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Abstract

Background: There have been few studies of Asian ovarian cancer and benign tumors. The primary aim
of this paper was to report the protocol of the Ko-EVE study to examine epidemiological and molecular
factors for ovarian cancer and benign neoplasms and to ascertain the major risk factors for ovarian cancer
control in Korea. Methods: This case-control study covers incident epithelial ovarian cancers and benign
neoplasms, four major centers participating in enrolling incident cases and 3 hospitals enrolling healthy
controls among health examinees. Standardized questionnaires were administered by trained interviewers,
including sections on socio-demographics characteristics, past medical history, medication usage, family
history, lifetime consumption of alcohol and tobacco, diet, physical activity, and reproductive factors for
women. Various biological specimens were collected in the biorepository according to the standardized
protocol. Annual follow-up for cancer cases and follow-up at the 1st year for benign tumor cases are
performing to evaluate treatment effect and progression. Passive follow to see long-term survival will be
conducting using record linkage with national data. Results: The total number recruited in 2010-2011
was 246 epithelial ovarian cancer cases, 362 benign epithelial tumors and 345 controls. We are planning to
collect subjects for at least 1,500 sets of ovarian cancer, 2,000 benign tumors and 1,500 controls till 2018.
Conclusion: The Ko-EVE will provide unique and important data to probe the etiology and natural history
of Korean epithelial ovarian cancer. It will be continued by genomic and proteomic epidemiological analyses
and future intervention studies for the prevention of ovarian cancer among Koreans.
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Introduction
Ovarian cancer is relatively uncommon, with agestandardized incidence rates ranging between 2 and 8 per
100,000 women in most parts of the world (Ferlay et al.,
2010). However, it is usually the second most common
gynecological cancer in western countries (Ferlay et
al. 2010). In Korea, it is the second most common
gynecological cancer, next to uterine cervix cancer, but
the age-adjusted ovarian cancer incidence in Korea is still
much lower than that in many western nations (Ministry
of Health & Welfare 2009; Park et al., 2010).
Despite the low incidence of ovarian cancer,
population-based incidence rates are increasing steadily
with time (Park et al., 2010). In addition, the incidence
rate of ovarian cancer will soon exceed that of uterine

cervix cancer in Korea when extrapolating the current
incidence trend (Park et al., 2010). However, the reasons
for this upward trend are unclear. Clinically, women
having who are diagnosed with ovarian cancer do not
typically feel any symptoms. Moreover, the ovaries
are hidden behind the uterus, making earlier detection
difficult and hindering the earlier medical process.
Therefore, ovarian cancer is often a fatal disease. In fact,
the mortality rate for ovarian cancer has an incidence rate
of 35-50%, whereas the mortality rate for breast cancer
is about 20-30% (Ferlay et al., 2010).
One of the reasons for the upward trend in the incidence
of ovarian cancer is the increasing westernization of
lifestyles and diet trends. Korea has experienced rapid
changes in its overall dietary patterns, going from
energy-deficient in the past to an energy imbalance status
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at present characterized by rapidly increasing fat and
protein proportions in recent years. Based on national
survey data gathered since 1969, the consumption of
protein and fat from meat and meat products steeply
increased by 19-fold and 7-fold between 1975 and 2009
(2.3% and 6.0% of the total grams of food intake in 1975;
and 44.2% and 45.6% in 2009, respectively) (Ministry of
Health & Welfare, 2009; Park et al., 2010). It has been
alleged that high intake levels of red meats and processed
meats are associated with an increased risk for ovarian
cancer (Kolahdooz et al., 2010), but this hypothesis as
it pertains to meat remains controversial because the
other papers have shown no association (Bertone et
al., 2002; Larsson et al., 2005; Pan et al., 2004; Schulz
et al., 2007). The energy imbalance condition shows a
bad effect in the direction of increasing obesity. This is
particularly true for obesity in children in Korea, which
has increased dramatic from only 1.7-2.6 % in 1979 to
9.0% in 2005 (Park et al., 2010; Park et al., 2004). This
obesity problem can greatly increase the future risk of
ovarian cancer. Moreover, the reproductive history of
Korean women is showing a rapid change toward an
increasing risk of ovarian cancer, due to factors such as
later marriages and a decreasing fertility rate ( Korea
National Statistical Office, 2009; Park et al. 2010). In
terms of medical utilization and access, Korean has a
national health insurance system covering 100% (97%
from Medicare and 3% from Medicaid) of the population,
with services covering the regular testing of the uterus
and ovaries.
These unique environmental factors present an
opportunity for a new ovarian cancer study in Korea. In
2009, the Ko-EVE (Korean Epithelial oVarian cancEr)
Study initiated by a grant from the National Cancer
Institute was started, involving six hospitals. The KoEVE study aimed to achieve the following goals. The
first goal was to establish large-scale case-controlled
study to determine epidemiological risk factors for
future prevention strategies at the population level. The
second goal was to examine moleculogenetic markers
in terms of the etiology, clinical progression and
survival rates associated with ovarian cancer. Ovarian
epithelial carcinoma is the most frequently diagnosed
type of ovarian malignancy, but it is heterogeneous
with various histologic subtypes that show different
molecular and cytogenetic features, such as the serous,
low-grade endometrioid, clear cell, mucinous and
transitional carcinomas (Lalwani et al., 2011). Therefore,
a moleculogenetic study using biospecimens is needed
to classify the heterogeneous disease types of epithelial
ovarian cancer and to understand the oncologic signaling
pathways of each disease. Third goal is to find some
differentiation in the behavior risk factors and molecular
factors between malignant and benign epithelial tumors
relative to controls. Previous papers showed that a
diagnosis of a benign ovarian tumor may be associated
with an increased risk of future ovarian cancer during the
lifetime of the patient (Jordan et al., 2006). However, the
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natural history of the development of epithelial ovarian
cancer from a benign tumor is unclear. Therefore, to
find some epidemiological and molecular distinctions
between a benign tumor and a carcinoma is of paramount
concern in this study (Lynch et al., 2009). The final aim
is to produce evidence-based clinical practice guidelines
for epithelial ovarian cancer through study experiences
and data accumulated over a period of 10 years.

