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Preface

vii

The study of molecular oncology has unequivocally demonstrated that tumors arise because
cells accumulate a series of genetic alterations that impedes the correct transfer of the
information necessary for carrying out the processes of replication, differentiation, and cell
death. Generally, in order for tumors to arise, it is necessary that cells undergo multiple genetic
alterations, and epidemiological studies suggest that numerous decades are necessary for a
cell to accumulate all the mutations necessary for the development of the neoplasia. The
multitude of genetic errors and their differing relationship in the single transformed cells
explain the diversity of tumoral diseases and suggest the opportunity to identify specific
therapies for individual tumors.

The study of molecular oncology has resulted in knowledge of the genetic errors that
impede the correct transfer of information. This has enabled the researcher to identify the ideal
targets to hit so that tumoral cells are selectively destroyed and, as a consequence, to suggest
the way to put a successful therapeutic strategy into practice.

As a result of this knowledge and the great commitment of the experimental and clinical
researchers, great advances have been made in selectively hitting tumoral targets with so-
called “intelligent” drugs .

In order to eradicate cancer in its entirety, however, further efforts are needed, because there
are multiple incorrect messages in tumors, many of which are still unknown.

Identifying and cataloging the communication errors and the incorrect messages for each
type of tumor will require many years of study and research.

Fortunately, with the bad news that cancer is generated by a series of genetic alterations,
the study of molecular oncology has also furnished some good news:

1. The communication errors at the basis of the formation of tumors substantially generate
incorrect messages through signals (biochemical mechanisms) common to many cells;

2. The new technology developed following knowledge of genomics, proteomics, and bioimages
furnishes the means to shorten the time necessary for identifying the errors of communication.

Therefore, a problem such as the multiplicity of targets cannot only be reduced to an
accessible number of targets but can also become an opportunity.

The common intention of the authors of Molecular Pathology of Gynecologic Cancer is to
shed light on all the most recent acquisitions in oncologic gynecology obtained using an
innovative multidisciplinary approach practiced by clinicians and experimental researchers
who are in constant partnership.

                                                                                                Antonio Giordano, MD, PhD

                                                                                       Giovan Giacomo Giordano, MD, PhD

                                                                                                 Alessandro Bovicelli, MD, PhD

                                                                                                     Robert J. Kurman, MD, PhD
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Giuseppina D’Andrilli, MD, PhD,
Alessandro Bovicelli, MD, PhD,
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1. INTRODUCTION

Human malignant tumors are characterized by abnormal proliferation resulting from
alterations in cell-cycle regulatory mechanisms. The regulatory pathways controlling
cell-cycle phases include several oncogenes and tumor suppressor genes, which display
a range of abnormalities with potential usefulness as markers of evolution or treatment
response in cancer. This chapter summarizes the current knowledge about these aberra-
tions in malignant transformation.

1.1. Cell Cycle: The Importance of its Control
Cancer is frequently considered to be a disease of the cell cycle. Alterations in dif-

ferent families of cell-cycle regulators cooperate in tumor development. Molecular
analysis of human tumors has shown that cell-cycle regulators are frequently mutated
in human neoplasms, which underscores how important the maintenance of cell cycle
commitment is in the prevention of human cancer. Mammalian cell division is pre-
cisely regulated in a timely manner by a family of protein kinases, the cyclin-depend-
ent kinases (CDKs), which is a group of serine/threonine kinases that form active
heterodimeric complexes following binding to cyclins, their regulatory subunits.
Regulation of CDK activity occurs at multiple levels, including cyclin synthesis and
degradation, phosphorylation and dephosphorylation, CDK inhibitor (CKI) protein
synthesis, binding and degradation, and subcellular localization. Orderly progression
through the cell cycle involves coordinated activation of the CDK protein by binding to
the cyclin partner. A succession of kinases (CDK4, CDK6, CDK2, and CDC2) are
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expressed along with a succession of cyclins (D, E, A, and B) as cells go from G1 to S
and then to G2 and finally, to M phase (Fig. 1; see Color Plate 1, following p. 50).

Different CDK–cyclin complexes operate during different phases of the cell cycle.
Active CDK–cyclin complexes phosphorylate target substrates, including members of
the “pocket protein” family (pRb, p107, and pRb2/p130) (1,2). G1/S transition in nor-
mal cells requires phosphorylation of the retinoblastoma protein pRb and the related
proteins pRb2/p130 and p107 by CDKs, which causes the release of E2F transcription
factors controlling various genes required for DNA synthesis and cell-cycle control.

Endogenous inhibition of CDKs is also caused by two families of regulatory pro-
teins induced under mitogenic stimuli: (1) the INK4 family, consisting of p16INK4a,
p15INK4b, p18INK4c, and p19INK4d, which specifically inhibit CDK4 and CDK6 (3) and
(2) the CIP/KIP family including p21CIP1/WAF1, p27KIP1, and p57KIP2, which cause a
broader range of inhibition and act in a concentration-dependent manner (4). All CKIs
cause G1 arrest when overexpressed in cells by association and inhibition of the CDKs.
INK4 proteins dissociate cyclin D/CDK complexes and redistribute the CIP/KIP pro-
teins to CDK2, producing a double inhibition. At low concentrations, CIP/KIP family
proteins enhance CDK4 association with cyclin D, increasing the activity of the com-
plex. Whereas at high concentrations they inhibit kinase activity, presumably by
increasing the stechiometry in the CDK complexes (5). The best-studied events of the

4 Part I / Introduction

Fig. 1 (Color Plate 1, following p. 50). A schematic model of the normal mammalian cell cycle. G1
to S transition in normal cells requires phosphorylation of the retinoblastoma proteins by CDKs,
which causes the release of E2F transcription factors controlling various genes required for DNA
synthesis during S phase. The CKIs p21WAF1 and p27KIP1 act by binding to cyclin–CDK2 complexes
to inhibit their catalytic activity and induce cell cycle arrest, whereas p16INK4a inhibits CDK4/6.
Wild-type p53 activates the transcription of p21 gene.



cell cycle are the G1 phase preceding the DNA synthesis (S) phase and the mechanism
that drives the cell across the restriction (R) point in late G1, which is crucial for the
cell’s destiny toward division, differentiation, senescence, or apoptosis. Several studies
suggest that traversion of the R point within the G1 phase is the key event in cell-cycle
regulation, and that the rest of cell-cycle progression occurs almost automatically once the
R point has been overcome (6). Several proteins can inhibit the cell cycle in G1 phase; if
DNA damage occurs, p53 accumulates in the cell and induces the p21-mediated inhibition
of cyclin D/CDK. The frequent loss of G1 regulation in human cancer has revealed targets
for possible therapeutic intervention. D-type cyclins are transcribed in the G1 phase of the
cell cycle. The isoforms D1, D2, and D3 are functionally equivalent, and are expressed in
a tissue-specific manner. CDK4 and CDK6 are activated by D cyclins to phosphorylate the
retinoblastoma protein pRb, a known cell proliferation regulator. The members of the
INK4 family exert their inhibitory activity by binding to the CDK4 and CDK6 kinases and
preventing their association with D-type cyclins.

Genetic analysis of human tumors has revealed that some of the molecules most
often altered in cancer are those involved in the control of the G1/S transition of the cell
cycle, a time when cells become committed to a new round of cell division. During the
G1/S transition, the cyclin E/CDK2 and cyclin D/CDK4 complexes promote progres-
sion and are each inhibited by the associated CKI p27kip1. The transition to S phase is
triggered by the activation of the cyclin D/CDK complex, which phosphorylates pRb.

In contrast to G1 regulators, less is known about the genes, which regulate the S, G2,
and M phases of the cell-cycle like cyclin A- and cyclin B-kinase complexes and their
inhibitors. The significance of cell cycle regulatory genes in carcinogenesis is under-
lined by the fact that most of them have been identified as proto-oncogenes or tumor
suppressor genes.

In S phase, phosphorylation of components of the DNA replication machinery by
cyclin A–CDK is believed to be important for initiation of DNA replication and to
restrict the initiation to only once per cell cycle. Transition from G2 to M phase involves
destruction of cyclin A and ascendancy of cyclin B. The protein phosphatase CDC25
removes inhibitory phosphates from CDK1/cyclin B complexes. During the normal cell
cycle, negative regulation by phosphorylation of cyclin B/CDC2 prevents premature
mitotic entry before the completion of S phase.

1.2. Alterations in the Cell Cycle Leading to Malignant Transformation
The knowledge about the molecular mechanisms required for tumor formation has

greatly increased during the last 40 years. Key molecular mechanisms required for malig-
nant transformation have been identified. Tumor growth is a dynamic process in which it
is difficult to identify a unique event that caused the process. It is well-established that
numerous events together contributed to the acquisition of the malignant phenotype. It
is commonly accepted that a thorough understanding of the molecular mechanisms that
lead to uncontrolled proliferation of cancer cells will allow the identification of targets
that can be therapeutically manipulated to arrest or kill tumor cells. For many years,
considerable effort has been made to understand the machinery that controls normal
cell cycles, thereby aiding the identification of molecules or processes altered in tumor
cell cycles. Alterations in the machinery that controls the decision to progress from a
resting state into the cell cycle (the so-called G0/G1 transition) or to progress from G1
into S phase are found in virtually all tumor cells.

Chapter 1 / The Cell Cycle and the Molecular Biology of Cancer 5



1.3. Alterations of the G1 to S Regulatory Machinery in Cancer
1.3.1. CYCLIN E

Cyclin E–CDK2 has long been considered an essential and master regulator of pro-
gression through G1 phase of the cell cycle. Cyclin E–CDK2 activity is the highest in
G1/S cells and the lowest in quiescent cells (7–9). This periodicity results from many
factors including transcriptional and post-transcriptional control of cyclin E abundance,
the binding of CIP/KIP CKIs (10), and modification of CDK2 activity by inhibitory
and activating phosphorylations. These multiple layers of control ensure that cyclin E
activity is tightly regulated during normal cell cycles. In contrast, cyclin E–CDK2 is
often deregulated in cancer cells, and this likely contributes to the development of can-
cer. Many cancers overexpress cyclin E protein or mRNA including carcinomas (breast,
lung, cervix, endometrium, gastrointestinal tract), lymphoma, leukemia, sarcomas, and
adrenocortical tumors (11–20). Several mechanisms deregulate cyclin E expression in
tumors. A large number of oncogenes function within the mitogenic signal transduction
pathways that regulate the pRb pathway, and oncogenic mutations within these path-
ways may increase cyclin E abundance through increased E2F activity. The most com-
mon means of activating cyclin E expression in cancers might thus involve mutations in
regulatory pathways, rather than within cyclin E itself.

1.3.2. CYCLIN D1

The improper formation of cyclin D1 complexes with CDK4/6 or other aberrant
hyperactivation of these complexes could act equivalently to pRb loss to render a cell
insensitive to a need for mitogenic signaling. Such aberrant CDK activation or loss of
pRb has obvious implications for cancer cell generation and, indeed, pRb loss or hyper-
activation of CDK4 and/or CDK6 is found in most human tumor cells. Hyperactivation
of CDK4 and CDK6 can be achieved through deregulated expression of D-type cyclins,
loss of p16INK4a or other members of the INK4 family more commonly involved in dif-
ferentiation or transforming growth factor-signaling (21), or mutation-based insensitiv-
ity to the inhibitory effects of p16INK4a. Hence, every element of the core pRb pathway
(p16INK4a, D-type cyclins, CDK4/6, and pRb itself) represents a potential oncogene or
a tumor suppressor.

Molecular analysis of human cancers strongly support this notion. For instance,
amplification or rearrangement of the cyclin D1 gene located on chromosome 11q13 as
well as overexpression of cyclin D1 protein has been described in a wide spectrum of
human cancers, such as squamous cell carcinomas of head and neck, esophagus, tongue
and larynx, carcinomas of uterine cervix, astrocytomas, nonsmall-cell lung cancers,
soft-tissue sarcomas, and others (22–27). The best-documented of these alterations is a
frequent involvement of cyclin D1 in pathogenesis of human breast cancer. Thus,
approx 15–20% of human mammary carcinomas contain amplification of the cyclin D1
gene (28–30), whereas cyclin D1 protein is overexpressed in more than 50% of human
breast cancers (31–35). Cyclin D1 overexpression is seen at the earliest stages of breast
cancer progression, such as ductal carcinoma in situ, but not in premalignant lesions
(such as atypical ductal hyperplasia). Hence, overexpression of cyclin D1 can serve as
a marker of malignant transformation of mammary epithelial cells (36). Once cyclin
D1 overexpression is acquired by the tumor cells, it is maintained at the same level
throughout breast cancer progression from ductal carcinoma in situ to invasive carci-
noma and is preserved even in metastatic lesions (31,35).

6 Part I / Introduction



1.3.3. CYCLIN D2 AND CYCLIN D3

Cyclin D2 and D3 genes are also amplified and the encoded proteins are overex-
pressed in many human cancers. Cyclin D2 is involved in B-cell lymphocytic
leukemias and lymphoplasmacytic lymphomas (37), chronic lymphocytic leukemias
(38) as well as in testicular and ovarian germ cell tumors. Cyclin D3 overexpression
has been found in glioblastomas, renal cell carcinomas, pancreatic adenocarcinomas,
and several B-cell malignancies, such as diffuse large B-cell lymphomas or multiple
myelomas (39–43).

1.3.4. CDK4

Similarly, overexpression of CDK4 is found (often as consequence of gene amplifi-
cation) in breast cancers (44), in gliomas, glioblastomas multiforme, sarcomas, and uri-
nary bladder cancers (45–49). Moreover, in several human malignancies, the kinase
activity of CDK4 is hyperactivated because of the loss, mutation, or silencing of the
gene encoding the CDK4 inhibitor, p16INK4a (50–54). Yet, another set of tumors, includ-
ing retinoblastoma, osteosarcoma, small-cell lung carcinoma, and bladder carcinoma,
is associated with the loss of the pRb protein (55). Cyclin A is a particularly interesting
member of the cyclin family because it can activate two different CDKs and functions
in both S phase and mitosis. In mitosis, the precise role of cyclin A is still obscure, but
it might contribute to the control of cyclin B stability. Consistent with its role as a key
cell-cycle regulator, expression of cyclin A is found to be elevated in a variety of tumors.

1.3.5. ALTERATIONS OF THE CKIS

CKIs are negative regulators of the cell cycle. Thus, perturbation in their activity
results in severe disregulation of cell proliferation and failure to suppress tumor growth
(56). The INK4 CKIs are lost through mutation, deletion, and/or promoter methylation
in a variety of human neoplasms and in this sense are true tumor suppressor genes (21).
On the contrary, the CIP/KIP CKI p27kip1 does not fit the classic tumor suppressor par-
adigm in humans, as mutations in the p27kip1 gene in human tumors are extremely rare
(57). However, p27kip1 has been defined “tumor suppressor protein” because inactiva-
tion of its function has been implicated in the development of human tumor (58).

Two different mechanisms have been implicated in p27kip1 inactivation during the
process of human carcinogenesis: downregulation of its expression and exclusion from
the nuclear compartment. A drastic reduction in the level of p27kip1 protein (or even a
complete loss) is observed in approx 50% of all types of human cancer (59). Reduced
p27kip1 expression has been associated with the development of human epithelial
tumors originating from the majority of human organs, including lung (60), breast (61),
colon (62), ovary (63), esophagus (64), thyroid (65), and prostate (66). Loss of p27kip1

expression is detected also in a subset of malignancies originated from the central nerv-
ous system (67) and from the lymphoid tissue (68).

In most human tumors the loss of p27kip1 protein results from altered proteasome-
mediated degradation (62). Fast, specific, and timely proteolysis of cell-cycle regula-
tors by the ubiquitin–proteasome system represents an important mechanism, which
ensures proper progression through the cell division in a unidirectional and irreversible
manner (69). A finding that is crucial for its clinical implications is that low or absent
p27kip1 expression represents an important marker of disease progression in a number
of tumor types (60,63,66).

Chapter 1 / The Cell Cycle and the Molecular Biology of Cancer 7



Cytoplasmic sequestration of p27kip1 in tumors has been identified only recently as a
mechanism, whereby cancer cells promote cancerogenesis in humans. Displacement of
p27kip1 into the cytoplasm has been shown to contribute to the anchorage-independent
growth of human transformed fibroblasts. It is performed by maintaining high
cyclin–CDK activity in the nucleus (70), and the increased proliferation associated
with the loss of the tuberous sclerosis complex-2 gene product (tuberin), a GTPase-
activating protein for Rap1a and Rab5 GTPases (71).

1.4. p53 Pathway in Cancer
Cells contain numerous pathways designed to protect them from the genomic insta-

bility or toxicity that can result when their DNA is damaged. The p53 tumor suppressor
is particularly important for regulating passage through G1 phase of the cell cycle,
whereas other checkpoint regulators are important for arrest in S and G2 phase. The
phase of the cell cycle in which the cells arrest depends on their p53 status. Cells with
wild-type p53 arrest predominantly in the G1 phase, whereas cells with mutant p53 fail
to arrest in G1, but rather accumulate in the S and G2 phases. Once repair is complete,
cells might recover, proliferate, and divide. Premature progression through the cell
cycle can be lethal.

Wild-type p53 can prevent abrogation of arrest by elevating levels of p21waf1 and by
decreasing levels of cyclins A and B. p21waf1 regulates cyclin E/CDK2 and cyclin
A/CDK2 complexes, both of which phosphorylate pRb. Thus, it contributes to the tran-
sition into the S phase and cell-cycle progression, even in the absence of growth signals.

The accumulation of p21waf1 followed by inhibition of cyclin E/CDK2 and cyclin
A/CDK2 complexes blocks the progression from G1 to S phase (72). Moreover, p21waf1

is also involved in the apoptotic process by increasing the phosphorylation and inactiva-
tion of pRb. During tumorigenesis, tumor cells frequently lose checkpoint controls,
which causes the development of the tumor. However, these defects also represent an
Achilles heel that can be targeted to improve current therapeutic strategies. Virtually, all
human tumors deregulate either pRb or p53 pathways, and often both simultaneously.
The importance of these pathways in cellular growth control is underscored by the obser-
vation that members of these pathways are found mutated in all human cancers. For
example, many studies have pointed out the aberrant expression and prognostic signifi-
cance of individual proteins in either the pRb (particularly cyclin D1, p16INK4a, and
pRb) or the p53 (p53 and p21waf1) pathways in nonsmall-cell lung cancer (73).

1.5. pRb Pathway in Cancer
The protein product of the retinoblastoma gene, pRb, and the related p107 and p130

proteins regulate transitions between cell proliferation and terminal differentiation. A
common relevant biological activity shared by the three members of this family is the
ability to negatively control the cell cycle (74–77). In fact, they negatively modulate the
transition between the G1 and S phases, using mechanisms mostly related to inactivation
of transcription factors, such as those of the E2F family, that promote the cell entrance
into the S phase. pRb, p107, and p130 all bind to E2F, a transcription factor    that regu-
lates the expression of numerous genes needed for cell-cycle entry and DNA synthesis
(78). pRb associates with each member of the E2F family, except E2F5 and E2F6,
whereas p107 binds E2F4 exclusively, and p130 binds both E2F4 and E2F5 (79),
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switching from E2F5 in G0 to E2F4 complexes as the cell re-enters the G1 phase (80,81).
Complex formation between E2F and pRb families is cell-cycle-dependent: CDKs phos-
phorylate the pRb family in late G1, liberating free E2F (82,83). The three members are
active in complexes at different time of the cell cycle: pRb2/p130 is primarily active in
arrested G0 or differentiated cells (84), active pRb is found in quiescent and differentiated
cells as well as in mid to late G1, and p107 complexes are the most abundant in cycling
cells, in G1/S and S phase complexes (81). The full-length pRB protein contains 16 con-
sensus CDK-phosphorylation sites. Phosphorylation at specific sites inhibits the binding
of pRB to cellular proteins, thereby disrupting the antiproliferative activity of RB (85,86).
Therefore, overexpression of proteins which causes excessive or deregulated phosphory-
lation of pRB is a common event in human tumors (10,87,88). The pRb-, p107-, and
pRb2/p130–E2F complexes can each be disrupted by viral oncoproteins (E1A, SV40,
and E7), resulting in the deregulation of E2F transcriptional activity (89,90).

p107 is mostly predominant during the late G1 phase through G2/M and its expres-
sion is strictly regulated by its E2F dependent promoter. In contrast to p107, lack of
pRb2/p130 expression has been observed in several different tumor types supporting its
bonafide tumor suppressor function. During the last 10 years, a large number of studies
have examined the diagnostic and prognostic significance of pRb expression in various
tumors. Almost all studies report decreased pRb expression in a broad spectrum of
tumors. pRb is lower in more aggressive myelogenous leukemia (91–93), as well as in
nonsmall-cell lung carcinoma (94,95), in papillary thyroid carcinoma (96), in bladder
(97), prostate (98,99) and ovarian (100) carcinomas, malignant astrocytoma (101), non-
Hodgkin’s lymphoma (102), and other types of cancer. The loss or decreased expres-
sion of pRb2/p130 was found in lung carcinomas (95,103), endometrial cancer
(104–106), choroidal melanoma (107), non-Hodgkin lymphoma (108), vulvar cancer
(109), prostatic (110) and ovarian carcinomas (111).

1.6. Alterations of the G2 to M Regulatory Machinery in Cancer
The G2/M checkpoint prevents cells from initiating mitosis when they experience

DNA damage during G2, or when they progress into G2 with some unrepaired damage
inflicted during previous S or G1 phases (112,113). The accumulation of cells in G2
might also reflect a contribution of the so-called DNA-replication checkpoint that may
detect some of the persistent DNA lesions from the previous S phase as being inappro-
priately or not fully replicated DNA.

The critical target of the G2/M checkpoint is the mitosis-promoting activity of the
cyclin B/CDK1 kinase. Its activation after various stresses is inhibited by ataxia telang-
iectasia mutated (ATM)/ATM and Rad3-related (ATR), Checkpoint kinase CHK1/
CHK2, and/or p38-kinase-mediated subcellular sequestration, degradation, and/or inhi-
bition of the CDC25 family of phosphatases that normally activate CDK1 at the G2/M
boundary (113–115). In addition, other upstream regulators of CDC25C and/or cyclin
B/CDK1, such as the Polo-like kinases PLK3 and PLK1 seem to be targeted by DNA-
damage-induced mechanisms (113).

The maintenance phase of the G2/M checkpoint probably partly depends on the tran-
scriptional programs regulated by BRCA1 and p53, leading to the upregulation of cell-
cycle inhibitors such as the CKI p21waf1, GADD45a (growth arrest and DNA-
damage-inducible 45-α), and 14–3–3 sigma proteins (113,116). The fact that even tumors
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defective in other checkpoints, such as those with mutant p53, tend to selectively accu-
mulate in G2 after DNA damage, indicates that p53-independent mechanisms are suffi-
cient to sustain the G2/M arrest. At the same time, this phenomenon has inspired efforts
to interfere with the G2/M checkpoint as a potential strategy to sensitize cancer cells,
which are deficient in their G1/S checkpoint pathways, to radiation- or drug-induced
DNA damage (117).

2. FUTURE DIRECTIONS

Understanding the complex molecular mechanism that regulates cell-cycle progres-
sion and is involved in tumor development and progression, still remains the major goal
in cancer research. Indeed, an increased knowledge of the alteration in both pRb and
p53 pathways will be useful to design appropriate anticancer treatments. A better
knowledge of the epigenetic mechanism affecting key regulators of cell cycle could
open up a new dimension to manage a variety of human cancers.

Animal models and human-cancer-susceptibility syndromes will continue to teach
us about the physiological roles of the genes and pathways involved in DNA-damage
responses. Many questions remain, such as how the cross-talk between the signaling
pathways discussed here, and the processes of DNA repair and apoptosis operate. As
these pathways seem to be major determinants of cellular responses to the types of
cytotoxic agent that are used to treat tumors, these insights might teach new ways to
treat tumors more effectively. Similarly, because these response pathways seem to be
major protectors from cancer development, the study of these pathways could lead to
effective and new approaches to the reduction of cancer development. In addition to the
prevention of cancer and more effective treatment of malignancies, insights into the
mechanisms involved in these response pathways may even shed light on the processes
of aging and senescence.
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1. INTRODUCTION

Ovarian cancer is one of the most fatal malignant diseases in women. In 2004, it
accounted for approx 16,090 deaths (1). About 25,000 new cases are diagnosed annu-
ally, of which approx 75% are diagnosed at an advanced stage. Ovarian cancer is a
heterogenous group of tumors, but the most common type is surface epithelial tumors,
which are classified into serous, mucinous, endometrioid, clear cell, and Brenner (tran-
sitional) tumors corresponding to different types of epithelia in the organs of the
female reproductive tract (2–4). The tumors in each of the categories are further sub-
classified into three groups, benign, intermediate (borderline tumor), and malignant to
reflect their clinical behavior.

