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1. Introduction

The incidence of endometrial cancer has been increasing in
Europe, United States (US) and other regions of the world
in the past several decades. Nearly 40% of the 190,000 corpus
uteri cancers diagnosed worldwide each year occur in Eur-
ope, representing one in every 18 new female cancers and
ranking as the fourth most common neoplasm in women.’
Endometrial carcinoma is the most common cancer of the
lower female genital tract in the United States.”? Rapid
changes have occurred in the incidence of endometrial can-
cer in the United States since the 1960s are possibly related
to the introduction of unopposed oestrogen therapy for post-
menopausal women.?

Some of the highest incidence rates of endometrial cancer
worldwide are found within European populations.? Despite
the advances that have been made in the early detection
and treatment of this disease, both the annual incidence of
and the death rate associated with endometrial cancer appear
to be rising™® again. The main factors contributing to the
increasing incidence of endometrial cancer in the past 20
years both in the US and in Europe are increasing life-expec-
tancy, obesity, which increases circulating oestrogens and
tamoxifen, a widely prescribed adjuvant treatment for breast
cancer which increases incidence by as much as 6-8-fold.”
Risk factors for endometrial cancer include age at menarche,
age at menopause, history of infertility, obesity, diabetes,
oestrogen therapy, polycystic ovarian syndrome, prior pelvic
radiation therapy, hereditary non-polyposis colon cancer
and westernisation of lifestyle.®

In Europe, incidence rates amongst postmenopausal wo-
men are highest in the Czech Republic, Slovakia, Sweden
and Slovenia and lowest in France and the United Kingdom.
Postmenopausal mortality rates are systematically higher in
eastern Europe, with death rates in the Ukraine, Latvia, Czech
Republic, Russia and Belarus being 2-3 times those seen in
western Europe.! Declining mortality trends are seen in most
populations, though in certain Eastern European countries
the declines began rather recently, during the 1980s. In Bela-
rus and Russia, recent postmenopausal death rates are stable
or increasing.” In the United States, approximately 39,080 new
cases of endometrial cancer are expected to be diagnosed in
2007 with the average occurrence at 63 years of age, and about
7400 women will die from the disease.’ The most recent inci-
dence rate of corpus uteri cancer varied between 9.2 (France)
and 18 (Czech Republic) per 100,000 women. In most countries
incidence rates remained stable, except in Norway, Ireland,
the United Kingdom (UK) and Slovenia where rates were
increasing.’®

Latest figures from the International Agency for Research
on Cancer (IARC scientific publications no. 160.) nicely illus-
trate great geographic variation in the incidence of endome-
trial cancer. Whereas the incidence rates are similar in
Europe and the US, they are much lower in several Asian
countries including Japan and Korea.'! Endometrial cancer
age adjusted incidence and mortality in 12 European coun-
tries have been described in detail by Bray and colleagues;’
in Fig. 1 we provide the crude mortality rates from endome-
trial cancer in over 30 European countries. Faced with the
growing incidence of endometrial cancer in Europe and in

the US and around the world, scientists, doctors and public
health professionals are becoming more concerned with
identifying effective preventive measures for this condition.
Endometrial cancer originates in the endometrial lining of
the uterus and accounts for about 90% of uterine cancers;
90% of cases of endometrial cancer'® are adenocarcinoma
originating from the surface cells of the endometrium.

While the majority of early stage endometrial carcinomas
produce symptoms such as bleeding, early detection is chal-
lenging in women who do not present with symptoms. One
study from the early 1980s suggested that the prevalence
and incidence rates of endometrial carcinoma were 6.96 per
1000 and 1.71 per 1000 women years, respectively, in asymp-
tomatic women.*

Endometrial hyperplasia, an overgrowth or thickening of
the uterine lining, can be the first warning sign of the patho-
logical process eventually leading to endometrial carcinoma.
Endometrial hyperplasia without atypia is likely to respond
to hormonal treatment. Hyperplasia with atypia is considered
to be a precancerous condition and is typically treated with
total hysterectomy in postmenopausal women,* or with hor-
mone therapy, especially in younger women who desire fu-
ture pregnancy. Numerous hormonal treatments have been
identified in the past three decades to treat endometrial
hyperplasia. To our knowledge, no research studies have eval-
uated the efficacy of lifestyle and dietary changes in reversing
the hyperplasia.

