA incidence and it is not easy to evaluate
the direct impact of mass drug administration and health education on the occurrence
of liver cancer. However, likely parasite control and health education could be the

essential factors. Further analysis is required to ascertain this reduction of CCA rate.
2.4.9 Screening program under the campaign “Strategy for liver flukes and

cholangiocarcinoma elimination, the E-sarn agenda”

The Thai Ministry of Public Health has been putting more effort on the
control of liver and bile duct cancer by initiating the campaign “Liver flukes and
cholangiocarcinoma elimination, The E-sarn agenda”.®” This project was launched in
2012 in the northeastern region and has expanded to all other regions countrywide. In
this campaign, every provincial health office screened at risk groups. Public health
officers would examine stool for presence of O. viverrini infestation by microscopy and
ultra-sound. Figure 5 displays a flow diagram of the procedures that should be followed
by the public health officers.5+ &7
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Figure 5 Flow of cholangiocarcinoma screening program in Thailand, 2013 %

2.4.10 Diagnosis of human opisthorchiasis

The human opisthorchiasis can be diagnosed by clinical manifestations,
parasitological, molecular biological, or immunological methods.?® Clinical
manifestations of the patients are practically indistinguishable from those of other liver
diseases. The features of the O. viverrini eggs are, by light microscopy, difficult to
differentiate from those of other minute intestinal fluke eggs. Polymerase chain reaction
is very complicated, needs special and expensive materials, and is time-consuming;
however, it is highly sensitive and specific. Immunological testing is the method of

choice: the techniques are applicable to both routine laboratory work and field or
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epidemiological studies. Of these tests, enzyme-linked immunosorbent

assay (ELISA) and immune electro transfer blot assay are often used for the detection of
O. viverrini -specific antigens and antibodies (IgM, 1gG, IgA, or IgE). Monoclonal
antibodies are prepared to detect copro antigens, while the crude somatic and excretory-
secretory antigens from the adult worms, metacercariae, eggs, and snail intermediate

hosts are prepared in order to detect antibodies in sera %.

The diagnostic method of liver fluke infestation, i.e. opisthorchiasis
caused by O. viverrini, is by detecting the parasite ova in faecal samples. However, in
light infestations or when ova output is low or nil as a result of biliary obstruction,

faecal examination for O. viverrini eggs may be falsely negative.5°

Alternative methods for diagnosis of opisthorchiasis include the use of
deoxyribonucleic acid probe for detecting complementary deoxyribonucleic acid of the
fluke in stool, serum by using antibody-based ELISA for antigen detection and various
antibody detection assays.”® However, an indirect ELISA may be as sensitive as the
detection of eggs in stool but cross-reaction with other parasitic infestations is
commonly and frequently found when crude parasite extract was used. The value of the
antibody detection assay in opisthorchiasis is limited by the cross-reactive nature of the

crude antigen used.”*

A review of studies related to prevalence and associated factors of O.
viverrini infestation is summarised in Table 3. The first study aimed to determine the
association between infestations with O. viverrini with incidence of CCA in Khon Kaen
province, Thailand. 2 There was no association among CCA and O. viverrini
infestation. CCA incidence was measured in the entire district population, while
prevalence of O. viverrini was estimated from a sample. Correlation of O. viverrini
infested person and may have been underestimated due to previous treatment and light

infestations or when ova in feces is low.

The second study aimed to identify risk factors and predict the
prevalence of O. viverrini at non-surveyed locations in Lao PDR. % The overall
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prevalence of O. viverrini infestation was 61.1% (95% CI. 59.5-62.8%).

Rice farmers were at highest risk of infestation (81.3%, 95% CI: 79.2-83.4%), followed
by workers of the tertiary sector (73.8%, 95% CI: 64.6-83.1%). Age, low land area,
and farmer and workers of the tertiary sector had a higher risk of O. viverrini

infestation.

The third study was conducted in Nakhon Ratchasima province,
Northeast Thailand an endemic area of human O. viverrini. 2 About 2.48% of
participants were infested with O. viverrini. Males were more likely to be infested than
females. O. viverrini infestation was more common in those aged 51-60 years and was
positively associated with education (primary school) and occupation (agriculture).
However, the study did not discuss about limitations of using a modified Kato thick
smear technique because it is difficult to differentiate by egg morphology between

minute intestinal flukes and O. viverrini.

The fourth study focused on using indirect ELISA for measuring O.
viverrini specific immunoglobulins in serum, urine and saliva in endemic areas of
opisthorchiasis, Khon Kaen province, northeastern Thailand.” Seropositive cases were
found in both parasite egg-negative as well as O. viverrini egg-positive groups. The
levels of serum IgG correlated with intensity of O. viverrini infestation. Diagnostic
sensitivities based on serum and salivary IgG, IgA were also positively associated with
the intensity of infestation.

The last reviewed study was also conducted in Thailand.”™ The study
aimed to evaluate indirect ELISA for identifying O. viverrini infestation. Sensitivities
of the indirect ELISA were 92% and 91% using the first and second batches of crude
extracts prepared from adult O. viverrini derived from two distinct sources,
respectively. Four out of 53 patients of groups 1 and 2 gave false negative ELISA when
the first batch of antigen was used. The ELISA test could be used as a screening method

for opisthorchiasis. However, the test could not be used alone for diagnosis as it could
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not differentiate between the present and past cure infestations and the

false positive rate was high.

In summary, there have been many surveys conducted to determine the
prevalence of O. viverrini in Thailand and endemic areas and its association with CCA.
The finding from the literature review suggests that due to the difficulty of
differentiating egg morphology between minute intestinal flukes and O. viverrini more
accurate diagnostic techniques such as ELISA should be introduced. However, cross-

reaction of antibody of the infestation is a concern.
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Table 3 Summary of studies related to the prevalence and risk

factors of liver fluke infestation.

Authors/year Sriamporn S. et al., 2004 2

Country Thailand

Obijectives To determine the association between
infection with O. viverrini with incidence of CHCA in
the same and different district of Khon Kaen province.

Exposure Age, sex, living district, year of infected

variables

Outcome O. viverrini infection, number of O. viverrini
eggs per gram (EPG)

Setting Khon Kaen population, based on Khon Kaen
cancer registry.

Sample The cohort population in selected villages in
Khon Kaen province from 1990 to 2001.

Methods/Tool/ FECT method was used for examine O.

Analysis viverrini infestation. The association between the
incidence of CCA and the prevalence of OV-infected
population was estimated. A Poisson model was fitted
between the number of incidence cases, age group, and
sex.

Results There was no association among CCA and O.

viverrini infection (r=0.009) after adjusted age, sex and

period.
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Risk factors

for O. viverrini infection

Age, sex, living district, year of infected

Comment

Correlation of O. viverrini infected person and
might been under estimated due to previous treatment

and light infections or when ova in feces is low.

Table 3 (continued)

Authors/year A Forrer et al., 2012 %

Country Lao PDR

Obijectives To map the distribution of O. viverrini in
southern Lao PDR, identify underlying risk factors, and
predict the prevalence of O. viverrini at non-surveyed
locations.

Related Age, Lao Loum ethnic group, educational

variables attainment, occupation, and unsafe drinking water.

Outcome OV infection

Setting Population in Champasack, Lao PDR, the
plains and flatland dominated by the Mekong River.

Sample About 4,380 samples in 51 villages were
selected. Participant selection was achieved using a two-
stage sampling method.

Methods/Tool/ A two-stage sampling method was used. The

Analysis

association between infection risk and covariates was
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assessed using non spatial bivariate logistic regressions
and logistic geostatistical models.

Results

The prevalence of O. viverrini infection was
61.1% (95% CI: 59.5-62.8%). Rice farmers were at
highest risk (81.3%, 95% CI: 79.2-83.4%), followed by
workers of the tertiary sector (73.8%, 95% CI: 64.6—
83.1%).

Risk factors

for O. viverrini infection

Age, low land area, and farmer and workers of

the tertiary sector

Comment

Geographical variable such as distance from
river should be in consideration. The study did not
present sampling frame and sampling technics which can

affect to prevalence of the O. viverrini infection.

Table 3 (continued)

Authors/year Kaewpitoon SJ, Rujirakul R, Kaewpitoon N.,
2012 "2

Country Thailand

Obijectives To determine actual levels of O. viverrini
infection in Nakhon Ratchasima province, Northeast
Thailand.

Outcome Prevalence of O. viverrini infection.

Setting A cross-sectional parasitological and

questionnaire survey was conducted in 32 districts of

Nakhon Ratchasima province.
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Authors/year Kaewpitoon SJ, Rujirakul R, Kaewpitoon N.,
2012 "2

Country Thailand

Sample A total of 1,168 villagers (516 male and 652
female).

Methods/Tool/ A socio-demographic data were collected using

Analysis questionnaires. O. viverrini infection test using modified
Kato’s Katz technique. Chi-square test was performed to
determine association between socio-demographic and O.
viverrini infection.

Results The prevalence of O. viverrini infestation was

2.48%. Males were more likely to be infected than
females, but the different was not statistically significant.
O. viverrini infection was most found in age 51-60 year
and was positively associated with education (primary

school) and occupation (agriculture).

Risk factors

for O. viverrini infection

Age, education, occupation

Comment

This study did not present the process of
sampling technic. Equal sample size (40 respondents) in
every district may induce some bias. Researcher did not
discussed about limitation of a modified Kato’s thick

smear technique.
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Table 3 (continued)

Authors/year Sawangsoda P, Sithithaworn J, Tesana S,
Pinlaor S, Boonmars T, Mairiang E, et al., 2012 ©

Country Thailand

Obijectives To evaluate indirect Enzyme Immunosorbent
Assay (ELISA) for measure O. viverrini specific
immunoglobulins in serum, urine and saliva and assessed
efficacies in diagnosis of opisthorchiasis in a sample
population in Khon Kaen.

Outcome Diagnostic efficacy of clinical specimens and
relationship between antibody levels and intensity of O.
viverrini infection.

Setting Participants  from  endemic area  of
opisthorchiasis in Khon Kaen Province, northeast of
Thailand.

Sample A total of 207 individuals were sampled. Those
were having an aged between 28 and 92 years old.

Methods/Tool/ Using ELISA procedures to detect O. viverrini

Analysis specific antibodies in urine, saliva and serum while FECT
technique was used as a gold standard diagnosis.
Sensitivity, specificity, and the likelihood ratio for a given
result were calculated.

Results Seropositive cases were found in both parasite

egg-negative as well as O. viverrini egg-positive groups.
The levels of serum 1gG correlated with intensity of O.

viverrini infection (P < 0.05). Diagnostic sensitivities
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based on serum and salivary 19G, IgA positively
associated with the intensity of infection.

Comment

Although there were no ova or light infections
the ELISA can use for identified O. viverrini infection by
using serum sample. However, cross-reaction should be

concern.
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Table 3 (continued)

Authors/year Y. Sakolvaree et al., 1997 "

Country Thailand

Obijectives To evaluate indirect Enzyme Immunosorbent
Assay (ELISA) for identified O. viverrini infection.

Outcome Antibodies test positive for O. viverrini
infection

Setting Adult O. viverrini worms were from two
different sources. First batch were collected from
infected people whereas the second batch was from
infected hamsters.

Sample Antibodies sample collected from 4 group of
samples; group1=22: only O. viverrini infected,
group2=31: O. viverrini with other parasites infected,
group3=141: only other parasites infected (no OV), and
group4=24: healthy sample (parasite free)

Methods/Tool/ Two batches of crude antigens extracted from

Analysis adult O. viverrini worms were compared. One was
derived from adult worms harvested from the livers of
laboratory infected hamsters and another was obtained
from worms sedimented from the feces of
opisthorchiasis patients following treatment with
Praziquantel.

Results Sensitivities of the indirect ELISA were 92%

and 91 % using the first and second batches of crude

extracts prepared from adult O. viverrini derived from




44

two distinct sources, respectively. Four out of 53 patients
of groups 1 and 2 gave false negative ELISA when the

first batch of antigen was used.

Comment The ELISA test could be used as a screening
method for opisthorchiasis. However, the test could not
be used alone for diagnosis as it could not differentiate
between the present and past cure infections and could

give also some false positive results.

Chapter 3:Rationale

Cholangiocarcinoma caused by O. viverrini infestation is a major
problem in Thailand. The epidemic regions of the disease are mainly in the northeast
and north of the country. Reports and investigations of cholangiocarcinoma and O.

viverrini infestation in southern Thailand are limited.

The incidence of LBD cancer by histological type has been changing.
Since 2000 CCA in Songkhla seems to be increasing while the percentage of cases with
morphological verification (%MV) of LBD cancer declined from 60% in 1997 to 20%
in 2005. This occurred after the adoption of the Bithmus and Corlette classification
system, which does not require laboratory and histological investigation in diagnostic
procedures for LBD cancer cases. Such a classification has higher sensitivity than the
pathological diagnosis, thus the number of cases with LBD cancer increased. Another
side effect was that many clinicians did not specify the type of cancer in the medical
records. When the percentage of morphological verification is low, the true incidence
rates for each histological type are often underestimated. Thus, this study aims to
estimate the incidences of HCC and CCA in Songkhla province from 1989 to 2013
using a multiple imputation technique to determine histological type among cases

having unknown histology. After imputation, this study also aims to fill the knowledge
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gap on disease trends which could enhance our understanding of the
incidence of LBD cancer subtypes in the future. Furthermore, the changing
demographic profiles and the control measures might affect the HCC and CCA

incidence.