Despite considerable efforts aimed at elucidating the molecular mechanisms in the
development of ovarian carcinoma, its pathogenesis is still largely unknown because of
the lack of correlated morphological and molecular genetic studies (5,6). Based on a
review of clinicopathological and molecular studies, a model for their development has
been proposed. In this model, surface epithelial tumors are broadly divided into two
categories designated type I and type II tumors, which correspond to two main path-
ways of tumorigenesis. Type I tumors are made up of low-grade serous carcinomas,
mucinous carcinomas, endometrioid carcinomas, malignant Brenner tumors, and clear
cell carcinomas. They tend to be low-grade neoplasms that arise in a stepwise fashion
from borderline tumors whereas type II tumors are high-grade neoplasms for which
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morphologically recognizable precursor lesions have not been identified, so-called “de
novo” development. This model reconciles the relationship of borderline tumors to
invasive carcinoma of different histological types and provides a morphological and
molecular framework for studies aimed at elucidating the pathogenesis of ovarian can-
cer. This chapter will describe the proposed model with special emphasis on serous
tumors, as they are the most common surface epithelial tumors.

2. THE CLINICOPATHOLOGICAL BASIS OF THE PROPOSED MODEL

In the last several years, attempts have been made to characterize the clinicopatho-
logical features of noninvasive and invasive epithelial ovarian tumors of all histological
types in an effort to elucidate their pathogenesis and behavior (2,7–9). These studies
identified a subset of low-grade serous tumors originally designated “micropapillary
serous carcinoma (MPSC)” with characteristic histopathological features, low prolifer-
ative activity, and an indolent behavior. These tumors contrast dramatically with the
conventional type of serous carcinoma, which is a high-grade aggressive neoplasm that
has high proliferative activity (2,7,9). The term “MPSC” was originally proposed to
distinguish the noninvasive form of this tumor from the more common noninvasive
tumor, termed an “atypical proliferative serous tumor,” both of which have been
included under the rubric of “borderline” or “low-malignant potential” (7,9).
Subsequent studies have suggested that MPSC is the precursor or in situ lesion of invasive
low-grade serous carcinoma and therefore, the term “intraepithelial low-grade serous
carcinoma” is preferred. Histological transitions from cystadenoma/adenofibromas and
atypical proliferative serous tumors to intraepithelial low-grade serous carcinomas are
observed in nearly 75% of cases (10). In addition, areas of infiltrative growth (stromal
invasion) immediately adjacent to the intraepithelial component are found in a signifi-
cant proportion of cases (10). The aforementioned histopathological findings
strongly suggest that there is a spectrum of tumor progression beginning with a
benign serous cystadenoma/adenofibroma, through a proliferative tumor (atypical
proliferative serous tumor) to an intraepithelial low-grade serous carcinoma and
finally, to an invasive low-grade serous carcinoma.

Usually, patients with low-grade serous carcinomas have an indolent course that
might last as long as 20 years (9,10). Approximately 50% of patients with low-grade
serous carcinoma ultimately succumb to their disease because of widespread intra-
abdominal carcinomatosis. But the tumor generally maintains its low-grade appearance
and low proliferative index throughout its course (10). This contrasts with high-grade
serous carcinoma, which presents as an aggressive neoplasm that spreads rapidly and is
associated with a poor outcome. Analysis of nonserous ovarian tumors including muci-
nous, endometrioid, clear cell carcinomas, and malignant Brenner tumors reveal that
they are often associated with cystadenomas, borderline tumors, and intraepithelial car-
cinomas (2). Furthermore, it has been long recognized that endometrioid carcinoma
and clear cell carcinoma are associated with endometriosis in the ovary or pelvis in
15–50% of cases (11,12). This finding suggests that endometriosis is a precursor of
these tumors. In parallel with the aforementioned clinical observation, a recent trans-
vaginal ultrasonography study has shown that approx 50% of ovarian carcinomas
develop from pre-existing cystic lesions, whereas the remaining 50% develop in ovaries
without an apparent abnormality on ultrasound (13). The former group was mainly
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made up of mucinous, endometrioid, clear cell carcinomas, and borderline tumors,
whereas the latter group was made up almost exclusively of high-grade serous carcino-
mas. This distribution corresponds to the type I and type II tumors.

3. THE PROPOSED TUMORIGENIC MODEL 
OF OVARIAN CARCINOMA

The clinicopathological observations described earlier, provide the basis for a pro-
posed model of ovarian carcinogenesis, in which there are two main pathways, corre-
sponding to type I and type II tumors. The tumor types, putative precursor lesions and
associated molecular genetic alterations are summarized in Table 1. It should be empha-
sized that the terms, type I and type II, refer to tumorigenic pathways and are not spe-
cific histopathological terms. Type I tumors (low-grade serous carcinoma, mucinous
carcinoma, endometrioid carcinoma, malignant Brenner tumor, and clear cell carci-
noma) develop in a stepwise fashion from well-recognized precursors, namely “border-
line” tumors, which in turn, develop from cystadenomas/adenofibromas (Fig. 1; Table 1)
(14). The benign tumors appear to develop from the surface epithelium or inclusion
cysts in the case of serous and mucinous tumors and from endometriosis or endometri-
omas in the case of endometrioid and clear cell tumors. Type I tumors are slow growing
as evidenced by the observation that they are large and often confined to the ovary at
diagnosis. In contrast, type II tumors are high-grade and usually have spread beyond
the ovaries at presentation. Type II carcinomas include what are currently classified as
high-grade serous carcinoma (“moderately” and “poorly” differentiated), malignant
mixed mesodermal tumors (carcinosarcomas), and undifferentiated carcinoma (Fig. 1;
Table 1). Once believed to be mixed tumors consisting of carcinoma and sarcoma,
malignant mixed mesodermal tumors (carcinosarcomas) have been shown to be mono-
clonal (15,16) and accordingly, these tumors are currently considered high-grade carci-
nomas with a metaplastic sarcomatous component. Type II carcinomas evolve rapidly,
disseminate early in their course and are highly aggressive. As these tumors are rarely
associated with morphologically recognizable precursor lesions; it has been proposed
that they develop “de novo” from the surface epithelium or inclusion cysts of the ovary
(17). It is likely that conventional high-grade serous carcinoma does not develop
“de novo,” but from precursor lesions termed “dysplasia” by some in inclusion cysts
that undergo rapid transition from a microscopic carcinoma to a clinically diagnosed
carcinoma. Although, it is believed that the proposed model accounts for the develop-
ment of most ovarian carcinomas, it is likely that other pathways of tumorigenesis
exist. For example, it is not clear whether some low-grade serous carcinomas (type I)
progress to high-grade serous carcinomas and whether there are other subsets of type II
carcinomas. Molecular profiling and epidemiological studies will be important to deter-
mine whether there are distinct subsets of type II tumors.

4. TYPE I AND TYPE II TUMORS ARE CHARACTERIZED 
BY UNIQUE MOLECULAR FEATURES

Because serous carcinoma is the most common type of ovarian carcinoma, this dis-
cussion is focussed on low- and high-grade serous carcinomas as they represent the
prototypes of type I and type II carcinomas, respectively. Both low- and high-grade
serous carcinomas can be distinguished by unique molecular genetic alterations. Among
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them, the most well-studied molecular alterations are mutations in KRAS and BRAF
oncogenes in low-grade serous carcinoma and mutations in p53 tumor-suppressor gene
in high-grade serous carcinoma. KRAS and BRAF genes are the upstream regulators in
the RAS/RAF/MEK/ERK/MAP signal transduction pathway, which plays a critical role
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Table 1 
Precursors and Molecular Genetic Alterations of Type I and Type II Tumors of the Ovary

Known molecular 
Type I tumors Precursorsa genetic alterations

Low-grade serous Serous cystadenoma/adenofibroma BRAF and KRAS
carcinoma Atypical proliferative serous tumor mutations (~67%)

Intraepithelial low-grade carcinoma
Mucinous Mucinous cystadenoma KRAS mutations (>60%)

carcinoma Atypical proliferative mucinous tumor
Intraepithelial carcinoma

Endometrioid Endometriosis LOH or mutations in
carcinoma Endometrioid adenofibroma PTEN (20%)

Atypical proliferative endometrioid tumor β-catenin gene 
mutations (16–54%)

Intraepithelial carcinoma KRAS mutations (<10%)
Microsatellite instability 

(13–50%)
Clear cell Endometriosis KRAS mutations (5–16%)

carcinoma Clear cell adenofibroma Microsatellite instability
Atypical proliferative clear cell tumor (~13%)
Intraepithelial carcinoma TGF-β RII mutation 

(66%)b

Malignant Brenner Brenner tumor Not yet identified
(transitional) Atypical proliferative Brenner tumor
tumor

Known molecular 
Type II tumors Precursors genetic alterations
High-grade serous Not yet identified p53 mutations (50–80%)

carcinoma Amplification and 
overepxression of 
HER2/neu gene
(10%–20%) and AKT2
gene (12–18%)

Inactivation of p16 gene
(10–17%)

Undifferentiated Not yet identified Not yet identified
carcinoma

Malignant mixed Not yet identified p53 mutations (>90%)
mesodermal
tumor
(carcinosarcomas)

LOH, loss of heterozygosity; TGF, transforming growth factor. 
aAtypical proliferative serous tumors and intraepithelial low-grade serous carcinoma have been termed

“serous borderline” tumors in the literature. Similarly, for mucinous, endometrioid, clear cell, and Brenner
tumors, atypical proliferative tumor, and intraepithelial carcinoma have been combined and designated
“borderline tumor” in the literature.

bBased on preliminary results analyzing three cases (61).



in the transmission of growth signals into the nucleus (18). Oncogenic mutations in
BRAF and KRAS result in constitutive activation of this pathway and contribute to neo-
plastic transformation. Recent studies (14,19) have demonstrated that KRAS mutations
at codons 12 and 13 occur in 35% of invasive low-grade serous carcinomas and 33% of
borderline tumors (atypical proliferative tumor and intraepithelial low-grade carci-
noma), but not in high-grade serous carcinomas. Similarly, BRAF mutations at codon
599 occur in 30% of low-grade serous carcinomas and 28% of borderline tumors, but
not in high-grade serous carcinomas (19). Accordingly, mutations in either KRAS or
BRAF were found in 65% of invasive low-grade serous carcinomas and in 68% of
serous borderline tumors (atypical proliferative tumors and intraepithelial low-grade
serous carcinomas). In contrast, neither of the genes is mutated in high-grade serous
carcinomas (Fig. 2). It is of interest that BRAF mutations were found only in tumors
with wild-type KRAS and vice versa (19). The mutually exclusive nature of BRAF
mutations at codon 599 and KRAS mutations at codons 12 and 13 in ovarian carcinoma
is consistent with similar findings in melanoma and colorectal carcinoma (20,21), and
lends support to the view that KRAS and BRAF mutations have an equivalent effect on
tumorigenesis. Mutations of KRAS and BRAF appear to occur very early in the devel-
opment of low-grade serous carcinoma. To investigate how early mutations of KRAS
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Fig. 1. Schematic representation of the dualistic model depicting the development of ovarian serous
carcinomas, the most common type of ovarian cancer. Low-grade serous carcinoma represents the
prototypic type I tumor and develops in a stepwise fashion from an atypical proliferative tumor
through an intraepithelial or in situ stage of low-grade serous carcinomas (both of these tumors
qualified as “borderline”) before becoming invasive. These tumors are associated with frequent KRAS
or BRAF mutations. High-grade serous carcinoma represents the prototypic type II tumor and devel-
ops from the ovarian surface epithelium or inclusion cysts without morphologically recognizable
intermediate stages. KRAS and BRAF mutations have not been found in any of these neoplasms
(14,19,68). CIN: chromosomal instability.



and BRAF occur in the development of serous borderline tumors, Ho et al. compared
the mutational status of KRAS and BRAF in both SBTs and the adjacent epithelium
from cystadenomas, the presumed precursor of SBTs. In that study, three of eight SBTs
contained mutant BRAF and four SBTs contained mutant KRAS. All specimens with
mutant BRAF harbored wild-type KRAS and vice versa. Thus, seven (88%) of eight
SBTs contained either KRAS or BRAF mutations. The same mutations detected in SBTs
were identified in the cystadenoma epithelium adjacent to the serous borderline tumor
(SBTs) in six (86%) of seven informative cases. As compared with SBTs, the cystade-
noma epithelium like ovarian surface epithelium lacks cytological atypia. The afore-
mentioned findings provide cogent evidence that mutations of KRAS and BRAF occur
in the epithelium of cystadenomas adjacent to SBTs and strongly suggest that they are
very early events in tumorigenesis, preceding the development of SBT (22).

In contrast to low-grade serous carcinoma where mutations in p53 are rare, muta-
tions in p53 are common in high-grade serous carcinomas. Most studies have shown
that approx 50–80% of advanced stage, presumably high-grade, serous carcinomas
have mutant p53 (23–28). It has also been reported that mutant p53 is present in 37%
of stage I and II, presumably high-grade serous carcinomas (29). In a study of very
early microscopic stage I serous carcinomas in ovaries removed prophylatically from
women who were BRCA heterozygotes, overexpression of p53, and mutation of p53
were found in all early invasive high-grade serous carcinomas as well as in the adjacent
“dysplastic” surface epithelium (30). It is likely that inherited mutations in BRCA genes
predispose the ovarian surface epithelium and inclusion cysts to neoplastic transforma-
tion through an increase in genetic instability. Although, sporadic ovarian carcinomas
were not analyzed in this study, the clinical and pathological features of BRCA-linked
ovarian carcinomas and their sporadic counterparts are indistinguishable, suggesting
that their histogenesis is similar. Thus, although the molecular genetic findings are pre-
liminary, they suggest that conventional high-grade serous carcinoma, in its very earliest
stage resembles advanced stage serous carcinoma at the molecular as well as at the
morphological level. Similar to high-grade serous carcinoma, malignant mixed
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Fig. 2. Mutational analysis of KRAS, BRAF, and p53 in ovarian serous tumors. (A) Mutations in
either KRAS (black bars) or BRAF (gray bars) occur frequently in both serous borderline tumors and
invasive low-grade serous carcinomas. The mutations are not detected in all high-grade serous carci-
nomas examined based on the previous study (19) and additional cases. (B) Mutations in p53 are fre-
quent in high-grade serous carcinoma, but are less frequent in serous borderline tumors and invasive
low-grade serous carcinomas.



mesodermal tumors (carcinosarcomas) also demonstrate p53 mutations in almost all
analyzed cases (31–33). It has been reported that the same p53 mutations occur in the
epithelial and the mesenchymal components (31). Moreover, the fact that pure carcino-
matous areas are often associated with sarcomatous components suggests a common
derivation of both the epithelial and the mesenchymal components in these neoplasms
(34). The finding that metastases from these tumors nearly always are made up of car-
cinoma, has led investigators to suggest that malignant mixed mesodermal tumors are
metaplastic carcinomas.

Besides p53 mutations, high-grade serous carcinomas demonstrate other molecular
genetic changes including amplification of HER-2/neu tyrosine kinase gene (35),
amplification of AKT2 serine/threonine kinase gene (36,37), amplification of Rsf-1
chromatin remodeling gene (38), and inactivation of the p16 gene as a result of pro-
moter methylation, mutation, or homozygous deletion of the p16 gene. These genetic
changes are rare in borderline tumors and invasive low-grade serous carcinomas. As
these molecular genetic studies were not carefully correlated with the morphological
findings and were described simply as “serous carcinomas,” they have been referred to
as “presumably high-grade” because the vast majority of serous carcinomas are high
grade. In addition to molecular genetic alterations, both low- and high-grade serous
carcinomas are characterized by distinct gene expression profiles. For example,
transcriptome-wide gene expression profiling has demonstrated that human leukocyte
antigen (HLA)-G (39) and apolipoprotein E (apoE) (40) are overexpressed in most
high-grade serous carcinomas, but rarely in low-grade serous carcinomas. HLA-G
immunoreactivity, ranging from focal to diffuse, has been detected in 45 of 74 (61%)
high-grade ovarian serous carcinomas, but in none of the 18 low-grade serous carcino-
mas or 26 serous borderline tumors (atypical proliferative tumors and noninvasive
MPSCs) (39). A similar correlation of HLA-G expression with behavior has been
observed in large cell carcinoma of the lung (41). A possible mechanism that explains
the association of HLA-G expression with prognosis is that HLA-G appears to facili-
tate tumor cell evasion of the immune system by protecting malignant cells from lysis
by natural killer cells (42).

The genes that are specifically expressed in other types of ovarian carcinomas remain
largely unknown. Recently, hepatocyte nuclear factor-1α and glutathione peroxidase 3
have been reported as molecular markers for ovarian clear cell carcinoma as both genes
are highly expressed in ovarian clear cell carcinomas, but rarely in other ovarian carci-
nomas (43,44). Chromosomal instability as evidenced by allelic imbalance has been
studied in high- and low-grade serous carcinomas as well as their precursors (14). A
progressive increase in the degree of allelic imbalance of chromosomes 1p, 5q, 8p, 18q,
22q, and Xp was noted when comparing atypical proliferative tumors with intraepithe-
lial and invasive low-grade serous carcinomas. The allelic imbalance patterns in atypi-
cal proliferative tumors were also found in intraepithelial low-grade serous carcinomas
containing adjacent atypical proliferative tumor components, further supporting the
view that atypical proliferative tumors are the precursors of low-grade serous carcino-
mas. In contrast, all high-grade serous carcinomas including the very earliest tumors
showed high levels of allelic imbalance. As allelic imbalance reflects chromosomal
instability, the aforementined findings suggest a step-wise increase in chromosomal
instability in the progression to low-grade serous carcinoma, in contrast to the high
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level of chromosomal instability in high-grade serous carcinoma, even in their earliest
stage of development.

The stepwise progression of type I carcinomas closely simulates the “adenoma-
carcinoma” sequence in colorectal cancer. In mucinous carcinoma for example, mor-
phological transitions from cystadenoma to an atypical proliferative tumor, to
intraepithelial carcinoma, and invasive carcinoma have been recognized for some time.
Also, an increasing frequency of KRAS mutations at codons 12 and 13 has been
described in cystadenomas, borderline tumors, and mucinous carcinomas, respectively
(45–49). In addition, mucinous carcinoma, and the adjacent mucinous cystadenoma,
and borderline tumor share the same KRAS mutation (45). Similarly, in endometrioid
carcinomas, mutation of β-catenin has been reported in approximately one-third of
cases (50,51), and mutations of KRAS can also be observed, albeit at a lesser frequency
(nearly 10%) in most studies (11,19,49,52,53). On the other hand, mutation of the
tumor suppressor, PTEN, occurs in 20% of endometrioid carcinomas, rising to 46% in
these tumors with 10q23 loss of heterozygosity (54). Moreover, similar molecular
genetic alterations including loss of heterozygosity at 10q23 and mutations in PTEN
have been reported in endometriosis, atypical endometriosis, and ovarian endometrioid
carcinoma in the same specimen (54–59). The molecular genetic findings together with
the morphological data showing a frequent association of endometriosis with endo-
metrioid adenofibromas and atypical proliferative (borderline) tumors, adjacent to inva-
sive well-differentiated endometrioid carcinoma provide evidence of stepwise tumor
progression in the development of endometrioid carcinoma. The importance of the
genetic changes is highlighted by a recent report showing that inactivation of PTEN
and activating mutation of KRAS are sufficient to induce the development of ovarian
endometrioid carcinoma in a mouse model (60). Clear cell carcinoma is also frequently
associated with endometriosis, clear cell adenofibromas, and atypical proliferative (bor-
derline) clear cell tumors. But molecular evidence for the stepwise progression model
is lacking because molecular markers specific to clear cell neoplasms have only recently
been identified (43,44). Mutations in transforming growth factor-β receptor type II has
been found in two of three clear cell carcinomas, but rarely in other histological types
of ovarian carcinomas (61). Microsatellite instability is present in endometrioid and
clear cell carcinoma, but is only rarely detected in serous and mucinous tumors (62,63).
These findings provide further evidence of the close relationship of endometrioid and
clear cell carcinoma and point to a common precursor lesion for these two neoplasms.

5. FUTURE PERSPECTIVES IN STUDYING OVARIAN TUMORS

The tumorigenesis model described here provides a framework for future molecular
and clinical studies of ovarian cancer (64). There are several research directions that
need to be addressed in order to better understand the pathogenesis of ovarian carci-
noma. The most critical include the introduction of new molecular genetic tools and
population-based studies of ovarian serous borderline tumors. First, the key molecular
events that are involved in the development of different subtypes of ovarian carcinoma
are largely unknown. Several elegant studies have used gene expression profiling as the
discovery tool and have identified a myriad of candidate markers associated in ovarian
cancer. Although, this expression-based approach is intriguing, these studies alone can
not distinguish the cancer “driving” genes that directly propel tumor progression from a
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larger number of “passenger” genes that are concurrently overexpressed, but lack bio-
logical relevance in tumor development. This is because gene expression is dynamic and
depends on both genetic and epigenetic programs in tumor cells. In contrast, molecular
genetic changes, such as alterations in DNA copy number (e.g., amplifications and dele-
tions), and point mutations are inheritable in nature and are the result of Darwinian
selection because of the growth advantage conferred by these alterations in tumors (65).
The success of the human genome database and sequence assembly has accelerated can-
cer genome studies, and it is providing precise data that will facilitate chromosomal
mapping and localization of potential oncogenes and tumor suppressors. For example,
recent development of innovative technologies, such as digital Karyotyping, array-based
comparative genomic hybridization (CHG), and representational oligonucleotide
microarray analysis (ROMA) provide molecular platforms that detect DNA copy-
number changes at a genome-wide scale with excellent resolution (66). In addition, an
automated capillary sequencing platform and other new techniques have become avail-
able for large-scale mutational analyses of human cancers. Many research groups have
started to apply these new technologies to ovarian cancer with the expectation that they
will facilitate the discovery of new tumor-related genes that play a casual role in the
development of ovarian cancer.

The pathogenesis, behavior, and clinical management of ovarian borderline tumors,
especially, the serous borderline tumors need to be defined. These gaps in the knowledge
are largely because of the fact that most studies of SBTs are small, have short follow-
up, and are from tertiary care centers. The few population-based studies that have been
performed suffer from lack of a uniform pathology review, which results in misclassifi-
cation as the diagnoses come from community hospitals where pathologists have lim-
ited experience with these tumors. In August 2003, an NIH/NCI workshop on ovarian
borderline tumors concluded that much of the confusion and controversy surrounding
these tumors were because of lack of population-based studies, in which tumors have
been uniformly classified and lack of studies with long-term follow-up (67).

Mortality in patients with SBTs is limited to those with extraovarian disease, but the
management of these patients remains controversial. Generally, women with noninvasive
implants are followed conservatively whereas those with invasive implants are treated
with chemotherapy. Unfortunately, some women with noninvasive implants develop
recurrences, and invasive implants typically do not respond to conventional cytotoxic
chemotherapy. Accordingly, new types of treatment are necessary for these tumors.

6. CONCLUSION

The pathogenesis of ovarian carcinoma, the most lethal gynecological malignancy, is
unknown largely because of the lack of a tumor progression model. This chapter
reviews a newly proposed pathogenesis model. In this model, surface epithelial tumors
are divided into two broad categories designated type I and type II tumors, which cor-
respond to two main pathways of tumorigenesis. Type I tumors tend to be low-grade
neoplasms that arise in a stepwise fashion from borderline tumors, whereas type II
tumors are high-grade neoplasms for which morphologically recognizable precursor
lesions have not been identified, so-called “de novo” development. This model provides
a morphological and molecular genetic framework for future studies aimed at elucidat-
ing the pathogenesis of ovarian cancer. Unraveling the complex molecular pathways in
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the development of ovarian carcinomas will not only shed light on the pathogenesis of
ovarian cancer, but will also provide the scientific basis for the development of new
diagnostic tests and novel target-based therapy for this devastating disease.
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1. INTRODUCTION 

More than 50% of the women diagnosed with epithelial ovarian cancer will succumb
to their disease. This high death rate is because of two substantial clinical problems:

1. A typically late detection of the disease. 
2. The common resistance of ovarian tumors to current therapeutic strategies.