Although several review papers have been written in the
area of endometrial cancer,>®'22 very few of the existing
studies critically analysed the utility of modifying multiple
risk factors for the prevention of this challenging disease.
Additionally, very few updated reviews exist in the area of
endometrial hyperplasia.?®?*. In this manuscript, we will re-
view the existing knowledge about modifiable risk factors
leading to endometrial hyperplasia and endometrial cancer
by synthesising research from Europe and other regions
around the world. This article summarises the knowledge in
the area of all major modifiable risk factors in the area of
endometrial cancer progression and gives a detailed descrip-
tion of endometrial cancer biomarker studies.

2. Methods

2.1.  Search and selection of the literature

A systematic literature search of publications on modifiable
risk factors for endometrial cancer and endometrial hyperpla-
sia has been performed using Pubmed search engine. Addi-
tionally, systemic literature search has been performed for
publications in the area of serum and plasma biologic mark-
ers implicated in endothelial cell (EC) detection, progression
and monitoring.

The following terms have been used in the database
searches for studies on endometrial cancer risk factors:
endometrial cancer, longitudinal, cross-sectional, retrospec-
tive, endometrial carcinoma, endometrial hyperplasia, sur-
vival, exercise, diet and risk factors. The criteria for
inclusion of studies in the review were as follows: case con-
trol or cohort studies investigating the association between
modifiable risk factors (physical activity, body mass index
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Endometrial Cancer Mortality in Europe
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Fig. 1 - Endometrial cancer mortality in 25 European countries based on Globocan 2002 data."?

(BMI), use of exogenous hormones and nutrition) and endo-
metrial cancer were published between 1978 and 2007, and
were published in English or had an expanded abstract in
English. Considering the fact that over 400 relevant articles
have been identified in the area of modifiable risk factors, it
has been decided to narrow this review to the evaluation of
existing review studies in this field. Several excellent reviews
exist in the area of modifiable risk factors associated with EC
risk, providing in-depth overview of key modifiable risk fac-
tors for EC. Review studies were evaluated if they were pub-
lished in the past 10 years and captured large percentage of
existing studies for each modifiable risk factor this article is
focusing on.

In the area of biologic markers, all papers dealing with ser-
um and plasma markers involved in EC detection, develop-
ment and progression published since 1989 have been
evaluated. The following terms have been used in the data-
base searches for studies on endometrial cancer biomarkers:
endometrial cancer, biomarkers, serum, plasma, cancer anti-
gen 125 (CA 125), carcinoembryonic antigen (CEA), CA 15-3,
early detection, monitoring and disease progression. The bib-
liographic lists of relevant publications were hand searched to
identify additional useful articles. Articles were excluded if
they had <10 cancer cases included in the analysis and if they
were not full length research publications.

2.2.  Data extraction and quality assessment

The data were extracted and analysed by the authors of this
review. Quality judgments have been supplied by two review-
ers. In case of disagreement, third reviewer has been con-

sulted before the final score is assigned. In cases where
disagreement between judges exceeded three points, the
score averages amongst all judges were reported. Study size,
study type, study population methodology, and key findings
were documented and reported in Tables 1, 3 and 4. A quality
scoring system for this article was developed based on similar
relevant scoring system utilised by Voskuil.’® This quality
assessment system captured both generic methodological is-
sues, as well as issues specifically relating to the theme of
endometrial cancer and biomarker research. The items in
the scoring system were categorised according to the three
important sources of error: selection bias, misclassification
bias and confounding error. The quality scoring system con-
tained 15 items: questions 1-5 evaluated issues relating to
selection bias, questions 6-13 evaluated issues relating to
misclassification bias and questions 14-15 evaluated issues
relating to confounding bias. The maximum attainable score
is 30 for studies had had control groups and 24 for studies
did not have control groups. Final quality score is presented
as a total number of points attained out of 30 or 24 possible
points for each study (scoring sheet is attached in Appendix).