The reason for the rising trend of CCA in Songkhla is unknown.
According to a report from the Department of Disease Control, Ministry of Public
Health, Thailand, the prevalence of O. viverrini infestation in southern Thailand was
low.%® Thus, there have been no reports or investigations of CCA and O. viverrini

infestation in southern Thailand.

A cross-sectional survey was conducted to determine the possible
association between CCA and O. viverrini infestation in Songkhla province. The results
of this study may shed some light for the increasing CCA trend in Songkhla province

facilitating appropriate strategies for CCA control programs.

Chapter 4:Research questions

The number of unknown histological type of LBD cancers in Songkhla
province have been increasing. The prevalence of CCA, the second most common LBD
cancer, seems to be increasing. O. viverrini infestation is believed to be the major cause

of CCA in Thailand. Thus, the following research questions are proposed:

1) What is the incidence of CCA in Songkhla province?

2) What are the reasonable predicting factors for unknown histology type for LBD
cancer in Songkhla cancer registry?

3) What is the future trend of HCC and CCA incidence in Songkhla province?

4) What is the prevalence of O. viverrini infestations in Songkhla province?

5) What are the principal factors associated with O. viverrini infestation in Songkhla

province?
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Chapter 5:0Objectives

The objectives of this study are:

1) To determine the histological type among cases having unknown histology of
LBD cancer in Songkhla province from 1989 to 2013 using a multiple imputation
technique.

2) To estimate the incidence and trends of HCC and CCA incidence in the Songkhla
population from 1989 to 2013 and projected to 2030.

3) To determined the prevalence of O. viverrini infestation and identified associated

factors of O. viverrini infestation among the adult population in Songkhla.
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METHODS

Chapter 6:Conceptual frame work
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The methodology of this study was separated to two parts according to

the objectives as follows:

Demographic and behaviour

—

Age

Sex

Religion

Education

Occupation

History of illness

Birthplace

Living zone (Muslim, city, agri-rice
plant, and Agri-rubber plant)
Birthplace region (O. viverrini -
endemic and non-endemic areas) and
migration

Alcohol consumption

History of consumption of risk food
items consumption, i.e. eating raw
fish dishes, fermented fish, uncooked
food.

Factors related to trend in

incidence of CCA:

o Age

o Sex

¢ Religion

e Living place

e Year of diagnosis

Risk of getting parasite
infestation

No-risk

Low risk
Medium risk
High risk

Prevalence of parasite
infestation

(Current and past
infestation)

o O.viverrini
e Other parasites

Trend in incidence of
CCA
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Figure 6 Conceptual framework

Chapter 7:Methodology

1 Methodology of objective 1

7.1.1 Objective 1 part |

To estimate the incidences of HCC and CCA in Songkhla province
from 1989 to 2013 by imputing unknown cell type of LBD cancer in the Songkhla

population-based cancer registry using variables that predict the known cell types.

7.1.2  Study design

Retrospective descriptive study

7.1.3 Study setting

All records from Songkhla population-based cancer registry.

7.1.4 Study setting

Liver cancer patients in Songkhla population-based cancer registry
between 1989 and 2013 who had one of three histological types: Hepatocellular (HCC),
Cholangiocarcinoma (CCA), and other specified histology.

7.1.5 Study subjects

This study included 2,387 liver cancer cases with available information
for each case, including registration area, age or birth date, gender, place of residence,
date of diagnosis, basis of diagnosis, International Classification of Diseases (ICD-10)

code, topography code, and morphology code.
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Cases were classified into four initial groups based on the
third edition of the International Classification of Diseases for Oncology (ICD-03) "3
as follows: Group 1: HCC (topography (T) code C22.0 and morphology (M) codes
8170-8176); Group 2: CCA (T C22.1, and C24.x, excluding C24.1 and M 8050, 8140-
8141, 8160-8161, 8260, 8440, 8480-8500, 8570-8572); Group 3: Other specified LBD
cancers: (T C22.0 with any M and T C24.1); Group 4: LBD cancers with unknown
histology: (T C22.0 and M 8000-8005).

There have been attempts to classify subtypes of CCA according to the
radiographic appearance as the above-mentioned Bithmus and Corlette classification of

perihilar CCA, and based on cells of origin.
7.1.6 Inclusion criteria

All newly diagnosed patients with primary liver cancer during 1989-
2013 were included in this study.
7.1.7 Exclusion criteria

Any individual with missing values of explanatory variables included
in the model were excluded from the analysis.
7.1.8 Data collection

Data were obtained from the Songkhla population-based cancer registry

using a data collecting form (Annex 2). All patients diagnosed between 1989 and 2013

were included.

7.1.9 Population

The population denominator used for the calculation of age-adjusted
rates were estimated from 1990, 2000, and 2010 censuses published by the National
Statistical Office, Thailand, which provided annual estimates by age group and sex for

each province. Inter-census estimates of the population by age group and sex were
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calculated with the assumption of an exponential change in the population

between the three censuses.

7.1.10 Multiple imputation method

The imputations were performed using the 'mice’ (Multivariate
Imputation by Chained Equations) package 2° in R . Cases with unknown histology
were imputed with one of the other known histological categories according to the
probability distribution of the groups among those who had known histology obtained
by the chained equation method plus a degree of random error. Since the outcome in
this case was a multiple categorical variable, a multinomial logistic regression model
was used to generate the distribution according to the predictive ability of variables
present in the registry database. These variables included sex, age, year of diagnosis,

religion, and residential district. The model is given by

f(k i) = pu+xi, )

where fk is the set of regression coefficients associated with histological
type k (HCC, CCA, or other), and x; is the set of predictor variables associated with
observation i. The method described by White et al (2011) was applied to avoid bias
due to perfect prediction.” We repeated 1,000 iterations of multiple imputation to
obtain the 95% Bayesian probability intervals (PI) obtained from the quantiles of the
posterior distribution for the three histological types.

As the data in the cancer registry also shows that the number of LBD
cancer cases diagnosed during 1989-2006 was lower than in the period after 2006, we
therefore included a random sample of cancer cases with unknown primary in the
abdomen (C76.2) or unknown primary (C80.9) into Group 4, stratified by age group,
sex and year of diagnosis. The optimal number of cases randomly selected from the
unknown primary group to include in group 4 differed each year ranging from 30% for
the period 1989 to 1997 down to 0% from 2007 onwards or the total number of
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unknown primary cancers in each age/sex/year strata, whichever was the

lowest. The reason for including these unknown primary cancer cases into group 4 is
that we believe some of them were misclassified due to incomplete investigations (for
example, the patient died or refused to have any surgical procedure (Figure 7).

ICD-10 code C22: liver and Related tumors: C76.2
bile duct in Songkhla population-based (Malignant neoplasm of abdomen) and
CA registry, C80.9 (Malignant neoplasm without
Randomly
selected
/
HCC CCA Other Unknown
\L ‘__,,——::: __—:':: /Imputation: multinomial
——————— Z--1" o =

HCC:
hepatocellular carcinoma

Joinpoint Regression Model

Trend in incidence

Figure 7 Concept of data imputation for unknown histological types of LBD cancer

7.1.11 Data analysis

Since comparison of the proportion of HCC and CCA over a long period
can be biased by the change in the age structure of the population, we used age-
standardized incidence rates for the two groups to illustrate the effect of time on the
probability of imputation. The rates were standardized to the world population as
proposed by Doll (1966) and calculated for each of the 24 calendar years between 1989
and 2013.

After imputation, descriptive statistics such as frequencies and

percentages were presented. We compared temporal trends of HCC and CCA based on
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three models: Model 1: LBD cancers with known histology only; Model
2: All LBD cancers with imputation of unknown histology, and Model 3: All LBD
cancers plus cases with unknown primary, both in the abdomen and not otherwise

specified, with imputation of unknown histology.

2 Methodology of objective-1

7.2.12 Objective 1 part Il
To determine trends of HCC and CCA incidence from 1989 to 2013 and
projected to 2030.

7.2.13 Study design

Retrospective descriptive study

7.2.14 Study setting

All records used from Songkhla population-based cancer registry.

7.2.15 Study setting

Liver cancer patients in Songkhla population-based cancer registry
diagnosed between 1989 and 2013. Cases were classified by histological type: HCC,
CCA or other.

7.2.16 Study subjects
This study included 2,676 cases derived from the previous multiple

imputation models in the first part. The results showed reasonable number of the three

subtypes: HCC, CCA and other, which was appropriate for the trend analysis.



53

7.2.17 Population

The population denominator used for the calculation of age-standardized
rates was estimated from 1990, 2000 and 2010 censuses published by the National
Statistical Office, Thailand.

7.2.18 Data analysis

The age-standardized incidence rates (ASRs) per 100,000 population of
HCC and CCA from 1989 to 2013 were analysed by the direct method using the Segi
world standard’® in each 5-year age group (age 20 to 85+ years). The trends in incidence
of LBD cancer in Songkhla by histological subtype and sex were estimated using a
Poisson regression model and the ASR projections were calculated until the year 2030
in 5-year groups. The ASR and number of LBD cancer cases was estimated using three
models; Joinpoint regression analysis’’, age-period-cohort (APC) model 8, and
Nordpred age-period-cohort model®’. The number of LBD cancers and projections until
2030 were compared between the three models. To avoid overestimation of cases from
the multiplicative model, a power function in the Nordpred model was used to attenuate
the linear drift by 21.6%, 48.3%, 65.9%, and 77.6% respectively, for the first period of
projection trend (2014-2018), second (2019-2023), third (2024-2028), and fourth
(2029-2030). The natural spline method” was used to smooth the non-linear curves of
the age-period-cohort model and extend the period and cohort effects into the future via

non-linear interpolation for yearly ASR projection.
3 Methodology of objective 11
This method aimed to determined the prevalence of O. viverrini

infestation and identify associated factors of parasite infestation among the adult

population in Songkhla province.
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7.3.19 Study design

A cross-sectional parasitological and questionnaire survey
7.3.20 Study setting

This study was conducted in Songkhla province, southern Thailand
between January 2015 and May 2015.

7.3.21 Study subjects

Thai residents registered in Songkhla province.
7.3.22 Population and sample size

The population denominators in each stratum; district, sub-district, and
villages used were taken from the population survey of Songkhla provincial Statistics

Office in 2012. The age- and district-specific populations were used to adjust sample

weighting.

7.3.23 Sample size calculation for prevalence estimation

The required sample size was calculated using the following formula:

 Zaj,px(1-p)

n Fp

where p = estimated prevalence, obtained from a previous

study®® of O. viverrini and assumed to be 10 per 100 population,.
d = error in estimating prevalence (margin of error), assumed to be 0,03
o = probability of type I error, assumed to be 0.05

Z = standard normal deviate corresponding to o, equal to
1.96
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With these parameters, the required sample size was deemed to
be 691. We assumed a non-response rate of 10%, resulting in a sample size of 768

individuals.

Since individuals from the same village have a similar risk of infestation,
a design effect of 2 was applied to account for the clustering of individuals within

villages. The total sample size was thus increased to 768 individuals.

7.3.24 Sampling

A multi-stage sampling technique was applied. First, province was
stratified into four regions based on characteristics and lifestyles of the residents. The
first region has a high proportion of Muslims and comprises three districts, namely;
Chana, Thepha, and Saba Yoi. The risk of liver fluke among Muslim populations is low
because of their diet. The second region comprises two districts, namely; Songkhla city
and Hat Yai. These two regions have a high proportion of Buddhists and high
immigration. The third region comprises five districts, namely; Ranot, Singhanakhon,
Sathing Phra, Khuan Niang, Krasae Sin, and contain mostly rice farms, thus the
residents have the highest risk of O. viverrini infestation. The last group comprises 6
districts, namely; Sadao, Rattaphum, Na Thawi, Na Mom, Bang Klam, Khlong Hoi

Khong, and consists mainly of rubber plantations (Figure 8).
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Thailand Map Map of Songkhla Lagaid

Sample district
Y City life zone (Hat Yai)
Y& Muslim zone (Chana)
Y Rice plant zone (Ranot)
Y Rubber plant zone (Sadao)
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- Rice plant zone
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Figure 8 Map of Songkhla and study sites

Within each region, one district was selected using simple random
sampling. Within each district, the sub-districts were selected using probability
proportional to size. Within each selected sub-district, villages were selected using
simple random sampling. Thai residents aged 20 years old or higher, registered and
lived in Songkhla province for more than 3 months before the survey were eligible.
Finally, 768 subjects (64 clusters, 12 persons each) from 52 villages, 33 sub-districts,
and 4 districts were recruited.

7.3.25 Inclusion criteria

Thai residents aged 20 years old or higher, registered and having lived

in Songkhla province for more than 3 months before the survey were eligible.
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7.3.26 Exclusion criteria

Residents who were unable provide either serum or stool for parasitic

infestation testing were excluded.

7.3.27 Data collection

The close-ended and rating scale questions were used in the
questionnaire in Thai language (Annex 4). The questionnaire comprised of socio-
demographic characteristics and related data such as history of illness, history of
exposure to O. viverrini, cooking and dietary habits, alcohol consumption and history
of travel to O. viverrini endemic regions. Participants were asked to report the
frequency of eating specific foods such as raw fish, fermented fish and other uncooked

food. Respondents could respond with never, sometimes, and often.

Data collection was done by well-trained interviewers. Stool (10 grams)

and blood (5 mL) samples were collected from all participants.