Indeed, the 5-year survival rate of patients with stage I disease is more than 90%,
whereas patient diagnosed with stage III or IV disease have lower than a 30% survival
rate (1). Unfortunately, because of the lack of distinctive symptoms and reliable biomark-
ers, the vast majority of ovarian cancer patients are diagnosed with late stage disease. In
addition, at diagnosis, about half the tumors are intrinsically resistant to chemotherapy,
and up to half of the tumors initially responsive will develop resistance. Clearly, identifi-
cation of biomarkers useful in early detection would have a significant impact on cancer
survival. Moreover, the existence of markers that would be predictive of outcome may
allow for improved, more targeted therapy. In this chapter, recent advances in the identi-
fication of biomarkers applicable to detection and prognosis (molecular correlates) of
epithelial ovarian cancer will be discussed. Because sporadic ovarian cancer represents
more than 90% of all the cases, concentration will be on sporadic cancers as opposed to
hereditary cancers, which arise in families at risk (such as BRCA1/2 families).

2. EARLY STAGE DETECTION OF OVARIAN CANCER 

Because of the fact that ovarian cancer is relatively rare in the general population,
(incidence of 16 cases per 100,000 women per year), any screening method must have
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an extremely high specificity in order to avoid detecting a large number of false-positives.
For example, a screening test with a specificity of 99% and a sensitivity of 99% would
detect approx 30 false-positives for each real case of ovarian cancer, leading to a positive
predictive value of only 3–5%. For these reasons, it is accepted that a good ovarian can-
cer marker will require a specificity of more than 99.6% to achieve any clinical relevance
for screening of the general population (2). On the other hand, in high-risk populations,
screening tests with inferior sensitivity and specificity may still be useful. Generally, it is
now believed that the ideal test will be multiparametric, involving multiple different
markers or detection techniques (3).

2.1. CA 125/Muc16 
An antibody that reacted with an ovarian cancer antigen was identified almost 25

years ago (4) and named OC125. The recognized antigen, a glycoprotein initially named
CA 125, was found to be shed into culture supernatant and a serum-based radioim-
munoassay was quickly developed (5). Cloning the CA 125 gene turned out to be
extremely difficult, but the feat was finally accomplished in 2001 and the complemen-
tary DNA was found to have striking similarities to mucin molecules. For this reason,
the gene encoding CA 125 was named MUC16. Because the CA 125 protein is secreted,
it was hypothesized early that a blood test based on this protein may be useful for early
detection of ovarian cancer. 

The serum CA 125 assay has been evaluated for ovarian cancer screening, as a tool to
differentiate benign from malignant ovarian masses, and as an indicator of tumor status
during and after chemotherapy (6,7). Using the assay, it was initially shown that 99% of
healthy women have less than 35 U/mL CA 125, whereas 82% of sera from women with
epithelial ovarian cancer had levels higher than 35 U/mL (5). Interestingly, in 90% of the
cases, levels of CA 125 corresponded to tumor volume when studied longitudinally. CA
125 has also been observed elevated in a variety of benign diseases, including
endometriosis. Unfortunately, CA 125 is typically not sufficiently specific or sensitive
for screening of the general population. For example, only 50% of stage I patients have
CA 125 higher than 35 U/mL (8). In addition, benign gynecological conditions can lead
to unacceptably high levels of false-positive tests (low specificity) in premenopausal
women, although this problem is less significant in postmenopausal women. 

It has been suggested that combining CA 125 with other screening methods, such as
transvaginal ultrasonography may improve specificity (9), but the results did not reach
the levels that would allow for screening of the general population. It has been sug-
gested that monitoring CA 125 levels in patients for a period of time may lead to
improved sensitivity for early detection by providing a baseline and clarifying trends
(10,11). However, it is believed that up to 20% of ovarian cancers do not express CA
125, suggesting a maximum theoretical sensitivity of 80% for this marker, regardless of
the improvement on detection. It is likely that the theoretical sensitivity of CA 125 for
early stage ovarian will be smaller, possibly down to 50%. In addition, the relatively
low specificity would lead to many false-positive and a large number of unnecessary
surgeries. Combining CA 125 with other markers, such as CA19-9, CA72-4, and CA15-
3 has been shown to improve sensitivity of detection (12).

The use of CA 125 as a marker might be most useful in monitoring recurrent
ovarian cancer (13). It has indeed been observed that CA 125 tracks disease accurately
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in more than 80% of ovarian cancer patients. However, this aspect of CA 125 as a bio-
marker is more relevant to the next section dealing with prognosis factors and will be
discussed later.

2.2. He4/Whey Acidic Protein (WAP)-Type Four-Disulfide Core2 
From the beginning of the gene-expression profiling era, it was hypothesized that

detailed knowledge of gene expression in cancer might lead to the identification of can-
didate tumor markers. Microarrays, serial analysis of gene expression, and EST analy-
sis have been used to study a variety of human tumors, including ovarian cancer.
HE4/WAP-type four-disulfide core (WFDC)2 was one of the first new ovarian cancer
candidates identified using complementary DNA arrays (14,15). This finding was con-
firmed soon afterwards using serial analysis of gene expression (16). HE4/WFDC2
contains two WFDC domains, which are known to function as protease inhibitors,
although no protease inhibition activity has yet been identified for HE4. A blinded
study with ovarian cancer patients and controls recently demonstrated that HE4 has
similar specificity and sensitivity as CA 125, although the HE4/WFDC2 assay appeared
to be less likely to yield false-positive in patients with nonmalignant diseases (17).
Therefore, HE4/WFDC2, in combination with CA 125 or other markers may represent
a promising approach for general screening of the population (18). Screening trials are
currently being conducted to investigate this possibility. 

2.3. Kallikreins 
The kallikreins family of serine proteases includes 15 members, which share signif-

icant homology, but whose exact physiological functions remain unknown (19). Many
members of the kallikrein family have altered expression in ovarian and other cancers.
Interestingly, hK3, also known as prostate specific antigen has been widely used for
prostate cancer screening and is probably the most useful tumor marker to date.
Recently, it has been hypothesized that certain members of the kallikrein family might
also be useful for ovarian cancer screening. Specifically, hK6 (20), hK10 (21), and
hK11 (22) have all been shown to be elevated in the serum of a majority of ovarian can-
cer patients. Interestingly, the sensitivity of hK6 and hK10 for early stage (stages I and
II) was found to be approx 25% (at 90% specificity), but this figure could be increased
to more than 90% when combined with CA 125 (20,21). However, large and detailed
clinical studies with exact sensitivity and specificity figures still need to be done. As
suggested earlier, because hKs may have different patterns of expression compared
with CA 125, a test combining both types of markers might be useful. 

2.4. Proteomics and Serum Patterns 
Recently, it was suggested that proteomics patterns in serum may be useful in ovar-

ian cancer detection. A study utilizing mass spectrometry identified protein patterns in
the serum of women with ovarian cancer and compared these patterns with those
observed in healthy women (23). A specific protein pattern was identified that was
capable of recognizing ovarian cancer in a population of women at risk with a sensitiv-
ity of 100% and a specificity of 95%, which is probably not sufficient for screening of
the general population. It is worth noting that the exact identities of the proteins mak-
ing up the “pattern” are unknown. Therefore, it is unclear whether the proteins making
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up the pattern are produced by the tumor itself or by a host reaction to the tumor. In this
case, the results may not be specific for ovarian cancer or even for cancer at all. Another
weakness is that the validation in the initial paper was performed on cancers from “at
risk” women, and it is unclear whether sporadic ovarian cancers will yield the same
pattern, because they are known to have quite a different biology. Finally, the speci-
ficity of the assay is not sufficient for screening of the general population. Although, in
its infancy, this is a promising approach that may eventually be useful in the detection
of ovarian or other cancers. 

Another proteomics approach identified specific proteins that are altered in the serum
of women with ovarian cancer (24). In that study, three proteins were found to be dif-
ferentially expressed in the serum (ApoA1 [decreased]; truncated transthyretin
[decreased]; a fragment of a-trypsin inhibitor heavy chain H4 [elevated]). When com-
bined with CA 125, these three biomarkers lead to a significant improvement in sensi-
tivity more than CA 125, demonstrating again that combining biomarkers can indeed
be desirable. However, the sensitivity of 74% (at a specificity of 97%) was still insuffi-
cient for this approach to be successfully applied to the general population. 

2.5. Others Markers and Combinations of Markers 
Large-scale gene-expression methods have identified many genes that are overex-

pressed in ovarian cancer (14–16,25–45). These data have provided a wealth of candi-
dates that may be useful as potential tumor markers, especially, the genes that are
known to encode secreted proteins. The candidates identified independently by multi-
ple studies are particularly promising. Among genes encoding secreted proteins, HE4,
osteopontin, SLPI, and SPINT1 were identified by multiple studies as upregulated in
ovarian cancer (46). These candidates are currently being evaluated by various groups
for their potential as screening markers. In addition, many membrane proteins identi-
fied by multiple studies may also be useful in diagnosis and therapy. These candidates
include Ep-CAM, MUC1, SPINT2, CD9, CLDN3, CLDN4, and HER3. 

Because it appears that no single marker is elevated and secreted in all ovarian can-
cers, it is likely that a combination of markers will be necessary to detect a majority of
ovarian cancers. In addition, biomarker-based test may be combined with other tech-
niques, such as transvaginal sonography to attain yet higher specificities and sensitivi-
ties (3). As mentioned earlier, a combination of CA 125, CA19-9, CA72-4, and CA15-3
has been shown to improve sensitivity, but the usefulness of the added markers was
restricted to initial diagnosis. Thus, it did not provide any advantage in the follow-up
and detection of recurrent disease. In addition, using immunohistochemistry, a recent
study demonstrated that a combination of four markers (CLDN3, CA 125, MUC1, and
VEGF) could identify all 158 ovarian cancers tested, including eight early stage serous
cancers (45). It remains to be seen whether this combination of proteins will also be
useful when adapted to a blood test for screening the general population. 

3. MARKERS FOR OVARIAN CANCER PROGNOSIS, 
OUTCOME, OR DRUG RESISTANCE 

Because of the wide variability in the clinical outcome of ovarian cancer patients, it
is clear that the identification of molecular markers that could predict overall survival
or response to chemotherapy with better accuracy than the classical prognosis factors
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(tumor grade, stage, and so on) might be of significant clinical value. For example, the
identification of patients with tumors that have a high probability of developing resist-
ance to conventional chemotherapy might make these patients ideal candidates for
alternative or novel therapeutic regimens. In this section, the major molecular markers
that have been investigated as possible ovarian cancer prognostic factors are reviewed. 

3.1. Cell-Cycle Regulators 
Cancers are characterized by aberrant proliferation resulting from alterations in cell-

cycle regulatory mechanisms. In addition, many oncogenes and tumor suppressor genes
have been implicated in pathways regulating the cell cycle, providing a direct mecha-
nistic link between cell-cycle control and tumorigenesis. On the other hand, it is unclear
whether any of the cell-cycle components can be used as tumor marker for prognosis.
In this section, the current data on the main cell-cycle regulators investigated for their
prognostic value in ovarian cancer will be reviewed. 

3.1.1. P53

The p53 gene encodes a nuclear phosphoprotein that can bind specific DNA
sequences and function as a transcription factor to positively or negatively regulate the
transcription of other growth regulatory genes. p53 is involved in cell-cycle control,
DNA damage response, stress response, cell senescence, genomic stability, and apopto-
sis (47). p53 is mutated in the germline of Li-Fraumeni patients, a cancer predisposi-
tion syndrome and it is believed to be one of the most commonly mutated genes in
human cancer, as it is found somatically altered in about 50% of all cancers (48–50).
Most missense mutations in p53 appear to change the conformation of the protein,
leading to increased stability and higher steady-state levels. Indeed, a close correlation
between p53 immunoreactivity and p53 mutation has been shown (51).

Soon after the realization that p53 was a major player in human cancer, ovarian can-
cer was also shown to frequently overexpress the p53 protein and contained mutations
in at least 50% of the cases, regardless of stage (52–55). A large number of studies have
investigated the prognostic ability of p53 mutations and/or overexpression in ovarian
cancer. There is no consensus on the predictive value of p53 in the literature. p53 has
been shown to be predictive of overall survival by many groups (56–79). However,
when analyzed by multivariate analysis, few of these studies found that p53 was an
independent prognostic marker (58,61,64–66,70,71,74,76,77). On the other hand, a
large number of reports have found no predictive value at all for p53 (53,68,80–96). It
has been shown that, in certain cases, p53 status can be predictive of response to
chemotherapy, and could therefore be useful in tailoring treatment to individual patients
(60,62,66,67,97–101). p53 may therefore have a role in determining the sensitivity of
ovarian tumors to chemotherapy. This would be consistent with the role of p53 in DNA
damage. However, as is the case for survival, many studies have showed that p53 status
does not appear to affect the response to chemotherapy (56,64,68,74,83,85,89,94,102).
Table 1 summarizes these findings. 

Overall, because of the lack of reproducibility in various studies, it has been con-
cluded that p53 does not represent a robust marker for prediction of either survival or
response to chemotherapy. The lack of reproducibility may be attributed to several fac-
tors, such as difference in the patient cohort (sample size, differences in treatment,
grade, and so on) and different techniques for p53 alteration detection (mutation vs
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overexpression, different antibodies). For example, it has been shown that in a given
population of ovarian cancer patients, IHC with some p53 antibodies can have prog-
notic value, whereas other antibodies could not (76). In addition, although, p53 expres-
sion is a good marker of mutation, it is not perfectly correlated (96). This was also
demonstrated by the fact that the study of overexpression as compared with mutation of
p53 sometimes leads to inconsistent results with respect to prediction, within a given
tumor sample (67,68,103).

Although, clearly not a reproducibly strong prognostic factor, p53 has been shown to
have the potential to divide tumors into categories for which excellent prognostic fac-
tors can be found. For example, p21 appears to be an excellent predictor of survival
among tumors that do not express p53 (89). Other examples of this have been reported
and will be discussed in the appropriate sections later. 

3.1.2. P21 (CDKN1A GENE)

CDKN1A encodes a potent cyclin-dependent kinase inhibitor. The p21 protein binds
with and inhibits the activity of cyclin–CDK2 or -CDK4 complexes, and thus, functions
as a regulator of cell-cycle progression at G1 (104). The expression of CDKN1A is con-
trolled, among other factors, by the tumor suppressor protein p53, through which the p21
can mediate the p53-dependent cell-cycle G1 phase arrest in response to a variety of
stresses. The majority of the studies published so far have not found a correlation between
p21 protein expression and ovarian cancer outcome (66,68,75,76,98,105,106), although
some studies have found that reduced p21 expression was associated with reduced sur-
vival in multivariate analysis (71,107). p21 appeared particularly useful among p53-neg-
ative tumors (89,108), but this was clearly not always the case (66). In addition, p21
could not generally predict response to chemotherapy (66,68), but at least one study
reported some predictive value for p21 with respect to platinum sensitivity (89).

3.1.3. P27 (CDKN1B)

CDKN1B encodes a cyclin-dependent kinase inhibitor, p27, which shares limited
similarity with CDK inhibitor p21. The encoded protein binds with and prevents the
activation of cyclin E–CDK2 or cyclin D–CDK4 complexes, and thus, controls the cell-
cycle progression at G1 (104). In contrast to what has been observed for p21, p27 shows
promise as a prognostic marker. Indeed, the vast majority of the studies published so
far have suggested a predictive value for p27 expression where decreased p27 was asso-
ciated with poor survival (71,89,109–113). Some studies failed to identify a prognostic
value for p27 (105,107), but these studies are clearly in the minority and, at this junc-
ture, p27 represents a promising prognosis factor in ovarian cancer. 

3.1.4. P16 (CDKN2A) AND OTHER CDKIS

CDKN2A encodes p16, a cyclin-dependent kinase inhibitor specific for CDK4 and
thereby involved in regulating the progression of the cell cycle through G1 (104).
Overall, p16 expression does not appear to be an independent prognostic marker in
ovarian cancer (71,107,114,115), although p16 methylation (116) and p16 deletion
(117) have been associated with disease progression or survival. One study has also
found high p16 expression to be associated with lower survival (118). Other CDKs,
such as p14 and p57 (Kip2) have also been studied in ovarian cancer, but were not
found to provide prognostic information (76,119), although one study reported predic-
tive value for p57 (120).

36 Part II / Ovarian Cancer



3.1.5. CYCLINS

Cyclin D1 forms a complex with and functions as a regulatory subunit of CDK4 or
CDK6, whose activity is required for cell-cycle G1/S transition. A number of studies
have found that cyclin D1 can be an independent prognostic marker in ovarian cancer
(71,121,122). However, the real value of Cyclin D1 as a marker remains unclear, as
several studies have failed to find predictive value for this protein (86,114,119,123).

Cyclin E is another protein that is important for progression of the cell cycle that has
been implicated in various cancers. It forms a complex with and functions as a regula-
tory subunit of CDK2, whose activity is required for cell-cycle G1/S transition (104).
This protein accumulates at the G1–S phase boundary and is degraded as cells progress
through S phase. Again, similar to cyclin D1 findings, the results have been inconsis-
tent as some studies report that cyclin E has predictive value for ovarian cancer prognosis
(119,124), whereas other studies find no predictive value (71,107).

3.1.6. PRB

The pRB protein is important in controlling transcriptional mechanisms that mediate
the progression of the cell cycle through the first parts of the G1 phase. The transcrip-
tional effects of Rb are mediated through its ability to repress transcription factors,
such as E2F that are required for the expression of genes important for cell-cycle pro-
gression. Phosphorylation of pRB by cyclin D1/CDK4, cyclin E/CDK2, or cyclin
A/CDK2 is essential for progression through the cell cycle, whereas hypophosphory-
lated Rb can lead to cell-cycle arrest. Although, the roles of Rb in controlling cell cycle
are crucial, its relevance as a prognosis marker in ovarian cancer has not been demon-
strated. Some studies have found predictive prognostic value for pRb (62,76,107), but
many others have not (71,86,114,125).

3.2. Apoptosis 
Because of the importance of apoptotic mechanisms in tumorigenesis (for survival

in the absence of appropriate factors and during chemotherapy, for example), it has
been hypothesized that the expression of various apoptotic proteins may have prognos-
tic significance in ovarian and other cancers. 

3.2.1. BCL-2 FAMILY

Bcl-2 is a protooncogene implicated in cell survival through inhibition of apoptosis.
Bax and bcl-x are members of the Bcl-2 family, which can counteract the ability of bcl-2
to inhibit apoptosis. Although, most studies show an absence of an overall survival pre-
dictive value for Bcl-2 (59,64,68,70,90,98,126,127) and Bax (70,90,126,127), there is
evidence that both proteins used in conjunction can have prognostic significance (127).
Bcl-2 was found to be a significant prognostic marker (expression of Bcl-2 was associ-
ated with improved survival) (64,74). In addition, perhaps surprisingly, expression of
these apoptotic proteins is not always associated with a better response to chemotherapy
(68,127), although association with response to chemotherapy has been reported for 
Bcl-2 (90,128) and Bax (98).

3.2.2. SURVIVIN

Survivin is an apoptosis inhibitor protein that interacts with the processed form of
caspase-3 and inhibits its proteolytic activity, thereby preventing cell death. There have
been suggestions that surviving expression might be a prognostic factor in cancer.
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Although, survivin was frequently overexpressed in ovarian cancer and may represent a
promising target for therapy, it does not appear to be of prognostic value (129,130), despite
one study finding a correlation between survivin expression and overall survival (131).

3.3. CA 125 
As mentioned earlier, CA 125 has shown promise for early detection of ovarian can-

cer and detection of recurrence. The rate of decline of CA 125 during chemotherapy
has also been shown to be a potential prognostic marker. Several reviews have been
written on the topic (13,132) and interested readers are referred to these reviews for a
detailed discussion. 

3.4. Erbb2 (Her2/Neu) 
ERBB2 is a member of the epidermal growth factor receptor family of receptor

tyrosine kinases. Activation of this receptor activates downstream signaling path-
ways, such as those involving mitogen-activated protein kinase, phosphatidylinositol-
3 kinase, and angiogenic pathways (133). Amplification and overexpression of
ERBB2 is seen in up to a third of ovarian tumors. ERBB2 signaling has been shown
to be important in ovarian cancer development. However, ERBB2 overexpression
does not appear to be an independent prognostic factor of ovarian cancer patients
(72,134–142), although some studies have found that it could independently predict
survival in some cases (143–145). Experiments have demonstrated that ERBB2
expression does not appear to affect the response to conventional, cytotoxic therapy
(146). However, because a significant proportion of ovarian cancers expresses this
protein, therapeutic strategies aimed at inhibiting this receptor, represent a promising
approach and may reverse the malignancy induced by HER2/Neu overexpression
(147). The monoclonal antibodies Herceptin and Iressa, for example, are currently
being investigated for this purpose. 

3.5. Kallikreins 
Kallikreins have been found overexpressed or underexpressed in various cancers

(19). The early investigations of kallikreins in ovarian cancer have been extremely
promising. Indeed, multiple kallikreins (hK4–15) have been shown to be independent
prognostic factors in ovarian cancer (20,21,148–162). The results are summarized in
Table 2. The expression of certain kallikreins, such as hK8, hK9, hK11, hK13, and
hK14, was associated with favorable prognosis (149,151–153,160–162), whereas oth-
ers, such as hK4, hK5, hK6, hK10, and hK15 were associated with poor prognosis
(20,21,148,154,156–159). Interestingly, hK4 expression has been associated with taxol
resistance (155). It will be important to continue investigating these very promising
markers to determine whether they can be useful in the clinic. 

3.6. Gene-Expression Patterns 
As the processes important in tumor initiation, progression, and development of

drug resistance have been shown to be multifactorial and involve multiple molecular
pathways, it is likely that overall gene-expression profiles will represent a powerful
tool for identifying subset of tumors with particular behavior. For example, several
studies performed in the last 4 or 5 years have demonstrated the power of microarrays
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to identify cancers of various classes not easily distinguishable using other conven-
tional techniques (163,164).

Recently, this principle was applied to ovarian cancer using affymetrix GeneChip
microarrays, Santa Clara, CA (41,165). A 115-gene signature was identified, which
could predict poor overall survival and, which maintained independent prognostic value
in multivariate analysis (41). Similarly, another study was able to differentiate low-
grade from high-grade ovarian cancers based on gene-expression profiles and these
profiles were also correlated to outcome (165). It was unclear whether the profile
retained independent prognostic value when grade was present in the model. Another
study identified gene profiles in clear cell carcinomas that distinguished these tumors
from other poor prognosis tumors (33). Overall, these types of analyses are in their
infancy, but based on work performed in other cancers and preliminary work in ovarian
cancer the future is promising for these approaches. On the other hand, these tech-
niques are much more time-consuming and difficult compared with the measurement
of individual biomarkers using immunoassays. Moreover, it is unclear, at this point,
whether these gene profiling techniques will necessarily yield superior predictive val-
ues compared with a well chosen combination of biomarkers. 

4. CONCLUSIONS 

Except for CA 125, which can be useful for monitoring relapse in ovarian cancer
patients, there are currently no molecular markers appropriate for early detection of ovarian
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Table 2 
Prognostic Value of Kallikreins 

Detection
Protein method Prognosis Univariate Multivariate Reference

hK4 IHC Drug Yes ? 155
resistance

hK4 Reverse transcriptase Unfavorable Yes No 156
polymerase chain 
reaction (RT-PCR)

hK5 Immunoassay Unfavorable Yes Yes, weak 157
hK5 RT-PCR Unfavorable Yes Grade I, II 158
hK6 Immunoassay Unfavorable Yes Yes 20
hK6 IHC Unfavorable Yes Yes 159
hK8 RT-PCR Favorable Yes No 160
hK8 RT-PCR Favorable Yes Yes 161
hK9 RT-PCR Favorable Yes Yes 162
hK10 Immunoassay Unfavorable Yes Yes 21
hK10 Immunoassay Unfavorable Yes Yes, stage 148

III, IV 
hK11 Immunoassay Favorable Yes Yes 149
hK11 RT-PCR Unfavorable Yes Yes 150
hK11 Immunoassay Favorable Yes Yes 151
hK13 Immunoassay Favorable Yes Yes 152
hK14 RT-PCR Favorable Yes Yes 153
hK15 RT-PCR Unfavorable Yes Yes 154



cancer in the general population or for prediction of outcome. The identification of such
markers would clearly have a profound impact on ovarian cancer management and on the
morbidity of this disease. Many promising avenues are currently being pursued, such as
the identification of new targets from large-scale analysis as well as the investigation of
known candidates (for example, kallikreins and p27 are particularly promising for diag-
nosis), alone or in combination. The field of proteomics is also likely to play a more
prominent role in the future (see Fig. 1). It is hoped that molecular medicine will allow
for earlier detection and better insight into treatment outcome, both of which would
undoubtedly lead to a concomitant reduction in the number of ovarian cancer deaths. 
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1. AN OVERVIEW OF ENDOMETRIAL ADENOCARCINOMA

Endometrial adenocarcinoma is the most common invasive malignant neoplasm of
the female genital tract, with an estimated 40,000 diagnosed cases and 6600 deaths in
2002 in the United States (1). Fortunately, surgery alone provides effective therapy for
about 80% of these women, but very few of those with advanced or metastatic disease
are cured by radiation, hormonal or chemotherapy. Significant future improvements in
survival most likely will result from a better understanding of the pathways involved in
carcinogenesis and metastasis, with concomitant clarification of the specific precursor
lesions and identification of molecular targets for preinvasive and advanced disease.