3. Results

Over 400 relevant articles in the area of EC modifiable risk fac-
tors have been identified through the Pubmed search. It has
been decided to narrow down this result section to existing
review articles. Thus, this systematic review includes six re-
view papers on modifiable risk factors and 19 articles on EC
biomarkers. The characteristics of these studies and factors
evaluated are summarised in Tables 1, 3 and 4. There was a



Table 1 - Summary of review studies on EC modifiable risk factors

Risk factor

Author (reference)

Number of studies
evaluated, countries

Number of cases

Study type

Contrast

Relative risk (RR)
or Odds Ratio (OR) (95%
confidence interval

(CD)

Findings

Physical
activity

Consumption
of animal food

Consumption
of fruits and
vegetables

Body mass
index (BMI)

Obesity
endogenous
hormones

Exogenous and
endogenous
hormones

Voskuil®

Bandera??

Bandera?*

Renehan®®

Kaaks®

Akhmedhanov®°

Ten cohort studies, 24
case control studies
from 11 countries

Three cohort studies
and 16 case control
studies from 11
countries

One cohort and 16
case control studies
from 10 countries

Nineteen cohort

and case control

studies from North
America, Europe,
Australia and Asia-Pacific

Over 200 articles
reviewed

One hundred and fifty
articles; three cohort
studies on oestrone
levels examined in detail

15,236

12,901

10,158

17,084

N/A

Three hundred
and thirty-two
cases (in 3 cohort
studies)

Review of cohort
and case case
control studies

Meta analysis of
cohort and case
control studies

Meta analysis of
cohort and case
control studies

Meta analysis

Review article

Review article

Most active
versus least active

Intake frequency:
high versus low intake

Intake frequency:
high versus low intake

Effects across
BMI ranges

Several types of
hormones; Excess
weight versus
normal weight

High hormone level
versus low hormone level

OR (OR) 0.73
(0.62-0.86)

Meat OR 1.26
(1.03-1.54)

Red meat OR 1.51
(1.19-1.93)

Vegetables OR
0.71 (0.55-0.91)
Cruciferous
vegetables OR
0.85 (0.74-0.97)
Fruits OR 0.97
(0.92-1.02)

RR 1.59, p < 0.0001

N/A

OR up to 3.8 (1.7-8.4)
for high oestrone
level

Inverse association
endometrial cancer/
high level of
physical

activity

Increased risk of
endometrial cancer
with meat
consumption

Decreased risk
of endometrial
cancer with
consumption of
fruits and
vegetables

Increased risk of
endometrial cancer
with every 5 kg/m?
increase

Supporting
unopposed
oestrogen
hypothesis,
increased

risk with obesity

Increased risk

of endometrial
cancer with
increased
circulating

levels of oestrogenic
hormones
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considerable variation amongst the studies in respect to study
size, age of the participants, risk factor assessment tools and
research methodology.

3.1. Modifiable risk factors for EC: endometrial cancer and
obesity

Obesity and overweight have consistently been shown to be
associated with an increased risk of endometrial cancer in
the Europe, US and worldwide.>*>* The risk of endometrial
cancer increased with increasing BMI in the third decade of
age (20-29 years), in the fifth decade (4049 years) and in the
seventh decade (60-69 years).>® Both current adiposity and
adult weight gain are associated with substantial increases
in the risk of endometrial cancer.®® Whilst some studies re-
port that that risk increases with the incremental increases
in weight or body mass, others find a strong elevation in risk
only amongst obese women.?

3.2. Modifiable risk factors for EC: endometrial cancer and
diet

Studies in the area of endometrial cancer and diet have not
been entirely consistent. Foods that are high in fat and cho-
lesterol, such as red meat, margarine and eggs, were posi-
tively associated with endometrial cancer in several case
control studies,>*3~3% however, a large prospective cohort
study suggested that energy dietary intake as well as most
foods of animal origin are not or only weakly related to the
risk of endometrial cancer amongst postmenopausal US
women.*