7.3.28 Laboratory study

Sera specimens from subjects were examined for antibody to O.
viverrini infestation using Enzyme-Linked Immunosorbent Assay (ELISA) test. The
test was done by the Department of Parasitology, Faculty of Medicine, Khon Kaen
University, Thailand. For feces examination, the Formalin Ether Concentration
Technique (FECT), and Kato Katz’s modified thick smear technique were done in
parallel at the Office of Disease Prevention and Control 9, Phitsanulok province,

Thailand. Those protocol as follows;
1) Enzyme-Linked Immunosorbent Assay
Indirect ELISA was used to measure O.viverrini-specific

immunoglobulins in serum at the Department of Parasitology, Faculty of Medicine,

Khon Kaen University, Thailand. The protocol has been described elsewhere.”™
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2) Formalin ether concentration technique (FECT)

In brief, FECT methods use centrifugation to concentrate the protozoa,
helminth ova and larva in the bottom of the tube.® Ether was used as an extractor of
debris and fat from the feces. Formalin acts both a fixative and preservative of
protozoan eggs, larvae and cysts. The specific gravity of protozoan cysts and
helminthes eggs was greater than that of water. Fecal debris was extracted into the ether
phase so that the parasitic forms can be separated and then sediment by centrifugation.
After the process of sediment preparation is finished, the sediment is examined by the
following steps: prepare a saline mount by adding 1 drop sediment to 1 drop saline.
Add a coverslip. Scan the entire area under the coverslip under low power (10x)
objective for eggs and larvae. Then add 1 drop iodine to the edge of the coverslip to

assist in the observation of cysts. Examine under the high-dry objective (40x-45x).

3) Kato Katz’s modified thick smear technique

The modified Kato thick smear® was prepared and processed according
to the method of Kato and Miura (1954). In brief, the glycerin-malachite green solution
was mixed with 1 ml of 3% malachite green, 100 ml of 6% phenol and 100 ml of pure
glycerin. The cellophane strips, each 22x40 mm, were soaked in this solution for at
least 24 hours before use. Additionally, in order to eliminate fibers or seed, the
technique was modified by pressing a 105-mesh stainless steel grid onto the sample
which was then filtered, transferred to slides covered by the cellophane soaked cover
slips and allowed to stand for 30 minutes. All preparations were initially screen with a
low-power (10x) objective lens. Suspected parasitic objects were subsequently
examined under a high-power (40x) objective. The stool samples were preserved in

10% formalin for later confirmation.
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7.3.29 Data management

Questionnaires were double entry using Epidata software.

7.3.30 Data analysis

R language and environment’ with survey package® was used for data
analysis. Descriptive statistics were used to describe the overall prevalence of O.
viverrini infestation and the prevalence by gender, age groups, occupation, knowledge
on O. viverrini, habit of eating raw fish dishes, place where the consumption of raw fish
took place, history of O. viverrini infestation and treatment, and intensity (EPG) from
feces egg count. Each participant who was positive for Opisthorchis-like eggs was
assumed to be infested with O. viverrini. Univariate analysis was performed to
determine risk factors of O. viverrini infestation. Variables with a p-value < 0.2 were

included in the initial multivariate logistic regression modelling.

Chapter 8:Ethical consideration

The protocol was approved by the Ethical Committee, Faculty of
Medicine, Prince of Songkhla University (REC number: 57-336-18-5, Annex 1).
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CHAPTER 3
RESULTS

Chapter 9:Result of objective |

1 Part I: Histological types among cases having unknown
histology of LBD cancer in Songkhla province from 1989 to 2013

using a multiple imputation technique

From 1989 to 2013, there were 2,387 LBD cancers in the Songkhla
cancer registry. There was a high proportion of males (74.6%) and about half of the
cases were aged between 50 and 69 years. Cases with unknown histology accounted for
about 61% in both sexes; 64.9% in males, and 49.6% in females. As shown in Table 4,
the proportion of HCC was higher in males (18.5%) than in females (13.1%) whereas
CCA had a higher proportion in females (24.9%) compared to males (11.6%). LBD

cancers with other known histology comprised about 7% in both sexes.

Table 4 Distribution of LBD cancer cases by histological type and sex, Songkhla province,
Thailand, 1989-2013.

All Male Female
Histological n=2,387 n=1,776 n=611 value
type
n (%) n (%) n (%)
409 329 80
HCC (17.1) (18.5) (13.1) 0.
CCA 358 206 152

(15.0) (11.6) (24.9) 0.001
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Other 6.9) 89 (5.0)
Unknown 1,455 1,152
(61.0) (64.9)

61

76

(12.4) 0.001

303

(49.6) 0.001

HCC: hepatocellular carcinoma, CCA: cholangiocarcinoma,

The strongest predictors for histological type among the cases with

known histology from the multinomial logistic regression was sex, followed by year of

diagnosis, age group, and district of residence. The estimated incidence and percentage

of HCC, CCA and LBD cancers with other known histology after imputation are shown

in Table 5. Compared to model 2, the percentage of HCC cases was a slightly higher in
model 3 among both males (51.0% vs 50.9%) and females (24.7% vs 24.4%). However,
the percentage of CCA cases was not different (34.1% vs 34.2% for males and 50.1%

vs 50.2% for females). Model 2 and model 3 also gave similar results for LBD cancers

with other histology.

Table 5 Distribution of histologic type of LBD cancer cases by sex after multiple imputation,

Songkhla province, Thailand, 1989-2013.

Model 2: LBD cancers with

unknown histology only

Model 3: LBD cancer

unknown histology

+ C76.2 and C80.9
Male Female Male
Histologic type (n=1,152) (n=303) (n=1,323) (
HCC
586 (552- 74 (64- 675 (639-
0,

Number (95% PI) 620) 84) 711) (

Percent (95% PI) 50.9 24.4 51 (48.3-
(47.9-53.8) (21-27.9) 53.8) (21.

CCA
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Number (95% PI)

Percent (95% PI)
Other

Number (95% PI)

Percent (95% PI)

394 (362-
426)

34.2
(31.4-37)

172 (148-
196)

14.9
(12.8-17)

152
(140-164)

50.2
(46.2-54.2)

77 (66-
88)

25.4
(21.9-28.9)

451 (363-
423)

34.1
(31.5-36.7)

197 (149-
194)

14.9
(12.9-16.8)

(1

(46

1

HCC: hepatocellular carcinoma, CCA: cholangiocarcinoma, C76.2: unknown primary in

the abdomen, C80.9: unknown primary site, NOS. PI: Probability interval.

The average ASR of HCC in males throughout the observed years
increased after imputation from 2.3/100,000 to 5.9 (252%) in model 2 and to 6.6 (281%)
in model 3. The average ASR of HCC in females increased from 0.5/100,000 to 0.9
(180%) in model 2 and 1.1 (226%) in model 3. The average ASR of CCA among males
with known histology increased from 1.2/100,000 to 3.6 (293%) in model 2 and 4.0
(330%) in model 3, respectively. The average ASRs per 100,000 of CCA in females

increased from 0.8 to 1.5 and 1.9 in model 2 and model 3, respectively. The annual
ASRs of HCC and CCA in both sexes and the three models (model 1 = complete case

analysis) are shown in Figure 9.
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Figure 9 Age standardized incidence rates of LBD cancers in Songkhla from 1989 to
2013 for the two major histologic categories; HCC and CCA, stratified by sex. Model
1 = complete-case analysis, Model 2 = multiple imputation with LBD cancers with
unknown histology only, model 3 = multiple imputation of LBD cancers with
unknown histology combined with cancer of unknown primary in the abdomen
(C76.2) and unknown primary site, NOS (C80.9).

2 Part 1l: Trend of HCC and CCA incidence from 1989 to 2013,

and projected to 2030

From 1989 to 2013, there were 2,676 LBD cancer cases in the Songkhla
cancer registry. The ratio of males to females was 3:1. Table 6 shows the distribution
of LBD cancer cases by histological type and sex. HCC was the most common
histological type overall (44.4%) followed by CCA (38.1%). Among males, HCC



shared a greater proportion (51.6%) than CCA (33.7%). Among females,

CCA had a higher proportion (49.8%) than HCC (25.2%).
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Table 6 Distribution of LBD cancer cases by histological types and sex, Songkhla province,

Thailand, 1989-2013.

All Male Female
Histological n=2.676 n=1,947 n=729 value
type
n (%) n (%) n (%)
1,188 1,004 184
HCC <
(44.4) (51.6) (25.2)
1,020 657 363
CCA
(38.1) (33.7) (49.8)
468 286 182
Others
(17.5) (14.7) (25.0)

HCC: hepatocellular carcinoma, CCA: cholangiocarcinoma

Among males, the highest proportion of cases with HCC was found in

the 50-69 year age group (57%) while the highest proportion of CCA was found in

those aged 50-79 years (67%). Among females, the highest proportion of HCC was

found in the 60-79 year age group (51%) while the highest proportion of CCA was

found among those aged 60-79 years (49%). With 5-year periods observed, the number

of HCC cases fluctuated in both sexes while the number of CCA cases increased. The

proportion of CCA in both sexes showed a rapid increase from 1999 to 2013. This

period of time shared more than 80% of CCA cases in both sexes (Table 7).

Table 7 Number and percentage of two major histology types of LBD cancer cases; HCC and
CCA by gender, Songkhla, Thailand, between 1989 and 2013 after imputation (n=2,676).
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Male
Variables HCC (n=1,004) CCA (n=657)
Number % number %

Age group (year)
<40 91 9.1 43 6.5
40-49 176 17.5 105 16.0
50-59 298 29.7 158 24.0
60-69 280 27.9 156 23.7
70-79 141 14.0 125 19.0
>80 18 1.8 70 10.7

Period of diagnosis
1989-1993 122 12.2 45 6.8
1994-1998 143 14.2 64 9.7
1999-2003 158 15.7 106 16.1
2004-2008 292 29.1 204 31.1
2009-2013 289 28.8 238 36.2

Table 8 shows the trends in incidence grouped by histological subtype
and sex using Joinpoint regression. Among males, there were two clear trends for the
incidence of HCC. From 1989-2007, the HCC incidence increased by 3.2% (1.3% —
5.1%) per year, then, a 2.8% (-9.8% — 4.8%) declining trend occurred after 2007. The
incidence of CCA showed a significantly increasing trend of about 5.2% (3.8% — 6.6%)
per year. Among females, the trend in incidence of HCC between 1989 and 2013
increased by 1.4% (0% — 2.7%) per year while the incidence of CCA significantly
increased by 4.4% (3.1% — 5.7%) per year.

Table 8 LBD cancer incidence rates and trend in Songkhla, Thailand in 1989-2013 using

Joinpoint regression

Histological )
Gender Trend Period

Annual

subtypes percent change
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(95% CI)
Trend 1989- 3.2
Male HCC 2007 (1.3,5.1)*
Trend 2007- -2.8 (-
2013 9.8,4.8)
Trend 1998- 5.2
CCA 2013 (3.8,6.6)*
Trend 1998- 14
Female HCC 2013 (0.0, 2.7)
Trend 1998- 44
CCA 2013 (3.1,5.7)*

Abbreviations: HCC = hepatocellular carcinoma, CCA = cholangiocarcinoma

* Annual percent change is significantly different from zero (p < 0.05)

Figure 9 shows the APC trend analysis for HCC and CCA by gender.

According to the projected APC model, among males, age-distribution of next years of

HCC cases was at increasing risk until age 75, and thereafter it decreased. A high rate

ratio was evident in birth cohort 1945-1960 and declined in later cohorts, whereas the

cohort effect was present during 2000-2007 and declined in later periods (Fig 10A). In

contrast, the risk of CCA increased with age peaking at age 80-85. The AP-C model

presented the risk of CCA in males increased after 1995. A high rate ratio presented in
birth cohort 1945 and later (Fig 10B). Among females, the risk of HCC increased with
age, peaking at age 75-80. A high rate ratio was evident in birth cohort 1950-1955 and

declined in later cohorts. The effect of age-period model was low in this group (Fig

10C). The risk of CCA increased with age, peaking at age 80-85. A high rate ratio was

evident in birth cohort 1950 and later (Fig 10D).
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Figure 10 Age-Period-Cohort trend analysis for HCC and CCA by gender

(Fig 10A= male-HCC, Fig 10B=male-CCA, Fig 10C= female-HCC, and Fig 10D= female-
CCA which included Age-period: (AP-C) model (blue) and Age-cohort: AC-P (red) models.

Incidence rates are plotted in the log scale (left y-axis))

Figures 11 and 12 show the age-standardized incidence rates of HCC
and CCA using 3 projection models. Among males, using the Joinpoint model, HCC
decreased and is expected to continue to decrease to 5.4 cases per 100,000 person-year
or about 50 cases per year in 2030. Using the APC model the rate is expected to decrease

to 6.0 cases per 100,000 or 48 cases per year, in 2030 while using the Nordpred model,
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the rate is expected to decrease to 4.2 cases per 100,000 or 50 cases per

year in 2030. The CCA incidence rates among males were increasing in all three
models. For the Joinpoint model, the rate increased from 5.5 in 2013 to 9.4 cases per
100,000 or 113 cases per year, in 2030. Using the APC model, the rate is expected to
increase to 7.6 cases per 100,000 or 90 cases per year, while using the Nordpred model,

the rate is expected to increase to 8.2 cases per 100,000 or 101 cases per year in 2030.