1.1. The Epidemiology of Endometrial Adenocarcinoma
Endometrial adenocarcinoma rarely occurs before the age of 40 (2,3), but the inci-

dence rises dramatically between the ages of 45 and 65, following which it plateaus (4).
Estrogens stimulate the proliferation of the normal endometrial glands and stroma, so it
should not be surprising to find that most of the risk factors for endometrial hyperplasia
and carcinoma reflect either exogenous or endogenous states of hyperestrinism. Risk
factors for endometrial carcinoma include long-term unopposed estrogen therapy,
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tamoxifen therapy, polycystic ovarian syndrome, estrogen-producing tumors, a history
of nulliparity or infertility, irregular menstrual cycles, early age at menarche, late age at
menopause, obesity, diabetes mellitus, and hypertension (4–9).

Case–control studies have shown a relative risk of about 4 (range of 2–10) for women
who have used long-term unopposed estrogen. In general, the tumors arising in users of
estrogen are of endometrioid cell type, of low stage, and low grade, and these women
are more likely to be younger, white, and nonobese. The endometrial carcinoma survival
rate is higher for the women who have a history of estrogen use, which in part may be
explained by the prognostic factors already delineated. However, after adjustment for
the common prognostic factors, the probability of survival remains significantly less for
the estrogen nonusers. A detection bias has been suggested as a possible explanation,
because women being treated with estrogens are monitored more closely than the gen-
eral population. In addition, it is possible that some endometrial carcinomas only achieve
clinical detection when stimulated by estrogen. This hypothesis is supported by the
observation of Horwitz et al. (10) of a fourfold increase in the rate of endometrial cancer
in an autopsy-based study compared with the population-based incidence.

Carcinomas which occur in women under the age of 40 years are almost invariably
associated with endogenous hyperestrinism, including obesity, anovulation, nulliparity,
and polycystic ovary syndrome.

Tamoxifen, a nonsteroidal selective estrogen receptor modulator, has estrogen ago-
nistic and antagonistic activities that are site specific. It has been extensively used in
the last decade as adjuvant therapy following surgical treatment of breast cancer, for
the treatment of metastatic breast carcinoma, and for prophylaxis against the breast car-
cinoma in high-risk populations. Fornander et al. (11) in a study of tamoxifen use as
adjuvant therapy in more than 1800 menopausal women with breast carcinoma
observed a sixfold increase in the relative risk of endometrial carcinoma. In a similar
study, Fisher et al. (12) found a relative risk of 15 in the randomized tamoxifen treated
group compared with the placebo group from the National Surgical Adjuvant Breast
and Bowel Project. Although Magriples et al. (13) found the tamoxifen associated can-
cers to be of more aggressive cell type and have worse prognosis than those occurring
in the general population, this observation has not been confirmed (14).

Obesity, diabetes mellitus, late menopause (i.e., after age 55), and nulliparity are
each associated with about a twofold increase risk of developing endometrial adenocar-
cinoma. Although, often cited as a risk factor, the significance of hypertension is lost
when adjusted for obesity.

One risk factor unassociated with estrogen is hereditary, nonpolyposis colon carci-
noma, with affected individuals having a 50–40-fold relative risk of developing
endometrial carcinoma. The lifetime absolute probability approaches 50% for those
who carry the germ-line mutation (15). It is this population for whom it is reasonable to
consider annual screening or prophylactic hysterectomy.

1.2. Two Types of Endometrial Adenocarcinoma
About 20 years back, Bokhman (16) suggested that there were two pathogenetic

forms of endometrial adenocarcinoma, the first arising in women with obesity, hyper-
lipidemia, and signs of hyperestrogenism, such as anovulatory bleeding, infertility, late
onset of menopause, hyperplasia of the ovarian stroma, and endometrial hyperplasia;
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the second arising in women without such signs. The first, more common type, was
found to be more often well differentiated, only superficially invasive, sensitive to
progestin therapy, and with a favorable prognosis. In contrast, the second type was
more often poorly differentiated, deeply invasive, more often associated with nodal
metastasis, less often sensitive to progestins, and with a less favorable prognosis (16).
This division has been supported and refined by subsequent investigators (17,18).
Pathologists recognize that endometrial adenocarcinoma may have any of the variety of
histologically defined cell types, each of which falls into one of the two pathogenetic
types. Most endometrioid adenocarcinomas, with or without squamous differentiation,
mucinous adenocarcinomas, and villoglandular adenocarcinomas are of the first type.
Whereas uterine papillary serous carcinomas (UPSC), clear cell carcinomas, and some
poorly differentiated endometrioid adenocarcinomas fall into the second group.
Although all of the first types display similar biological behavior, among the second
type, the patterns of spread and preinvasive disease differ according to the cell type.

1.3. The Histological Classification of Endometrial Adenocarcinoma
The current classification of endometrial adenocarcinomas by the International

Society of Gynecological Pathologists and the World Health Organization (WHO) (19)
divides neoplasms according to histologically defined features that describe the appear-
ances of individual neoplastic cells. Pathologists recognize that the cell types in them-
selves do not imply any particular biological behavior, but these features probably
represent reasonably good surrogates for molecular changes that have yet to be defined.

Endometrioid adenocarcinoma is the prototypical endometrial adenocarcinoma and
retains the basic architectural arrangement of endometrial glands of varying complexity
with a lining of stratified, columnar, epithelial cells (Fig. 1). Decreasing differentiation
is characterized by an increasing proportion of tumor made up of solid masses of epithe-
lial cells. Intraglandular papillae formed exclusively of neoplastic cells without a sup-
porting stroma may be present, and a cribriform growth is common in well-differentiated
tumors, which are confined to the endometrium. The glands of endometrioid adenocar-
cinoma are formed of tall columnar cells that share a common apical border, resulting in
a smoothly delineated, round or oval luminal contour. With decreasing differentiation,
there is a preponderance of solid growth rather than gland formation. About 60% of
endometrioid adenocarcinomas contain inactivating mutations in the tumor suppressor
gene PTEN.

Secretory adenocarcinoma is an uncommon variant of typical endometrioid adeno-
carcinoma in which well-formed tubular glands are lined by a columnar epithelium in
which there is prominent subnuclear, and sometimes supranuclear, vacuolization. This
change sometimes reflects a response to progestin exposure either from ovulation or
rarely exogenous progestin therapy.

Villoglandular adenocarcinoma is another subtype of endometrioid adenocarcinoma
and is characterized by papillae formed of tall, thin, occasionally branching fibrovascu-
lar cores, covered by columnar cells with a straight apical border and generally low-
grade nuclei (Fig. 2). The arrangement of neoplastic cells on the connective tissue cores
is analogous to the arrangement of the cells that line glands in a typical endometrial
adenocarcinoma, with the formation of a smooth apical border. About half of villoglan-
dular carcinomas are admixed with endometrioid adenocarcinomas.
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Adenocarcinomas with foci of squamous differentiation represent about 20% of
endometrial cancers (20–23) (Fig. 3). Usually, the squamous differentiation in an
endometrial adenocarcinoma is easy to recognize. Sheets of keratin, isolated cell kera-
tinization, or intercellular bridges are often conspicuous. However, in order to distin-
guish foci of squamous differentiation from the poorly differentiated solid portions of
adenocarcinoma, more subtle features should also be sought, including the presence of
distinct cell membranes accompanied by more abundant eosinophilic cytoplasm than
other cells in the same tumor (19). The squamous component may appear histologically
benign, atypical, or overtly malignant.

Mucinous adenocarcinoma may be entirely tubular or cribriform, but more often
has a papillary architecture. The covering epithelium is made up of multiple layers of
columnar cells, with intracytoplasmic mucin variably filling the apical portion of the
cells, resembling the arrangement of endocervical type epithelium (Fig. 4).
Occasionally, an endometrial adenocarcinoma might contain cells with the distended,
discrete, apical vacuole characteristic of a goblet cell. Usually intracytoplasmic mucin
is easy to identify as finely granular compared with diffuse pale basophilia, but in
questionable cases, the reaction with mucicarmine or alcian blue stain within neo-
plastic cells can confirm its presence. The stroma may not be clearly of endometrial
type, and often contains spindled cells, thin walled blood vessels, and variably dense
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Fig. 1. Endometrioid adenocarcinoma. Neoplastic tubules or glands are lined by tall columnar epithe-
lial cells that share luminal borders. A cribriform or sieve-like arrangement results from the mixture
of multiple glands and lumina without intervening stroma.
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Fig. 2. Villoglandular adenocarcinoma. The neoplastic cells closely resemble those of endometrioid
adenocarcinoma, but the architectural arrangement is villous rather than glandular.

infiltrates of acute inflammatory cells. It is a relatively rare form of endometrial 
adenocarcinoma (24–26), with a mean age at diagnosis of about 60 years, and with a
generally good prognosis.

Serous adenocarcinoma or UPSC of the endometrium is histologically similar to its
counterpart in the ovary. It is characterized by branching complex papillae, formed of
fibrovascular cores, covered by one or more layers of cuboidal cells with high-grade
nuclei and a scalloped apical border (Fig. 5). Usually, the fibrovascular cores are blunt
and hyalinized, but occasionally they are thin and delicate. Detached tufts of epithelial
cells and psammoma bodies are often present. Whereas papillae typically forms the
superficial portion of the tumor, irregularly dilated or gaping glands made up of cells
with similar cytological atypia, commonly constitute the deeper aspect of these neo-
plasms. The neoplastic cell cytoplasm is often eosinophilic and finely granular. Large
nucleoli and aberrant mitotic figures are common.

Serous carcinomas sometimes arise within endometrial polyps or in a background of
atrophy. Most UPSC have inactivating mutations that result in histological overexpres-
sion of p53. The overall 5-year survival rate has varied from less than 40% to about
60% (27–37). The patients are often of advanced age, and most have either clinically
advanced disease or unsuspected metastases discovered at surgery (32,38–43).

Clear cell adenocarcinoma of the endometrium is generally recognized by the distinc-
tive, clear cytoplasm of neoplastic cells growing in any combination of solid, glandular,
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Fig. 3. Adenocarcinoma with squamous differentiation. Solid nests of neoplastic cells with abundant
eosinophilic cytoplasm and distinct borders (center) provide evidence of squamous differentiation.
Keratin production is variable.

tubulocystic, or papillary configurations (Fig. 6). The solid pattern consists of masses of
large neoplastic cells of polygonal shape, with clear to faintly eosinophilic cytoplasm, and
distinct cell membranes. The glandular pattern is reminiscent of the tubular glands of
endometrioid adenocarcinoma, whereas the tubulocystic pattern is formed of dilated spher-
ical appearing glands. The papillary pattern is architecturally identical to that of serous car-
cinoma, with generally short, branching fibrovascular cores, often hyalinized, covered by
neoplastic cells. The last three patterns often have lining cells with a hobnail appearance,
resulting from the scalloped apex of individual neoplastic cells, which project along the
surface. Many tumors contain scattered densely eosinophilic intracytoplasmic inclusions,
which are periodic acid-schiff reaction (PAS) positive, and resistant to diastase digestion.
About 4% of endometrial adenocarcinomas are of clear cell type (20,44–48). The mean
age at diagnosis is about 68 years, which is similar to that of serous adenocarcinoma and
about 6 years older than that of typical endometrial adenocarcinoma. It is a biologically
aggressive neoplasm, with a 5-year survival rate varying from only about 20–65% (46–49).

2. THE CLASSIFICATION OF PREINVASIVE DISEASE

2.1. Introduction
The existence of a precursor to typical invasive endometrial adenocarcinoma has been

proposed for more than 100 years (50), but its histological characteristics and classification



have been disputed throughout its history. These debates reflect at least four features related
to the endometrium. First, it is a highly dynamic tissue the histological appearance of
which changes markedly throughout reproductive life and the menstrual cycle each month.
Second, the precursor lesion cannot be examined without at least partial removal. Third,
the lesions examined may represent either a physiological response to hyperestrinism
(hyperplasia) or a selective clonal proliferation (neoplasia). Fourth, the endometrial glands
exist as multiple units within a cellular stroma. Unlike the cervix, a basement membrane
does not delineate in-situ from invasive lesions. Consequently, even today, the earliest fea-
tures of invasion have yet to be defined.

In recent years, it has also become evident that there are probably two major cate-
gories of endometrial adenocarcinoma with differing etiology, pathogenesis, biological
behavior, and response to therapy. Their precursor lesions also appear to be histologi-
cally and biologically distinct, and they will be considered as separate entities—
endometrial hyperplasia and endometrial intraepithelial carcinoma (51).

2.2. Endometrial Hyperplasia–Evolving Definitions, Current Classification,
and Diagnostic Reproducibility

The lexicon for endometrial cancer precursors is large and confusing, reflecting
repeated reclassifications of these lesions based on relatively scant, and usually retros-
pectively collected data (52–59). Not surprisingly, the same terms sometimes have been
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Fig. 4. Mucinous adenocarcinoma. Occasional adenocarcinomas are largely made up of cells with
large apical cytoplasmic vacuoles containing mucin. The architecture is frequently papillary.



applied to lesions of differing histological appearance in different classification
schemes. For example, although some have suggested that all hyperplasias by defini-
tion are at least mildly atypical, others have confined atypical hyperplasia to only the
lesions, which most closely approximate carcinoma histologically. However, the upper
end of this spectrum has also been designated marked adenomatous hyperplasia or car-
cinoma in situ in other classification schemes. Much confusion has also resulted from
the difficulty in determining the natural history and biological behavior of these lesions
because they are usually sampled only following the onset of symptoms, and they are
often found to be highly heterogeneous when the endometrium is examined thoroughly
in the hysterectomy specimen.

The current classification, adopted by both the International Society of Gynecological
Pathologists and the WHO, was proposed by Kurman, Kaminski, and Norris in 1985
(57). They divided endometrial hyperplasia into four groups according to the presence
or absence of cytological atypia, and the degree of architectural complexity and crowd-
ing, as follows: simple hyperplasia, complex hyperplasia, simple atypical hyperplasia,
and complex atypical hyperplasia. Simple hyperplasia is defined as an increase in the
number of endometrial glands, which may be dilated with little crowding or have an
irregular outline and exhibit crowding (Fig. 7). Complex hyperplasia is characterized by
glands with irregular outlines, marked structural complexity, and back-to-back crowding
(Fig. 8). Atypical hyperplasia is used to designate a proliferation of glands exhibiting
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Fig. 5. Serous carcinoma. Although some serous carcinomas have a distinctive papillary configura-
tion with highly atypical neoplastic cells covering fibrovascular cores, much of the tumor might be
made up of glands with either a scalloped apical cell border or intraglandular papillae.



cytological atypia, recognized as nuclear enlargement, the presence of nucleoli, or a
change from an elongated to more ovoid or round nucleus (Figs. 9 and 10). The chro-
matin might be either evenly or irregularly dispersed. This classification was justified on
the basis of differing outcomes for the various groups, with progression to carcinoma in
1% of patients with simple hyperplasia, 3% of those with complex hyperplasia, 8% of
those with simple atypical hyperplasia, and 29% of those with complex atypical hyper-
plasia. In that retrospective study, about two-thirds of the women received some surgical
or hormonal modulation during the interval between initial diagnosis and hysterectomy,
which varied from 1 to 27 years (mean of 15 years). As noted by Kendall et al. (60), the
definitions of architectural complexity and nuclear atypia potentially rest on a multitude
of criteria, and some but not all criteria may be fully developed in any given case.

Concern about the reliability of the pathologists to apply multiple criteria to distin-
guish among these forms of hyperplasia led to three articles and several abstracts assess-
ing the reproducibility of the diagnoses. Skov et al. (61) compared the reproducibility
of the WHO classifications of 1975 and 1994 of endometrial hyperplasia, circulating
slides of 128 cases of hyperplasia to 6 experienced gynecological pathologists in
Denmark. They found intraobserver reproducibility to be moderate for both systems,
and interobserver reproducibility to be slight to moderate for various subtypes. Kendall
et al. (60) examined the reproducibility of the diagnosis of endometrial hyperplasia and
well-differentiated adenocarcinoma among five pathologists of varying experience at
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Fig. 6. Clear cell adenocarcinoma. This form of adenocarcinoma is characterized by cells with either
abundant optically clear cytoplasm or a hobnail arrangement of cells growing as cystically dilated
glands, tubules, papillae, or solid masses.



Johns Hopkins Hospital. Intraobserver agreement was substantial. Interobserver agree-
ment was highly variable, with almost perfect agreement for the diagnosis of prolifera-
tive endometrium or well-differentiated adenocarcinoma, substantial reproducibility for
simple hyperplasia, moderate reproducibility for complex nonatypical and atypical
hyperplasia, but only slight for simple atypical hyperplasia. Bergeron et al. (62) con-
ducted a European multicenter study of the reproducibility of the WHO classification
of endometrial hyperplasia. The intraobserver agreement was moderate, and the inter-
observer reproducibility was fair to moderate. They suggested condensing atypical
hyperplasia and well-differentiated adenocarcinoma into a category of endometrioid
neoplasia, and designating nonatypical, simple, and complex hyperplasia as hyperplasia.
The gynecological oncology group recently completed a study of the reproducibility of
the community-based diagnosis of atypical hyperplasia in about 300 women, the results
of which have been reported in abstract form. A panel of the three gynecological pathol-
ogists each reviewed the slides, blinded to the interpretations of the other panelists. 
A panel diagnosis was defined as agreement of assignment of a case to one of the five
categories by two of three or all three-panel pathologists. The panel agreed with the
diagnosis of atypical hyperplasia in only 39% of cases, interpreting about one quarter
of cases as a less significant process and about one quarter of cases as adenocarcinoma.
Interobserver reproducibility among the panel pathologists was the lowest for the
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Fig. 7. Simple hyperplasia. Hyperplasia is generally characterized by a preferential proliferation of
endometrial glands, resulting in an increase in the ratio of glands to stroma. The glands may be 
cystically dilated, or have branching or bifurcation. In simple hyperplasia, easily identifiable stroma
separates the abnormal appearing glands.



diagnosis of atypical hyperplasia, with a κ value of about 0.27. Hysterectomy subse-
quently performed within 12 weeks of initial diagnosis revealed the presence of
coexisting adenocarcinoma in the uterus in about 43% of cases. These disturbing
results raise serious questions about the ability of pathologists to recognize and distinguish
endometrial precancers from carcinoma in biopsies or curettings.

Factors contributing to low reproducibility include:

1. The fragmentary nature of biopsies or curettings; 
2. The presence of borderline lesions; 
3. Uncertainty about the significance of focal hyperplasia; 
4. Artifacts relating to poor fixation, cryotomy, and staining; 
5. The inadequacy of published descriptions and understanding of terms used to define

architectural or cytological atypia; and 
6. The difficulty associated with the translation of verbal descriptions into light micro-

scopic interobserver reproducibility for images.

The difficulty in identifying distinctive subjective histological characteristics associ-
ated with differing biological behavior encouraged investigations using morphometric
analysis. Colgan et al. (63), and Baak et al. (64–67) investigated features of gland cell
nuclei. Colgan et al. (63) found that a linear discriminant function selected the mean
and standard deviation of the maximal nuclear diameter as the most useful predictor of
eventual progression of atypical endometrial hyperplasia to adenocarcinoma. However,
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Fig. 8. Complex hyperplasia. In addition to higher glandular complexity, little stroma separates the
glands from one another.



a significant number of false-negatives and false-positives resulted from this classifica-
tion rule, particularly when the study set included other types of endometrial prolifera-
tions (64,68,69). Norris et al. (70) examined DNA light absorbance and added epithelial
cellularity to the features examined. Although DNA content was not helpful, the addi-
tion of epithelial cellularity to the nuclear features improved prognostication.

Baak et al. (66,69) have performed exhaustive studies, noting that a combination of
architectural and nuclear features improved the ability to discriminate lesions, which
progressed from those that failed to progress to carcinoma. Using a relatively compre-
hensive list of 22 architectural and nuclear features, linear stepwise regression, and dis-
criminant analyses, they concluded that volume percent stroma, standard deviation of
the shortest nuclear axis, and the outer surface density of the glands are the most impor-
tant discriminant factors (D-score). In a follow-up study (71), using another set of 
55 biopsies and curettings with follow-up hysterectomy averaging 3 months after initial
sampling, this morphometric assessment was both relatively sensitive and specific.

During the last 10 years, Mutter, Baak, and colleagues (72) have attempted to deter-
mine whether the morphometric data distinguish clonal lesions from those that are
polyclonal. They initially determined that endometrial hyperplasia included both poly-
clonal and clonal proliferations using a polymerase chain reaction assay for nonrandom
X chromosome inactivation (73). Subsequent studies demonstrated that the clonal
lesions were highly correlated with a morphometrically identifiable subset of lesions
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Fig. 9. Atypical hyperplasia. Hyperplasia is also divided according to the absence or presence of cyto-
logical atypia. This atypia is usually defined as the presence of nuclear enlargement, abnormal chro-
matin distribution, and especially the presence of nucleoli. Because fixation and staining of specimens
are variable, comparison of features with adjacent nonhyperplastic gland nuclei may be helpful.



with a low D-score, and that these could be recognized subjectively by pathologists by
having a volume percent stroma of less than 55% (74). They suggest classifying such
lesions as endometrial intraepithelial neoplasia (EIN) (75) in contrast to those poly-
clonal lesions with different morphology and morphometry, which they would consider
to represent endometrial hyperplasia. This subject is discussed in more detail in Chapter 6.
To date, the reproducibility of this distinction made subjectively by pathologists has not
been formally evaluated.

It is evident that in spite of efforts to provide rigorous histological criteria that repro-
ducibly would distinguish various categories of endometrial cancer precursors, such
criteria still elude pathologists. If a morphological classification scheme is to fulfill
these criteria, it almost certainly will have to be based on correlations with clonality,
morphometry, gene expression or protein expression profiles as well as outcome data.
Further, it is evident that the molecular alterations and pathways involved in endome-
trial carcinogenesis need to be correlated with histological features.

2.3. Endometrial Intraepithelial Carcinoma
During the last 10 years, endometrial intraepithelial carcinoma (EIC) has been iden-

tified and recognized as a histologically distinctive lesion that is specifically associated
with serous carcinoma of the endometrium (76–80). Serous carcinomas represent one
of the second types of endometrial carcinomas. In contrast with endometrioid adeno-
carcinoma, these mostly arise from a background of atrophy or polyp rather than hyper-
plasia (76–80) and are not epidemiologically related to unopposed estrogen stimulation.
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Fig. 10. Typical hyperplasia. In this hyperplasia, the nuclei retain a stratified arrangement, with dense
chromatin and inconspicuous or absent nucleoli.



EIC has been proposed to represent a form of intraepithelial tumor characteristic of
serous carcinoma, and it is the likely precursor to invasive serous carcinoma. EIC is
usually found in the endometrium harboring a serous carcinoma (77,79), but occasion-
ally occurs in the absence of any invasive carcinoma (81).

EIC is recognized as replacement of the surface epithelium or of portions of endome-
trial glands by a layer of malignant-appearing cells, 1–5 cells in thickness. The lesion is
often present at a distance of several millimeters from the invasive carcinoma, and is
interspersed among atrophic appearing glands or surface epithelium. Papillary tufting
of the epithelium occurs in some cases, but a scalloped apical border of lining cells
with highly pleomorphic nuclei is more common and most highly characteristic.
Overexpression of p53 is found immunohistochemically in the epithelial cells of essen-
tially all cases of both serous carcinoma and EIC, but is generally absent or weakly
expressed in endometrioid carcinoma or hyperplasia (82). The histological similarity
between EIC and invasive serous carcinoma and the frequent coexistence of EIC with
serous carcinoma coupled with shared mutations in the p53 gene provide strong cir-
cumstantial evidence of a pathogenetic relationship (77,78). The other highly aggres-
sive histological cell type of endometrial adenocarcinoma is the clear cell carcinoma,
the precursor lesion of which has not been defined to date.