Epidemiologic and experimental data suggest that the
consumption of soybean-containing foods may protect
against cardiovascular disease and decrease breast, prostate
and endometrial cancer risk.** Soy and derivative diets deli-
ver large doses of isoflavones to human and animals through-
out their lifespan, including gestation. Isoflavonic
phytooestrogens, or isoflavones, constitute a class of phyto-
oestrogens that have properties similar to selective estrogen
receptor modulators, and have attracted a substantial degree
of attention in recent years, particularly as a possible alterna-
tive to the conventional hormone replacement therapy regi-
mens used by postmenopausal women.*? Phytooestrogens
are strikingly similar in chemical structure to the mammalian
oestrogen estradiol, and bind to the estrogen receptors (ER)
with a preference for ER beta.** Obese postmenopausal wo-
men consuming relatively low amounts of phytooestrogens
had higher risk of endometrial cancer in comparison to
non-obese postmenopausal women consuming relatively
high amounts of isoflavones.** Additional dietary factors that
may decrease the risk of endometrial cancer include con-
sumption of crude fibre, non-starch polysaccharide and die-
tary fibre, Vitamin A, possibly vitamin C. Preliminary data
also suggest a link between endometrial cancer and vitamin
D dietary consumption.*

Despite the fact that a reduction in endometrial cancer
risk was also found with increased consumption of other
sources of phytooestrogens such as whole grains, vegetables,
fruits and seaweeds,*® a recent review based solely on case
control studies, with less than half being population-based,

suggests only a modest inverse association with vegetable
consumption, particularly for cruciferous vegetables.?’ Simi-
larly, the analysis of a large prospective study did not support
an association between vegetable or fruit consumption and
endometrial cancer.”’

Although limited evidence suggests that dietary phyto-
chemicals are associated with decreased breast and endome-
trial cancer risk, the studies in this area are mainly
observational, whilst much work needs to be done to explore
basic mechanisms and the strategic exploitation of their
interactions.*®. In order to assess the effectiveness of isoflav-
ones and other dietary factors on endometrial hyperplasia
and endometrial cancer risk, large controlled trials will need
to be implemented, as currently data in this area are very
limited.

3.3. Modifiable risk factors for EC: exercise and other
lifestyle risk factors

Many existing research studies, including several investiga-
tions from Europe, suggest a link between physical activity,
inactivity and endometrial cancer risk.>*3*%9>3 1t has been
shown that women who spent 90 min/d or more performing
non-occupational physical activities had a lower risk of endo-
metrial cancer (relative risk (RR) = 0.54, 95% confidence inter-
val (CI) = 0.34-0.85) compared with those who spent less than
30 min/d. High BMI and low physical activity are strong and
independent risk factors for endometrial cancer.*® A large co-
hort study in Norway suggested that inactivity and high en-
ergy intake are major risk factors for endometrial cancer
independently from BMI, and that hypertension and relative
hyperglycaemia are significant markers of risk, especially
amongst the heaviest women.>® A recent review indicated
that 14 of the 18 studies on endometrial cancer and physical
activity showed a definite or possible protective effect of
physical activity on endometrial cancer, with an average rela-
tive risk reduction of around 30%.2° However, recent results of
the European prospective investigation into cancer and nutri-
tion (EPIC) provided no evidence of a protective effect of phys-
ical activity on endometrial cancer in all women, and only
limited support for a benefit amongst premenopausal wo-
men.>® Further studies, preferably prospective cohort studies,
are needed to determine the magnitude of risk reduction and
to assess which aspects of physical activity contribute most
strongly to the reduced risk, and in which period of life phys-
ical activity is most effective in changing endometrial cancer
risk.'®

3.4. Link between unopposed oestrogens theory and
modifiable risk factors

The unopposed oestrogen hypothesis is the theoretical
framework used to explain the relationship between endoge-
nous steroid hormones and endometrial cancer risk.”® This
hypothesis proposes that that endometrial cancer may devel-
op as a result of the mitogenic effects of oestrogens, when
these are insufficiently counterbalanced by progesterone. In
aetiological terms, any factor that increases exposure to
unopposed oestrogens (such as oestrogen therapy, obesity
and irregular menstrual cycles) tends to increase the risk of
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the disease, whilst factors that decrease exposure to oestro-
gens or increase progesterone levels (such as oral contracep-
tives or smoking) tend to be protective.”” Table 1 provides
summary of the major existing review articles/meta analysis
studies on modifiable risk factors for EC.