Materials and Methods
This study was designed and executed to examine
epidemiological and moleculogenetic risk factors
pertinent to those diagnosed with epithelial ovarian
cancer and benign epithelial tumors compared to healthy
controls and to investigate the prognostic factors related
to survival and the progression of epithelial ovarian
cancer.
Design
The Ko-EVE study is a multicenter case-control
study of epithelial ovarian cancer and benign epithelial
tumors as well as a prospective cohort study for epithelial
ovarian cancer. Four university and/or general hospitals
are participating in this study. The Institutional Review
Boards of the six hospitals approved the study.
Study Subjects
We started to enroll patients in 2010. The enrollment
will continue until 2019. The selection criteria for
a hospital were as follows: 1) Among the top six
hospitals where operations and chemotherapy are mainly
performed in Korea, 2) has a considerable amount of
experiences in ovarian cancer research, 3) has an existing
ovarian cancer patient follow-up rate of 80% or better,
and 4) has experience with multicenter network research.
Ovarian cancer cases are defined as patients who were
admitted to any of the four university or/and training
hospitals located in Seoul and its suburban regions in
Korea. Eligible criteria of ovarian cancer cases are as
follows: 1) incident cases diagnosed as primary ovarian
cancer at the time of enrollment, 2) those confirmed
histopathologically as epithelial ovarian carcinoma,
and 3) subjects with primary ovarian cancer between
stages I and III and 4) Subjects must be over 20. Ovarian
benign tumor cases are also patients admitted to the
same hospitals during the same periods. Eligible criteria
are as follows: 1) incident cases, 2) those confirmed
histopathologically as epithelial benign ovarian tumors,
3) those with no previous or current history of cancer,
and 4) those over 20. Control subjects are selected from
three hospitals with a health examinee check-up system
in the same locality as the hospitals for case selection.
These participants are selected according to the following
criteria: 1) those who visit to the hospital for a health
check-up at the time of enrollment; and 2) those with
no previous history of cancer, benign ovarian tumor, or
oophorectomy, and no mass on physical examination. All
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participants must agree to participate in this study, with
questionnaire interviews and biospecimen storage, and
all must have no communication problems.

Pilot study and IRB consent
During 2008 and 2009, an investigating committee
composed of gynecologists and epidemiologists set
the protocol and then tried to gain the approval from
the Institutional Review Boards (IRBs) of the four
hospitals about study protocol in 2009. A pilot study was
performed in March and April in 2009 in three hospitals
for which the respective IRBs had granted consent. In
addition, we revised the questionnaire items (types of
alcohol beverage drank and the use of tampons and/or
sanitary pads) that participants had difficulty in recalling
or responding to and deleted an item from the MiniMental State Exam (MMSE). The IRBs of other one
hospitals approved the study protocol in April of 2010.
The composition of baseline information
We obtained informed consent from all subjects.
At the enrollment time, we collected information on
the cancer cases and the benign tumor cases using
questionnaires, anthropometric measurements, physical
examinations, laboratory clinical tests, tumor marker
tests, urine tests, ECGs, BMDs, and pelvic and
vaginal ultrasonic test. For controls, we used the same
questionnaire, anthropometric measurements, physical
examinations, laboratory clinical tests, and urine tests
(Table 1). Abdominal and pelvic physical examinations
were conducted to detect the presence of an abdominal
or pelvic mass. The laboratory clinical tests of the cases
included the CBC, HBsAg, HBsAb, ESR, and CRP
assessments as well as BUN, Creatinine, AST (SGOT),
ALT (SGPT) and ALP chemistry tests. The control
tests were limited to CBC and CRP assessments and to
the BUN, Creatinine, AST (SGOT) and ALT (SGPT)
chemistry tests. All subjects were tested with glucose,
urine nitrite, leukocyte esterase, blood, and albumin. All
cases underwent ECG and BMD tests as well as pelvic
and vaginal ultrasonic test results, whereas the controls
did not have these specific assessments (Table 1).
Structured questionnaire
The questionnaires are classified into two forms:
one questionnaire is composed of general and selected
questions about ovarian cancers, and the other is a
questionnaire pertaining to diet. The items of the first
one included demographical information including the
patient’s age, education, marital status, social/living
status, history of hospitalization, lifestyle factors such
as alcohol history, smoking history, physical activity,
family history of cancer in general and benign tumors,
premenstrual syndrome (cancer and benign cases only),
and depression status (Table 2).
The diet questionnaire assessed quantitative
information about food, specifically the intake frequency
of foods, the intake amounts, the cooking methods of

Table 1. Protocol of Ko-EVE Study at the Time of
Baseline Enrollment 				
Baseline

Ovarian cancer Benign tumor
cases
cases

Informed consent
Questionnaire
(Baseline or follow-up)
Anthropometric
measurement1
Physical examination2
Laboratory clinical test3
Tumor marker
(CA-125, CA19-9)
Urine test4
EKG
BMD
Pelvic and vaginal
ultrasonic test
Pathologic report
Biospecimen collection5

Healthy
controls		

O		
O		

O
O

O
O

O		

O

O

O		
O		
O		

O
O
O

O
O
-

O		
O		
O		
O		

O
O
O
O

O
-

O		
O		

O
O

O

Height, Weight, Waist and hip circumference, 2Abdominal and pelvic
examination, 3CBC, HBsAg, HBsAb, ESR, CRP and chemistry such
as BUN, Creatinine, AST(SGOT), ALT(SGPT), and ALP, 4Nitrite,
glucose, leukycyte esterate, blood, albumin, 516cc blood per a subject
(8cc at EDTA tube and 8cc at plain tube) is collected and aliquoted as
following; 2 plasma, 1 buffy coat, and 1 RBC clot from EDTA tube;
and 3 serum from plain tube
1

Table 2. Collecting Information Using Questionnaires
at
the Time of Baseline in the Ko-EVE Study
		
Category

Questionnaires
All cases and controls
		
		
		
		
		
		
		
		
		
		
		
Cases only
All cases and controls
		
Baseline CRF
All cases
		
		
		
		
		