3. THE BIOLOGY AND THERAPY OF ADVANCED 
ENDOMETRIAL ADENOCARCINOMA

Based on histological or clinical variables from surgicopathological studies, several
models have been created that predict the probability of spreading to regional lymph
nodes, recurrence of tumor, or death from disease (20,83–90). Age, cell type, histologi-
cal grade, lymphatic or capillary invasion, depth of myometrial invasion, help to predict
advanced disease. Whereas surgical stage, age, depth of myometrial invasion, ploidy,
and steroid receptor status assist in estimating the probability of recurrence and death
from tumor. These prognostic variables reflect varying biological import. As the cell
type and histological grade of a tumor are statistically significant prognosticators only
before adjusting for International Federation of Gynecologists and Obstetricians FIGO
stage, it is evident that they serve as markers of the inherent aggressiveness of a tumor
and potential for spread. The depth of myometrial invasion and presence of lymphatic or
capillary space involvement are related to the factor that a tumor has to gain access to
regional nodes, whereas the surgical stage defines the observed spread of the tumor.
Extrauterine spread of tumor generally precludes a surgical cure. Age is one of the most
significant prognosticators of disease free survival even after adjustment for stage, but
the mechanism remains speculative, perhaps reflecting the opportunity for a neoplasm to
accumulate a higher number of deleterious mutations.

3.1. Differences in Disease Progression Between the Two Types 
of Endometrial Adenocarcinoma

The timing and pattern of metastatic dissemination of endometrial adenocarcinoma
varies in part related to the histological cell type. Based on clinical observations, the
sequence in the progression of endometrioid adenocarcinoma seems to be as follows:

1. Years of endogenous or exogenous hyperestrinism associated with hyperplasia of
increasing architectural complexity and cytological atypia; 
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2. Evolution of a clonal population often with a mutation in the PTEN gene, accompanied
by histological features of adenocarcinoma (91);

3. A slow increase in the mass of carcinoma, with progressively deeper myometrial inva-
sion and mechanical spread to the surface of the uterine cervix by exfoliation and
superficial implantation, or direct spread to the cervical stroma as the mass of tumor
increases in three dimensions; 

4. Permeation of capillary or lymphatic spaces; 
5. a. Metastases to the regional (pelvic and para-aortic) lymph nodes or retrograde spread

to the vagina.
b. Penetration of the uterine serosa or reflux of neoplastic cells through the fallopian

tubes with spread to the ovaries or upper abdomen.
6. Eventual distant metastases.

In contrast is the typical progression of UPSC, which differs as follows:

1. The development (in a women typically 10 years older than one with endometrioid
adenocarcinoma) of EIC with mutant p53 and wild-type PTEN in the absence of hyper-
estrinism and instead in a background of atrophy or polyp; 

2. a. Probable rapid progression to invasive UPSC.
b. Reflux of neoplastic cells through the fallopian tubes. 

3. a. Increase in tumor mass with spread to the cervical surface or stroma.
b. Implantation and growth of neoplastic cells on the pelvic peritoneum.

4. a. Invasion into the myometrium usually accompanied by capillary or lymphatic invasion.
5. a. Metastasis to regional (pelvic or para-aortic) lymph nodes.

b. Direct mechanical dissemination to other intraperitoneal sites, such as omentum and
the surface of the diaphragm and liver.

6. Distant metastasis.

Either the (a) or (b) pathways, and frequently both, might occur for any given tumor.
It is common for UPSC to have extended beyond the uterus to involve the peritoneum
at the time of initial diagnosis. Indeed, the tumor may metastasize, presumably by a
mechanism that includes exfoliation of neoplastic cells and trans-tubal reflux, whereas
histologically still an in situ process (92).

Not all of the second type of endometrial carcinomas behave in the same fashion. Clear
cell carcinoma also has an aggressive behavior, with an overall 5-year survival rate of
about 40–50% (45,48,49,93–96). However, it differs from both endometrioid adenocarci-
noma and UPSC, with frequent early lymphatic invasion and nodal spread, but without the
propensity to spread by direct exfoliation and implantation on peritoneal surfaces. Although
women with tumors confined to the endometrium have an approx 90% 5-year survival,
deep myometrial invasion or vascular invasion carries a poor prognosis.

3.2. Current Therapeutic Modalities for Advanced Stage 
and Recurrent Disease

Since 1988, the staging of carcinoma of endometrium has been based on surgico-
pathological features (97). A highly abbreviated description of the stages is as follows:
stage I—tumor that is confined to the uterine corpus; stage II—tumor that involves the
uterine corpus with spread to the uterine cervix; stage III—tumor, which has spread to
the uterine serosa or adnexa, is identified in pelvic washing cytology, or involves pelvic
or para-aortic lymph nodes; stage IV—tumor that has invaded the bowel or bladder
mucosa or metastasized to distant sites. Early stage tumors are further divided according
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to the presence and depth of myometrial invasion and the histological grade.
Prognostication and therapy of endometrial adenocarcinoma are directly related to the
stage of disease. The primary treatment of endometrial adenocarcinoma consists of
hysterectomy and bilateral salpingo-oophorectomy. Pelvic and para-aortic lymph node
sampling is indicated for some patients, largely based on the presence of high risk fac-
tors in the initial diagnostic endometrial sample. Additional surgery, including omen-
tectomy and multiple peritoneal biopsies is often added for women with UPSC, as
peritoneal spread is so common. Patients with endometrial adenocarcinoma, found to
have adnexal spread, or pelvic or para-aortic lymph node metastasis at surgery, are at
high risk for recurrence. They generally benefit from directed radiation therapy with
5-year survival rates of 35–85% based on the site of extrauterine disease (86,98).

Radiotherapy may also be effective when recurrent endometrial adenocarcinoma is
later identified in the vagina or pelvis. In several studies, isolated vaginal recurrences
treated with radiation therapy were associated with survival rates of about 40% for 5 or
10 years. But the rate dropped to about 20% when there was recurrent disease in the
pelvis, and there were very few survivors with nodal recurrences (99–101). However,
most women with either recurrent tumor or multifocal, large volume residual disease
after surgery requires some form of systemic therapy, such as chemotherapy or hormonal
therapy. Although, it must be acknowledged that these therapies are rarely curative and
generally associated with disappointingly low response rates usually of short duration.

In single agent trials, cisplatin, carboplatin, doxorubicin, epirubicin, and paclitaxel
each displayed some activity, with response rates usually in the range of 20–25%, the
time to progression averaging only about 4–6 months, and the median survival averag-
ing about 10 months (102). The combination of cisplatin and doxorubicin resulted in an
increase in the response rate to about 50% and median survivals of about 1 year (102),
whereas cisplatin and paclitaxel produces a response in 60–80%. 

Estrogens and progesterone cause the proliferation and differentiation of glandular
epithelium in the normal menstrual cycle, respectively. As most endometrial adeno-
carcinomas contain steroid receptors as measured by either biochemical or immuno-
histochemical assay, therapy with a steroid that inhibits cell proliferation would
appear logical. In 1965, Kistner observed a histological response in endometrial ade-
nocarcinoma in some women who were treated with progestins (103). More recently,
Randall et al. have shown a 75–90% regression of complex atypical hyperplasia and
well-differentiated adenocarcinoma in women under the age of 40 who were treated
with oral progestin therapy. Similar results were reported by Montz et al. for peri-
menopausal women with well-differentiated adenocarcinoma using a progesterone-
releasing intrauterine contraceptive device (104). Less favorable response rates of
15–35% have been observed for women with measurable recurrent tumors treated
with any of the variety of progestational or antiestrogenic compounds (102,105).
Progression of disease typically occurs after about 4 months of therapy and overall
survival averages less than 12 months, although there are rare durable complete
responses. The duration of the response to progestin therapy might be limited by the
physiological effect that progesterone has on rapid downregulation of its own recep-
tor. Based on animal model data in which tamoxifen was found to upregulate ER and
PR with less stimulation of growth than estradiol, Mortel et al. (106,107) proposed
that continuous administration of tamoxifen and alternating week therapy with
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medroxyprogesterone acetate might help to increase both the rate and duration of
response. In a recent study (108), this strategy produced clinical results that were not
dramatically different from pure progestin therapy. Although, hormonal therapy for
endometrial adenocarcinoma has been used for more than 40 years, surprisingly little
is known about the mechanisms by which progestins produce their response in
patients. It is even uncertain whether the effect is associated with apoptotic or necrotic
cell death or terminal cell differentiation. Selective estrogen receptor modulators
including tamoxifen have also been studied as single agent therapy, with results similar
to that of progestins (102). Herceptin is currently being studied in women with recurrent
tumors that overexpress the Her 2/neu molecule.

4. CONCLUSIONS AND FUTURE DIRECTIONS

Frustration and optimism are equally appropriate responses on learning about the
current state of knowledge about endometrial adenocarcinoma and its precursors. The
following observations are accompanied by selected assertions and opinions that may
provoke others and stimulate future research proposals:

1. The current WHO classification of endometrial precursor lesions (simple and complex,
typical and atypical hyperplasia) is probably conceptually inaccurate and poorly repro-
ducible. Most of these lesions are hyperplastic, but some are neoplastic. An alternative
classification scheme that is both conceptually accurate and highly reproducible is needed.

2. The hysterectomy specimen obtained following the diagnosis of atypical hyperplasia
frequently contains endometrial adenocarcinoma. Consequently, nonsurgical therapies
for atypical hyperplasia should also be acceptable treatment for early stage endometrial
adenocarcinoma. Treatment strategies currently are limited to progestational or
antiestrogenic agents, and they are effective in a subset of precursor lesions.
However, the mechanisms and pathways by which progestins act remains incompletely
understood. Other forms of differentiating agents or molecules that correct aberrant
pathways need to be identified.

3. The EIN scheme of precursor lesions to endometrioid adenocarcinoma based on a com-
bination of morphometry and clonal analysis is probably conceptually accurate. Lesions
recognized as EIN are probably preinvasive neoplasms, and about one half of EIN
lesions contain mutations in PTEN. The ability of pathologists to subjectively mimic
the classification has yet to be established.

4. EIC represents the immediate precursor lesion to invasive UPSC, and probably is a
noninvasive neoplasm. In cases in which EIC and UPSC coexist in the endometrium,
they share the same mutation in p53.

5. Endometrial adenocarcinoma can be divided into two broad types, with differing epi-
demiology, risk factors, mutations, precursor lesions, histological appearances, and
biological behavior.

6. Endometrial adenocarcinoma can be further subdivided based on histological features
into about six cell types. Some of the cell types also have distinctive epidemiology, risk
factors, precursor lesions, histological appearances, and biological behavior. These cell
types intrinsically do not have biological significance, but instead probably are second-
arily associated with differing mutations that affect proliferation or differentiation path-
ways. Alternate classifications that offer better discrimination of biological behavior
and patterns of metastasis could be provided by a system based on gene or protein
expression analyses.
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7. The majority of invasive endometrial adenocarcinomas can be cured by surgery includ-
ing hysterectomy and bilateral salpingo-oophorectomy. Some women with small vol-
ume advanced disease in the lymph nodes or adnexa, or with localized vaginal vault
recurrences may be cured with radiation therapy.

8. Pathologists and gynecological oncologists have identified clinical and histological
features that can be used to create models that are very useful for prognostication.
Patients at low, intermediate, and high risk of recurrence can be identified with rela-
tively high accuracy. Pelvic radiation can reduce the incidence of local recurrence, but
effective therapy does not exist for those who suffer tumor recurrence.

9. Chemotherapy for recurrent endometrial adenocarcinoma using multiple agents is
largely palliative, with relatively low rates and short duration of response. It is unlikely
that any chemotherapeutic program alone will be curative.

10. Hormonal therapy for recurrent endometrial adenocarcinoma is also palliative, with
low response rates of generally short duration. As currently administered, it is very
unlikely that any hormonal therapy will be curative.

11. Given the inability of any current modality to cure most women with recurrent endome-
trial adenocarcinoma, other forms of treatment should be aggressively pursued.
Obvious potential targets include PTEN, p53, Her-2/neu, because these genes are
mutated relatively often in different types of endometrial adenocarcinoma. 

Knowledge of the pathways that are altered in various tumor types defined by gene
expression analysis will probably provide better targets for antibody or gene directed
therapy. Creation of tumor tissue and serum banks will be critical to the identification
of both tumor classifications (molecular signatures) and their appropriate therapy.
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1. INTRODUCTION

Endometrial adenocarcinoma is a heterogenous group of tumors with variable patho-
logical, clinical, epidemiological, and genetic properties. Although, each of these per-
spectives contribute an aspect of understanding to the biology of this most common of
all gynecological malignancies, they must be combined to achieve maximum benefit in
patient care. This chapter is oriented along the simplified lines of a dichotomous model
of sporadic disease in which the clinicopathological groups of endometrioid (type I)
and nonendometrioid (type II) endometrial carcinomas are a launching point to con-
sider their most commonly encountered characteristics. The former are subject to
endocrine modulation and transit a PTEN tumor suppressor inactivated precursor stage
of endometrial intraepithelial neoplasia (EIN), whereas the latter are characterized by
p53 inactivation and a brief, if any, premalignant phase. A potential mechanism of
unopposed estrogen promotion of endometrial carcinogenesis is its positive selection
for PTEN-mutant epithelial cells, enabling clonal expansion and subsequent accumulation
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of additional mutations needed for progression from a latent or subclinical phase of
disease, through EIN, to carcinoma. Cancer prevention and early diagnostic strategies
suggested by this model have relevance to clinical management.

2. CLINICOPATHOLOGICAL TYPES 
OF ENDOMETRIAL ADENOCARCINOMA

Most endometrial adenocarcinomas fall into one of two clinicopathological groups
(Fig. 1). Initially, defined by histopathological appearance (1) and natural history as
“endometrioid” (type I) and “nonendometrioid”(type II) (2,3), this classification has
subsequently been shown to be paralleled by systematic differences in molecular fea-
tures (4,5). The majority, i.e., more than 95% of sporadic endometrial adenocarcinomas
might be readily and easily assigned to one of these groups. Exceptions pose diagnostic
dilemmas for the histopathologist, but reflect the reality of a subgroup of individual
tumors that are not purely assignable to a cohesive subtype. A common example is the
homogenous endometrioid tumor with an unexpected P53 mutation throughout (Fig. 1,
“hybrid” type), or the predominantly endometrioid tumor with a geographically delimited
nonendometrioid subclone (Fig. 1, heterogenous or mixed type). For purposes of discus-
sion, this chapter focusses primarily on the two major types of endometrial cancer.

Differences in endometrioid and nonendometrioid tumor classes are summarized in
Table 1. Type I tumors usually have a nonaggressive behavior, and are often preceded
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Fig. 1. Multiple roads to endometrial carcinoma. The phenotype of endometrial carcinoma is deter-
mined during carcinogenesis. Type I carcinomas inactivate PTEN very early on, before any dis-
cernible histological change (latent precancer). Nongenetic hormonal selection factors modulate
cancer risk through their action on preclinical latent clones, which may undergo involution or expan-
sion with additional mutation. Additional mutations are sometimes accelerated by a microsatellite
instability phenotype, define stepwise progression events to endometrial intraepithelial neoplasia and
then adenocarcinoma. Serous (type II) tumors are first seen as a short-lived preinvasive stage desig-
nated serous EIC. Endometrial glandular dysplasia is a newly described lesion with p53 genotype
and histology intermediate between normal and serous EIC. Progression and involution rates of
endometrial glandular dysplasia lesions after sometime must be defined to determine how often they
are actual precursors of type II cancers. Rarely, individual examples of type I tumors may acquire an
early or late p53 inactivation event, causing a hybrid or heterogenous tumor, respectively.



by high risk hormonal exposures (unopposed estrogens) (6) and a histologically dis-
cernible premalignant lesion, EIN (7). Prototypical type I tumors are prone to inactiva-
tion of the PTEN tumor suppressor gene (8) and a wide variety of ancillary molecular
defects. In contrast, type II tumors occur in women who are slightly older (by 5–10
years) and are highly fatal (1). Molecular lesions within the nonendometrioid group are
dominated by inactivation of the p53 gene, a change present in almost 90% of cases
(4). The patterns of genetic instability differ in significant ways. Type I tumors have a
very specific type of genetic instability, mismatch repair defects, caused by epigenetic
inactivation of mismatch repair factors, such as MSH1 (9). Genetic instability in type II
tumors is manifested globally at the chromosomal rather than microsatellite level, fre-
quently demonstrating high order aneuploidy although having an intact mismatch repair
mechanism (10,11).

3. SPORADIC AND HEREDITARY CONTEXT 
OF ENDOMETRIAL CARCINOMA

Rarely, endometrial carcinoma presents as an organ specific manifestation of a more
generalized heritable tumor syndrome in which germline transmission of a mutant gene
predisposes to endometrial carcinoma. The vast majority of endometrial carcinomas,
more than 98%, are sporadic and occur outside of the context of a heritable syndromic
presentation. Nonetheless, endometrial cancer syndromes are of interest because of the
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Table 1
Differences in Endometrioid and Nonendometrioid Subtypes 

of Endometrial Adenocarcinoma

Feature Type I Type II References

Alternate Endometrioid Nonendometrioid –
designation

Histology Endometrial, mucinous, Papillary serous, clear 1
adenosquamous, cell, carcinosarcoma
secretory

Grades 1–3 Not applicable –
Behavior Indolent Aggressive –
Risk factors Endocrine (unopposed Unknown –

estrogen)
Precursor lesion EIN ?EGD, ?serous EIC 18,54,56
p53 mutation 5–10% 80–90% 4,58
PTEN 55% 11% 8

inactivation
K-ras 13–26 0–10% 28,51,58

inactivation
β-Catenin 25–38% Rare 28

inactivation
MLH1 17% 5% 9,10

inactivation
Loss of estrogen 27–30% 76–81% 51

and progesterone 
receptors



need to provide genetic counseling to families of affected individuals and as examples
of tumor sequelae of individual gene inactivation. Patients with hereditary defects of
the PTEN (Cowden’s syndrome) (8) or mismatch repair (Hereditary nonpolyposis colon
cancer) (12,13) pathways have elevated endometrioid endometrial cancer rates.

4. CLINICOPATHOLOGICAL AND MOLECULAR 
APPROACHES TO CARCINOGENESIS

The events of carcinogenesis are determinative of subsequent tumor type and behavior.
In this regard, dichotomous pathways of endometrial tumorigenesis corresponding to
types I and II carcinomas are expected. These have sufficiently different mechanisms of
origin and histological presentations that are best discussed separately. First, however,
the background and general principles of precancer biology in the endometrium will be
surveyed.

4.1. Endometrial “Hyperplasias,” a Clinicopathologically Defined 
Precancer State

It has been more than fifty years since Hertig first reported that women with endome-
trial cancer may have diagnosable precursor lesions that antedate cancer occurrence by
several years (14). A clinical concept of premalignant disease based on heightened risk
of cancer outcomes in women with endometrial “hyperplasias” quickly emerged as a
diagnostic entity and therapeutic target (15,16). Statistical association of cancer out-
come with presence or absence of atypical endometrial hyperplasia, as observed in
study populations, became the basis for a cancer prevention strategy incorporating
timely precancer diagnosis and ablation (16). In practice, classification into pure pre-
malignant and benign categories using hyperplasia criteria was at best fuzzy, because
of the subjective nature of the histological criteria discovery process, limited access to
patients of defined clinical outcomes, and poor diagnostic reproducibility during imple-
mentation. This is a particular problem in the case of precursors to type I cancers,
which are admixed in most study populations with “hyperplasias” caused by the sys-
temic effects of prolonged estrogen exposure.

4.2. Molecular Resolution of Biologically Defined Premalignant
Endometrial Lesions

Routine histopathology was for long the only readily accessible diagnostic modality,
a particular problem in a source tissue which demonstrates dramatic morphological
plasticity in response to hormonal stimulation and life cycle changes. The capacity to
resolve premalignant lesions in individual patients improved dramatically in the
1990s with the advent of a new molecular toolkit. A key advantage of this approach
was the ability to use lesion-specific markers as a unique identifier for premalignant
tissue. Specific genetic changes in putative premalignant lesions were confirmed to
be carried forward in subsequent carcinomas, thereby confirming direct lineage con-
tinuity between premalignant and malignant phases of disease (17,18). For the first
time, specific examples of premalignant disease could be confirmed and examined in
individual patients.

Contemporary precancer models, which incorporate molecular, cellular, and clini-
cal elements have driven many of the recent developments in the understanding of
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endometrial carcinogenesis. Predicted biological properties of premalignant endome-
trial lesions are shown in Table 2, along with the level of existing evidence for candi-
date endometrial precursors, which have been proposed for types I and II carcinomas.
This evidence has been combined in a flow diagram of lesion evolution in Fig. 1,
incorporating previously unrecognized endometrial stages, such as “latent precancers”
and “endometrial glandular dysplasia,” entities whose recognition depends on avail-
ability of suitable molecular markers. Caution must be exercised in assigning particu-
lar clinical significance to these preclinical lesions, as they might behave quite
differently than their clinically diagnosable counterparts. 

5. PRECURSORS OF ENDOMETRIOID ENDOMETRIAL CARCINOMA

Genesis of endometrioid carcinoma follows a classic multistep mutational model
with corresponding sequential changes in histopathology (Fig. 2). The constellation
and order of invocation, of affected genes and histopathological presentations vary
between individual patients.

5.1. PTEN Changes
The most commonly altered gene is PTEN, a tumor suppressor gene which serves to

modulate cell division rates and enable apoptosis (19). The proportion of endometrial
carcinomas that demonstrate PTEN inactivation is dependent to a certain extent on case
selection. The highest rate is 83%, seen in those sporadic endometrioid cancers associ-
ated with a coexisting or previous premalignant lesion (20). A functional link between
endometrial carcinogenesis and PTEN inactivation is further supported by a 20%
endometrial cancer rate in a constitutive murine PTEN knockout model (21). In humans
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Tables 2
Predicted Properties and Level of Evidence for Endometrial Premalignant Lesions

Predicted feature EINa EGDb Serous EICc

Associated Endometrioid Nonendometrioid Nonendometrioid
cancer type (type I) (type II) (type II)

Difference from Monoclonal Initial p53 changes p53 mutations,
normal tissue cytology

Differ from Intermediate PTEN Intermediate Not shown
carcinoma and microsatellite, deletional and

changes p53 changes
Continuous lineage Multiple genetic Same p53 Same p53

to carcinoma markers confirm mutations mutations
same clone

Can be diagnosed Yes, morphometry or Probably. Must be Yes, histology
subjective histology distinguished and markers

from repair (p53)
Increased cancer 89-fold Unknown Yes

risk

aEndometrial intraepithelial neoplasia.
bEndometrial glandular dysplasia.
cSerous endometrial intraepithelial carcinoma.



isolated PTEN inactivation is insufficient to induce endometrial carcinoma, requiring
additional nongenetic and genetic factors to be invoked before progression to a malig-
nant phase.

5.2. Latent (Preclinical) Phase of Carcinogenesis
The earliest detected genetic changes and somatically acquired endometrial gland

mutations in the PTEN tumor suppressor gene are not accompanied by any cytological
or architectural modifications evident at the light microscopic level (Fig. 3) (22). This
“latent precancer” phase is subclinical in every respect, falling below the threshold of
detection using routine diagnostic methods, and without a highly increased prospective
cancer risk. It is presence or absence of local and systemic selection factors for subse-
quent clonal expansion or involution, which stratify patients into risk groups. In the
latent phase, mutated cells may participate in successive endometrial regeneration dur-
ing the course of many menstrual cycles, and demonstrate normal morphogenesis in
conjunction with associated stroma.

Another early event, i.e., inactivation of mismatch repair mechanisms that result in a
microsatellite instability (MI) phenotype, might also take place before acquisition of a
specific histological phenotype (10) and is seen in 15–20% of endometrioid cancers
(11,23). Epigenetic silencing of the MLH1 gene through promoter methylation is the
most common mechanism (24) of induction of MI. This form of genetic instability
increases basal mutagenic rates, thereby accelerating acquisition of cumulative damage
sufficient for malignant transformation. The majority of endometrioid carcinomas,
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Fig. 2. A clonal model of endometrioid endometrial carcinogenesis. The first mutation which initiate
carcinogenesis are within cells that maintain an appearance and behavior similar to normal, thus,
their designation as “latent precancers.” The earliest morphologically distinguished premalignant
lesion, endometrial intraepithelial neoplasia are generated through additional mutation and clonal
expansion into a histological focus with altered cytology and architecture. Malignant transformation
from endometrial intraepithelial neoplasia to adenocarcinoma is driven by further mutation and
acquisition of an aggressive phenotype. Nongenetic factors can act as positive or negative selection
factors for clonal expansion and/or survival, thereby altering probability of progression.



however, do not demonstrate MI, so this should not be construed as either a necessary
or even predominant, element of endometrial carcinogenesis.