3.5.  Endometrial hyperplasia: risk factors and therapies

Little information exists about the incidence and prevalence
of endometrial hyperplasia with or without atypia. Studies
suggested that unsuspected hyperplasia can be found in up
to 10% of asymptomatic postmenopausal women,*>*! whilst
hyperplasia and other endometrial conditions seem to be very
rare in premenopausal asymptomatic women.®? In perimeno-
pausal women with abnormal bleeding patterns other than
amenorrhoea or oligomenorrhoea, there is a high incidence
of endometrial hyperplasia and invasive endometrial can-
cer.®® The majority of endometrial hyperplasia cases regress
spontaneously.®* Roughly 10% of the cystic or adenomatous
hyperplasias, and more than 25% of atypical hyperplasias,
progress to carcinoma after 1-20 years.®® Additionally, 29.1%
of patients with presumed atypical hyperplasia have a coexis-
ting endometrial carcinoma discovered at the time of
hysterectomy.®®

Risk factors for endometrial hyperplasia are similar to
those found to be associated with endometrial cancer.
Obesity is a predominant risk factor for endometrial
hyperplasia in younger women.®” A recent study concluded
that high education, obesity, diabetes and hormone replace-
ment therapy use increase the risk of endometrial
hyperplasia.*

3.5.1. Hormonal therapies

Current therapies for endometrial hyperplasia include various
regimens of progesterone-based drugs (Table 2). Hysterec-
tomy is a recommended treatment for endometrial hyperpla-
sia with atypia and for endometrial cancer; however high
dose hormonal therapy is sometimes recommended for wo-
men who want to retain fertility or who are poor surgical can-
didates. The standard therapy for endometrial hyperplasia
with or without atypia currently does not include lifestyle
interventions, other than recommending weight loss. Clearly,
in order to better understand endometrial cancer prevention,
it is important to understand the aetiology of endometrial

hyperplasia and the common risk factors playing a role in

endometrial  hyperplasia and endometrial cancer
development.
3.6.  Factors affecting endometrial cancer survival

It has been observed that older endometrial cancer (age > 63
years) patients have a significantly decreased overall survival,
cause-specific survival and greater risk of recurrence follow-
ing postoperative radiation therapy independently from other
prognostic factors and/or treatment techniques.®® In a study
by Kilgore et al. proper surgical staging with the removal of
associated pelvic and para-aortic lymph nodes was associ-
ated with improved survival when compared to a retrospec-
tive cohort that did not have lymph node dissection.®® Other
conditions affecting endometrial cancer survival include
stage at diagnosis and genetic factors. For the purpose of this
paper, only modifiable risk factors affecting endometrial can-
cer will be discussed in detail.

Overweight and obesity are associated with elevated mor-
tality from all causes in both men and women and the risk of
death rises with increasing weight.”® It has been suggested
that obesity and diabetes may increase mortality after endo-
metrial cancer diagnosis, and a modification of these charac-
teristics may improve survival.”* Another publication showed
that BMI was not predictive of progression-free survival in the
endometrial cancer population, although obese stage III and
stage IV patients had decreased overall survival.”? Because
of the relationship between obesity and other confounding
variables, it has been suggested that obesity alone is not an
independent predictor of survival.”?

Diabetes, although not always modifiable, is associated
with poorer survival after incident endometrial cancer, inde-
pendently of tumour stage and grade. It is possible that fac-
tors related to diabetes, such as hyperglycaemia or
hyperinsulinaemia, contribute to the observed poorer endo-
metrial cancer survival in diabetic women.”*

Exercise has gained recognition as an effective support-
ive care intervention for endometrial cancer survivors, yet
participation rates are low.”® Despite the evidence of the
benefits of exercise in cancer survivors, participation rates
tend to decline after treatment for endometrial cancer
patients.”®

Table 2 - Overview of conventional therapies for endometrial hyperplasia and endometrial cancer