Among females, using the Joinpoint models, the rate of HCC is quite
stabled and is expected to increase slightly to 1.4 cases per 100,000 or 16 cases per year
in 2030. Using the APC model, the rate is expected to decrease to 1.5 cases per 100,000
or 17 cases per year, in 2030 while using the Nordpred model, the rate is expected to
decrease to 1.3 cases per 100,000 or 18 cases per year in 2030. Similarly to CCA in
males, the CCA incidence rates among females are expected to increase in all three
models. Using the Joinpoint model, the rate is expected to increase from 3.2 in 2013 to
3.9 cases per 100,000 or 55 cases per year, in 2030. Using the APC model, the rate is
expected to increase to 3.3 cases per 100,000 or 43 cases per year, in 2030 while using
the Nordpred model, the rate is expected to increase to 2.7 cases per 100,000 or 43 cases
per year in 2030.
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Figure 11 Age standardized incidence rates of LBD cancer in Songkhla by the major
histologic categories; HCC and CCA using 3 projection models; Joinpoint analysis, Age-
period-cohort (APC), and Nordpred by gender in 1989-2013 and projection until 2030.
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Figure 12 Estimated number of LBD cancer cases in Songkhla by the major histologic
categories; HCC and CCA using 3 projection models; Joinpoint analysis, Age-period-
cohort (APC), and Nordpred by sex in 1989-2013 and projection until 2030.

Chapter 10:Result of objective 1l : the prevalence of O.
viverrini infestation and associated factors of parasite

infestation among adult population in Songkhla

The crude prevalence of O. viverrini infestation was 3% (23/768) with
0.13% (1/768) stool samples containing O. viverrini eggs and 2.9% (22/768) was
antibody positive to O. viverrini infestation, while the prevalence of Trichuris trichiura
and Hookworm were 0.65% and 2.2%, respectively. After adjusting for age group and
lifestyle zone (district) population, the prevalence of O. viverrini infestation decreased

to 2.14% (0.05% O. viverrini egg from stool samples and 2.09% antibody positive to
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O. viverrini infestation). The intensity of O. viverrini egg counts was 23
per gram feces while Trichuris trichiura and Hookworm were 83 and 234 egg per gram
feces (EPG), respectively (Table 9).

Table 9 Crude and adjusted number and percentage of O. viverrini and others parasite
infestation in Songkhla province, southern Thailand (n = 768, N=971,070).

Parasite Crude Estimated Average
number (%) prevalence (95% CI) (EPG)*

1 0.05 (0.00- ’3
OV (egg) (0.13) 0.11)

oVv 22 2.09 (1.09- )
(antibody) (2.86) 3.09)
(Overall) (2.99) 3.13)

Trichuris 5 0.79 (0.03- 83
trichiura (0.65) 1.56)

17 2.40 (0.19- 234
Hookworm (2.21) 4.62)

* Egg per gram feces: Number of egg per gram feces using modified Kato’s Katz
method

The overall crude prevalence of O. viverrini infestation was rather
higher in females (2.9%) than in males (1.2%). The highest proportion of O. viverrini
positive cases was found in the 40-59 year age group (3.3%) followed by age 60 years
or higher (2.8%).

The univariate analysis showed that religion, education, lifestyle, and
birthplace region (Table 10) were significantly associated with O. viverrini infestation
(p<0.05). Gender, age group, area type, marital status, income, Songkhla birthplace,
history of travelling to another region, drinking alcohol, history of diseases with cross-

reaction of antibody for O. viverrini infestation, history of eating raw fish dishes,



fermented fish dishes, and uncooked foods were not significantly

associated with O. viverrini infestation.
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Table 10 Crude number, adjusted number and proportion, and univariate analysis

among potential risk factors and O. viverrini infestation in Songkhla province (n = 768).

numbercrUde Estimated
Variable Category oV %0V
+ve (%) +ve (SE) (95% C
Gender Male 8 055
(1.04) (0.21)
Female o o
(1.95) (0.47) (0.90
Age group N 2 0-50
(years) 20-39 (0.26) (0.40)
16 1.17
40-59 (2.08) (0.29) (0.60
5 0.46
60+ (0.65) (0.19) (0.40-
Area type 13 1.15
Urban (1.69) (0.48)
Rural - o
(1.30) (0.33) (0.40
Religion ; 1 0.06
Muslim (0.13) (0.07)
_ 22 2.08
Non-Muslim (2.86) (0.50)  .0(1.20-¢
Marital Sinale 2 0.15
status g (0.26) (0.10)
_ 18 1.68
Married (2.34) (0.51) (0.80-1
Divorced/widowed © 39?; (00'138§ (0.80-
Education ; 14 147
Primary school (1.82) (0.46)
_ 7 0.45
High school (0.91) (0.16) (0.10:
_ 1 0.06
Vocational college (0.13) (0.07) ©



(Thai-Baht)

zone

birthplace

region

Occupation

Income

District

Songkhla

Birthplace

History of

regional migration

Officer

O. viverrini

Bachelor or higher

Gov./business

Business Owner

Freelance/Other

Rice-Farmer

Rubber tapper

<=4000

4,001- 6,000

6,001- 9,000

9,001-12,000

>12,000

City zone

Muslim zone

Rice farm

Rubber plantation

Yes

No

Non-endemic for

O. viverrini -

endemic area

No

(0.13)
(0.13)
(0.78)
(0.78)
(0.52)
(0.78)
(0.26)
(0.65)
(0.65)
(0.78)
(0.65)

14
(1.82)

0(0)

(0.78)

(0.39)

19
(2.47)

(0.52)

19
(2.47)

(0.52)

19
(2.47)
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0.16
(0.16)

0.16
(0.16)

0.4 (0.13)

0.62
(0.38)

0.55
(0.31)

0.41
(0.19)

0.25
(0.18)

0.44
(0.27)

0.31
(0.12)

0.78
(0.40)

0.35
(0.12)

0.91
(0.33)

0(0)

0.97
(0.43)

0.25
(0.18)

1.58
(0.41)

0.55
(0.35)

1.58
(0.41)

0.55
(0.35)

1.52
(0.33)

(0.10

(0.10-

(0.10-1

(0.30-:

(0.10

(0.30-1

(0.30

(0.70-

(0.40-1

(0.7

(0.10

(0.50:

(2.50-2



Alcohol
consumption

Use anti-

anthelmintic drugs

History of

past infection from
other disease cross-
reaction with OV

Eats raw
fish dishes (1)

Eats
fermented fish dishes

()

Eats
uncooked foods (3)

Eats (1)

and (2) and (3) (CCA-

risk)

Yes

No

Yes

No

Yes

No

Yes

No

Yes

No

Yes

No

Yes

No

Yes

4
(0.52)

14
(1.82)

9
(1.17)

18
(2.34)

5
(0.65)

18
(2.34)

5
(0.65)

18
(2.34)

5
(0.65)

11
(1.43)

12
(1.56)

14
(1.82)

9
(1.17)

18
(2.34)

5
(0.65)

74

0.61
(0.42)

1.55
(0.50)

0.59
(0.18)

1.82
(0.50)

0.32
(0.14)

1.82
(0.50)

0.32
(0.14)

0.31
(0.18)

1.82
(0.53)

0.32
(0.12)

1 (0.34)

1.13
(0.46)

1.46
(0.50)

1.82
(0.53)

0.68
(0.23)

(0.10

(0.20

(0.90

(0.50

(2.80

(6.

(4.50

(0.60

Non-endemic region = south and central region, Thailand, Endemic region = Northern and

north region, Thailand

Cross-reaction effect: the disease that can present cross-reaction effect for O. viverrini

antibody positive, including malaria, parasite infestation (i.e. infested trematodes, nematodes, cestodes,

and protozoa)



Table 11 shows point estimate of multivariate logistic

regression associated risk factors for O. viverrini infestation in Songkhla, Thailand.
Having birthplace in an O. viverrini endemic region (northeast and north region) in

Thailand, living zone, and education were the potential factors associated with O.

viverrini infestation.

Those born in O. viverrini endemic regions (northeast and north) in
Thailand had odds of being infested with O. viverrini that was 5 (1.75-14.25) times
higher than who were born in the south and central region. Those who graduated from
high school had odds of being infested with O. viverrini that was 0.42 (0.2-0.89) in
comparison to those educated in primary school only. Those who lived in a Muslim

zone had an odds of O. viverrini infestation of 0 (p <0.01) in comparison to those who

lived in another zone.

Table 11 Point estimate (SE) of multivariate logistic regression of associated risk factors for

O. viverrini infestation in Songkhla, Thailand

OR P-
Variable categories (95% ClI) value
Gender (ref: male) Female 1.31(0.43-3.98) 0.63
Religion (ref: Muslim) non-Muslim 2.83(0.4-19.87) 0.30
Education (ref: primary
school) High school 0.42 (0.2-0.89) 0.03*
Under graduate 0.19 (0.02-1.94) 0.17
Graduate or higher 0.52 (0.07-3.73) 0.52
Lifestyle zone (ref: City-
HatYai) Muslim zone 0 (0-0) <0.01*
Rice plant zone 1.41 (0.46-4.3) 0.55
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Rubber plant zone 0.52 (0.11-2.42) 0.41
Birthplace region (ref: non O. viverrini -endemic
O. viverrini-endemic region) region 5.00 (1.75-14.25) 0.01*
Moved to another region
(ref: no) Yes 0.52 (0.15-1.81) 0.31
Drinking alcohol (ref: no)  Yes 0.72 (0.24-2.2) 0.56
* Statistic significant with p-value < 0.05
Table 12 Frequency and percentage of risk food items contacts in Songkhla
population, Thailand
[
N $
on’t know .
Local name of food g items ever ometimes ften
ategories items ( ( ean .D.
%) € o) %) %)
Raw fish salad ‘ 4 t
47 (32.2) 67 (60.8) 1(6.6) (0.4) 75 .59
Minced fish salad y 4 t
(1) 58 (33.6) 40 (57.3) 6 (8.6) (0.5) 76 .62
Minced fish salad y 4 ‘
(2) 53 (32.9)  85(63.2) 7(3.5) (0.4) 71 55
Minced fish salad : 5 {
(3) 47 (19.1) 84 (76.0) 5 (4.6) (0.3) 86 .48
Raw fish uncooked ¢ 6 !
4(12.2)  58(85.7) 4(1.8) (0.3) 9 .38
Fermented fish : 4 1
intestine spicy dip 33 (43.4) 17 (54.3) 6 (2.1) 0.3) .59 .55
Fermented fish ‘ 4 t
spicy dip 31 (30.1) 74 (61.7) 3(6.9 013 .79 .62
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Minced spicy : 5 t

pickled fish 52 (19.8) 50 (71.6) 4(7) 2(1.6)
Papaya salad with ¢ 4 ‘

fermented fish 6 (8.6) 59(59.8) 13(27.7) 0(3.9

4

Fermented fish ‘ :
55 (33.2) 75 (61.8) 4 (4.4) (0.5)

Fermented fish ‘ 5 :

with rice 14 (27.9) 24 (68.2) 8 (3.6) (0.3)
Fermented fish ¢ 6 :

with rice 0(11.7) 55 (85.3) 2(2.9) (0.1)
Spicy shrimp salad : 5

09 (142) 50 (7L6) 00 (13) (1.2)

6

Raw pork salad 0 :
0(9.1) 56 (85.4) 7(4.8) (0.7)

Raw beef salad t 6 :

3(8.2) 64 (86.5) 6 (4.7) 0.7)
Other uncooked ¢ 6 L

menu 0 (10.4) 40 (83.3) 7(6.1) (0.2)
Average : 5 d

664 (21.7) 436(708) 21(68) .9(08)

.90

27

72

.76

91

.01

97

.98

.96

.57

.67

.57

.52

.38

57

41

.39

41

.52

Categories: 1= raw-fish dishes, 2= fermented-fish dishes, 3= uncooked dishes
Unknown= participant does not know about that kind of food, Never= participant does know the food
but never taste, Sometimes= less than 6 times/year, Often= 6 times/year or higher
Most (70.8%) respondents knew food items which were popular in the
northeast and northern regions which are the dishes known to be contaminated with O.
viverrini metacercariae but had never ate these dishes. One-fifth of participants never

knew about these dishes while less than 10% had ever eaten these dishes (Table 12).

Table 13 shows factors associated with O. viverrini infestation.
Religion, income, birthplace region, history of moving from Songkhla province to live
in other regions, and drinking alcohol were the potential risk factors associated with O.

viverrini infestation. Having income 4,001-6,000 baht/month and never moved to
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another province, the odds of “no-risk” applying versus “low risk”,

“medium risk”, or “high risk” applying combined are about 50% lower. Buddhist/other
religion, the odds of “no-risk” applying versus “low risk”, “medium risk”, or “high risk”
applying is 2.64 times greater than Muslim. Having birthplace in north or northeast
region Thailand, the odds of “no-risk” applying versus “low risk”, “medium risk”, or
“high risk” applying is 23.6 (7.1-77.9) times higher than south or central region.
Drinking alcohol, the odds of “no-risk” applying versus “low risk”, “medium risk”, or

“high risk” applying is 1.4 times greater than who do not drink.