5.3. Emergence of a Histological Lesion
Progression from a latent precancer state to benign premalignant neoplasm to a

malignant neoplasm (carcinoma) is accompanied by alterations in genetics, histology,
and clinical behavior. The emergence of discrete histologically altered premalignant
lesions corresponds to local clonal expansion of a population of mutated glandular cells
(7). This step of transition from a latent to overt phase of disease is of relevance to
diagnostic pathologists involved in the clinical management of patients. Other genetic
alterations, which are seen in endometrioid endometrial carcinomas include KRAS and
β-catenin mutation, affecting 10–15% (25–27) and 25–30% (28) of endometrial can-
cers, respectively. These abnormalities may be invoked during or after the premalignant
phase of tumor evolution.

5.4. EIN: A Comprehensive Model of a Precancerous Lesion
A broad foundation of molecular, histological, and clinical outcome data has estab-

lished the entity of EIN as the biological precursor for endometrioid endometrial 
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Fig. 3. PTEN immunohistochemistry uncovers mutant glands devoid of histological change (latent
precancer). Normal proliferative endometrium from a naturally cycling premenopausal woman in
which two glands (pale) fail to express PTEN protein, in contrast to stroma and flanking (dark) glands.
Microdissection of these nonexpressing glands show somatic genomic mutations in the PTEN gene,
which are absent in the matched PTEN protein expressing glands. PTEN inactivation is not accompa-
nied by changes in architecture or cytology. PTEN immunohistochemistry with antibody 6h2.1.



adenocarcinoma (29). EIN lesions are precancerous lesions with particular biological
and histological features that confer a heightened risk for concurrent or future
endometrioid endometrial cancer. EIN was defined through an open-ended discovery
process, which correlated presence of those molecular features predicted in premalig-
nant disease with histopathological presentation and clinical outcome (30). The result
is a robust construct, which has practical application in clinical patient management,
and provides a framework to explore those variables and factors that are relevant to the
carcinogenesis process.

Because EIN diagnosis applies criteria, which have not been previously considered
in the older WHO “hyperplasia” diagnostic schema, there is no direct or absolute con-
cordance between EIN lesions and any specific subset of hyperplasias. For this reason,
the EIN diagnostic schema replaces, rather than supplements, the old World Health
Organization (WHO) hyperplasia classification. Although, approximately two-third of
EIN lesions are culled from the pool of atypical hyperplasias, the balance come from a
variety of heterogeneous entities, such as “metaplasias” and “nonatypical hyperplasias.”
Once EIN lesions are identified, the balance of “hyperplasias” falls into a variety of
specific diagnostic categories corresponding to particular pathogenetic states, including
anovulatory endometrium (unopposed estrogen effects), endometrial polyps, and a
broad range of unusual presentations of reactive and normal processes.

5.4.1. MOLECULAR FEATURES OF EIN

The latent or subclinical phase of endometrial carcinogenesis is followed by locali-
zed emergence of an aggregation of cytologically altered cells arrayed in an architec-
turally crowded focus known as EIN (Fig. 4) (31,32). Monoclonality of EIN lesions has
been demonstrated by the presence of nonrandom X chromosome inactivation among
the mutated lesion cells in contrast to the randomly inactivated polyclonal source field
(33–35). Other genetic alterations that commonly characterize EIN lesions, such as MI
(17,24), PTEN mutation (20), and KRAS (27) mutations are clonally present among the
cells of affected EIN lesions. These genetic changes offset a discrete EIN lesion from
its tissue background. This fact indicates that they are the product of somatically
acquired mutation rather than inherited genetic changes that would otherwise affect the
entire endometrial compartment. The clone, which consists an EIN lesion, may acquire
additional mutations or genetic heterogeneity during subsequent clonal expansion, a
key element of progression to carcinoma (17). However, not all EIN lesions progress.
Some undergo complete involution, whereas others persist for long periods and expand
to occupy the entire endometrial compartment as a premalignant lesion.

Adenocarcinoma tissues contain all of the PTEN, microsatellite, and X inactivation
patterns seen in EIN lesions from the same patient, objective evidence of direct lineage
continuity between premalignant and malignant phases of tumor evolution (18).
Comparison of the extent and range of genomic damage between premalignant and
malignant phases indicates a higher cumulative mutational load in cancers, a feature
that must contribute to their differing morphology and behavior. For example, whereas
55% of EIN lesions have demonstrable PTEN inactivating events (mutation and/or
deletion), the proportion rises to 83% in those cancers which follow an EIN lesion (20).
Similarly, for those lesions with MI, the burden of altered microsatellite alleles
increases between EIN and carcinoma (17,18). Although, it is convenient to label PTEN
and microsatellite alterations as “early” events, inactivation of these genetic targets
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occurs incrementally and can encompass both premalignant and malignant intervals.
Clonal diversification and selection, which continue after malignant transformation,
creates genetic heterogeneity within tumors, a feature that may polarize aggressiveness
and therapeutic response among component cells of one tumor.

5.4.2. EIN DIAGNOSTIC CRITERIA

Criteria for diagnosis of EIN were developed by objective computerized histomor-
phometric analysis of a series of individual lesions previously shown by genetic studies
to be premalignant (18,30,31). Genetic evidence for premalignant behavior includes a
monoclonal growth pattern and genetic alterations conserved in subsequent carcino-
mas. The histological pattern observed in genetically defined precancers was exactly
similar to that documented by independent histomorphometry studies to confer an ele-
vated risk for endometrial carcinoma during clinical follow-up (18). Molecular, diag-
nostic, and clinical outcome evidence has thus been tightly linked in the newly
integrated EIN schema.

EIN can be diagnosed by formal computerized histomorphometric measurement of the
D-Score, a quantitative threshold function incorporating architectural (volume percent
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Fig. 4. PTEN inactivation in an EIN lesion. PTEN mutant glands may progress to endometrial intraep-
ithelial neoplasia (EIN), characterized by a focal point of origin and distinctive histological changes.
Pale PTEN nonexpressing glands within this EIN lesion are larger in diameter and contain a taller
epithelium than overrun PTEN expressing glands (arrowheads). This EIN lesion was photographed at
its outer edge to emphasize its localized topography. Gland area within the lesion perimeter (left half
of the image) exceeds that of stroma. PTEN immunohistochemistry with antibody 6h2.1.



stroma, gland outer surface density) and cytological (standard deviation of the shortest
nuclear axis) variables (36,37). Histomorphometry has the advantage of an extraordi-
narily high level of reproducibility and standardization in a commercially available
platform (QProdit system manufactured by Leica Microsystems, Cambridge, UK). This
provides a durable standard for diagnosis, which has value as a reference and training
tool. Morphometric EIN diagnosis for clinical application is in use in some European
centers, but practical considerations discourage implementation in the United States.
Fortunately, it has been possible to individually extrapolate criteria from the histomor-
phometric experience into a set of diagnostic rules applicable by pathologists at a stan-
dard microscope (Table 3) (38).

Routine EIN diagnosis requires presence of specific topographic, architectural, and
cytological features, and exclusion of carcinoma, and benign mimics (Table 3) (29). The
clonal origin of EIN lesions begins with localized topography with increasing size 
over time. Some lesions will be diagnostic only within a single fragment of an endome-
trial sample, whereas approx 15–20% of lesions will occupy the entire endometrial 
compartment at time of diagnosis. Lesions smaller than 1mm in maximum dimension
do not have a dramatically elevated cancer risk, so this lower size cut off defines the
smallest EIN lesion. This measurement is made within a single fragment, by referencing
the perimeter as defined by an epicenter of crowded and cytologically altered glands.

The cardinal structural changes of EIN are concurrent changes in both cytology and
architecture that offset the lesion from the background endometrial pattern. Crowded
glands with a regional surface area more than that of intervening stroma are made up of
cells with a different cytology than the background. Significant cytological change
must be interpreted relative to the background, as there is no consensus or stereotypical
cytological appearance shared by all EIN lesions. Many, but not all, have the nuclear
rounding and prominent nucleoli, historically associated with “atypia.” Rather, some
EIN lesions have an elongated nuclear cytology, and in other examples the most promi-
nent cytological alteration is cytoplasmic rather than nuclear.

EIN mimics are numerous and must be recognized at a glance. Normal secretory
endometrium may have crowded glands, especially in the low functionalis where stro-
mal expansion is minimal. Anovulatory endometria is present as a diffused, nonlocal-
ized, disordered mixture of cysts and proliferative glands. Approximately 15% of EIN
lesions occur within endometrial polyps, in which case the polyp must serve as the
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Table 3
EIN Diagnostic Criteria

EIN criterion Comments

Architecture Gland area exceeds stromal area
Cytology Cytology differs between architecturally crowded focus and 

background
Size Maximum linear dimension exceeds 1 mm 
Exclude mimics Benign conditions with overlapping criteria such as basalis,

secretory, polyps, repair
Exclude cancer Carcinoma if mazelike glands, solid areas, or significant 

cribriforming

All must be met.



counterpoise for diagnosis, not the native functionalis. EIN lesions grow as aggregates
of individual glands lined by a single layer epithelium, usually, tubular or with simple
branching. Neoplastic epithelium that grows in solid masses, complex folded sheets
(with a mazelike interconnected luminal profile), or significantly cribriform lumens
should be diagnosed as adenocarcinoma. Interested readers are referred to the educa-
tional website www.endometrium.org for more extensive discussion and illustrations
on how to diagnose EIN.

5.4.3. EIN CLINICAL OUTCOME PREDICTION

Patients with EIN lesions have a very high risk for progression to adenocarcinoma,
approx 89 times that of women without an EIN lesion. Several clinical outcome stud-
ies of women with morphometrically diagnosed EIN (36,39–41) have recently been
assembled as a large meta-analysis encompassing 674 endometrial “hyperplasia”
patients with clinical follow-up (42). Stratification of the endometrial hyperplasias as
EIN vs non-EIN showed an 89-fold increased frequency of endometrial cancer in the
EIN group. Depending on the interval between EIN and cancer diagnosis, these can-
cers might be construed either as concurrent or progression events. Thirty nine percent
of patients with an EIN diagnosis were diagnosed with endometrial adenocarcinoma
within 1 year, compared with no patients in the non-EIN group. More than 1 year
after EIN diagnosis, progression to endometrial adenocarcinoma is 45-fold higher for
patients with EIN compared with those without. This is compared with a sevenfold
cancer risks for atypical hyperplasia vs nonatypical hyperplasia in the same patient
population.

Subjective EIN diagnosis also provides excellent cancer risk prediction (38). A group
of 84 women with various endometrial hyperplasias and known clinical outcome
included eight cancer occurrences, of which five were in the atypical and three nonatyp-
ical hyperplasia groups. When rediagnosed using the EIN schema, all eight cancer
occurrences were in women with previous EIN lesions. The number of patients in the
high-risk groups was approximately equal for WHO and EIN classifications, including
21 atypical hyperplasias and 25 EINs.

5.5. Hormonal Risk Modulation in PTEN Mutant Cells
Estrogens and progestins have a reciprocal effect on endometrioid endometrial can-

cer risk. Epidemiological studies of endometrial cancer risk factors show a 2–10-fold
increased cancer risk in women exposed to estrogens without opposing effects of prog-
estins (6,43–45). The protective effects of progestins are evident in women using com-
bined oral contraceptives, as they have a 0.5–0.7 endometrial cancer risk relative to
controls (46,47). Risk modulation occurs through interaction of these systemically
administered agents with the target endometrial tissue. Identification of a very high
baseline frequency of endometrial mutagenic events, such as PTEN-mutated endome-
trial cells in up to 43% of otherwise normal premenopausal women (latent precancers,
discussed earlier) (22), has renewed the focus on endocrine risk modifiers, rather than
mutagenesis rates, as the rate limiting event.

Hormonal exposures known to alter endometrial cancer risk probably do so through
their activity as positive or negative selection factors for preexisting mutant endometrial
clones. A prerequisite for this hypothesis is that latent endometrial precancers and EIN
lesions retain hormonal competence. This is the case, as intact estrogen and progesterone
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receptors are readily demonstrable in endometrial glands of latent precancers and EIN
lesions by immunohistochemistry (22). In order to develop a mechanistic link between
hormonal and genetic events during endometrial carcinogenesis, it is necessary to define
a point of convergence within affected endometrial cells.

Constitutive PTEN expression by genetically intact, normal endometrial cells is highly
elevated by estrogens and reduced progesterone during the normal menstrual cycle (Fig.
5) (48). This is evidence that PTEN, a tumor suppressor gene known to control the rate
of cell division, plays a physiological role in the highly mitotic endometrial glands of an
estrogen-rich environment, but not in the mitotically quiescent progesterone-dominant
postovulatory phase. Consider the fate of a PTEN-mutant clone under varying 
hormonal conditions. In the presence of unopposed estrogens PTEN-mutant endome-
trial glands will proliferate at advantage relative to normal glands, division of which is
checked by PTEN. The mutant clone then expands, thereby increasing the likelihood
for additional mutation. In contrast, if the same PTEN mutant clone is admixed with
PTEN intact normal glands in a progesterone rich environment, cells of neither geno-
type will require PTEN function, so behave equivalently and without being selective
for the mutant population.

Progestin treatment of a type known to reduce endometrial cancer risk causes prefer-
ential involution of PTEN-mutant endometrial glands. 83% of latent PTEN-null clones
of premenopausal, naturally cycling women with a histologically normal endometrium
were present 1 year later (22). There are two implications of this simple observation.
First, under hormonally normal circumstances, these cells must be distributed at least
in part within the functional reserve of endometrial cells, which regenerate the func-
tionalis each month. Second, long-term persistence of PTEN null clones confirms their
availability as a target for transient hormonal exposures. In contrast, in women who
receive therapeutic doses of progestins only 10% of PTEN-null clones remain after
therapy (a 90% involution rate) (49). Ablation of these clones is accompanied by a
reduction in endometrial cancer risk.

6. PRECURSORS OF NONENDOMETRIOID ENDOMETRIAL 
ADENOCARCINOMA

Papillary serous carcinoma is the prototypical example of nonendometrioid endome-
trial adenocarcinoma, a group that also includes clear cell and carcinosarcoma histo-
types (50). Many papillary serous tumors have lost estrogen and progesterone receptors
(51), and there are no known hormonal exposures, which increase risk for this variety
of carcinoma. Loss of p53 normal function, seen by aberrant immunohistochemical
accumulation of the inactivated protein, is a diagnostically useful marker for very scanty
or poorly preserved specimens, where a differential diagnosis between surface reactive
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Fig. 5. (Opposite page) Physiological changes in PTEN expression during the normal menstrual
cycle. Endometrial gland expression of PTEN is the greatest in an estrogen-dominated environment
(proliferative endometrium, Panel A) and diminishes after several days of progestin exposure (24 day
secretory endometrium, Panel B). Stromal PTEN expression is high throughout. Physiological
requirements for the tumor suppressor function of PTEN under varying hormonal conditions is one
mechanism whereby the systemic hormonal environment may act as a positive or negative selection
factor for PTEN mutant glands. PTEN immunohistochemistry with antibody 6h2.1.



change and surface distributed carcinoma is difficult to resolve on morphological
architectural grounds alone (52). In these instances, extreme cytological atypia is a
key element of the diagnosis.

There is much less information about the precursors of type II cancers when com-
pared with the abundant data for type I endometrial cancers. One reason is that papil-
lary serous cancers are much less frequent than their endometrioid counterparts, making
it difficult to assemble large series for study. Additionally a rapid tempo of papillary
serous carcinoma emergence from an apparently normal state presents a narrow tempo-
ral window for clinical detection of early disease. Serous Endometrial intraepithelial
carcinoma (EIC) and endometrial glandular dysplasia (EGD) are the best candidates
for preinvasive malignant and premalignant papillary serous disease, respectively.

6.1. Serous EIC: An Immediate Precursor to Invasion
Serous endometrial intraepithelial carcinoma (serous EIC [29,53]) is a noninvasive

form of papillary serous adenocarcinoma (54) (Fig. 6, Panel B). Serous EIC, seen in
almost 90% of uteri with papillary serous carcinoma (53), is made up of cells identical
to invasive papillary serous carcinoma in their cytology and in the presence of p53
mutation. It’s most common presentation is thus a pattern of extension from the
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Fig. 6. Serous EIC and endometrial glandular dysplasia. p53 stain of serous EIC (Panel B) and
endometrial glandular dysplasia (Panel A) show a gradation of cytological atypia and abnormal p53
staining between these entities. Both are in situ lesions, which frequently coexist in women with
invasive papillary serous carcinoma. Endometrial glandular dysplasia example is kindly supplied by
Wenxin Zheng, Yale University, New Haven, CT.



coexisting invasive tumor. Occasionally, serous EIC is seen as the initial diagnostic
manifestation of a noninvasive papillary serous adenocarcinoma (52). Isolated EIC is a
lesion with intrinsic malignant behavior, as it has the capacity for peritoneal metastasis
to abdominal sites (55). In this regard it cannot be considered a premalignant lesion,
but rather an immediate precursor of the invasive form of disease.

6.2. Uterine Glandular Dysplasia: A Potential Precancerous Serous Lesion
Careful scrutiny of endometria with (invasive or noninvasive) papillary serous carci-

noma has disclosed a lesion with histology and genotype intermediate between normal
glands and serous carcinoma. EGD lacks the wild cytological atypia of serous EIC, has
only patchy or moderate abnormalities of p53 staining, and a mitotic activity somewhat
less than associated carcinomas (56) (Fig. 6, Panel A). Frequent occurrence, in up to
53% of uteri with serous carcinomas, is as expected for a precursor lesion. EGD tends
to be multifocal, involving luminal surface epithelium, sometimes within endometrial
polyps. Molecular analysis of allelic losses within individual patients has shown pro-
gressive incremental deletions in the spectrum from normal to EGD to serous carci-
noma, thereby confirming a stepwise relationship among these phases of disease (57).
The frequency of EGD occurrence outside a cancer context is unknown, and a histolog-
ical phenotype easily confused with reactive changes complicates its reliable identifica-
tion. Clinical outcome studies of patients with isolated genotype-confirmed EGD is
needed to define the natural history of this lesion and its place in patient management.
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Fig. 6. (Continued)



7. FUTURE IMPLICATIONS

The endometrial experience highlights the problems and benefits of a disease model
increasingly dominated by a molecular perspective. Interacting disease mechanisms
may intersect in hormonal selection of PTEN-mutant endometrial clones. Observed clin-
ical outcomes reflect the balance of all of these factors as played out against the back-
drop of a single patient. Thus, molecular epidemiology should not be construed as a
descriptive science of those molecular defects present within a population, but rather the
complex dynamics of selection between nongenetic, systemic, and environmental fac-
tors, and acquired somatic genetic defects, which arise at a surprisingly high rate among
normal individuals. The resulting hybrid model incorporating multiple disciplines pres-
ents significant challenges for the individual contributing fields. Will molecular markers
supplant diagnostic histopathology in clinical decision making? How should the value of
precise and objective molecular analysis be weighed against the population variation
and individual contexts in which they occur? Responsible clinical care will be the ulti-
mate arbiter of these unresolved debates, and the best measure of future success.

An intriguing aspect of this disease is the latent phase—invisible to routine
histopathological examination, but now detectable with specialized biomarkers. An
extraordinarily high frequency of acquired silent mutations in histologically “normal”
tissues, challenges the concept that initiation of carcinogenesis is an abnormal event, or
even limited by mutational rates. It is very likely that those nongenetic events known to
alter cancer risk act through their effect on such latent precancers. Reduction of risk,
such as achieved by progestin exposure, leads to involution of latent precancers. Increase
of cancer risk, such as caused by unopposed estrogen, leads to histological progression
from latent to clinically diagnosable EIN disease. A rational conclusion is that many
examples of endometrial cancer might be prevented by those interventions, which selec-
tively destroy latent precancer cells. Correspondingly, the efficacy of such interventions
might be measured in short order by direct observation of changes in the latent precan-
cer prevalence before and after therapy. These hypotheses are easily formulated, can be
tested experimentally in modestly sized populations during short periods of time, and
could lead to bonafide cancer preventative strategies for this common disease.
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1. INTRODUCTION

The molecular genetic characterization of endometrial carcinoma has clearly 
contributed to the understanding of this common disease. However, the interpretation
of such studies has relied on careful clinicopathological classification of the tumors.
Many of the early molecular genetic studies of endometrial carcinoma were hampered
by the lack of careful tumor classification. Much of the problem was related to the fact
that the classification scheme, described in the previous chapter, initially described in
1983 has only recently gained widespread acceptance. Consequently, and understand-
ably, many of the early studies did not clearly state the type (or types) of endometrial
carcinomas that were included. Additionally, many studies that classified tumors lacked
significant numbers to allow the results from the different tumor types to be assessed
independently, partly because of the fact that type II tumors are relatively uncommon.
However, recent molecular genetic studies have supported the dualistic categorization
of endometrial carcinoma and have resulted in important insights into the pathogenesis
of the two major types of carcinoma (Fig. 1). In addition, such studies are beginning to
elucidate the molecular underpinnings of some of the more uncommon types of
endometrial carcinoma that are not so easily classified in the dualistic model of endome-
trial carcinoma. This chapter will focus primarily on the molecular studies that have
supported the dualistic model and a short discussion on one of the more uncommon
forms of endometrial carcinoma. In addition, the relationship between genetics and
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hormones in the context of endometrial carcinoma will be briefly discussed followed
by a short introduction of a genetic mouse model of endometrial carcinoma.

2. TYPE I AND TYPE II ENDOMETRIAL CARCINOMA

2.1. Endometrioid (Type I) Carcinoma
Endometrioid carcinoma, generally categorized as type I carcinoma, is the most

common type of endometrial carcinoma, accounting for approx 80–85% of all cases.
Consequently, it has been more extensively studied at the molecular level than the
other histological types. A wide variety of cancer-related genes have been analyzed
in this tumor type, but only the most commonly altered genes will be discussed in
this chapter.

The tumor suppressor gene, PTEN is mutated in a wide variety of human tumors and
is the most frequently altered gene in endometrioid carcinoma. In fact, endometrioid
carcinoma has the highest frequency of intragenic PTEN mutations compared with any
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Fig. 1. Histological and molecular characteristics of endometrial lesions. The precursor lesions are
shown on the left and the invasive tumors on the right. The common molecular genetic alterations found
in each morphological entity are shown directly under each photomicograph. SH, simple hyperplasia;
CH, complex hyperplasia; CAH, complex atypical hyperplasia; G1, Grade 1 endometrioid carcinoma;
G2, Grade 2 endometrioid carcinoma; G3, Grade 3 endometrioid carcinoma; EIC, endometrial intraep-
ithelial carcinoma; USC, papillary form of serous carcinoma; USC glandular, glandular form of serous
carcinoma. From ref. 24.



other single tumor type. PTEN is located on chromosome 10q23.3, a region of the
genome that undergoes loss of heterozygosity in approx 20–30% of endometrioid car-
cinomas and 30–80% of tumors having intragenic mutation (1). In addition, mutations
have been detected in approx 20% of hyperplastic lesions, both with and without atypia,
suggesting that mutations in PTEN occur relatively early in the pathogenesis of
endometrioid carcinoma (2,3). This is in contrast to other tumor types (e.g., prostate
cancer, melanoma, and gliomas), in which PTEN is believed to be inactivated later in
their development. Initially, based on sequence homology, it was believed that PTEN
encoded a dual specificity protein phosphatase. It was later shown that in vitro it had
lipid phosphatase activity (4). Presently, its most well-documented substrate is the lipid
molecule phosphatidylinositol 3,4,5-triphosphate. This lipid molecule is an important
second messenger that regulates the phosphorylation of a protein called AKT (also
known as protein kinase-B). The downstream targets of phosphorylated AKT include a
number of molecules that directly affect cell-cycle regulation (e.g., p21WAF1/CIP1,
p27KIP1) and apoptosis (e.g., BAD, MDM2, FKHR). Thus, loss of PTEN function
results in the ability of cells to both proliferate and escape cellular senescence.

In in vitro studies the introduction of PTEN into tumor cells that lacks its expres-
sion results in either cell-cycle arrest or apoptosis depending on the cell type and the
amount of exogenously expressed PTEN. In endometrial carcinoma cell lines both
apoptosis and cell-cycle arrest have been induced by the introduction of wild-type
PTEN into cells with altered PTEN. In the study that demonstrated apoptosis, PTEN
was introduced using adenovirus-mediated gene transfer, which resulted in marked
overexpression of the protein (5). In the study, in which PTEN induced a G1 cell-cycle
arrest, a retroviral approach was used, which generated more physiological levels of
PTEN expression (6). In cell lines with altered PTEN, there were increased levels of
phosphorylated AKT that decreased with introduction of wild-type PTEN and the
growth of cells containing wild-type PTEN was unaffected by exogenous PTEN
expression. In the latter studies, growth arrest required a functional phosphatase
domain. Total levels of CIP/KIP and INK4 family members, the known inhibitory 
regulators of the G1 phase of the cell cycle, were unchanged. However, PTEN induced
a specific reduction of cyclin D3 levels, and an associated increase in the amount of
the inhibitor p27KIP1 complexed with CDK2 (6). These studies suggest that in the
endometrium loss of PTEN might contribute to both loss of cell-cycle regulation and
avoidance of cell death. In other tumor systems PTEN has resulted in increased levels
of p27KIP1. The significance of this finding in the endometrial cancer cell lines is
unclear as immunohistochemical studies have suggested that endometrial carcinomas
often show an increase in cyclin D1 expression (7).