Condition

Commonly recommended therapies

Endometrial hyperplasia

Progesterone, medroxyprogesterone acetate, megestrol acetate, levonorgestrel,

progestin-containing intrauterine device (IUD)

Endometrial hyperplasia with atypia

Hysterectomy

High-dose continuous progestin therapy daily (medroxyprogesterone acetate,
megestrol acetate) and repeat biopsies for women who want to retain fertility

Endometrial cancer

Total abdominal hysterectomy, bilateral salpingo-oophorectomy and evaluation

for metastatic disease
Radiation therapy (for patients whose cancers have progressed beyond stage
IB (International Baccalaureate) grade 2)
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Table 3 - Serum and plasma biomarkers investigated in endometrial cancer detection and development

Reference Study type Biomarker name Biomarker function Findings Final Score
and size Out of 30
Gunter®® 250 endothelial Insulin, total IGFs-proteases Insulin levels 24
cell (EC) 465 insulin-like growth oestradiol-sex positively associated
control factor-1 (IGF-1), free IGF-1, hormone with EC; Free
insulin-like growth factor Glucose-source IGF-1 inversely
(IGF) binding protein 3, of energy for the associated with EC
glucose, oestradiol living cells
Troisi® 165 EC 180 C-Peptide C-peptide-marker Data not consistent 21
community Sex hormones of insulin function with the hypothesis
controls that the effect of
obesity on
endometrial cancer
risk is mediated
through high
insulin levels
Yurkovetsky?® 115 EC and Prolactin, Growth Prolactin-stimulation Five biomarker 20
135 healthy hormone (GH), of mammary gland panel was able
controls eotaxin, E-selectin, GH-growth and cell to discriminate
Thyroid stimulating reproduction EC from controls
hormone (TSH) Eotaxin-immune with high sensitivity
response and specificity
E-selectin-cell adhesion (standard error (SE)
molecule implicated 98.3 serum prolactin
in immune function (SP 98) for prolactin
TSH-regulation of alone)
endocrine function
Cust®? 284 cases/548 Adiponectin Protein hormone that Adiponectin levels 23
controls plays a role in were inversely
modulation of associated with
metabolic processes EC risk
Cust®® 286 EC patients/555 Insulin-like growth Insulin-like growth factor =~ Modest support 24.5
healthy controls factor binding protein binding protein to the hypothesis
1 (IGFBP-1), Insulin-like 1 (IGFBP-1) modifiers that hyperinsulinaemia
growth factor binding of cell proliferation is a risk factor for EC
protein 1 (IGFBP-2), C-peptide-marker of
C-peptide insulin function
Soliman®* 117 EC patients/238 Adiponectin Protein hormone Adiponectin level 23
healthy controls that plays a role in was independently
modulation of and inversely
metabolic processes associated with EC.
Dotters” 43 EC patients Cancer antigen Cancer antigen CA 125 levels of 20.5
Prospective study 125 (CA 125) associated with >35 U/ml strongly
endometrial and predicted extrauterine
ovarian cancer disease, but lacked
development sensitivity in
identifying patients
needing staging
Beck®® 192 EC patients, ovVX1 Mucin marker No correlation 18.5
34 controls (10 healthy, between OVX1 and
5 with bleeding, stage
19 with endometriosis)
Kurihara® 110 EC patients/36 CA 125 Cancer antigen A novel cutoff 23

healthy postmenopausal
women/111 HRT controls

associated with
endometrial and
ovarian cancer
development

level of 20 U/ml
of CA125 could
detect myometrial
invasion to more
than one-half of
the myometrium
with sensitivity of
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Table 3 (continued)