Table 13 Ordinal logistic regression analysis for risk of eating behaviour for O.

viverrini infestation

OR (95%
Variables categories Ch)

2.6 (1.6-
Religion (ref: Muslim) Buddhist/Other 4.4)*

0.5 (0.30-

4,001- 6,000 0.82)*

Income (ref: <=4000 Baht)

1.2 (0.6-
6,001- 9,000 2.2)
0.7 (0.4-
9,001-12,000 1.4)
0.7 (0.4-
>12,000 1.4)

Songkhla birthplace (ref: 1.3 (0.7-
Yes) No (migrant) 2.4)

Birthplace region  (ref: 23.6 (7.1-
south/central) North/northeast 77.9)*

Moved to another region 0.5(0.3-
(ref: Yes) No 0.9)*

1.4 (1.0-
Drinking alcohol (ref: no) Yes 1.9)*
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0.03 (0.01-

No-risk| low risk 0.1)*
1.2 (0.9-

Low risk| medium risk 1.4)
227.5

Medium risk| high risk (200.5-258.2)*

Estimated prevalence and number of O. viverrini infestation

Based on sensitivity (97.1%) and specificity (14.6%) of ELISA
technique’® we estimated the possible prevalence of O. viverrini infestation from
positive predictive value (PPV) of the confirmed laboratory examination, sensitivity,

and specificity of O. viverrini infestation in Songkhla used the following formula:

sensitivity X prevalence

PPV = (sensitivity x prevalence + ((1 — specificity) X (1 — prevalence)))
Where PPV = 0.0214 (0.016-0.026)
Sensitivity = 0.971
Specificity = 0.146, thus
0.0214 — 0.971x

(0.971x+ ((1—0.146) * (1 — x)))

The estimated prevalence of O. viverrini infestation using microscopic
test was 0.05% (0.00-0.11%) while using ELISA test was 1.89% (1.44%-2.34%). Thus,
the final prevalence of O. viverrini infestation in Songkhla province was 1.94% (1.44%-
2.45%).
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CHAPTER 4

DISCUSSION

Chapter 11:Incidence of cholangiocarcinoma in Songkhla

province

1 Multiple imputation for unknown histology type of LBD

cancers

This study used a population-based cancer registry database which has
a good quality of data and provided 24 years of continuous records. However, a serious
limitation was the high rate of incomplete or missing histological type. To reduce this
limitation, the missing histological types were imputed using a multiple imputation
method and multinomial logistic regression. Results of the multiple imputation depend
on the distribution of the predictive factors and their relative risk ratios from the

multinomial regression.

The findings demonstrated a change in ASR of the two major
histological sub-types of LBD cancer throughout the study period. Based on Model 1 -
the complete cases analysis - a decline in HCC incidence among males after 2007 was
not evident. We would expect to see a decline in the incidence since the nationwide
program of HBV immunization to all newborns in Songkhla was initiated in 19918 and
a large proportion of children and adults were immunized both before and after 1991.
We would also expect to see a slight decline in the incidence of HCC well before 2007
as tests for HBV and HCV infections have routinely been performed in blood donors

since 1985%*. Such a decline after 2007 was not observed among females in any of the



81

three models. As model 3 gave a rather stable trend in incidence of HCC

in both sexes before 2007, it seems to give a better prediction capability than model 2.
In other words, including a random number of unknown primary cases prior to the
imputation process may have been justified. The U-shaped decline in HCC incidence
during 1995-2005 as seen in model 2 reflects the changes in diagnostic methods of LBD

cancer during this time period.

Multiple imputation performs well when the responses are missing at
random (MAR). However, the assumption of MAR cannot usually be verified.?®
Multiple imputation methods can avoid bias only if enough predictor variables are
included in the imputation process.®® One study demonstrated that the multiple
imputation method works well when the percentage of missing values is between 10
and 60%.%? In this study, the percentage of cases with missing histology ranged from
60% to 67%. When the number of cases in the dataset is reasonably high, the MICE
method for a binomial outcome gives low variation of coefficients.®® However, there
has been no study investigating how well multiple imputation works for multinomial

outcomes.

There was no solid evidence of misclassification bias evident among the
cases with unknown histology. The chance of death among all histologic types is
theoretically non-differential 8 Most of the cases with unknown histological type were
diagnosed by death certificate or clinical investigation and all of the major sub-types of
LBD cancers do not differ in their prognosis and survival chances.** In addition,
clinicians may not perform cytology and/or biopsy for reasons mainly due to the
performance status of patients and their compliance, especially in controlling for
intraperitonial bleeding after a biopsy.® It is possible that the patients with jaundice
who are likely to be CCA rather than HCC have a higher chance of being investigated
by imaging. However, there is no reason that this phenomenon would affect the multiple

imputation process.
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In Songkhla, the hepatitis B vaccine has been included in
the natinoal expanded program of immunization since 1991.8% The prevalence of O.
viverrini has been very low in the southern region of Thailand.!® 2! Results based on
models 2 and 3 showed that the incidence of HCC among males started to decrease in
2007, which is 16 years after the incorporation of hepatitis B vaccine into the national
immunization program. Such a phenomenon is consistent with trends from Taiwan.%®
However, the decrease was not observed among females in which the rates were much
lower. In addition, O. viverrini infestations have not increased in the southern Thai
population®3, thus the continuous increase in incidence of CCA in Songkhla province
during the past two decades cannot be explained by O. viverrini infestations. The
increase is more likely to be due to the increased facilities for diagnosing LBD cancers
and also the real increase in incidence which has also been observed in the US and
Australia.® 1° However, the estimated ASRs among males and females in Songkhla, as
well as the rate of increase in incidence rates, was much higher than the rates in the

United States and Australia (around 1 per 100,000).

The method used in surveys of O. viverrini infestation is the stool egg
count with formalin-ethyl acetate concentration technique, which can be negative in
mild parasite infestations and in those who had an infestation in the past without
reinfestation.® Eating raw fish is not the dietary habit of people in the southern region
of Thailand. Immigrants to Songkhla from those who reside in regions with a high
prevalence of O. viverrini infestation and residents of Songkhla who visited regions
with a high prevalence of O. viverrini infestation can be tested negative with this
technique even if they are infested. Thus, it is possible that these people were exposed
to O. viverrini in the past but were negative for stool O. viverrini egg count. Surveys
utilising newly developed techniques that have high sensitivity and specificity and can
detect past infestations are needed to confirm the true proportion of people who were
ever exposed to O. viverrini and therefore explain the increasing trend in incidence of

CCA in Songkhla province.
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2 Trend and trend projection of cholangiocarcinoma

in Songkhla

This study presents trends in LBD cancer incidence in Songkhla
province by histological subtypes. The rates have increased significantly since 1989,
seemingly due to a combination of changes in demographics and the risk profile of the
population. The model projections were presented agreeable evident that the burden of
CCA in Songkhla has been rising and is expected to continue to 2030 while the
incidence of HCC has decreased. The potential expected number of HCC and CCA
cases for males in 2030 were about 49 (48-51) and 101 (90-113) cases per Yyear,
respectively. The potential expected rate of HCC and CCA for females in 2030 were
about 17 (16-19) and 47 (43-55) cases per year, respectively. However, the magnitude
of the increase could be affected by future healthcare planning and other cancer control

programs in southern Thailand.3"- %% 92

The study showed that the older age group had a higher incidence rate
of both HCC and CCA, contributing significantly to the overall trend for both genders.
However, only HCC in males seems to have the increasing of age-specific incidence in
younger age (50-59) than others. Thailand is facing a demographic change which has
led to an epidemiological transition. The predominance of infectious diseases is shifting
to non-communicable diseases. For example, the average life expectancy is expected
to increase for males from 77.5 years in 2010 to 80.8 years in 2030 and for females
from 70.4 years in 2010 to 74.4 years in 2030.® According to the changing age
demographics, the percentage of southern Thais aged 50 and over increased from 15.3%
in 1989 to 24.5% and then to 35.9% in 2013 and 2030. *> ° There is considerable
evidence that the risk of LBD cancer for both HCC and CCA is highest for those aged

50 and over.

The trend of LBD cancer in Songkhla is similar to the international

trends in Europe, America, Oceania, and Asia which in the last decade (2004-2013) is
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likely to increase more than before.®* However, Asian countries, for

example, China, Taiwan and Singapore, provide evidence of effective HCC prevention
after implementation of universal HBV immunization.®® This study demonstrated that
the incidence of HCC in males in southern Thailand is decreasing while HCC in females
is stable. The ASR in the since 2007 in both genders seems relatively low when
compared to the ASR of HCC in the whole country which were 30.3 and 13.1 per
100,000 person-year in males and females, respectively.!® This is likely a consequence
of the effectiveness of comprehensive cancer prevention and control measures
implemented in Thailand. Firstly, the effective control measures in two major modes of
transmission of HBV, namely blood transfusion and sexual contact. HBV screening of
donated blood in Thailand has been conducted for many years, and the seroprevalence
of hepatitis B surface antigen was recently reported at around 5%.%% The HBV
immunization programme in Thailand was implemented in the early 1990s, thus a
gradual decline in the incidence of HCC is anticipated in this decade. The evaluation of
the HBV vaccination program in Bangkok showed a high prevalence of HBV immunity
after 20-years vaccination®® in Thai children and 1.2% of natural HBV infection was
found in the area that some children had never received vaccination.’® HCC incidence
was significantly lower in Thai children who received the hepatitis B vaccine at birth.*%
Secondly, effective government policies and campaigns for prohibiting alcohol
consumption are very important measures to prevent HCC. This can slow the increasing
rate of alcohol consumption. Thus, the percentage of alcohol drinkers in 2013 decreased
and the proportion of drinkers by gender did not differ from the previous decade. Males
still play a role as a high risk group with a 5-fold higher risk than females, even though
the percentage of new drinkers among females is higher.1®! Similar stable incidence
rates have been reported in Germany? while many countries have reported that alcohol
and HBV infections might have contributed to the increasing trend in LBD cancer

incidence rates in males more than females.*6: 103104

The trends in incidence of CCA in Thailand are largely influenced by

the liver fluke, O. viverrini.” " From our study, the trend of CCA in Songkhla has been
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increasing whereas a declining trend of LBD cancer has been observed in

endemic areas, such as the northeastern region Thailand. Those reflected shading of
successful in controlling O. viverrini infestation in the past decade.'® The increasing
trend of liver cancer may indicate an increase in CCA, since people from northeastern
regions migrate to work in, and carry O. viverrini to, other parts of the country where
O. viverrini control is not intensive. Although many people from endemic areas also
migrate to Songkhla, in the southern region, the prevalence of O. viverrini infestation
in Songkhla in the last survey from Ministry of Public Health, Thailand was still low.®
The increasing rate either relates to the O. viverrini infestation in the past or other risk

factors.

To estimate the future trend of LBD cancer in Southern Thailand, the
projection was done using three different methods. Each method has their own strengths
and weaknesses; thus, it was decided to include all of them with making the conclusions
based on trends from various methods. All three methods demonstrated an increase in
the projected incidence rate of CCA through to 2030 in both genders whereas the
incidence of HCC was predicted to either remain stable (methods 1 and 2) or decrease
(method 3). With the similarly of the trends, the Joinpoint predictions made with 1-year
periods, the age-period-cohort made with 1-year periods, and the aggregated 5-year
periods using Nordpred age-period-cohort model with spline method for 1-years
periods were aggregated. The potential reaching rate of HCC and CCA for males in
2030 about 4.1-6.0 and 7.6-9.4 cases per 100,000 person-year, respectively whereas
the potential reaching rate of HCC and CCA for females in 2030 about 1.3-1.4 and 2.7-

3.9 cases per 100,000 person-year, respectively.

The application of the APC model was illustrated for the LBD cancer
data in Figure 9. The ASRs over time calculated using the observed rates are nearly
identical to the ASRs calculated using the APC-fitted rates (not shown). Apart from age
effects, “period” significantly affected the trend of HCC and CCA incidence in both
genders during 2004-2008 and dipped slightly before rising again at a lower rate.The
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LBD cancer trends in Songkhla are influenced by period effects, cohort

effects or both since the APC effects are combined with the highly correlated predictor
variables. However, the pointwise confidence intervals for the fitted rates were
substantially narrower over the study period and the fitted values of the age-period
model indicated a better fit than the age-cohort model. The results showed that both
period and cohort effects are both relevant in shaping the trends and so both models
were presented and projections made with each one (Figures 10A-10D). However,
consistent with reports from other countries'%, there are indications of a stronger cohort
effect. Small sample sizes in the youngest and oldest cohorts and before 2004 may

affect the level of significance.

This study provides the first report on the trend of HCC and CCA in
southern Thailand. Because there are differences in etiologic agents and risk factors
between HCC and CCA and changing risk profiles of the population in this region, the
study needed to explore some these risk factors, i.e. prevalence of liver fluke infestation,
factors associated with cholangiocarcinoma. Future studies should focus on risk factors
of CCA in southern Thailand to direct appropriate strategies to control the burden of

LBD cancer in this region.

Chapter 12:Prevalence and associated factors for

Opisthorchis viverrini infestation in Songkhla province

An overall prevalence of 2.14% (1.6-2.6%) of O. viverrini infestations
was found in the investigated population in Songkhla province, southern Thailand,
which is considered one of the lowest prevalence among all Thai provinces.®? This
study found a higher prevalence of O. viverrini infestation in Songklha when compared
to the last survey conducted by the Thai CDC in 2009.%° However, the detection of

cases using the ELISA technique was highly sensitive for detecting O. viverrini
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infestation than the other previous study which only investigated the

presence of O. viverrini eggs in stool samples.”