There is a wide spectrum of mutations (missense, nonsense, and frameshift) of
PTEN in endometrioid carcinoma, which primarily occur in exons 3–5, 7, and 8 tar-
geting not only the phosphatase domain, but also regions that control protein stabil-
ity, phophatase activity, and localization (1,8). Many of the mutations result in
decreased expression of PTEN documented by both Western blot analysis and
immunohistochemistry. Furthermore, one study has found loss of PTEN expression
in clusters of endometrial glands that appear morphologically benign, suggesting that
PTEN alteration may precede the development of detectable light microscopic lesions
(9). In addition, some data have suggested that epigenetic mechanisms (e.g., pro-
moter hypermethylation) and subcellular localization can affect PTEN function in the
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absence of intragenic mutations. However, neither the in vitro studies nor the muta-
tional analysis have elucidated the mechanism by which loss of PTEN contributes to
the early development of endometrial carcinoma. Interestingly, as discussed later,
intragenic mutations in PTEN are associated with microsatellite instability (MSI),
another common early molecular alteration found in endometrioid carcinomas (1,10).
Although, the association is believed to be important, the mechanism(s) underlying it
and its consequences remain unclear.

MSI is defined as alterations in the length of short, repetitive DNA sequences. The
instability of the repeats is a direct consequence of the lack of intact DNA mismatch
repair, an essential system for correcting DNA sequence errors created during replication.
In endometrioid carcinoma and other tumors, the DNA mismatch repair system is dis-
abled either through intragenic mutation of one of the DNA mismatch repair genes or
more commonly through promoter hypermethylation of the MLH1 gene (11,12). The
absence of DNA mismatch repair results in an increase in the rate of mutation in other
cancer-causing genes, thus accelerating tumorigenesis. MSI is detected in approx 20% of
sporadic endometrial cancers and can be found in complex atypical hyperplasias that are
associated with cancers that demonstrate instability (2). However, it has not, been found
in lesser degrees of hyperplasia, although methylation of the hMLH1 promoter has been
detected in hyperplasia without atypia (13).

MSI is also found in endometrial carcinomas arising in patients affected by heredi-
tary nonpolyposis colorectal carcinoma, a family cancer syndrome, in which endome-
trial carcinoma is the most common noncolorectal malignancy. Although, it remains
unclear exactly when in the development of endometrial neoplasia the DNA mismatch
repair system becomes inactivated, the presence of MSI in hyperplastic lesions and the
high incidence of endometrial carcinoma in Hereditary nonpolyposis colorectal carci-
noma families suggest that it may occur early in its pathogenesis. Additional studies are
necessary to address the exact mechanisms and timing of DNA mismatch repair inacti-
vation in the development of endometrioid carcinoma. Answers to this question are not
only of biological interest, but may also have important clinical ramifications.

The TP53 tumor suppressor gene has received considerable attention in endometrial
cancer. Mutations in TP53 are found in approx 10–20% of all endometrioid carcino-
mas, the majority occurring in high-grade tumors. Approximately 50% of Grade 3
tumors and rare Grade 2 tumors, contain TP53 mutations, but they have not been iden-
tified in Grade 1 tumors or endometrial hyperplasia (14). Furthermore, a number of
studies have shown that both p53 overexpression and mutation are associated with a
poor prognosis (15). It is of interest to note that Bohkman classified Grade 3 endometri-
oid carcinomas as type II tumors in the original study. Molecular data now exist, which
suggest that most Grade 2 and some Grade 3 tumors have molecular profiles similar to
Grade 1 tumors (e.g., PTEN and K-ras mutations, and MSI) (14).

In addition, a number of oncogenes (e.g., c-myc, HER-2/neu, bcl-2, and c-fms) have
been studied in endometrial carcinomas, but only a few are altered in a significant
number of cases. One of the most commonly altered is the KRAS protooncogene.
KRAS encodes a guanine nucleotide binding protein of 21 kDa, which has a central
role in the regulation of cell growth and differentiation by transducing signals from
activated transmembrane receptors. Mutations in KRAS result in constitutive activity
even in the absence of an activated receptor and, in several studies have been identified
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consistently in 10–30% of endometrial cancers (14). The mutations have been found
in all grades of endometrioid carcinoma and have been reported in complex atypical
hyperplasia, suggesting a relatively early role for KRAS mutations in this tumor type.
Most recently, mutations in the CTNNB1 gene have been found in approx 15–20% of
endometrioid carcinomas with an accumulation of the protein found in 38% of cases
(16,17). This suggests a role for the Wnt signal transduction pathway, a pathway com-
monly altered in colorectal carcinoma. Interestingly, aberrations have recently been
described in this pathway in endometrioid tumors of the ovary. Additional studies will
be needed to determine the significance of this pathway in endometrioid carcinomas
of the uterus.

2.2. Serous (Type II) Carcinoma
Serous carcinoma has been studied less intensively than endometrioid carcinoma

owing largely to its relative infrequency, accounting for only 10–15% of all endome-
trial carcinomas. Further complicating the issue is that many studies in the past did
not recognize it as a distinct entity. Although a number of cancer-causing genes have
been studied, only the TP53 tumor suppressor gene is altered in a significant number
of cases. Some studies have detected TP53 mutations in almost 90% of cases making
it one of the small number of adult solid tumors with such a high frequency of muta-
tion in a single gene (18). Furthermore, approx 75% of endometrial intraepithelial
carcinomas, the putative precursor of serous carcinoma, have mutations in TP53
implicating a role for its inactivation early in the development of this aggressive
tumor type. This is in contrast to endometrioid carcinoma in which TP53 mutations
are relatively uncommon and are largely confined to Grade 3 tumors. Thus, it is pos-
sible that the mutation of TP53 early in the pathogenesis of serous carcinoma is an
important factor in determining its aggressive behavior. In addition, the fact that
TP53 mutations occur most commonly in Grade 3 endometrioid and serous carcino-
mas may provide an explanation for overexpression and mutation of TP53 as an inde-
pendent indicator of poor prognosis.

In contrast to endometrioid carcinoma, mutations in KRAS and PTEN appear to be
highly uncommon in serous carcinoma (14). Additionally, MSI has not been described.
Studies have suggested that there is amplification and overexpression of c-myc and
Her-2/neu; however, it is not clear from the literature what percent of serous carcino-
mas demonstrate these alterations.

As in other tumor systems, the molecular studies of endometrial cancer support the
concept that epithelial-derived tumors develop from preinvasive lesions that accrue a
constellation of genetic alterations, providing the cell with the attributes necessary for
unregulated growth (Fig. 1). In endometrioid carcinoma, PTEN alterations appear to
be central to the initiation of proliferative lesions that then acquire mutations in other
cancer-causing genes (e.g., DNA mismatch repair genes, KRAS, TP53) in the progres-
sion to malignancy. Conversely, TP53 mutations appear to be critical in the conversion
of relatively quiescent, atrophic endometrium into an intraepithelial form of serous
carcinoma, which then sets the stage for the accumulation of alterations in as yet
unidentified cancer-causing genes. Finally, although the dualistic model is valid,
it may not adequately encompass the more uncommon types of endometrial carcinoma,
including clear cell carcinoma, which will be briefly discussed next.
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3. MOLECULAR GENETICS OF UNCOMMON 
ENDOMETRIAL CARCINOMA

3.1. Clear Cell Carcinoma
Clear cell carcinoma is an uncommon variant of endometrial carcinoma, and clinico-

pathological studies have produced conflicting results regarding its biological behavior,
with 5-year survival ranging from 21 to 75% (19–22). Furthermore, in addition to
tumors that are pure clear cell carcinoma, clear cell differentiation can be admixed with
tumors demonstrating endometrioid or serous components. Although, clear cell carci-
noma is often categorized as a Type II tumor both the discrepancy in the biological
behavior and its association with endometrioid and serous carcinoma suggests the 
possibility that it may not fit simply into the dualistic model of endometrial carcinoma.

Recent immunohistochemical studies using p53, Ki67, estrogen and progesterone
receptors that were performed on clear cell carcinoma have suggested that they are 
different from either endometrioid or serous carcinoma (23). A recent molecular study
demonstrated that the majority of pure clear cell carcinomas do not show mutations in
either PTEN or TP53; the most commonly altered genes in type I and type II tumors,
respectively (24). Furthermore, in tumors with a mixed histological appearance, the
mutations present in the serous or endometrioid component were identical to those
found in the clear cell component supporting a monoclonal origin of the distinct com-
ponents (Fig. 2). These findings suggest that clear cell carcinoma may arise through
different pathogenetic pathways, thus explaining the wide range of biological behavior.
The absence of mutations in the PTEN gene and the TP53 gene in the majority of pure
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Fig. 2. PTEN exon sequence analysis (antisense) in two cases of mixed clear cell carcinoma. Case 9
is a mixed clear cell and serous carcinoma and case 10 is a mixed clear cell and endometrioid. In case
10, a basepair substitution (C to T transition) resulting in a nonsense mutation is seen in both compo-
nents. No PTEN mutation was identified in case 9. UCC, uterine clear cell component; USC, uterine
serous carcinoma component; UEC, uterine endometrioid component. (From ref. 24.)



Table 1
Mutational Frequencies for TAM and NO-TAM Endometrial Cancers

PTEN K-RAS TP53 β-catenin MI-positive

TAM (n = 29) 10 5 7 1 7
NO-TAM (n = 29) 13 5 5 2 8

All p > 0.05 for individual genetic mutational frequencies in TAM vs NO-TAM; calculated by two-
tailed Fisher’s exact test.

clear cell carcinomas implies that they arise through a distinct molecular pathway. It
also emphasizes the need to separate pure from mixed clear cell carcinomas in future
clinicopathological studies and should instigate a search for additional genetic changes
in this variant of endometrial carcinoma to further the understanding of its pathogene-
sis and biological behavior.

4. RELATIONSHIP OF HORMONES AND MOLECULAR 
GENETIC ALTERATIONS

One of the defining differences between type I and type II tumors is the associa-
tion of type I tumors with an estrogenic state. Despite the fact that the relationship
between estrogen and Type I tumors has been recognized for several decades little is
known about the molecular basis of this association. Unopposed estrogen is rarely
used anymore because of this strong association; however, tamoxifen use has
increased and is currently the most widely prescribed hormonal therapy for the treat-
ment of breast cancer. Although tamoxifen has an antiestrogenic effect in the breast,
it has weak estrogenic effects on the endometrium. Many epidemiological as well as
randomized prospective trials have shown a moderately increased risk of endometrial
cancer in association with prolonged tamoxifen treatment with relative risks ranging
from 2.53 to 7.5 (25–27). Thus, two recent studies have been done to determine the
molecular profiles of tamoxifen associated tumors in the hope of providing insight
into the mechanisms through which estrogen contributes to endometrial carcinoma
development. A gene profiling study has found that the expression patterns of the
tumors were associated most closely with tumor grade and were not associated with
the presence or absence of tamoxifen exposure. In addition, a molecular genetic
analysis of the most common genetic alterations in endometrial carcinoma, as dis-
cussed earlier, found no difference in the frequency of mutation between the two
groups of tumors (Table 1).

These studies suggest that the mechanism by which tamoxifen increases the inci-
dence of endometrial carcinoma is through the same pathogenetic pathways that give
rise to sporadic cancer. Given these results, tamoxifen may act as an initiator of tumori-
genesis through estrogen agonistic activity in the endometrium, according to the sug-
gestions made by clinical trials and laboratory studies (26,28–32). An immunohistochemical
study of endometrial epithelial proliferation in postmenopausal women showed
increased staining with MIB-1 in tamoxifen-exposed benign endometrium compared to
nonexposed endometrium. This further supports the idea that tamoxifen exposure
results in increased epithelial proliferation (29). Thus, tamoxifen may act to increase
the proliferation of a subset of cells, thereby increasing the likelihood of mutations.
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Alternatively, it may promote the growth of cells that have already sustained mutations
thereby enhancing the ability of “occult” malignancies to develop. As a result of either
or both possibilities, tamoxifen exposure could lead to the production of a spectrum of
mutations similar to that of sporadic endometrial cancers at the same time explaining the
observation of an increased incidence of endometrial carcinoma in this clinical setting.

5. MOUSE MODEL OF ENDOMETRIOID CARCINOMA

As described previously, several studies have shown that MSI and mutations in PTEN
are restricted with rare exceptions, to the estrogen-related endometrioid subtype of
endometrial cancer. Furthermore, an association between MSI and PTEN mutations,
the most common alterations in endometrioid carcinoma, has been identified, but the
nature of the association remains unclear. Taken together, these data support a relation-
ship not only between the two most common genetic alterations in uterine endometri-
oid component, but also suggest a fundamental relationship of these alterations with
hormonal factors. Understanding these relationships is critical to unraveling the patho-
genesis of endometrioid carcinoma. Valuable insights into the molecular genetics and
hormonal aspects of endometrial carcinoma have come from the study of primary
human tumors and in vitro studies. However, understanding the relationship of genetic
alterations and hormones and their biological implications in endometrial tumorigenesis
requires an in vivo model system.

Several studies have shown that 100% of female mice lacking one wild-type copy of
Pten spontaneously develop a lesion that closely resembles complex atypical hyperpla-
sia in humans. Furthermore, approx 20% of aged (32–40 weeks) mice develop invasive
carcinoma with morphological similarities to well-differentiated endometrioid carci-
noma (33,34). A recent study has also demonstrated that Pten+/− mice lacking a func-
tional DNA mismatch repair system (Pten+/−/Mlh–/−) have an accelerated onset of
hyperplasia and carcinoma (35). An analysis of the neoplastic lesions arising in both
Pten+/− and Pten+/–/Mlh–/− mice show that the lesions (hyperplasias and carcinomas)
demonstrate decreased expression of Pten by immunohistochemistry. In addition, in
approx 30–60% of the lesions, loss of the wild-type allele of Pten was detected. These
findings suggest that loss of Pten function is involved in the progression of endometrial
tumorigenesis in this model system. Furthermore, in every lesion detected by light
microscopic evaluation, irrespective of size or architecture, P-Akt was detected by
immunohistochemical analysis. Although, other downstream targets in the Pten path-
way may play a role in the development/progression of endometrial tumorigenesis,
these studies indicate a central role for P-Akt.

In the future, this mouse model will be exploited to further our understanding of the
pathogenesis of endometrial carcinoma at the molecular level and the interaction of
genetic alterations and hormonal influences in this common malignancy of women.

6. CONCLUSION

Molecular genetic analysis in combination with histopathological features have pro-
vided key insights into the pathogenesis of endometrial carcinoma. The recent studies
have supported a broad classification of endometrial carcinoma by documenting distinct
molecular genetic profiles of the two most common histological types of the disease.
These findings have not only elevated the understanding of this common malignancy of
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the female genital tract, they have provided the fundamentals for developing new 
diagnostic and treatment modalities. Finally, these studies have set the stage for the
construction of a mouse model that will give us the opportunity to study this tumor in a
dynamic in vivo model, where the relationship of molecular genetic alterations and hor-
mones can be further elucidated.
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1. INTRODUCTION

Cervical cytology screening programs have led to a decrease in the incidence and mor-
tality of cervical cancer in the United States and other developed countries. Following the
discovery of Human papillomavirus (HPV) as a potential cause of cervical cancer in the
1970s (1), subsequent epidemiological studies utilized sensitive HPV-DNA detection
techniques to assess the prevalence of this virus in populations of all ages. Populations
with a high prevalence of HPV infection were the same ones identified in earlier studies
as being at high risk of developing cervical cancer. These included women who were
young when they initiated sexual intercourse, had multiple sexual partners, and had other
sexually transmitted infections (STIs) (2). Several studies in the 1980s also reported that
adolescents in the United States had very high rates of unprotected sexual intercourse,
STIs, and multiple sexual partners (3). Similarly, women in this age group had high rates
of HPV infection (4,5).

In addition to high rates of HPV infection, it was also noted that the cervical cancer
precursor, cervical intraepithelial neoplasia (CIN), or recently termed as squamous
intraepithelial lesion (SIL), also occurred in high rates in adolescents (5,8). This is not
surprising because SIL is the morphological manifestation of HPV replication and pro-
tein expression. Moreover, the presence of active squamous metaplasia in adolescents
appears to play an important role in the support of viral replication.
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The high rates of SIL found in sexually active adolescents led to the implementation
of screening practices in the United States that targeted sexually active adolescents and
young women at any age (9–11). Not surprisingly, the new screening practices resulted
in an enormous increase in referrals for colposcopy and treatment. Epidemiology studies
during the last decade have broadened the understanding of the natural history of HPV,
and have shown that young women do not benefit from cervical cancer screening and
that watchful observation is often the best management for low-grade SIL (LSIL). The
American Cancer Society recently published new guidelines, which support initiating
cervical cytology screening after 3 years of the onset of vaginal sexual intercourse, but
no later than 21 years of age (12). Follow-up and management of LSIL have also been
altered for adolescents to ensure LSIL can be safely followed by cytology or HPV-
DNA testing (13). This chapter discusses the prevalence and natural history of HPV
and SIL in adolescents as well as the biological factors associated with vulnerability to
HPV and its consequences in this age group. Finally, this chapter covers the new guide-
lines in the United States based on these observations.

2. RATES OF HPV-DNA DETECTION AND ABNORMAL CYTOLOGY

As HPV-DNA testing methodology evolved and improved in sensitivity and speci-
ficity, HPV was detected in 75–90% of precancers (SILs) and 99% of invasive cancers
(14). The lower prevalence rate of HPV in the SILs compared with invasive cancers is
likely because of misclassification of SIL, particularly LSIL. The higher the grade of
the lesion, less likely there is misclassification and more likely HPV is detected (15).
The prevalence of HPV is higher in younger women than older women, but the overall
prevalence of high grade lesions is lower in young women.

Younger women have HPV rates up to six to eightfold than that of older women.
Prevalence rates range from 12 to 56% in women under 21 years compared with 2–7%
in women more than 35 years of age (4,5,16,17). Although, some countries have preva-
lence rates that begin to rise again after the age of 50 years, the rates do not reach to
those of young women (18). Approximately, 50% of adolescents and young women
acquire a cervical HPV infection within 5–7 years after initiating sexual intercourse
with the highest risk factor being a recent new sexual partner (19). As previously dis-
cussed LSIL is the morphological manifestation of cervical HPV infections and high
rates of LSIL would therefore be expected in this group. Rates of LSIL range from 2 to
14% (20–22) in adolescents whereas in older women (>30 years) the rates range from
0.6 to 1%. However, it is important to emphasize that HPV detection in adolescents is
most commonly associated with normal cytology. More than three-quarters of infected
adolescents have normal cytology (19).

Rates of high-grade SIL (HSIL) are substantially lower in adolescent populations.
Mount and colleagues (8) examined more than 10,000 Pap smears from young women
in New England and found that 14% of the smears from women aged 15–19 years were
abnormal with only 0.7% having HSIL and no cases of invasive cancer. In this same
cohort, approx 0.8% of women aged 20–29 years and 0.7% aged 30–39 years had
HSIL. Although, these rates are similar, biopsy-proven HSIL is generally higher in
older women. In a nationwide organized cervical screening program in Norway, 0.2%
of 20,000 smears from adolescents aged 15–19 years were reported as having HSIL
(21). The high rates of SIL, predominantly LSIL was responsible for referring large
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number of young women to colposcopy in the United States in the 1990s as LSIL was
considered by many at that time to be a precancerous lesion. Moreover, there was a
consensus that setting HSIL as the threshold for referral to colposcopy was too high.

3. ADOLESCENT BIOLOGICAL VULNERABILITY

Young age at first intercourse has long been associated with risk for invasive cancer.
The risk of invasive cancer increases twofold in women who initiate sexual inter-
course under the age of 18 years as compared with those initiating sexual intercourse
after 19 years when controlling the number of lifetime sex partners (23). This finding
suggests that there is a certain biological vulnerability of the cervix of young women
to HPV infection. The adolescent cervix is structurally different from the cervix of
adult women (6). It frequently has a mosaic appearance with different cellular compo-
nents including relatively large areas of columnar and metaplastic squamous epithe-
lium. Although, the adult cervix also contains these components, the predominant cell
type in adults is the mature squamous cell. Both columnar and metaplastic squamous
cells are vulnerable to HPV probably for a variety of reasons of which thinness of the
epithelium may be one factor.

Once sexual activity is initiated, active immature squamous metaplasia occurs. This
process is characterized by replacement of the columnar epithelium by rapidly proliferat-
ing immature squamous epithelium. This rapidly proliferating cellular population is
presumably vulnerable to HPV infection resulting not only in replication of the virus,
but also accompanying viral induced genetic alterations in the host metaplastic squa-
mous epithelium, which if infection persists can lead to HSIL. Cervical maturity, in
which immature metaplastic epithelium is transformed to mature glycogenated epithe-
lium in adolescent populations is directly correlated with the number of sexual partners
(24,25). Although, the mature squamous epithelium provides more protective barrier to
HPV than the thin columnar epithelium, the process of transformation creates a fertile
environment for HPV infection and development of SIL.

Understanding the life cycle of HPV clarifies the role of cervical immaturity in viral
acquisition, persistence, and development of SIL. It is believed that HPV gains access to
basal cells in the squamous epithelium as a result of small tears in the superficial layers of
the squamous epithelium during sexual intercourse or through inflammatory processes.
HPV replication and patterns of transcription are highly dependent on the differentiation
program of keratinocytes in the cervical squamous epithelium with transcription of HPV
proteins E6 and E7 occurring shortly after infection (26). HPV E6 and E7 are important
oncoproteins with well-described transformation properties (27). As cells go through dif-
ferentiation, the infected cell expresses E1, E2, and E4 viral proteins. It is not until the
cell has undergone terminal differentiation that HPV expresses large amounts of its cap-
sid proteins, L1 and L2, for the final formation of infectious virions. Immature metaplas-
tic squamous epithelium in adolescents supports viral replication because of the rapid
cellular proliferation and differentiation of the metaplastic cells. The expression of E6,
E7, and E4 proteins results in basal cell proliferation, nuclear enlargement, and abnormal
mitotic figures, similar to features of SIL (28). A study of adolescent women showed that
those with evidence of active metaplasia based on colpoposcopy were more likely to
develop LSIL if infected with HPV than adolescents with a relatively quiescent cervix
(29). In a longitudinal study of HPV infection in adolescents 50% acquired HPV and
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more than one-quarter of those developed LSIL, underscoring the common manifestation
of productive HPV infection as LSIL in this age group (19).

Factors that influence or induce squamous metaplasia are not well defined. Because
of the active immature squamous metaplasia during adolescence compared with child-
hood, the influence of estrogen is believed to be important. However, other factors
including local trauma and infection have also been shown to induce metaplasia. Several
decades ago, Singer et al. (24) showed that adolescents who had initiated intercourse,
and reported several sexual partners were more likely to have mature cervixes covered
predominantly by squamous epithelium in comparison with virginal adolescents whose
cervixes were predominantly covered by columnar epithelium. In a recent study of high-
risk adolescents using colpophotographical descriptions, the more the number of sexual
partners the more likely these women had a mature cervix (25). These studies suggest
that factors associated with sexual intercourse (i.e., sperm, STIs) may be capable of
inducing metaplasia and increase the risk of HPV and LSIL. Schachter et al. (30)
showed that Chlamydia trachomatis was associated with metaplasia on histology, sug-
gesting that inflammation and repair can induce the process of squamous metaplasia. In
a longitudinal study of adolescents, having HSV antibodies was an independent risk
factor for acquiring HPV (19).

4. NATURAL HISTORIES OF HPV, LSIL, AND HSIL IN ADOLESCENTS

For more than a decade, numerous studies have documented the transient nature of
HPV infection in young women. Although, up to 50% of adolescents acquire HPV in
adolescence approx 90% will clear the infection, (31–33) with 79–90% clearing it
within 24 months. Certain HPV types, such as HPV 16, clear more slowly than other
high- or low-risk types and new infections are constantly occurring. There is evidence
that having multiple types of HPVs also slow clearance (34). Whether this reflects a
global defect in the immune response or whether multiple HPV types act synergisti-
cally is unclear. The remaining 5–20% of women with persistent infections are at risk
for developing HSIL (31,35,36). Rates of regression among older women appear to be
less frequent; hence, detection of HPV in an older woman (defined as >30 years) most
likely reflects an already persistent infection and an increased risk for HSIL.