Items

-Demographical information: age,
education, marital status, social/living 			
status
-History of Sanitary napkin
-History of hospitalization, fall down or
fracture
-Life style factor: alcohol history, 			
smoking history, physical activity
-Family history of ovarian cancer and 			
benign tumor, other cancers
-Past medical history, medication history,
reproductive history
-Premenstrual syndrome
-Depression status by CES-D*
-Diet questionnaires (food frequency
questionnaire)
-Results of Laboratory clinical test and 		
urine test
-Results of Chest X-ray, EKG and BMD
-Gynecologic symptom check
-Description of radiologic diagnosis
-Report of surgery and pathology

favorite meats, and the types of oils used for cooking. It
was proposed by the KCDC and was validated in 2007
(Ahn et al., 2007).
Height and weight were measured in the clinic
with participants wearing light clothing and no shoes.
Their body mass index (BMI) values were calculated
by dividing their weight in kilograms by their height in
meters squared. The waist circumference was measured
in standing subjects midway between the inferior lateral
margin of the ribs and the superior lateral border of the
iliac crest. The widest hip circumference was measured.
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ups are performed during the patients’ outpatient clinic
visits. Cancer cases are checked annually for 10 years
and benign tumor patients are checked only the first visit
time. Active follow-ups of controls are not planned.
At the outpatient clinic, doctors check the subjects’
survival and progression and nurses measure their
height, weight, waist and hip circumferences. Patients
report their health status using self-administrated
questionnaires containing information about cognitive
function, the VAS score of depression, stress and usual
health status, and new disease incidences. Also included
are exposure changes such as to infections and/or
drugs as well as questions about menopause, hormone
therapy and chemotherapy, diet and diet supplements,
smoking and drinking, physical activity, and a family
history of cancer. Information on vital status and disease
progression is sourced from hospital charts. Also, from
case reports, the following information will be sought:
the category of primary therapy, the results of primary
therapy including chemotherapy, and information related
to progression diagnosis. If patients have the results of
repeated laboratory clinical tests and chest x-rays, EKG
and BMD, these results are included in the follow-up case
report. We are planning to collect repeated biospecimens
upon the first and third follow-up years. If patients do not
keep their prearranged follow-up visit, the patients are
contacted by letter to inform them of the study and are
subsequently contacted by phone. In cases of an invalid
phone number, a second letter will be sent asking the
patient to contact our center to provide a correct phone
number.
Passive follow-ups will be planned for all subjects,
Follow-up
including the controls. This will involve record linkages
We designed our subjects’ follow-up visits as either with three nationwide databases, specifically the national
active or passive follow-up (see Table 3). Active follow- cancer registry, the death certificate database, and the
Table 3. Follow-up Protocol for Outcome Ascertainment of Ko-EVE Study		
Biological sample collection, processing and storage
Blood samples were collected after at least 8 hours of
overnight fasting from the antecubital vein and funneled
into Vacutainer tubes. The blood and urine of cases with
ovarian cancer and benign tumors were extracted in an
operation room before anesthesia. Control’s specimens
were extracted in the interview room by a trained nurse
or by a medical laboratory technologist. Blood samples of
16cc were collected using a 10cc EDTA and a 5cc EDTA
along with a 10cc plain tube. 10cc of midstream urine
was also collected into a sterilized urine cup for storage.
The 5cc EDTA tubes go to a clinical laboratory for a CBC
test at each hospital. The specimen from the 10cc EDTA
and the 10cc plain tubes are given a study ID which
matches the number on the questionnaire and are labeled
with barcode stickers. They are kept in a refrigerator at
each institution until collection by a courier every day
and sent to a commercial laboratory. The laboratory is
responsible for all transportation, processing and storage
events. 1cc of whole blood is drawn from the 10cc EDTA
tube, and using this blood, DNA is first extracted. The
remaining 7cc in the 10cc EDTA tube is centrifuged at
3000rpm for 15 minutes and in each case, 1cc of plasma
in two 1.5cc screw tubes, 1 buffy coat, and 1 RBC clot
are divided. The 10cc plain tube is also centrifuged at
3000rpm for 15 minutes and the specimens from the
centrifuged tube are separated into 1cc of serum each in
three screw tubes. All biospecimens are transferred and
stored in liquid nitrogen (Union Carbide, liquid nitrogen
refrigerator) at the Samsung central biobank.

Ovarian cancer cases

Benign neoplasm cases

Controls

Active follow at each hospital			
Interval and duration
Annually for 10 years
The 1st year only
None
Doctors’ check-up items
Outcomes such as main therapy effect, progression, and survival
None
Self administrated questionnaire New disease occurrence
New disease occurrence
None
Follow-up CRF
Category of primary therapy to progression
Same as cancer cases except
None
diagnosis and chemotherapy
information for primary therapy		
information related to progression diagnosis,		
medication history, results of laboratory
clinical test, chest X-ray, EKG and BMD		
Passive follow-up*
All groups		
Interval and duration
Once per 3 years for 15 years		
Information by passive
Outcomes such as new cancer ascertainment, cardiovascular attack, stroke, and overall
follow-up
survival,		
Exposure assessment			
Self administrated questionnaire Cognitive function, VAS scoreof depression, Same as cancer cases except
None
stress and usual health status; Exposure
information of chemotherapy
changes such infection, drug, menopause,
hormone therapy and chemotherapy, diet and
diet supplement, smoking and drinking,
physical activity and family history of cancer 		
Follow-up biospecimen plan
The first and third year
The first year only
None
*Record linkage with three nationwide datasets including Nationwide death certificate, Cancer Registry and National Insurance
Review and Assessment data (HIRA)		
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medical claims database of the National Health Insurance
Review Agency. Earlier research showed that cohort
subjects with new cancer incidence matched by up to
99% from the three data sources. Moreover, the efficiency
of the three passive follow-up methods combined was
99.1% and the national death certificate data could
estimate nearly 99% of the total certified death instances
(Cho et al., 2009). Therefore, the combination of active
and passive follow-up methods is expected to increase
the follow-up completeness in ascertaining outcomes
such as patient deaths and new cancer incidences.

Data editing and quality control procedure
Interviewers are selected from among the nurses
in charge of research. They were educated and
given complete standardized training regarding the
questionnaire and case report form. All questionnaires
and case report forms are shipped to the central data
entry location once a month. Biospecimens are shipped
to a commercial laboratory for quality control using
standardized methods.
Errors in the date entry are controlled at the time
they are entered initially and are double-checked by two
persons: the first person entering the data and the data
entry supervisor. After confirming the absence of data
entry errors and other errors, the data manager in the
data entry and management center sends the relevant
data back to the interviewer at each hospital.
Sample size calculation and future plan
Women’s smoking prevalence is about 4-7%
according to national data from 2008-2010 (Ministry
of Health & Welfare) and among the controls in our
previous breast cancer case-controlled studies (Cho et
al., 2009; Han et al., 2008; Lee et al., 2005; Park et al.,
2000). Controls with a family history of breast cancer
in the breast case-controlled study amounted to 4-8%
of the total (Cho et al. 2009; Han et al. 2008; Lee et al.
2005; Park et al. 2000). In candidate gene studies, the
SNPs with minor allele frequencies of < 5% are usually
excluded. Therefore, the minimum frequency for this was
set to at least 5% ( Lee et al., 2009; Ministry of Health
and Welfare, 2012; Qie et al., 2002). We also assumed
a minimum exposure frequency among the controls of
4-10%. When the minimum target odds ratio, alpha error
and cancer case-healthy control ratio are assumed to be
1.5, 0.05, and 1:1, respectively, the total number of the
target population to account for 80% statistical power
ranges from 957 to 2,185 using PASS 2000 (Power
Analysis and Sample Size) software. We collected 98
ovarian cancer cases and 143 benign cases over a course
of 8 months in 2009 (cancer: benign case ratio=1:1.55)
as well as 148 cancer cases and 219 benign cases (cancer
: benign case ratio=1:1.48), whereas the questionnairebased number was 187 : 251 for 2009-2010 (cancer :
benign case ratio=1:1.35). Thus, the future enrollment
cancer-to-benign-tumor ratio is expected to be about
1.4. In Korea, nearly 1,350-1,660 new ovarian cancer