Reference Study type Biomarker name Biomarker function Findings Final Score
and size Out of 30
69.0%, specificity of
74.1%, positive predictive
value of 58.8%
Lo 100 healthy controls, CA 125 Cancer antigens Elevated CA 125, 23
47 patients with CA 15.3 implicated in CA 15.3 and CA
benign gynaecological CA 19.9 EC development 19.9 were significantly
diseases and 97 associated with
EC patients. shorter survival
Survival analysis
Xu®® 45 EC cancer patients OVX1 Mucin marker Elevation of serum 21
/184 healthy controls OVX1 was more
frequent in patients
with deep myometrial
invasion and with
poorly differentiated
tumors
3.6.1. Biomarkers: implications for the early detection of early At present, no serum biomarkers are available for screen-

changes in the endometrium and prolonging survival in cancer
patients

At this time, there are no early detection tests that can identify
endometrial cancer early in women without common symp-
toms such as bleeding. The Pap test, which is very effective
for the early detection of cervical cancers, can be useful in
identifying some early endometrial cancers, but it is not the
test of choice for this disease. Continuing challenges of endo-
metrial cancer treatment include the need to improve screen-
ing and prevention efforts. The 5-year survival for early stage
localised endometrial cancer is 75-95%; however prognosis is
poor for endometrial cancers found at stages III-IV. The 5-year
survival rate falls to 66% if cancer has spread regionally at the
time of diagnosis. For women with disease that has spread be-
yond pelvis (stage IV) survival is less than 20%.””

Several biomarkers have shown association with endome-
trial cancer development and progression.

Biomarkers such as p53, hypoxia-inducible factor 1o (HIF-
1o, HIF-20), vascular endothelial growth factor (VEGF), epider-
mal growth factor receptor (EGFR) and human epidermal
growth factor receptor 2 (HER2/neu) correlate with the devel-
opment or progression of endometrial cancer.”® VEGF has
been implicated in the development of both endometrial can-
cer and endometrial hyperplasia.”® Elevated levels of several
cancer antigens including CA 125, CA 15-3 and CA 19-9 are
significantly associated with shorter survival time in endome-
trial cancer patients.®’ CA 125 correlates with tumour size and
stage of endometrial cancer®® and is also a significant
independent predictor of the extrauterine spread of disease.®*

Various pathologies of female reproductive organs, includ-
ing endometrial hyperplasia, have been linked to altered
expression of VEGFs and/or fibroblast growth factors (FGFs).2
Tumour necrosis factor alpha (TNF-alpha) is produced by the
endometrium, and it has been shown to have cyclic variations
through the menstrual cycle. Hyperplastic endometrial cells
produce higher amounts of TNF-alpha in comparison to
controls.®

ing for endometrial carcinoma or for monitoring recurrence
in endometrial carcinoma survivors. Patients with recurrent
disease are detected only as a consequence of symptoms or
abnormalities in imaging assessments.?”

Preliminary studies suggested that several biomarkers,
including prolactin, eotaxin, growth hormone (GH), E-selectin
and thyroid stimulating hormone (TSH), may play an impor-
tantrole in the early detection of endometrial cancer.® Similar
markers can potentially be used for the monitoring of success
of various types of therapies treating endometrial cancer and
endometrial hyperplasia. Tables 3 and 4 provide a detailed
summary of the existing studies in the area of serum and plas-
mabiomarkers associated with EC detection, development and
progression (Table 3 overviews studies that had a control
group, whereas Table 4 overviews studies without control
groups). Serum and plasma biomarker studies are especially
promising, as they are exploring non-invasive ways to detect
and diagnose EC early and monitor response to treatment.

3.6.2. Biomarkers of weight loss: potential implications for
endometrial cancer research

Several biologic markers were investigated in relation to diet,
exercise and weight loss. Markers of chronic subclinical
inflammation such as high-sensitive C-reactive protein (hs-
CRP) and interleukin-6 (IL-6) are closely related to insulin
resistance and obesity. Recent evidence suggests that adipo-
nectin, a protein whose circulating levels are decreased in
obesity, has anti-inflammatory properties, and also appears
to enhance potently insulin action and therefore appears to
function as a signal produced by adipose tissue that influ-
ences whole-body glucose metabolism.’®® It has been sug-
gested that weight loss can improve systemic inflammation
associated with obesity by decreasing the adipose production
of pro-inflammatory cytokines; however the effect of weight
loss on biomarkers has been a very controversial topic. A
recent study suggested that decrease in cytokines associated
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Table 4 - Serum and plasma biomarkers investigated in endometrial cancer development and progression