No association was found between O. viverrini infestation and history
of eating raw fish dishes. Raw fish dishes are not commonly eaten in Southern Thailand.
People who migrated from the north and northeast regions of Thailand, which are
endemic for O. viverrini, and then settled in Songkhla, are prone to keep their old
cooking styles and eating behaviours during visits to their hometowns, where they have
opportunity to consume the raw or insufficiently cooked fish.

Although this study found a higher prevalence of O. viverrini infestation
in females compared to males, no association was found between O. viverrini
infestation and gender, a result in contrast with other studies in O. viverrini endemic
areas which found that males had a similar or slightly higher prevalence of infestation

than females.!3 45 72

About 90% of respondents never ate food items that are likely to be
contaminated with O. viverrini metacercariae while about 10% of respondents were at

risk of CCA because they had eaten both raw fish and fermented fish dishes.

Many studies have found an association between O. viverrini infestation
and CCA using microscopy techniques such as Kato’s Katz and FECT; however, those
techniques can only detect current infestations. Our study used both the ELISA
technique, which is sensitive for detecting past infestations, and microscopy (FECT and
Kato’s Katz) method for current infestation, which gives more accuracy and can better
explain the prevalence of CCA, a cancer that is well-established within 7 to 15 years
after infestation of O. viverrini®3, which the severity needed both intensity and duration
of infestation.’%®® The ELISA technique is an updated method with high sensitivity to
detect O. viverrini infestation.” It was possible that the antibody positive to O. viverrini
was disturbed from other diseases, particularly from other parasitic infestations® and

possibly leading to an overestimation of the infestation. However, the analysis by
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subgroup of who had/no experience to contact the diseases which can

affect to O. viverrini antibody, there was no cross-reaction effect found in this study.

The prevalence of O. viverrini infestation from stool samples in this
study was low. Due to many step are needed in the O. viverrini life cycle, included both
primary and secondary intermediate hosts, it difficult to transmission in the non-
endemic area.!® However, an outbreak of O. felineus in central Italy ® occurred
because of extensive traveling and importation of freshwater fish from Asia; thus it is

now increasingly common to find infested people in non-endemic areas.>

Similar to other studies,? there was low evidence to support liver fluke
transmission in the southern Thai region since there was a low prevalence of O.

viverrini infestation from stool samples.

This study may potentially have bias for leading to an overestimation of
O. viverrini infestation since we used the ELISA method for detecting the O. viverrini
infested cases which is high sensitive measurement and O. viverrini infestation
antibody have the cross-reaction with other intestinal parasites. However, the study
shows the potential reaching prevalence and number of O. viverrini infestation after
adjusting for the sensitivity and specificity of the test with the O. viverrini prevalence,
thus, the expected numbers of O. viverrini infested are believed to be close to the real

situation.

Chapter 13:Strengths and limitations

1 Strengths of the study

This study used data from a cancer registry which has been collecting
cancer cases over a 25-year period. The quality of the data in the registry is also high,

making it suitable for model prediction. Cancer registry database is good for unique
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characteristic which can explain trend in incidence and generalized the

finding to people in local population.

2 Limitations of the study

13.2.1 The type of missing data of LBD cancer histology in the Songkhla cancer

registry could not be ascertained.

13.2.2 High sensitivity and cross-reaction of the ELISA test to other parasitic
infestations might affect the expected number and prevalence of O. viverrini

infestations.
Chapter 14:Conclusions

In Songkhla province, the incidence of HCC has been decreasing among
males since 2007 while the incidence of CCA has been continuously increasing. The
effect of hepatitis B vaccination in newborns in reduction of HCC incidence was
demonstrated. Although multiple imputation can provide more accurate estimates of
incidence rates and the trends in incidence of LBD cancer, verification of missing at
random is needed by reviewing the radiographic images. With the review, details on
subtypes of CCA can also be summarized. There is also a need to conduct case control
studies to elucidate the role of O. viverrini infestations and other risk factors of CCA.

Our study suggests that in Songkhla province, the number of cases of
LBD cancer will increase. The incidence of CCA has been increasing and takes more
affect to rate and number of LBD cancer cases than HCC in both genders. Effective and
comprehensive cancer prevention and control measures might play important roles in
the reduction of HCC incidence. Since liver fluke infestation is a major cause of CCA
in Thailand, prevalence of liver fluke infestation and other associated factors in this

area should be further investigated.
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The study found a low prevalence of O. viverrini
infestation in Songkhla province. Lack of correlation between CCA incidence and the
O. viverrini infestation means we may not be able to explain the increasing trend of
CCA in this region. Regional migration may play an important role in O. viverrini
infestation since people who are born in endemic regions (north and northeast) and
moved to settle in Songkhla are more likely to be infested by O. viverrini than who are
the localized. However, there is a lack of knowledge related to the prevalence of O.
viverrini in the environment such as in fish, snails, and mammals. The major cause of

CCA in southern Thailand might be due to others factors which need further study.
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Num Variab )
ber le Meaning

VarO

1 RegNo Recode ID
Var0

2 Sex Gender
Var0

3 Age Age
Var0

4 Rel Religion
Var0

5 Top Topography
Var0

6 Mor Morphology
Var0

7 Beh Behavior
Var0

8 Grad Grade of patient
Var0

9 Stag Stage
Varl

0 Ext Extend
Varl

1 110 Code of ICD 10
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Varl

Basis Basis
Varl AddCo

de Address code

Varl

BirthD Birthdate
Varl

DiagD Date of diagnosis
Varl

DLS Date of last seen
Varl

Stat

Patient status
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Annex 3: Information sheet and consent form

Information Sheet

1. Title of Protocol: Incidence of cholangiocarcinoma and prevalence of
Opisthorchis Viverrini infestation in Songkhla, Southern Thailand

2. Name and title of principle investigator: Mr.Seesai Yeesoonsang

3. Office address: Epidemiology unit, Faculty of medicine, Prince of Songkla

University

- Telephone Number Office:
- Mobile: 66 89 439 1677
- Fax: 66 7442 9754
4. Essential Information for volunteers include:
4.1. Rationale for research
Cholangiocarcinoma is an important public health concern in East Asian
countries especially Thailand which was the highest incidence occurred. However,
highest incidence of CCA and O. viverrini infestation are in the northeast and northern

region of Thailand. The increasing of cholangiocarcinoma patients in Songkhla,

province, southern region of Thailand is unusual.

Our study aims to examine prevalence of O. viverrini infestation, and identify
factors associated to infestation among Songkhla population, and estimated incidence
and trend of cholangiocarcinoma in Songkhla population-based cancer registry.

4.2. Purpose of research
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1) To estimated trend incidence of cholangiocarcinoma in

Songkhla population-based cancer registry.

2) Tosurvey prevalence O. viverrini infestation and identify factors associated
to cholangiocarcinoma in Songkhla province.

4.3. Methods of the research

Since O. viverrini has been proof for the risk of choloangiocarcinoma in
Thailand, the prevalence of O. viverrini infested will be examine by antibody testing to
present the situation of O. viverrini infestation in Songkhla population. The association
of prevalence of O. viverrini infestation and the risk behaviour will be determined. The
study design will be cross-sectional study including serology test for O. viverrini
infestation. All participants will be used for calculation of prevalence whereas the
comparison of case and non-case will be used to identify risk of O. viverrini infestation.
The risk factor of main interest in this study is living history and eating behavior
because most of patients occurred in non-endemic are usually are imported cases.
Therefor we expect to find the prevalence of O. viverrini positive from antibody testing
among person who has risk behaviour such as eating raw fish higher than who have no
experience. In addition, the clinical profiles of patient can support the information of
CCA patient in study area that differ or similar in endemic area. Whereas situation of
CCA patient in the past, present and future in Songkhla province will be estimate and

model for support cancer control program officer.

4.4. The expected duration of the subject’s participation

Each subject will have not more than 4 month participation in the study.
4.5. Total number of subject’s participation: 768 participants.
4.6. The benefits that might reasonably be expected to result to subject or to others

as an outcome of the research.
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Participants will have benefit to know their parasite infested
status if they have any parasite infested he will have opportunity to be treated by get

anthelmintic drug during the participation in the research.
4.7. Cancer registry record review
Cancer registry record will be extracted. The information of patient including
demographic data, visited date, diagnosed date, and status will be collected.
4.8. Prevention of anticipated risks and measures prepared to cope with problem.
The information sheet and the informed consent will be explained by researcher.
The subjects will have time for decision to participation. The subjects are free to
participate and free to stop if they feel uncomfortable. Hospital medical record and

cancer registry record of the consent data-authorized will be extracted. The information

of patient, underlying disease, treatment, and patient status will be collected.
4.9. The extent to which confidentiality of records in which the subject is
identified will be maintained.
The researcher will maintain the confidentiality of data, especially with respect

to the information about the participant which would otherwise be known only to the

researcher but would now be available to the entire research team.

4.10. The anticipate prorated payment, if any, to the subject.

No payment to subjects.
4.11. Withdrawal from the research
The patient is free to refuse to participate and will be free to withdraw from the

research at any time without penalty or loss of benefits to which he or she would

otherwise be entitled.
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4.12. Name, address, telephone numbers of physicians or other
research team to be contacted conveniently 24 hrs both during on or out of duty in

case of need or emergency.

4.13. Request for of subjects’ rights and benefits

The subjects can request for rights and benefits at the Ethical committee,
Ministry of Public Health, Thailand

Telephone number: ...

Fax NUMDET: ..ot e e,

Inform consent

Title of Protocol: Cholangiocarcinoma, trend in incidence, and prevalence of

Opisthorchis viverrini infestation in Songkhla population, Southern Thailand
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Date of
(670) 8 1515 8 | R

(Day/month/year)

Before | consent to participate of the study, | have accurately read out the

information sheet and understand the whole methodology of the study.

| was given an opportunity to ask questions about the study, and all
the questions have been answered correctly. I confirm that | have not been forced into
giving consent, and the consent has been given freely and voluntarily.

I am voluntary and include the right to withdraw from the study without
prior notice. The withdrawal from the study will not be affected to any other service or

therapy which regardless of participation.

The research team will maintain the confidentiality of data, especially with
respect to the information about the participant which would otherwise be known only

to the physician but would now be available to the entire research team.

Researcher contact name with 24 hrs telephone  number

Researcher contact name with 24 hrs telephone  number

(Day/month/year)

| have read the foregoing information, or it has been read to me. I have had

the opportunity to ask questions about it and any questions that | have asked have been
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answered to my satisfaction. | consent voluntarily to participate as a

participant in this research.

Signature of Participant..............c.oviiiiiiiiiiiiiiiii e
Date........ [ocivinnn. [ocivinnn.

(Day/month/year)

Signature of Researcher...............oooiiiiiiiiiiiiiii e,
Signature of Witness. ... ..oouviiiiiiii i
Signature 0f WItness. ......ovieiitiitiit i

If illiterate, | have witnessed the accurate reading of the consent form to the
potential participant, and the individual has had the opportunity to ask questions. I
confirm that the individual has given consent freely.

Signature of
PATLICIPANT. ..\ttt ettt ettt et et e e
Date........ [ocivinnn. [oviiiin.
(Day/month/year)
Signature of Researcher................oooiiiiiiiiiiiii e,
Signature of Witness. .....o.vviiiiiiiii i e
Signature of Witness. .....o.vviiiiiiiii e

Signature of parent, family, relative, guardian, or a person appointed to act

as an aforesaid status by Thai court.
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Date........ [ocivinnn. [ocivinnn.

(Day/month/year)

Signature of Researcher...............oooviiiiiiiiiii i,
Signature of Witness......o.vviiiiiiii i e
Signature of Witness......o.vviiiiiiiii e

If non conscious, the participant must be consented from parent, family,

relative, guardian, or a person appointed to act as an aforesaid status by Thai court.

Signature of parent, family, relative, guardian, or a person appointed to act

as an aforesaid status by Thai court....................o
Date........ [oviiiiin. [oviiiiin.
(Day/month/year)
Signature of Researcher...............coooiiiiiiiiii
Signature of Witness........vviuiiiii i

Signature of Witness. .......vviuiiiiiii i
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Annex 4: Questionnaire for Participant (English

and Thai version)

Title: Prevalence of Opisthorchis viverrini infestation and trend in incidence

of cholangiocarcinoma in Songkhla population, 2015

The study aimed to determine the prevalence of O. viverrini infestation, risk
behaviour of O. viverrini infestation and trend of cholangiocarcinoma in the Songkhla
population-based cancer registry in year 2015. The researchers would like to ask for
your participation to answer this questionnaire. If there are any question that you not
willing or feel uncomfortable to answer, you can ignore that question. There will be no
impact to you at all. Your information will be kept confidential and will be presented
in the research aggregate without identification of the respondents. The purposes of this
study are for academic research, planning, and prevention and control of

cholangiocarcinoma in Songkhla.

The questionnaire composts of 5 sections.