cases were registered with the Korea Central Cancer
Registry program between 1999 and 2006, and about
1,750-1,800 cases were registered between 2007 and
2008 (Ministry of Health and Welfare,2012). Annually,
at least 150 cancer cases based on the recent increasing
tendency of ovarian cancer incidence and our capacity
for enrollment and at least 210 benign tumor cases at
a 1:1.4 ratio of cancer: benign cases can be enrolled in
our Ko-EVE study from 2012. Therefore, we expect to
enroll about 1,500 ovarian cancers and the same number
of controls, as along with least 2,000 benign cases by
2019. The exposure fraction among benign tumor cases,
the minimum odds ratio, the cancer case : benign case
ratio, and the alpha error are assumed to be 0.05, 1.5, 1:4,
and 0.05, respectively. The target number to obtain 80%
statistical power is 1,503 cancer cases and 2,105 benign
casesß.

Results
From April of 2010 to December of 2011, we
collected the biospecimens of 246 ovarian epithelial
cancer and 362 benign tumor cases and from 345
normal controls (Table 4). Past medical history including
medication and reproductive histories were collected
from 100% of the subjects. Lifestyle factors and family
and diet questionnaires were collected for only 76% of
the cancer cases and 73% of the benign tumor cases,
while this information was collected from 99% of the
controls.
The distribution of the selected characteristics of
all of the participants is shown in Table 5. The patients
with ovarian cancer were older than the controls, while
those with benign tumors were younger than the controls.
BMI is slightly higher in normal controls than both of
the cancer cases. Age at menarche and age at menopause
in the cancer cases are higher than the controls and the
benign tumor cases, while age at first full-term pregnancy
Table 4. Participating Rate of Each Process for
Collecting Information at the Time of Baseline from
April
2010 to December 2011			
			
Ovarian cancer Benign ovarian
cases
tumor cases

Healthy
controls

Blood collection
246
362
Enrollment year			
2010
98
143
2011
148
219
Questionnaires
246
362
(Past medical history,
Medication history,
Reproductive history)
Questionnaires
187
251
including diet and
lifestyle and family
history factors
Case report form
246
362
Clinical test and
189
265
physical examination
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Table
5. General Characteristics for Participants in Each Group from 2010 to 2011		
			
Ovarian cancer
Mean (SD)

Benign ovarian tumor
Mean (SD)

Normal control group
Mean (SD)

52.6 (11.6)
156.4 (6.1)
56.0 (9.4)
22.9 (3.6)
15.5 (1.9)
26.4 (4.7)
50.1 (5.2)
8
19
59
40

42.3 (13.6)
158.3 (5.3)
56.7 (7.7)
22.7 (3.3)
14.4 (1.7)
26.7 (3.3)
48.8 (7.3)
4
44
63
21

48.7 (10.5)
156.7 (5.8)
57.9 (8.2)
23.6 (3.3)
14.8 (2.0)
25.6 (3.7)
49.3 (4.5)
5
43
57
48

Age
Height
Weight
BMI
Age at menarche
Age at first fullterm pregrancy
Age at menopause
Smokers (%)
Drinkers (%)
Regular exercise (%)
Postmenopausal women (%)

is lower in the cancer cases than in the controls and drinking prevalence is lower in the cancer cases as
benign tumor cases. Smoking prevalence is higher but compared to the control and benign cases. The proportion
Table
6. Previous Ovarian Cancer Case-control and Cohort Studies among Asians				
								
Reference		N of cases/
		 Controls/

Source of Country
cases and controls

			

Results of paper

Comments

1) Hospital based case-control studies						
Non-genetic factor related case-control study						
(Mori et al. 1984)		 80/160
Hospital Japan Reproductive and lifestyle factors
(Mori et al. 1988)		 110/220
Hospital Japan Reproductive, genetic and dietary factors
(Kato et al. 1989)		 417/8920
Hospital Japan Alcohol, smoking, residence
Age
					
and occupation
(Shu et al. 1989)		 172/172
Hospital China Dietary factors
Education, ovarian cyst and parity and
(Chen et al. 1992)		 112/224
Hospital China Reproductive factors and mumps
					
past infection, talc power exposure
(Yun et al. 1995)		
22/22
Hospital Korea Ginseng intake
Age, sex, education, marriage, smoking, and
						
alcohol drinking
(Nandakumar		
97/97
Hospital India Smoking, alcohol, reproductive
et al. 1995)					
history and dietary practices
(Mori et al. 1998)		 141/2016
Hospital Japan Anthropometric factors
1112 among 2016 controls had benign tumor
						
(141 ovarian tumor)
(Hirose et al. 1999) 99/25,488
Hospital Japan Reproductive factors and
Age
					
body mass index
(Zhang et al. 2002)		 254/652
Hospital China Tea consumption
Age, education, residence, family income, 		
					
Dietary factors
menopause, parity, tubal oral contraceptives,
						
family history of ovarian cancer, and total energy
						
intake
(Zhang et al. 2003)		 254/652
Hospital China Physical activity
Age, education, residence, family income,		
						
menopause, parity, tubal ligation, 		
						
interview season, oral contraceptives, family
						
history of ovarian cancer, and total energy intake
(Zhang et al. 2004)		 254/652
Hospital China Reproductive and Dietary factors Age, education, residence, family income, BMI,
						
smoking, alcohol, coffee, income, marriage,
						
menopause, parity, oral contraceptives, and family
						
history of ovarian cancer
(Zhang et al. 2004)		 254/652
Hospital China Sedentary behaviours
Age, education, residence, family income, BMI,
						
smoking, alcohol, coffee, income, marriage,
						
menopause, parity, oral contraceptives, family
						
history of ovarian cancer, and total energy intake
(Zhang et al. 2004)		 254/652
Hospital China Soy and isoflavone (FFQ)
Age, education, residence, family income, 		
						