References Study type Biomarker Biomarker Findings Final
and size name function Score
Out of 24
Schmid *° 403 EC patients C-reactive Acute phase protein Elevated serum CRP levels 17.5
Survival analysis protein (CRP) associated with are associated with
Inflammation a less favourable
EC prognosis
Heyer 336 EC patients, Carcinoembryonic  Carcinoembryonic Differential expression 14.5
Retrospective review antigen (CEA) antigen - glycoprotein in women with and
involved in cell adhesion. without metastases
Powell & 141 EC patients CA 125 Cancer antigen associated High CA 125 levels and 16
Retrospective review with endometrial and positive lymph vascular
ovarian cancer development  space invasion strongly
correlated with advanced
stage
Hsieh #2 124 EC patients CA 125 Cancer antigen associated CA 125 level greater 14
Review of hospital records with endometrial and than 40 U/ml is
ovarian cancer development  suggested as a criterion
for full pelvic
lymphadenectomy
in the surgical staging of
endometrial cancer.
Sood *°* 210 EC patients CA 125 Cancer antigen associated Elevated CA 125 level was 16
Retrospective followup with endometrial and the most important
ovarian cancer development predictor for poor survival
and extrauterine disease
Scambia %2 148 EC patients CA 125 Cancer antigen associated CA 125 and CA 15-3 may 16.5
Longitudinal followup with endometrial and be used as predictors of
ovarian cancer extrauterine spread and
development in monitoring of
chemotherapy
response in EC patients.
Takeshima ' 225 EC/32 recurrent EC CA 125 Cancer antigen associated The use of CA19-9 in 15.5
Evaluation of tumour with endometrial and combination with CA 125
markers before surgery ovarian cancer is useful in the detection
development of recurrence
Panici 1% 47 EC patients and 20 CEA, CA 125, CEA glycoprotein involved CA 125 and CA 15-3 levels 16
hyperplasia patients. CA 15-3 in cell adhesion reflected the clinical course

Longitudinal followup

CA 125 and CA 15-3 cancer
antigens involved in EC

of the disease during
chemotherapy; they

with weight loss could be due to energy restriction rather
than to adipose mass loss, since inflammatory levels return
to baseline soon after weight stabilization.'®®

In women who underwent weight loss by surgical inter-
vention, marked reduction in C-reactive protein has been ob-
served.’ A multidisciplinary programme aimed to reduce
body weight in obese women through lifestyle changes (Med-
iterranean diet and exercise) was associated with a reduction
in markers of vascular inflammation and insulin resistance
(IL-6, IL-18 and C-reactive protein (CRP)).®

Evaluation of the levels of adipose tissue related hor-
mones, cytokines and antioxidative substances including
insulin, leptin, resistin, IL-6, insulin-like growth factor 1
(IGF-1), TNF-alpha, adiponectin, CRP, glutathione peroxidase
and isoprostane could be very useful in the monitoring of
weight loss in endometrial hyperplasia and endometrial can-
cer patients.

development could be useful for
monitoring response
to treatment
4. Conclusions and future directions

The continuing increases in obesity and decreases in fertility
forewarn that endometrial cancer, as a postmenopausal dis-
ease, will become a more important public health problem
in future years.'® Biomarkers are promising tools for the
early detection and disease monitoring of endometrial can-
cer. Future studies in this area should concentrate on examin-
ing the longitudinal changes in serum concentrations of
these biomarkers and investigating their associations with
treatment response, relapse, complications and survival.®®
Increasing our understanding of the role of biomarkers in
the aetiology and the course of endometrial cancer and com-
bining the biomarker data with known risk factors have a
great potential to facilitate the development of new early
detection and treatment modalities for this challenging
disease.
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Fig. 2 - Endometrial cancer progression and prevention.

More studies are needed to investigate modifiable risk fac-
tors for endometrial cancer and endometrial hyperplasia.
Existing therapies for endometrial hyperplasia target hor-
mone imbalance, which is just one of the many risk factors
for endometrial cancer development (Fig. 2). Next generation
therapies should include other interventions, including diet,
exercise and weight loss plans, which would target other
modifiable aspects of endometrial cancer risk. Lifestyle inter-
ventions would be especially beneficial for younger women
who desire to retain fertility.
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