Section 1: General information of respondent 12 questions
Section 2: Birthplace and migration history 2 questions
Section 3: History of illness and risk behavior 10 questions
Section 4: Eating behavior 19 questions
Section 5: Information of laboratory specimen 2 questions

If you have any question, comments, or suggestion related to this research,
please feel free to contact the researcher at Epidemiology Unit, Faculty of Medicine,
Prince of Songkla University, Telephone: 66 7445 1165, Fax: 66 7442 9754

1. Mr Seesai Yeesoonsang Project Leader Mobile phone no. 089-439-1677
2. Mrs. Nussara Sirichote  co-researcher ~ Mobile phone no. 080-539-0270
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3. Mr. Preecha Noofong co-researcher ~ Mobile phone no.
081-957-5009

4. Assoc. Prof. Hucha Sriprung, M.D. Project consultant
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D D D D D Page 2/6
L ID:[ 00 10 10 1 ID[ 01010 ]
2. Address: Village............................... Moo ...... aa Moo [ ][ 1]
Sub:DiStrict: -« covsmssmsmasas DISHIC s cvmssmssnsammensn Sub.D[ ][ ]
Distr [ ][ 1
3. Areatype: O (1) Municipal area O (2) Local authority administration area | Area_typ [ |
4. Date of interview: O30/ 303/ 2015 Indate [ ][ I[ 1[ 1]

Section 1: General information of respondent

1. Gender (1) Male J(2) Female Gender [ ]
Tel no.(if available):
2. Age [ 101 year Age[ ][ 1]
3. Weight (Kg.) s i ) Weigh[ 1[ 1[ ]
4. Height (cm.) BRI Heigh[ ][ I[ ]
5. Religion Religion [ ]
3 (0) none 3 (1) Buddhist 3 (2) Muslim
O3 (3) Christianity 3 (4) Other
6. Marital Status Marital [ ]
3 (1) Single O (2) Married
3 (3) Widowed 3 (4) Divorced/Separated
7. Education Educa|[ ]
3 (1) Primary or lower 3 (2) Secondary school
3 (3) Diploma or equal 3 (4) Bachelor
3 (5) Higher Bachelor
8. Main occupation [no: ...]  Alt-occupation (if available) [no: ...] Occl [ ]
3 (1) rice farm 3 (2) rubber plant Occ2[ ]
3 (3) Oth agriculture J (4) Business owner
3 (5) Employee 3 (6) Government officer
3 (7) Labor 3 (8) Others (Pls. indicated.................... )
9. Monthlyincome (Baht) [ [ I[ L[ I 1 1 Income

B R e e e e T
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10. 1) Number of HH member [ ][ ] person,

2) Number of HH member age >=20 yrs.[ ][ ] peron
11. Born in Songkhla province

O (1) Yes 3 (2) No
12. How long have you lived in Songkhla

[ 101 year [ ][ ] month

Section 2: Birthplace and migration history

13. Have you ever moved to stay other region more than 3 month ()
3 (0) Never
O (1) Southern (Outside Songkhla) 3 (2) Central
3 (3) Northeastern 3 (4) Northern

14. Your household member move from northeastern/northern region
3 (0) No
O (1) Yes, please identify number of [ ] person
Section 3: History of illness and risk behavior
15. Have experienced for examined parasite infestation?
3 (0) Never
O (1) Yes (Please identify)
a1 3 (2) 2 times 0 (3) 3 times
O @)>3times O (5) N/A
16. Have experienced for examined liver fluke infestation?
O (1) Never O (2) Yes, negative result
3 (3) Yes, positive result 0 (4) N/A
17. Have experienced of took drug for liver fluke treatment”?
3 (0) Never
O (1) Yes (Pls. identify)
a1 3 (2) 2 times 3 (3) 3 times
O@)>3times O (5)N/A

HH_memb [ ][ ]
HH_20[ ][ ]
SK_pop [ ]

SK_ live_yy [ 1[ 1
SK_livemm[ ][ ]

HislmovO0 [
Hislmovl [
Hislmov2 [
HisImov3 [
Hislmov4 [
His2mov2 [ ][ ]

e ey T L R Y

Stool_ex [ ][ 1]

OV_infec [ |

Treat[ ][ ]
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18. Your relatives have history of illness with cholangiocarcinoma. his_ill [ ][ ]
3 (0) No
O (1) Yes (pls. identify the relationship of relative)
O (1) Grandparents (Paternal) O (2) Grandparents (Maternal)
3 (3) uncle, aunt (Paternal) 3 (4) uncle, aunt (Maternal)
3 (5) Parents 3 (6) Sibling
3 (7) Son/daughter 3 (8) Grandchild
19. Do you have any history of following diseases:
1) Hepatitis B () Yes 3 (2) No 3 (3) Unsure Hep B [ ]
2) Hepatitis C (1) Yes 0 (2) No 3 (3) Unsure Hep C [ ]
3) DM 0O (1) Yes 0 (2) No DM [ ]
4) Malaria () Yes 0 (2) No Malaria [ ]
5) Parasite (1) Yes () No Para_inf[ |
20. Smoking Smoke [ |
3 (0) Never O (1) Yes O (2) Ever
21. Alcohol Alc[ ]
3 (0) Never 3 (1) Yes 3 (2) Ever
22. Have latrine 3 (0) No (1) Yes Latrin [ ]
23. Have experience of pass stool outside latrine Latr_par [
0 (0) Never 3 (1) sometimes 3 (2) Always
24. Your family member have experience of pass stool outside latrine Latr_hhm [ ]

3 (0) Never 0 (1) sometimes O (2) Always
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Section 4: Eating behavior, sources of food, ingredients, and cooking information

Direction: Please fill v' in the box that match your behavior

History of eating
Kot tems Sometimes Often
Unknown | Never |( <6 time/year) [( =6 time/year)
(0) (1) 2) (3)
1) Koy-pla-dib F_itemO1 [ ]
2) Som-pla-noi F_item02 [ ]
3) Som-pla-dib F_item03 [ |
4) Lhab-pla-dib F_item04 [ ]
5) Mum-pla F_item0O5 [ |
6) Jaw-bong-pla-ra-dib F_item06 [ |
7) Pla-ra-sub-kreung-kang-dib F_item0O7 [ ]
8) Som-tam with raw fermented fish F_itemO8 [ ]
9) Pla-jao F_ item09 [ ]
10) Raw fish (Pla-dib, no cooked) F_itemlO[ ]
11) Koy-kung F iteml1[ ]
12) Raw pork salad F iteml2 [ ]
13) Raw meat salad F_ iteml3 [ ]
14) Pla-jom F_iteml4 [ ]
15) Pla-som-dib F_ iteml5[ |
16) Unknown food, raw fish cooked F_iteml6[ |

Remark: In the list, if any answer of sometime or often. Please answer the following 3
questions. If you answer never know or never eat, you no need to answer the following
3 questions.
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25. Where the foods in the list that you have ate come from? (multiple choice)
O (0) Fishing and cooked by myself F_srcl [ ]
3 (1) Buy ingredients (market) and cook by myself E src2 [ ]
0 (2) Relative/neighbors shared the food F src3 [ ]
0 (3) Buy/order from restaurant F_srcd [ ]
26. Where is the place that you eat the food in the list? (multiple choice) Eat_locl [ ]
3 (0) Home/Village 3 (1) Other place in Songkhla Eat_loc2 [ ]
3 (2) Southern, outside Songkhla (3 (3) Other region with ever visit Eat_loc3 [ ]
Eat_locd [ |

27. Who mostly ate with you when you ate food in the list?
3 (0) Ate alone O (1) Ate with family member
3 (2) Ate with friends or neighbors

Eat_matel [ ]
Eat_mate2 [ |
Eat_mate3 [ |

Section 5: Staff only Information of laboratory specimen

28. Taking blood for examine parasite infection.
3 (0) No
3 (1) Yes
3 (0) Negative 3 (1) Positive

29. Collected stool sample for parasite eggs seeking.
3 (0) No collect
3 (1) Collect to detect parasite eggs
3 (0) not found 3 (1) Found

Blood_ex [ ]

Stool_ex [ ]

=== Thank you very much for your kind cooperation in completing the interview ===
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Purpose

Histological specimens are not required for diagnosis of liver and bile duct (LBD) cancer,
resulting in a high percentage of unknown histologies. We compared estimates of hepato-
cellular carcinoma (HCC) and cholangiocarcinoma (CCA) incidences by imputing these
unknown histologies

Materlals and Methods

Aretrospective studywas conducted using data from the Songkhla Cancer Registry, south-
ern Thailand, from 1989 to 2013. Multivariate imputation by chained equations (mice) was
used in reclassification of the unknown histologies. Age-standardized rates (ASR) of HCC
and CCA by sex were calculated and the trends were compared.

Results

0f 2,387 LBD cases, 61% had unknown histology. After imputation, the ASR of HCC in males
during 1989 to 2007 increased from 4 to 10 per 100,000 and then decreased after 2007.
The ASR of CCA increased from 2 to 5.5 per 100,000, and the ASR of HCC in females
decreased from 1.5 in 2009 to 1.3 in 2013 and that of CCA increased from less than 1 to
1.9 per 100,000 by 2013. Results of complete case analysis showed somewhat similar,
although less dramatic, trends.

Conclusion

In Songkhla, the incidence of CCA appearsto be stable after increasing for 20 years whereas
the incidence of HCC is now declining. The decline in incidence of HCC among males since
2007 is probably due to implementation of the hepatitis B virus vaccine in the 1990s. The
rise in incidence of CCA is a concem and highlights the need for case control studies to elu-
cidate the risk factors.

Key words
Hepatocellular carcinoma, Cholangiocarcinoma, Thailand,
Incidence, Estimation techniques

Introduction

United States [3] and Australia [4], with age standardized
rates (ASR) of around 1.0 per 100,000 in both countries.
Attempts have been made to classify subtypes of CCA

Hepatocellular carcinoma (HCC) is the most common type
of liver cancer worldwide. It is known to be associated with
hepatitis B and C infections [1]. The incidence of HCC has
declined since the introduction of hepatitis B vaccination,
particularly in Taiwanese adolescents and young adults [2].
Increasing incidence of cholangiocarcinoma (CCA), a rare
cancer of bile duct epithelial lining, has been reported in the

httpy/fwwwe-ctorg

according to the radiographic appearance as described by the
Bithmus and Corlette classification of perihilar CCA[5], and
based on cells of origin [6]. Both classifications agree that
both intra- and extrahepatic cancer are CCA.

According to the series: “Cancer in Thailand” [78], HCC
and CCA are grouped together as cancers of the liver and
bile duct (LBD). This grouping is in accordance with the

Canyright © 2016 by the Koraan Cancer Association 1
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above-mentioned Bithmus and Corlette classification. Dur-
ing 2004-2006, the ASRs of LBD cancer were 42.8 per 100,000
in men, and 18.2 in women. The rates decreased to 38.6 per
100,000 in men and 14.6 during 2007-2009 with variations in
the proportions of HCC and CCA. The main risk factor for
CCA s liver fluke infection, specifically the Opisfliordiis viver-
rini (OV) species, which is common in Southeast Asia [9].
Infection from other species of liver fluke, including
Clonordhis sinensis, is the main risk factor for hepatobiliary
cancer in Korea [10]. In a study reported from Khon Kaen
cancer registry in the northeast of Thailand, where the preva-
lence of OV is very high, the ASRs of HCC were 30.3 in males
and 13.1 in females [11] whereas the CCA incidence rates
were 62.0 in men and 25.6 in women [12].

Songkhla, a province in the south of Thailand, occupies an
area of 7,392 square km and is situated on the eastern side of
the Malay Peninsula adjoining Malaysia to the south. There
are 16 districts in Songkhla and approximately 25% of the
population is Muslim. The incidence of LBD cancers in
Songkhla has increased in the past decade. In contrast with
the national average, the ASRs in Songkhla have increased
from 16.0 per 100,000 in men and 4.4 in women during 2004-
2006 to 18.4 in men and 5.3 in women in 2007-2009.

In the past, the diagnosis of LBD cancer in Songkhla, where
liver cancer was not common, required histopathological
and/or cytological confirmation, and would only be made
in those with a good performance status. Due to advances in
radiographic techniques and improved image quality, as
well as the use of Bithmus and Corlette classification, histo-
logical confirmation of LBD cancer has declined while the
incidence of LBD cancer has increased.

When the percentage of morphological verification is low,
the true incidence rates for each histological type are often
underestimated. Multiple imputation (MI) is a statistical
method which can be used for datasets with missing entries
[13-15]. MI produces a distribution of plausible values for a
missing variable in a record given the values of thatrecord’s
non-missing covariates.

The purpose of this study is to estimate the incidences of
HCC and CCA in Songkhla province from 1989 to 2013 using
a MI technique to determine histological type among cases
having unknown histology.

Materials and Methods

1. Cancer cases

This study was conducted using data on LBD cancer cases
registered in the population-based cancer registry of Songk-

2 CANCER RESEARCH AND TREATMENT

hla province. The study protocol was approved by the Ethics
Committee of the Faculty of Medicine, Prince of Songkla Uni-
versity. All cases diagnosed with LBD cancer between 1989
and 2013 with a basis of diagnosis were included in the
analysis. Prior to imputation, four initial groups of patients
were defined based on the third edition of the International
Classification of Diseases for Oncology (ICD-O3)[16] as fol-
lows: group 1, HCC (topography [T] code C22.0 and mor-
phology [M] codes 8170-8176); group 2, CCA (T C22.1, and
C24.x, excluding C24.1 and M 8050, 8140-8141, 8160-8161,
8260, 8440, 8480-8500, 8570-8572); group 3, other specified
LBD cancers (T C22.0 with any M and T C24.1); group 4, LBD
cancers with unknown histology (T C22.0 and M 8000-8005).