menopause, parity, oral contraceptives, family
						
history of ovarian cancer, and total energy intake
(Zhang et al. 2004)		 275/623
Hospital China Lactation
Age, residence, full term pregnancy, oral 		
						
contraceptives, and family history of ovarian
						
cancer
(Zhang et al. 2005)		 275/623
Hospital China Body weight and body mass index Age, residence, smoking, alcohol, menopause,
						
parity, hormone replacement therapy, family
						
history of ovarian cancer, and total energy intake
(Zhang et al. 2007)		 254/652
Hospital China Carotenioid intake (FFQ)
BMI, Smoking, tea consumption, parity, oral
						
contraceptives, hormone replacement therapy,
						
menopause, physical activity, family history of
						
ovarian cancer, and total energy intake
(Fujita et al. 2008)		 89/323
Hospital Japan Lifestyle factors
Including smoking and reproductive factors
(Kim et al. 2009)		116/114/[74] Hospital Korea Symptom index
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of those engaging in regular exercise is higher in the
benign group than in the cancer cases and the control
group. The proportion of postmenopausal women is
similar between the cancer cases and the normal controls
but the proportion of benign tumor is lower than it is in
the other two groups.

Discussion
Detailed information on the risk factors of ovarian
cancer and benign tumor and the long-term survival

and prognosis for cancer patients remains scarce
among Asians. Although many studies of risk factors in
Asian ovarian cancer case-controlled studies have been
reported, there are few studies designed specifically
for behavior-related modifiable risk factors and
moleculogenetic risk factors for ovarian cancer.
As shown in Table 6, 47 Asian case-control studies
and 8 cohort studies have been published thus far.
However, most of these studies had a small sample
size for the ovarian cancer cases (about 300 and
below). In particular, most of the studies of genetic

Table
6 (cont). Previous Ovarian Cancer Case-control and Cohort Studies among Asians
			
Reference		N of cases/
		 Controls/

Source of Country
cases and controls

			

Results of paper

Comments

Genetic polymorphism related case-control studies						
(Yang et al. 2009)		 165/120
Hospital China Family history and ARLTS1
85 familial ovarian cancer, 80 sporadic ovarian
						
genetic variants cancer vs 120 controls
(Aktas et al. 2002)		 117/202
Hospital Turkey CYP1A1 gene
(Qie et al. 2002)		
15/20
Hospital China p53 codon 72 polymorphism
(Li et al. 2002)		 39/131
Hospital China p53 codon 72 polymorphism (C/G) and the risk of human papillomavirus
(Sugawara et al. 2003) 46/31
Hospital Japan CYP1A1 polymorphism
(Kang et al. 2004)		 124/128
Hospital China p53 codon 72 and p53 intron 3 (PIN3) polymorphism
(Kang et al. 2004)		 257/257
Hospital China Microsomal epoxide hydrolase polymorphism
(Ueda et al. 2006)		
68/95
Hospital Japan p53 codon 72 polymorphism
(Li et al. 2006)		 122/138
Hospital China The promoter region of the matrix metalloproteinases-1 -1607bp1G/2G, matrix
					
metalloproteinases-3 -1171bp5A/6A, matrix metalloproteinases-7 A-181G and matrix
					
metalloproteinases-9 C-1562T
(Yang et al. 2006)		 202/266
Hospital China Single nucleotide polymorphisms (SNPs) Thr307Ala and Asn680Ser
(Jo et al. 2007)		 94/329
Hospital Korea The C19007T polymorphism of ERCC1
(Zhang et al. 2008)		
56/20
Hospital China Tissue samples, mismatch repair gene hMLH1 and hMSH2
(Li et al. 2008)		 207/256
Hospital China The -160C/A, -347G/GA polymorphism within the promoter region and 3’-UTR
					
+54C/T polymorphism of E-cadherin
(Zhang et al. 2010)		
96/115
Hospital China Interleukin-23 receptor gene polymorphisms
(Li et al. 2010)		 303/303
Hospital China VEGF gene polymorphisms
(Liu F 2010)		
34/45
Hospital China CYP1A1 Ile/Val polymorphisms
(ZY et al. 2010)		
78/90
Hospital China CYP1A1 gene polymorphism
(Ma et al. 2011)		 218/285
Hospital China CASP8 gene
Biomarker related case-control study						
(Xie et al. 2004)		32/16/[16]
Hospital China IL-7
(Woong-Shick et al. 2005)35/15 Hospital Korea Hemoglobin alpha and beta subunit
(Zhen et al. 2010)		30/76/[12]
Hospital China LyGDI
30 ovarian cancer, 12 benign vs 76 healthy controls
(Kim et al. 2011)		
78/78
Hospital Korea HE4/CA125
(Zou et al. 2010)		42/46/[42]
Hospital China YKL-40, CA125
Controls: 42 benign diseases and 46 healthy
(Jeong et al. 2009)		 45/135
Hospital Korea β-carotene, lycopene, zeaxanthin plus lutein, retinol, α-tocopherol, and γ-tocopherol
2) Population-based case-control studies						
(Yen et al. 2003)		 86/369
Population Taiwan Reproductive factors, diet frequency, smoking and alcohol drinking
(Chiu et al. 2004)		 933 /933
Population Taiwan Using linkage with environmental and death certificate data			
			
Age, urbanization, and calcium level or magnesium level in drinking water
(Sokal et al. 2010)		 262/755
Population Vietnam Using cases from linkage with hospital record and controls from population 		
				
registry. Quinacrine sterilization procedures
3) Cohort study		Ovarian cancer/total cohort
Source of population
Country Purposes Comments
General cohort						
(Niwa et al. 2005)		39 death /34639
Japan Collaborative Cohort (JACC) in 1988-1990
Japan Smoking
(Niwa et al. 2005)		38 death /36456
Japan Collaborative Cohort (JACC) in 1988-1990
Japan Body mass index
Age, study area, BMI, height, family history of ovarian cancer, age at menarche, age at menopause, parity, alcohol and education
(Inoue et al. 2006)		 74/51223		
Japan Public Health Center-Based Prospective Study Japan Diabetes history, age, study area
(Sakauchi et al. 2007)77 death/64,327
Japan Collaborative Cohort (JACC) in 1988-1990
Japan Dietary habits, reproductive 		
					
history, BMI, physical activity, smoking and alcohol
Age
Specific exposure (occupational) cohort						
(Chang et al. 2003)		7 death/70735		
Chlorinated organic solvents exposed workers
Taiwan Standardized mortality ratio
(Wernli et al. 2008)4/267,400 (8 exposed subcohort) Textile workers cohort
China Occupational exposure
Specific exposure (patient) cohort						
(Kobayashi et al. 2007)46/6398		
Ovarian endometrioma diagnose in 1985-1995
Japan Standardized incidence ratio
(Lin et al. 2011)		90/203,808		
Pelvic inflammatory disease population
Taiwan Pelvic inflammatory disease Age,
				
from health insurance database 		
income, urbanization,
			
cardiovascular disease, diabetes mellitus, chronic liver disease, rheumatic disease, endometriosis
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polymorphisms and biomarkers were performed without
information about ovarian cancer risk factors using
hospital records and specimens. Thus, the studies did
not appropriately control for confounding variables.
As the number of ovarian cancer cases was small while
there were many healthy controls in the Hospital-based
Epidemiologic Research Program in the Aichi Cancer
Center (HERPACC) case-controlled study using health
examinees (Hirose et al., 1999; Kato et al., 1989), the
statistical power could be increased. This study appears to
be a prototype of Japan cohort studies for ovarian cancer
(Inoue et al., 2006; Niwa et al., 2005; Niwa et al., 2005;
Sakauchi et al., 2007).
Most knowledge of ovarian cancer risk factors for
Asians is based on the work of Zhang et al. ( Zhang
et al., 2002a; 2002b; 2003; 2004; 2004a; 2004b;
2004c; 2005; 2007). Their research group studied the
relationships pertaining to the most commonly alleged
risk factors for ovarian cancer, such as lifestyles and
reproductive and diet factors, using 254 ovarian cancer
cases and 652 controls. Recently, three population-based
studies from Taiwan and Vietnam were published, but
Yen’s study (Yen et al., 2003) appears to be a unique,
epidemiologically predesigned study using a health
screening program covering several localities in Vietnam.
It is an ideal case-controlled study, but there were still
a small number of cancer (n=86) and control (n=369)
participants (Yen et al. 2003) due to difficulty of the
population-based study design itself (e.g., funding,
effort, time, availability). Two other population-based
case-controlled studies were based on hospital records,
population registries, or linkages with environmental
measurement data. Therefore, there were limits in
terms of controlling confounding variables. Four papers
describing Japan cohort studies starting in 1988 were
published (Inoue et al. 2006; Niwa et al. 2005; Niwa et
al. 2005; Sakauchi et al. 2007), but some ovarian cancer
cases were ascertained from death certificate data (Niwa
et al. 2005; Niwa et al. 2005; Sakauchi et al. 2007). Two
specific occupation exposure cohort studies showed a
relationship between occupational exposure and ovarian
cancer in China (Chang et al., 2003; Wernli et al., 2008);
however, a few cases were ascertained using mortality
data (7 cases in (Chang et al. 2003)and 4 cases in (Wernli
et al. 2008), respectively). Other specific patient cohort
studies showed interesting results in which ovarian
endometrioma and pelvic inflammatory disease were
associated with ovarian cancer risk (Kobayashi et al.,
2007; Lin et al., 2011), but they were insufficient in terms
of how they controlled confounding factors, as these were
also based on hospital records or health insurance claims
data. Among these previous studies, only four considered
the differences among cancer cases, benign tumor cases
and controls (Kim et al., 2009; Xie et al., 2004; Zhen et
al., 2010; Zou et al., 2010). Moreover, they all had small
sample sizes that were under 150.
Although the Ko-EVE study was launched relatively
lately in 2009, the program was designed before the
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study and the limitations on operation were improved
beforehand by a pilot study. Strong elements of our
study are the inclusion of ovarian cancer and benign
ovarian tumor patients, the very long follow-up (up to 10
years), its sample size of over 1500 potential participants
with ovarian cancer and 2000 benign ovarian tumor
patients, and the availability of baseline data for all
consecutive patients in the same area. In addition, this
is a case-control study which investigated risk factors
for epithelial ovarian cancer relative to controls and a
prospective study which examined prognostic factor
for ovarian cancer. In terms of biomarkers, we think
that there are some differences from healthy controls to
those with ovarian benign tumors and to those who are
actual cancer cases. Thus, we are also collecting data
on benign tumor cases. The study will be continued to
include genomic and proteomic epidemiological cases
and future intervention studies for the prevention of
ovarian cancer among Koreans.
It is hoped that the Ko-EVE study will provide unique
and important data on the etiology and natural history
of epithelial ovarian cancer in Koreans. We feel that
the completion of our study may contribute to a better
understanding of the pathogenesis of this disease on a
continuum from healthy status, benign tumor, to cancer
status.

Acknowledgement
This study was supported by a grant from the
National R&D Program for Cancer Control, Ministry for
Health, Welfare and Family affairs, Republic of Korea
(0920010).

References
Ahn Y, Kwon E, Shim JE, et al (2007). Validation and
reproducibility of food frequency questionnaire for
Korean genome epidemiologic study. Eur J Clin Nutr, 61,
1435-41.
Aktas D, Guney I, Alikasifoglu M, et al (2002). CYP1A1 gene
polymorphism and risk of epithelial ovarian neoplasm.
Gynecol Oncol, 86, 124-8.
Bertone E R, Rosner B A, Hunter D J, Stampfer M J, Speizer
F E, et al (2002). Dietary fat intake and ovarian cancer in a
cohort of US women. Am J Epidemiol, 156, 22-31.
Chang Y M, Tai CF, Yang S C, et al (2003). A cohort mortality
study of workers exposed to chlorinated organic solvents
in Taiwan. Ann Epidemiol, 13, 652-660.
Chen Y, Wu PC, Lang JH, et al (1992). Risk factors for
epithelial ovarian cancer in Beijing, China. Int J
Epidemiol, 21, 23-29.
Chiu H F, Chang CC, Yang C Y (2004). Magnesium and
calcium in drinking water and risk of death from ovarian
cancer. Magnesium Res, 17, 28-34.
Cho LY, Kim CS, Li L, Yang J J, Park B, et al (2009).
Validation of self-reported cancer incidence at follow-up
in a prospective cohort study. Ann Epidemiol, 19, 644-6.
Ferlay J, Shin H R, Bray F, et al (2010). Estimates of
worldwide burden of cancer in 2008: GLOBOCAN 2008.