As shown in Fig. 1, the percentage of LBD cancer cases
with unknown histological type increased from 16 cases
(40%) in 1999 to 96 cases (70%) in 2005 and then plateaued.
The percentage of HCC decreased rapidly in 2000 and
declined steadily thereafter. As shown in Fig. 2, the percent-
age of cases with morphological verification declined from
60% in 1997 to 20% in 2005, which occurred after the adop-
tion of the Bithmus and Corlette classification, a radiological
classification system which does not require laboratory and
histological investigation in diagnostic procedures for LBD
cancer cases. Such a classification has higher sensitivity than
the pathological diagnosis, thus the number of cases with
LBD cancer increased. Another side effect was that many cli-
nicians did not specify the type of cancer in the medical
records.
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Fig. 1. Percentage of histologic tpyes of liver and bile duct
cancer in both sexes by calendar year. The percentage of
cases with unknown histologic type (orange line)
increased from around 40% in 1999 to 70% in 2005 and
then plateaued. The percentage of hepatocellular carci-
noma (blue line) decreased rapidly in 2000 and then
showed a steady decline.
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Fig. 2. The percentage of cases with morphologic verifi-
cation (% MYV; basis of diagnosis code, 5-8) and the per-
centage of cases with imaging verification (% IV; basis of
diagnosis code, 2-8) by calendar year. The pathological
diagnosis declined from 1998 to 2005 and then plateaued
while the use of imaging in diagnosis of liver and bile duct
cancer increased from 1989 through around 2000 and then
plateaued at around 90%.

As the data in the cancer registry also show that the num-
ber of LBD cancer cases diagnosed during 1989-2006 was
lower compared with the period after 2006, we therefore
included a random sample of cancer cases with unknown
primary in the abdomen (C76.2) or unknown primary (C80.9)
ingroup 4, stratified by age group, sex, and year of diagnosis.
The optimal number of cases randomly selected from the
unknown primary group to include in group 4 differed each
year ranging from 30% for the period 1989 to 1997 down to
0% from 2007 onwards or the total number of unknown pri-
mary cancers in each age /sex/ year strata, whichever was the
lowest.

The reason for including these unknown primary cancer
cases in group 4 is that we believe some of them were mis-
classified due to incomplete investigations (for example, the
patient died or refused to undergo any surgical procedure).

2. Population denominators

The population denominators used for the calculation of
5-year age-specific and age-standardized rates were esti-
mated from the 1990, 2000, and 2010 censuses published by
the National Statistical Office (NSO), Thailand, which pro-
vides annual estimates by age group and sex. Intercensus
populations for the years in between were estimated using a
log-linear function between two consecutive censuses. The
populations beyond 2010 were estimated and reported by

the Office of the National Economic and Social Development
Board [17].

3. MI method

Multivariate Imputation by Chained Equations (MICE)
package [13] in R [18] was used in performance of the impu-
tations. Cases with unknown histology were imputed with
one of the other known histological categories according to
the probability distribution of the groups among those with
known histology obtained by the chained equation method
plus a degree of random error. Since the outcome in this case
was a multiple categorical variable, a multinomial logistic
regression model was used to generate the distribution
according to the predictive ability of existing variables in the
registry database. These variables included sex, age, year of
diagnosis, religion (Budhist, Muslim, and other), and resi-
dential district. The model is given by

flki)=pixxi, (1)

, where f is the set of regression coefficients associated with
histological type k (HCC, CCA, or other), and x is the set of
predictor variables associated with observation 7. The met-
hod described by White et al. [ 14] was applied to avoid bias
due to perfect prediction. We repeated 1,000 iterations of MI
to obtain the 95% Bayesian probability intervals (PI) obtained
from the quantiles of the posterior distribution for the three
histological types.

Because the imputation method cannot produce 95% con-
fidence intervals, the imputations were iterated 1,000 times
to obtain 95% PI for the estimates.

4. Computation of age-standardized incidence rates

Comparison of the proportion of HCC and CCA over a
long period can be biased by the change in the age structure
of the population, therefore age-standardized incidence rates
were used for both groups to illustrate the effect of time on
the probability of imputation. The rates were standardized
to the world population as proposed by Doll et al. [19] and
calculated for each of the24 calendar years between 1989 and
2013.

After imputation, descriptive statistics including frequen-
cies and percentages were presented. Temporal trends of
HCC and CCA were compared based on three models:
model 1, LBD cancers with known histology only; model 2,
All LBD cancers with imputation of unknown histology, and
model 3, All LBD cancers plus cases with unknown primary,
both in the abdomen and not otherwise specified, with
imputation of unknown histology.

Cancer Res Treat. 2016 May 18 [Epub ahead of print] 3
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Results

From 1989 to 2013, there were 2,387 LBD cancers in the
Songkhla registry. A high proportion of males (74.6%) and
approximately half of the cases were aged between 50 and
69 years. Cases with unknown histology accounted for
approximately 61% in both sexes; 64.9% in males, and 49.6%
in females. As shown in Table 1, a higher proportion of HCC
was observed in males (18.5%) than in females (13.1%)
whereas a higher proportion of CCA was observed in
females (24.9%) compared to males (11.6%). LBD cancers
with other known histology comprised a pproximately 7% in
both sexes.

Among the cases with known histology from the multino-
mial logistic regression, the strongest predictor for histolog-
ical type was sex, followed by year of diagnosis, age group,
and district of residence. The estimated incidence and per-
centage of HCC, CCA, and LBD cancers with other known

histology after imputation are shown in Table 2. Compared
to model 2, the percentage of HCC cases was slightly higher
in model 3 among both males (51.0% vs. 50.9%) and females
(24.7% vs. 24.4%), however, the percentage of CCA cases was
not different (34.1% vs. 34.2% for males and 50.1% vs. 50.2%
for females). Model 2 and model 3 also showed similar
results for LBD cancers with other histology.

The average ASR of HCC in males throughout the
observed years increased after imputation from 2.3/ 100,000
to 5.9 (252%) in model 2 and to 6.6 (281%) in model 3. The
average ASRs of HCC in females increased from 0.5/ 100,000
to 0.9 (180%) in model 2 and 1.1 (226%) in model 3. The
average ASR of CCA among males with known histology
increased from 1.2 /100,000 to 3.6 (293%) in model 2 and 4.0
(330%) in model 3, respectively. The average ASRs per
100,000 CCA in females increased from 0.8 to 1.5 and 1.9 in
model2 and model 3, respectively. The annual ASRs of HCC
and CCA in both sexes and the three models (model 1, com-
plete case analysis) are shown in Fig, 3.

Table 1. Distribution of liver and bile duct cancer cases by histological type and sex, Songkhla, Thailand, 1989-2013

Histological type (n:;:;(:7)
HCC 409 (17.1)
CCA 358 (15.0)
Other 165 (6.9)

Unknown 1,455 (61.0)

Male Female

(n=1,776) (n=611)
329 (18.5) 80 (13.1) 0.003
206 (11.6) 152 (24.9) <0.001
89 (5.0) 76 (12.4) <0.001
1,152 (64.9) 303 (49.6) < 0.001

Values are presented as number (%). HCC, hepatocellular carcinoma; CCA, cholangiocarcinoma.

Table 2. Distribution of histologic type of LBD cancer cases by sex after multiple imputation, Songkhla, Thailand, 1989-2013

Model 2: LBD cancers with

unknown histology only

Model 3: LBD cancers with
unknown histology+C76.2 and C80.9

Histologic type
Male Female Male Female
(n=1,152) (n=303) (n=1323) (n=421)
HCC
95% PI (n) 586 (552-620) 74 (64-84) 675 (639-711) 104 (89-119)
95% PI(%) 50.9 (47.9-53.8) 24.4 (21-27.9) 51 (48.3-53.8) 24.7(21.3-28.2)
CCA
95% PI (n) 394 (362-426) 152 (140-164) 451 (363-423) 211 (140-164)
95% PI(%) 34.2 (31.4-37) 50.2 (46.2-54.2) 34.1(31.5-36.7) 50.1(46.1-54.1)
OSCA
95% PI (n) 172 (148-196) 77 (66-88) 197 (149-194) 106 (66-87)
95% PI (%) 14.9 (12.8-17) 25.4 (21.9-28.9) 14.9 (12.9-16.8) 252 (21.7-28.7)

C76.2, unknown primary in the abdomen; C80.9, unknown primary site, not otherwise specified; LBD, liver and bile duct;
HCC, hepatocellular carcinoma; PI, probability interval; CC A, cholangiocarcinoma; OSCA, other specified histology cancers.
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Fig. 3. Age standardized incidence rates (ASR) of liver and bile duct (LBD) cancers in Songkhla from 1989 to 2013 for the
two major histologic categories; hepatocellular carcinoma (HCC) and cholangiocarcinoma (CCA), stratified by sex. Model 1,
complete-case analysis; model 2, multiple imputation (MI) with LBD cancers with unknown histology only; model 3, MI of
LBD cancers with unknown histology combined with cancer of unknown primary in the abdomen (C76.2) and unknown

primary site, not otherwise specified (C80.9).

Discussion

In this study, missing histological types of LBD cancers
were imputed using multinomial logistic regression. Results
of the MI depend on the distribution of the predictive factors
and their relative risk ratios from the multinomial regression.

Changes in ASR of the two major histological sub-types of
LBD cancer throughout the study period are shown in Fig. 3.
Based on model 1—the complete cases analysis—a decline
in HCC incidence among males after 2007 was not evident.
We would expect to see a decline in the incidence since the

nationwide program of hepatitis B virus (HBV) immuniza-
tion in all newborns in Songkhla was initiated in 1991 [20]
and a large proportion of children and adults were immu-
nized both before and after 1991. Because testing for HBV
and hepatitis C virus infection has been routinely performed
in blood donors since 1985, we would also expect to see a
slight decline in the incidence of HCC well before 2007 [21].
Such a decline after 2007 was not observed among females
in any of the three models. Model 3 showed a rather stable
trend in incidence of HCC in both sexes before 2007, and
therefore appears to have a better prediction capability than
model 2. In other words, inclusion of a random number of

Cancer Res Treat. 2016 May 18 [Epub ahead of print] 5



Cancer Res Treat. 2016 May 18 [Epub ahead of print]

unknown primary cases prior to the imputation process may
have been justified. The U-shaped decline in HCC incidence
during 1995-2005, as seen in model 2, reflects the changes in
diagnostic methods of LBD cancer during this time period.

MI performs well when the responses are missing at ran-
dom (MAR). However, the assumption of MAR cannot usu-
ally be verified [22]. Bias can only be avoided in MI analyses
if enough predictor variables are included in the imputation
process [23]. One study demonstrated that the MI method
works well when the percentage of missing values is
between 10% and 60% [24]. In this study, the percentage of
cases with missing histology ranged from 60% to 67%. When
the number of cases in the dataset is reasonably high, the
MICE method for a binomial outcome gives low variation of
coefficients [25]. However, no study investigating MI for
multinomial outcomes has been reported.

There was no solid evidence of misclassification bias
among the cases with unknown histology. The chance of
death among all histologic types is theoretically non-differ-
ential [26]. Most cases with unknown histological type were
diagnosed by death certificate or clinical investigation and
there was no difference in prognosis and survival in all of
the major sub-types of LBD cancers [27]. In addition, clini-
cians may not perform cytology and/ or biopsy for reasons
mainly due to the performance status of patients and their
compliance, particularly in controlling for intraperitonial
bleeding after a biopsy [28]. It is possible that examination
byimaging is performed more often in patients with jaundice
who are likely to be CCA rather than HCC. However, this
phenomenon would not affect the MI process.

In Songkhla, the hepatitis B vaccine has been included in
the Expanded Program of Immunization (EPI) since 1991
[20], and the prevalence of OV has been very low in the
southern region of Thailand [12,29]. Results based on models
2 and 3 showed that the ASR of HCC among males started
to decrease in 2007, 16 years after the incorporation of hepa-
titis B vaccine into the national EPI program. Such a phenom-
enon is consistent with trends from Taiwan [2]; however, the
decrease was not observed among females in which the rates
were much lower. OV infections have not increased in the
southern Thai population [9], thus the continuous increase
in incidence of CCA in Songkhla province during the past
two decades cannot be explained by OV infections. The
increase is more likely due to the increased facilities for
diagnosing LBD cancers as well as the real increase in inci-
dence, which was also observed in the United States and
Australia [3,4]. However, the estimated ASRs among males
and females in Songkhla, as well as the rate of increase in
incidence rates, was much higher than the rates reported in
the United States and Australia (around 1 per 100,000).

The stool egg count with formalin-ethyl acetate concentra-
tion technique, which can be negative in mild parasite infec-
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tions and in those who had an infection in the past without
reinfection, is the method used in surveys of OV infection
[30]. Eating raw fishis not the habit of people in the southern
region of Thailand. Immigrants to Songkhla from those who
reside in regions with a high prevalence of OV infection and
residents of Songkhla who visited regions with a high preva-
lence of OV infection can test negative with this technique
even if they are infected. Thus, itis possible that these people
were exposed to OV in the past but were negative for stool
OV egg count. Surveys utilising newly developed techniques
with high sensitivity and specificity which can detect past
infections are needed to confirm the true proportion of peo-
ple who were ever exposed to OV and therefore explain the
increasing trend in incidence of CCA in Songkhla province.

Conclusion

In Songkhla province, the incidence of HCC has decreased
among males since 2007 while the incidence of CCA has
shown a continuous increase. The effect of hepatitis B vacci-
nation in newborns in reduction of HCC incidence was
demonstrated. MI can provide more accurate estimates of
ASR and the trends in incidence of LBD cancer; however,
MAR should be verified by review of the radiographic
images, and details on subtypes of CCA can also be summa-
rized. Case-control studies are also needed to elucidate the
role of OV infections and other risk factors of CCA.
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