Asian Pacific Journal of Cancer Prevention, Vol 13, 2012

				
DOI:http://dx.doi.org/10.7314/APJCP.2012.13.8.3731
Korean Epithelial Ovarian Cancer Study (Ko-EVE): Protocols and Interim Report
Int J Cancer, 127, 2893-2917.
Li Y, Liang J, Kang S, et al (2008). E-cadherin gene
Fujita M, Tase T, Kakugawa Y, et al (2008). Smoking, earlier
polymorphisms and haplotype associated with the
menarche and low parity as independent risk factors for
occurrence of epithelial ovarian cancer in Chinese.
gynecologic cancers in Japanese: a case-control study.
Gynecol Oncol, 108, 409-14.
Tohoku J Exp Med, 216, 297-307.
Li Y, Wang Y, Kang S, et al (2010). Association of vascular
Han S, Lee K M, Choi J Y, Park S K, Lee J Y, et al (2008).
endothelial growth factor gene polymorphisms with
CASP8 polymorphisms, estrogen and progesterone
susceptibility to epithelial ovarian cancer. Int J Gynecol
receptor status, and breast cancer risk. Breast Cancer Res
Cancer, 20, 717-23.
Treat, 110, 387-93.
Lin HW, Tu YY, Lin SY, et al (2011). Risk of ovarian cancer
Hirose K, Tajima K, Hamajima N, Kuroishi T, Kuzuya K, et
in women with pelvic inflammatory disease: a populational (1999). Comparative case referent study of risk factors
based study. Lancet Oncol, 12, 900-4.
among hormone-related female cancers in Japan. Cancer Liu FYC (2010). Association between CYP1A1 Ile/Val
Science, 90, 255-61.
polymorphisms and ovarian cancer risk. J Hebei North
Inoue M, Iwasaki M, Otani T, Sasazuki S, Noda M, et al
Univ (Med Ed), 27, 29-30.
(2006). Diabetes mellitus and the risk of cancer: results Lynch H T, Casey M J, Snyder C L, et al (2009). Hereditary
from a large-scale population-based cohort study in
ovarian cancer: Molecular genetics, pathology,
Japan. Arch Internal Med, 166, 1871.
management, and heterogeneity. Molecular Oncology, 3,
Jeong N H, Song E S, Lee J M, Lee K B, Kim M K, et al
97.
(2009). Plasma carotenoids, retinol and tocopherol levels Ma X, Zhang J, Liu S, et al (2011). Polymorphisms in the
and the risk of ovarian cancer. Acta Obstet Gynecol
CASP8 gene and the risk of epithelial ovarian cancer.
Scand, 88, 457-62.
Gynecol Oncol, 122, 554-559.
Jordan S, Green A and Webb P (2006). Benign epithelial Ministry of Health & Welfare KCfDCaP (2009). Korea
ovarian tumours-cancer precursors or markers for ovarian
National Health & Nutrition Examination Survey., from
cancer risk? Cancer Causes Control, 17, 623-632.
Available from: http://knhanes.cdc.go.kr/.
Kang S, Duan L H, Li Y, et al (2004). Relation between Ministry of Health and Welfare (2012). National Cancer
microsomal epoxide hydrolase polymorphism and
Information Center from Available from: http://www.
susceptibility to ovarian epithelial cancer. Zhonghua Fu
cancer.go.kr/cms/statics/incidence/index.html#4. .
Chan Ke Za Zhi, 39, 556-7 (in Chinese).
Mori M, Harabuchi I, Miyake H, et al (1988). Reproductive,
Kato I, Tominaga S and Terao C (1989). Alcohol consumption
genetic, and dietary risk factors for ovarian cancer. Am J
and cancers of hormone-related organs in females. Jpn J
Epidemiol, 128, 771-777.
Clin Oncol, 19, 202-207.
Mori M, Kiyosawa H, Miyake H (1984). Case-control study
Kim MK, Kim K, Kim SM, et al (2009). A hospital-based
of ovarian cancer in Japan. Cancer, 53, 2746-52.
case-control study of identifying ovarian cancer using Mori M, Nishida T, Sugiyama T, et al (1998). Anthropometric
symptom index. J Gynecol Oncol, 20, 238-242.
and other risk factors for ovarian cancer in a case-control
Kim YM, Whang DH, Park J, et al (2011). Evaluation of
study. Jpn J Cancer Res, 89, 246-53.
the accuracy of serum human epididymis protein 4 in Nandakumar A, Anantha N, Dhar M, Ahuja V, Kumar R, et
combination with CA125 for detecting ovarian cancer:
al (1995). A case control investigation on cancer of the
a prospective case-control study in a Korean population.
ovary in Bangalore, India. Int J Cancer, 63, 361-5.
Clin Chem Lab Med, 49, 527-534.
Niwa Y, Wakai K, Suzuki S, et al (2005). Cigarette smoking
Kobayashi H, Sumimoto K, Moniwa N, et al (2007). Risk of
and the risk of ovarian cancer in the Japanese population:
developing ovarian cancer among women with ovarian
findings from the Japanese Collaborate Cohort study. J
endometrioma: a cohort study in Shizuoka, Japan. Int J
Obstet Gynaecol Res, 31, 144-51.
Gynecol Cancer, 17, 37-43.
Niwa Y, Yatsuya H, Tamakoshi K, et al (2005). Relationship
Kolahdooz F, van der Pols JC, Bain CJ, et al (2010). Meat,
between body mass index and the risk of ovarian cancer
fish, and ovarian cancer risk: Results from 2 Australian
in the Japanese population: findings from the Japanese
case-control studies, a systematic review, and metaCollaborate Cohort (JACC) study. J Obstet Gynaecol Res,
analysis. Am J Clin Nutr, 91, 1752-63.
31, 452-8.
Lalwani N, Prasad S R, Vikram R, et al (2011). Histologic, Office KNS (2009). The pilot result of birth statistics in 2009
molecular, and cytogenetic features of ovarian cancers:
from Available from: http://kostat.go.kr/.
implications for diagnosis and treatment. Radiographics, Pan SY, Ugnat AM, Mao Y, et al (2004). A case-control study
31, 625-46.
of diet and the risk of ovarian cancer. Cancer Epidemiol
Larsson SC, Wolk A (2005). No association of meat, fish,
Biomarkers Prev, 13, 1521-1527.
and egg consumption with ovarian cancer risk. Cancer Park B, Kim TJ, Ma SH, et al (2010). Epidemiological
Epidemiol Biomarkers Prev, 14, 1024-5.
characteristics of ovarian cancer in Korea. J Gynecol
Lee JY, Park A K, Lee KM, et al (2009). Candidate gene
Oncol, 21, 241.
approach evaluates association between innate immunity Park J, Hilmers DC, Mendoza JA, et al (2010). Prevalence of
genes and breast cancer risk in Korean women.
metabolic syndrome and obesity in adolescents aged 12
Carcinogenesis, 30, 1528-31.
to 19 years: comparison between the United States and
Lee KM, Park SK, Hamajima N, et al (2005). Genetic
Korea. J Korean Med Sci, 25, 75-82.
polymorphisms of TGF-beta1 & TNF-beta and breast Park SK, Yoo KY, Lee SJ, et al (2000). Alcohol consumption,
cancer risk. Breast Cancer Res Treat, 90, 149-55.
glutathione S-transferase M1 and T1 genetic
Li Y, Jin X, Kang S, et al (2006). Polymorphisms in the
polymorphisms and breast cancer risk. Pharmacogenetics,
promoter regions of the matrix metalloproteinases-1,
10, 301-309.
-3, -7, and -9 and the risk of epithelial ovarian cancer in Park YS, Lee DH, Choi JM, et al (2004). Trend of obesity
China. Gynecol Oncol, 101, 92-6.
in school age children in Seoul over the past 23 years.
Asian Pacific Journal of Cancer Prevention, Vol 13, 2012

3739

Seung Hyun Ma et al
Korean J Pediatrics, 47, 247-57.
lactation reduces ovarian cancer risk in Chinese women.
Qie M, Zhang Y, Wu J (2002). Study on the relationship
Eur J Cancer Prev, 13, 499-502.
between cervical cancer and p53 codon 72 polymorphism. Zhang M, Xie X, Lee A H, et al (2004c). Sedentary behaviours
J West China Univ Med Sci, 33, 274 (in Chinese).
and epithelial ovarian cancer risk. Cancer Causes and
Sakauchi F, Khan M M, Mori M, et al (2007). Dietary habits
Control, 15, 83-89.
and risk of ovarian cancer death in a large-scale cohort Zhang M, Xie X, Lee A H, et al (2004d). Soy and isoflavone
study (JACC study) in Japan. Nutr Cancer, 57, 138-145.
intake are associated with reduced risk of ovarian cancer
Schulz M, Nothlings U, Allen N, et al (2007). No association
in southeast china. Nutr Cancer, 49, 125-130.
of consumption of animal foods with risk of ovarian Zhang M, Yang Z Y, Binns C, et al (2002b). Diet and ovarian
cancer. Cancer Epidemiol Biomarkers Prev, 16, 852-5.
cancer risk: a case-control study in China. Br J Cancer,
Shu XO, Gao YT, Yuan JM, et al (1989). Dietary factors and
86, 712-717.
epithelial ovarian cancer. Br J Cancer, 59, 92-96.
Zhang Z, Zhou B, Zhang J, et al (2010). Association of
Sokal D C, Vach T H, Nanda K, et al (2010). Quinacrine
interleukin-23 receptor gene polymorphisms with risk of
sterilization and gynecologic cancers: A case-control
ovarian cancer. Cancer Genet Cytogenet, 196, 146-152.
study in northern Vietnam. Epidemiology, 21, 164.
Zhen H, Yang S, Wu H, et al (2010). LyGDI is a promising
Sugawara T, Nomura E, Sagawa T, et al (2003). CYP1A1
biomarker for ovarian cancer. Int J Gynecol Cancer, 20,
polymorphism and risk of gynecological malignancy in
316-322.
Japan. Int J Gynecol Cancer, 13, 785-790.
Zou L, He X, Zhang JW (2010). The efficacy of YKL-40 and
Ueda M, Terai Y, Kanda K, et al (2006). Germline
CA125 as biomarkers for epithelial ovarian cancer. Braz J
polymorphism of p53 codon 72 in gynecological cancer.
Med Biol Res, 43, 1232-1238.
Gynecol Oncol, 100, 173-8.
Zy Z, Yq M, Xm F, et al (2010). Relationship between CYP1A1
Wernli KJ, Ray RM, Gao DL, et al (2008). Occupational
gene polymorphism and susceptibility of ovarian cancer.
exposures and ovarian cancer in textile workers.
Chin J Cancer Prev Treat, 17, 1325-7.
Epidemiology, 19, 244-50.
Woong-Shick A, Sung-Pil P, Su-Mi B, et al (2005).
Identification of hemoglobin-alpha and -beta subunits
as potential serum biomarkers for the diagnosis and
prognosis of ovarian cancer. Cancer Sci, 96, 197-201.
Xie X, Ye D, Chen H, et al (2004). Interleukin-7 and
suppression of local peritoneal immunity in ovarian
carcinoma. Int J Gynecol Obstets, 85, 151-8.
Yang C, Chan K, Ngan H, et al (2006). Single nucleotide
polymorphisms of follicle-stimulating hormone receptor
are associated with ovarian cancer susceptibility.
Carcinogenesis, 27, 1502.
Yang XY, Yu H, Xi MR, et al (2009). Association of the
ARLTS1 variants with familial ovarian cancer risk in
China. Int J Gynecol Cancer, 19, 585-90.
Yen M L, Yen B L, Bai C H, et al (2003). Risk factors for
ovarian cancer in Taiwan: a case-control study in a lowincidence population. Gynecol Oncol, 89, 318-324.
Yun T K, Choi S Y (1995). Preventive effect of ginseng
intake against various human cancers: a case-control
study on 1987 pairs. Cancer Epidemiology Biomarkers &
Prevention, 4, 401-8.
Zhang H, Zhang S, Cui J, et al (2008). Expression and
promoter methylation status of mismatch repair gene
hMLH1 and hMSH2 in epithelial ovarian cancer. Aust NZ
J Obstets Gynaecol, 48, 505-9.
Zhang M, Binns CW, Lee AH (2002a). Tea consumption and
ovarian cancer risk: a case-control study in China. Cancer
Epidemiol Biomarkers Prev, 11, 713-8.
Zhang M, Holman CD, Binns C W (2007). Intake of specific
carotenoids and the risk of epithelial ovarian cancer. Br J
Nutr, 98, 187-93.
Zhang M, Lee A H, Binns CW (2003). Physical activity and
epithelial ovarian cancer risk: a case-control study in
China. Int J Cancer, 105, 838-43.
Zhang M, Lee AH, Binns CW (2004a). Reproductive and
dietary risk factors for epithelial ovarian cancer in China.
Gynecol Oncol, 92, 320-6.
Zhang M, Xie X, Holman CD (2005). Body weight and body
mass index and ovarian cancer risk: a case-control study
in China. Gynecol Oncol, 98, 228-34.
Zhang M, Xie X, Lee AH, Binns CW (2004b). Prolonged
3740 Asian Pacific Journal of Cancer Prevention, Vol 13, 2012