As with HPV, LSIL, and HSIL also regress at higher rates in adolescents compared
with older women (37–39). Studies in adult women show that 60–80% of LSIL will
spontaneously regress and 20–30% will progress to HSIL. In contrast, a recent study in
adolescents and young women show higher rates of regression with 92% of women
aged 13–22 years showing regression (40). As demonstrated by these high rates of
appearance and regression, LSIL appears to regress in parallel with HPV underscoring
its benign nature in this population. The slower rate of regression of LSIL observed in
older women compared with adolescents is most likely because of an infection that is
already persistent. Persistence of viral infection has been shown in many studies to be
necessary for the development of significant precancers, i.e., HSIL (31,35,36). Another
reason may be that the chance of the LSIL being misclassified is higher (the lesion is
actually HSIL) in the older women because the prevalence of histological HSIL is
higher in this older age group. In more recent studies (41,42), about 80–90% of
LSIL was shown to regress in adult women. The difference between the older stud-
ies and the more recent ones may be that the prevalence of certain behaviors differed,
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for example, smoking and use of high dose estrogen contraceptives that may have
influenced regression.

Actual progression rates of SILs remain unknown because all studies are time-limited.
Cox et al. (43) showed that 12.8% of older women would progress from LSIL or
ASCUS/HPV-positive to HSIL within 2 years (41,43). On the other hand, Woodman et al.
(44) noted that 3% of HPV-negative and 7% of HPV-positive adolescents developed
HSIL within 19 months of acquiring HPV. In a longitudinal study of adolescents and
young women (40), only 3% of LSIL in adolescents and young women progressed to
HSIL within 3 years. A retrospective chart review of adolescents less than 19 years of
age with cytological LSIL found that 31% progressed to HSIL by 36 months (45). As
this study involved chart reviews, it is not clear if the HSIL reflected new lesions or
actual progression of LSIL. In addition, only a third of the original cohort was followed
for 36 months. Studies of HSIL are few because carcinoma-in situ is part of what has
recently been termed HSIL and there are ethical concerns in monitoring these lesions
without treatment. Another problem with the interpretation of studies of HSIL are that
this category subsumes the WHO categories of CIN 2 and CIN 3 and these lesions have
different natural histories. Furthermore, CIN 2 is not a very reproducible diagnosis by
pathologists. There is also debate as to whether CIN 2 behaves more like CIN 1 or
more like CIN 3 (37). The importance of these differences for adolescents is that CIN 2
lesions make up the majority of HSIL whereas CIN 3 is less common (8,20). In a study
of adult women, Syrjanen et al. (37) reported that 56% of CIN 1, 53% of CIN 2, and
14% of the CIN 3 lesions regressed. Progression rates were similar as 14% of CIN 1
and 21% of CIN 2 progressed in comparison with 69% of CIN 3. Nassiel et al. (38)
found similar rates of regression for CIN 2 lesions, but with slightly higher progression
rates overall (30%).

Prevalence studies in adolescents in United States have consistently shown that ado-
lescents rarely have carcinoma-in situ and that invasive cancer is almost unheard of
(8,20). According to the most recent Surveillance Epidemiology and End Results (SEER)
statistics (1995–1999), the incidence of invasive cancer of the cervix was 0 per 100,000
for ages 10–14 years; 0 per 100,000 for ages 15–19 years and 1.7 per 100,000 for ages
20–24 (46). The 1.7 cases per 100,000 cases in the 20–24 year olds may have been in
at risk populations, such as those with immunodeficiency disorders.

5. CERVICAL CANCER SCREENING

As discussed earlier, the high rates of HPV and abnormal cytology in adolescents
began the movement to screen all sexually active women including young adolescents
in the United States (9–11). The guidelines also proposed that once screening was ini-
tiated, if three consecutive annual Pap smears were normal, screening intervals could
be extended to every 3 years except for “high risk” women who should be screened
annually. All adolescent women who are sexually active are often considered high risk
(9) because adolescents have the highest rates of STIs including Neisseria gonorrhoeae
and C. trachomatis (3,47,48). The low sensitivity of a single smear fueled the recom-
mendations for early and frequent screening (49). However, new data suggest that even
if adolescents are not screened within 3 years after the onset of sexual activity the
chances of any HPV progressing to carcinoma-in situ are extremely rare. Whereas,
screening and discovering abnormal cytological smears create unnecessary referrals.
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Although, most care providers agree that cervical cancer screening in adolescents
yield low benefits, the age limit to begin screening remains controversial. The American
Cancer Society’s Committee upper age limit of 21 years was primarily based on expert
opinion. Using mathematical modeling as reported in Saslow’s report for the American
Cancer Society (12) the most cost effective HPV testing strategy is to start screening 3
years after the age of sexual onset, with a cap at 25 years. In theory this would catch
more than 97% of young women. In the United States, 21 years of age was considered
a more realistic age for compliance and access to patients, particularly, in the absence
of an organized screening system. The safety net is there for providers who do not ask
and for young women who do not answer the question about when they initiated sexual
intercourse. In countries with organized screening, such as the United Kingdom, new
recommendations where to start screening at 25 years (49a). In contrast, Australia rec-
ommends a screening interval of 2 years for women who have had no symptoms or his-
tory suggestive of abnormal cytology commencing between the ages of 18–20 years or
1–2 years after first sexual intercourse, whichever is later (49b). Clearly, some cases of
invasive cancer are missed when screening begins after 20 years of age.

6. LSIL TRIAGE

LSIL is a benign disease in young women. The higher rate of regression of LSIL in
adolescents compared with adult women led to more reasonable guidelines (13).
Conservative observation of LSIL by cytology rather than immediate referral to col-
poscopy in adolescents and young women is now accepted. In the United States, it is
recommended that a young woman with LSIL return in 6 months for repeat cytology.
Any abnormality on repeat cytology leads to referral to colposcopy. However, in ado-
lescents regression may take up to 36 months (40). Hence, close observation with repeat
cytology every 6 months up to 2 years is reasonable. Appearance of HSIL on cytology
at any follow-up visit should be referred to colposcopy. Alternatively, adolescents can
return in a year for HPV testing (13). The evidence for this recommendation is sparse.
The rational is that the increased sensitivity of HPV testing compared with cytology
allows for longer intervals of follow-up. The presence of HPV at 1 year after a LSIL
diagnosis is believed to reflect HPV persistence and hence, increased risk for HSIL
development. However, in adolescents, the chances of the HPV infection reflecting per-
sistent infection are low. It is far more likely that the HPV detected at 1-year follow-up
reflects a new infection unrelated to the previous LSIL diagnosis. On the other hand, if
the HPV test is negative, the LSIL has most likely regressed allowing the individual to
be put back into standard screening.

Although, HPV testing is now being implemented in many countries for primary
screening, the data clearly show that for primary screening in adolescents, HPV testing
is not recommended. As mentioned previously, HPV detection in a woman more than
30 years of age who is in a monogamous relationship most likely reflects persistent
infection. In contrast, detection of HPV in adolescents and young women most likely
reflects an incident and transient infection.

In summary, although HPV is undoubtedly the cause of cervical cancer, HPV detec-
tion is not a specific sign of cervical cancer. In fact, in adolescents it is quite common
with more than 50% acquiring HPV within 5 years after the onset of sexual intercourse.
Although, HPV is a common infection, it is transient in most women. Persistence of
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HPV is a key factor in the development of invasive cancer. However, natural history
studies show that invasive cancers do not evolve within 3 years after exposure to HPV
even with HPV persistence. Understanding the natural history of HPV in adolescents
sheds light on the high rate of HPV infection reported in this age group. However, the
association between age of first intercourse and invasive cancer cannot be ignored.
Accordingly, although screening shortly after initiating intercourse is not necessary,
adolescents who initiate sexual activity are vulnerable to HPV infection. Nonetheless,
persistence is an important risk factor and development of invasive cancer usually takes
decades. Recommendations for screening should assess risk based on behavior not sim-
ply on chronological age. 
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1. INTRODUCTION

The carcinoma of the uterine cervix is the second most common cancer among
women worldwide, with its higher incidence in developing countries (1). Strong clini-
cal and experimental evidence demonstrated that the high-risk (HR) types of human
papilloma virus (HPV) play a central role in causing cervical cancer, although a role of
multiple risk factors has been suggested too. Not only does the epidemiological data
indicate the criteria of causality on HPV and cervical cancer, but also there are several
studies that identified the viral transforming genes, and their mode of action supports a
model of multistep carcinogenesis. It is generally accepted that the development of
invasive cervical cancer from intraepithelial neoplasia (cervical intraepithelial neopla-
sia [CIN]1–2/3) involves molecular changes and therefore is a preventable if detected
and treated early. The vast majority of low-grade squamous intraepithelial lesions
(LSILs) regress spontaneously and it is estimated that about 10–20% of high-grade
SILs (HSILs) are at risk of progressing into invasive cancer.

Despite the success of screening programs, cervical carcinoma continues to be diag-
nosed especially in underscreened and unscreened populations. Present research spans
the spectrum from understanding the epidemiology of HPV infection, including its natu-
ral history, to understanding the molecular biology of cervical cancer. Identification 
of molecular changes as a result of HPV infection can lead to new therapies to treat exist-
ing cervical cancer and, in the long-term, to prevent the disease.
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2. CELL CYCLE AND HPV

The HPVs are a family of DNA viruses with more than 150 genotypes. More than 40
of these genotypes infect the anogenital tract, causing a range of diseases from genital
wart to invasive cancers. Certain types are considered more carcinogenic in humans;
HPV-16 and HPV-18 probably are the most carcinogenic types. Integration of HPV
DNA into a host genome has been hypothesized to play an important role in the 
carcinogenesis of HPV-related carcinomas. It is postulated that HSILs might originate
from mild dysplasia or arise directly from infection by HR-HPV. There are three differ-
ent oncoproteins encoded from the E5, E6, and E7 viral genes. E5 protein is not
expressed in cervical cancer. High-grade squamous intraepithelial lesions are usually
monoclonal and harbor HR-HPV genotypes in 90% of cases, with high expression of
viral oncoproteins E6 and E7.

Together, E6 and E7 are responsible for the induction as well as the maintenance of
the transformed phenotype of cervical cancer cells by binding with multiple cellular tar-
gets (2). Although HPV certainly has many actions in the infected cells, two of the
major effects are on two tumor suppressor genes, p53 and Retinoblastoma (Rb). p53 is
an housekeeping gene able to recognize when DNA damage has occurred in a cell,
arresting that cell in G1 phase of the cell cycle to allow for DNA repair or, if repair is not
possible, to lead that cell into cell death. Although mutation or deletion of the p53 gene
is one of the most common genetic abnormalities in malignancies, p53 mutations in cer-
vical cancer are rare (3). Instead, E6 binds with (through the 100-kd “E6-associated”
cellular protein [E6-AP]), and inactivates p53 causing its degradation through the ubiq-
uitin system (4). The inactivation of p53 by HPV E6 oncoprotein also leads to the upreg-
ulation of cyclin B (5), which regulates transition from G2 to M phase. 

The retinoblastoma tumor-suppressor protein pRb and its related pocket proteins
pRb2/p130 and p107 (6), regulate the cell cycle at the G1/S restriction point by complex-
ing with and inhibiting the activity of E2F, which serves as a transcription-dependent
promoter of cell cycle progression. In the presence of HPV oncoprotein E7, the E2F–pRb
complex dissociates activating E2F, which initiates the transcription of genes required
for DNA replication and thus inappropriately forcing the cell past the G1/S point into S
phase (7,8). Therefore, the deregulation of pRb leads to an increased transcription of
cyclin E by E2F. The functional inactivation of pRb by HPV E7 also results in the recip-
rocal overexpression of p16, because of a negative feedback-loop between pRb 
(see “p16 and Ki-67”). In combination, the E6/p53 and E7/pRb interactions seem to
compromise the accuracy of mitosis. In addition, HPV E6 can activate the telomere-
lengthening enzyme telomerase independent of p53 binding, and E7 can induce abnor-
mal centrosome duplication through a mechanism independent of inactivation of pRb
and its family members. These latter properties may also contribute to the transforming
characteristics of these viral oncoproteins.

3. p53 POLYMORPHISM

Storey (9) implicated the proline/argine polymorphism of the codon 72 of the tumor-
suppressor gene p53 in the development of cervical cancer, with the observation that the
p53 protein is more efficiently inactivated by the E6 oncoprotein of human papillomavirus
in p53 arginine as compared with its proline isoform. These authors further noted that in
the United Kingdom, individuals homozygous for the arginine allele were sevenfold more
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susceptible to HPV-associated tumorigenesis than proline/arginine heterozygote.
Subsequent studies in different countries failed to unanimously confirm this association.
This discrepancy in the result could be because of the small sample sizes investigated by
different groups and the quality of DNA and controls used for the analysis. 

Meta-analysis studies (10,11) showed a trend toward the ARG72ARG p53 polymor-
phism being associated with increased risk of developing cervical cancer; however,
these data must be confirmed by larger studies.

4. INTEGRATION OF HPV DNA INTO THE HOST GENOME

Integration of HPV DNA into a host genome has been shown to positively correlate
with the severity of the lesions, supporting the hypothesis that integration is an impor-
tant event during carcinogenesis. The main effect of viral integration is the loss of E2
gene sequences through disruption of the episomal genome. HR-HPV genomes repli-
cate as episomal molecules in the normal viral life cycle. Despite being controlled by
E2 (12), E6 and E7 induce severe chromosomal instability associated with centrosome
aberrations, anaphase bridges, chromosome lagging, and breaking. Integration seems to
be a direct consequence of chromosomal instability and an important molecular event
in the progression of preneoplastic lesions. Disruption or deregulation of defined criti-
cal cellular gene functions by insertional mutagenesis (13) and by integrated HPV
genome fragments has been hypothesized as one major promoting factor in the patho-
genesis of HPV-associated cancers. This hypothesis was based on the detection of HPV
integration events in the area of tumor-relevant genes in few cases. Ferber et al. (14,15)
described HPV integration to occur within or close to the MYC gene locus and in the
area of the telomerase gene. Thus, it is conceivable that interference of viral sequences
with critical cellular sequences contribute essentially to the enhanced progression risk
of HPV-induced preneoplasia into neoplastic lesions.

Another possible explanation for progression toward malignant lesions after HR-HPV
integration might be structural changes of the viral genome that allow enhanced and
deregulated expression of the viral oncogenes and thereby confer the additional neoplas-
tic advantage. It was shown that HPV E6- and E7-encoding complementary DNAs
derived from integrated viral oncogene transcripts, confer a much stronger transforming
capacity in primary cells as compared with complementary DNAs derived from episome-
derived transcripts. This was attributed to the longer half-life of transcripts derived from
integrated HPV DNA, mediated by 3-cellular sequences of the fusion transcripts (16). In
specific cervical cancer cell lines only one or few integrated genomes are transcribed,
whereas (17) clinical samples harbor only few integration sites, with the majority thereof
being actively transcribed (18). Taken together, these observations suggest that integra-
tion of the viral genome renders viral gene expression independent of viral control mech-
anisms and allows selection of cell clones with deregulated viral oncogene expression
favoring the outgrowth of neoplastic cell clones.

Two different assays have been applied to analyze genomic HPV integration sites:
the first is the “detection of integrated papillomavirus sequences polymerase chain
reaction,” which detects the integration site of the virus at the human genome on DNA
probe. The other test is the amplification of papillomavirus oncogene transcripts assay,
which detects transcripts of integrated viral DNA. Both tests open the future to the pos-
sibility of using viral integration as the surrogate marker for progression of precursors
to invasive cancer.
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5. HUMAN IMMUNODEFICIENCY VIRUS AND CERVICAL CANCER

Human immunodeficiency virus (HIV) is a retrovirus belonging to the lentivirus fam-
ily and is the causative agent of AIDS. Numerous studies have documented a high preva-
lence of HPV coinfection (19), with an increase in both latent and symptomatic HPV
infection. HIV alters the natural history of HPV infection with decreased regression
rates and more rapid progression to high-grade and invasive lesions, resulting in a more
aggressive phenotype. High-grade lesions have been associated with both high- and low-
risk HPV types, leading to speculation that HIV may increase the oncogenicity of the
HR types, and possibly the activity of low-risk types also (20). However, whereas the
development of AIDS-related malignancies, such as Kaposi’s sarcomas and non-
Hodgkin’s lymphoma are attributable to immune deficiency, the relation between HIV
and cervical cancer remains to be elucidated.

There are two major pathways involved in cervical cancer tumorigenesis. The first is
the loss of heterozygosis (LOH) (see 8); the other involves genetic instability at the
microsatellite loci (MSI). This instability originates as a result of defects in the mismatch
repair genes, making them unable to repair errors occurring during replication. Loss of
cell-cycle checkpoints could also cause this instability. MSI occurs at low rate in cervical
cancer (8–10%) (21); however, a significantly higher frequency of MSI has been observed
in HIV-related CIN lesions, and these changes were independent from the HIV-induced
immune suppression (22). Thus, it is possible that HIV-associated cervical cancers may
progress through the microsatellite instability pathway, whereas HIV negative ones
progress through LOH.

6. BIOLOGICAL MARKERS EXPRESSED IN CERVICAL CARCINOMA 

Although, more than 99% of all cervical cancers are associated with HPV infection,
only a fraction of HPV-infected women develop cervical cancer. Thus, tumor formation
following HPV infection most likely is the result of a multistep carcinogenesis process
in which HPV provides the initial hit, whereas activation of other pathways may serve
as the second hit.

6.1. Wnt/Wingless Pathway
Wnt/Wingless signaling pathway is involved in various pathological conditions includ-

ing cancer. Wnt proteins’ binding with their transmembrane receptors activate a canonical
pathway, which is characterized by accumulation of β-catenin in the cytoplasm and in the
nucleus. Activation of the receptors leads to the phosphorylation of the disheveled pro-
tein, through its association with AXIN1 and then prevents glycogen synthase kinase 3
from phosphorylating critical substrates, such as β-catenin. Thus, inhibiting its cytoplasm
degradation. Excess β-catenin then goes to the nucleus to form an active transcriptional
complex with T-cell factor, which activates transcription of target genes including c-myc
and cyclin D1. Although, different components of the Wnt-signaling pathway are mutated
in human cancer, only a few studies reported mutation of β-catenin and axin 1 in cervical
cancer (23,24). However, a recent study (25) suggests that transformation of HPV-
expressing human keratinocytes requires activation of the Wnt pathway as the second hit
and that such activation may serve as a screening tool in HPV-positive population to
detect cervical malignant progression.
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6.2. Fragile Histidine Triad Gene
Genomic instability has been found in cervical neoplasia and commonly involves the

short arm of chromosome 3 in the fragile histidine triad (FHIT) gene (3p14.2). The
presence of aberrant FHIT transcripts was found to be generated by alternative splicing
of exons 5, 7, and 10 and of introns 5 and 7 (26).

LOH at 3p14.2 region was found to be progressive with increasing cervical lesions
from CIN to invasive cancer, suggesting that loss of FHIT could represent an early
event in the pathogenesis of cervical carcinoma (27). However, the prognostic role of
loss of FHIT expression in this tumor is still controversial (28,29). Recent evidence
suggests that FHIT instability may play a synergistic role with HR-HPV in the patho-
genesis of high-grade cervical lesions. In fact HPV can integrate into FRA3B, the most
active chromosome breakage site contained in the 3p14.2 region (30).

Other risk factors, as cigaret smoking (31), alcohol consumption, or concurrent
chronic inflammation can target FHIT locus, accounting for the development of those
high-grade cervical lesions, which are not associated with HR-HPV. Thus, suggesting
that the presence of abnormal fragile histidine triad transcripts could itself be an inde-
pendent risk factor associated with an alternative carcinogenic pathway (32).

6.3. p16 and Ki-67
The p16 protein plays a key role in controlling cell growth by inhibiting the cyclin-

dependent kinase-4 and preventing phosphorylation of pRb, which maintains the G1
checkpoint. Several studies (33,34) have suggested that p16 is overexpressed in CIN
and invasive adenocarcinoma as a result from HPV E7-mediated degradation of pRb
through an ubiquitin-dependent mechanism. However, studies by methylation-specific
polymerase chain reaction in situ showed that neoplastic cells with aberrantly methy-
lated p16 were associated with the loss of p16 protein expression (35). Thus, suggest-
ing that p16 hypermethylation can negate the seemingly protective role of p16
overexpression in response to HPV infection. p16 silencing by aberrant methylation is
strongly associated with active tobacco use in squamous cell cervical cancer and high-
grade dysplasia (36).

The Ki-67 protein plays an important although not entirely characterized role in cell
proliferation. Its antigen is expressed during the cell cycle with the exception of the G0
phase, and has been used as a marker for proliferation in various tumors, including 
cervical carcinoma. Previous studies have shown that application of Ki67 immuno-
quantitative analyses of CIN1 and CIN2 in histological biopsies has strong independent
predictive value for grade, presence of oncogenic HPV, and progression of the disease
(37,38). The best Ki67-feature combination to predict whether a subsequent higher
CIN grade or cancer will be detected in the follow-up, is the 90th percentile of the strat-
ification index (Si90) and the percent of Ki67-positive cells in the middle third layer of
the epithelium (38). Ki67 prognostic value exceeds that of CIN grade (as CIN1 or
CIN2) and the presence of HR-HPV types assessed by PCR, highlighting its clinical
relevance in cervical cancer outcome.

6.4. Epidermal Growth Factor Receptor 
The epidermal growth factor receptor (EGFR) family consists of four structurally

related transmembrane receptors: EGFR (HER-1 or Erb-B1), HER2neu (c-erbB-2),
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HER-3, and HER-4. In response to ligand-specific binding, these receptors act by
forming hetero- or homodimers and thereby initiate tyrosine kinase activity in the
intracellular domain. The oncogenic pathway of some cells is believed to start as a
result of HER2neu and/or EGFR mutation, overexpression, structural rearrangements,
and/or relief of normal regulatory or inhibitory pathways. Increased expression of
HER2-neu and decreased EGFR membranous staining identified an improved disease-
free survival and an overall survival in patients with cervical cancer (39,40). On the
other hand, other studies have also revealed no correlation with clinical outcome
(41,42). The conflicting results may be because of differences in institutional treat-
ment standards and to the variability of immunohistochemical techniques and the
“cut-off” used in the statistical analysis.

Recently, many therapeutic agents targeting this receptor have entered the clinical
and phase II trials of both small-molecule inhibitors of EGFR and antibody-based
inhibitors underway in cervical cancer. However, emerging data suggest that their activ-
ity in unselected women with advanced cancer is very modest, raising the possibility
that these agents could be highly effective in a small subset of patients whose tumors
are dependent on EGFR signaling.

6.5. Cyclooxygenase-2
Several reports have recently highlighted the biological and clinical role of cyclooxy-

genase (COX)-2, the key enzyme in the conversion of arachidonic acid to
prostaglandins, in the pathogenesis and natural history of human cancer (43). In partic-
ular, COX-2 overexpression is involved in the inhibition of apoptosis, increased
metastatic potential and neoangiogenesis, and impairment of host immune responses.
Moreover, COX-2 has been associated with parameters of tumor aggressiveness and
unfavorable prognosis in several solid tumors including colorectal, breast, ovarian, and
cervical cancer. Several reports have shown that high COX-2 expression in tumor cells
characterizes cervical cancer patients with poor survival, regardless of the type of pri-
mary treatment (44,45). Moreover, COX-2 status could provide additional information
to identify patients with cervical cancer with a poor chance of response to neoadjuvant
treatment and unfavorable prognosis (46).

6.6. The Keratin Patterns
Keratins filament proteins have a specific distribution pattern in epithelial tissues

that change during neoplastic transformation of the uterine cervix. Of particular inter-
est are the changes that occur in keratins 8, 10, 13, and 17. Keratin 8 was identified in
endocervical columnar cells, whereas keratin 17 in endocervical reserve cells. They are
both expressed during malignant transformation of human cervix and are suggestive of
progression when present in CIN I, II, and III lesions. In contrast, keratins 10 and 13
are expressed in ectocervical epithelium and are expressed in well-differentiated areas
and in keratin pearls of squamous carcinomas (47).

Expressions of keratins 8 and 17 increased from reference cervix to invasive carci-
nomas; in contrast expressions of keratins 10 and 13 were lost with increasing sever-
ity of lesions. Expressions of keratins 8 and 17 were significantly more frequent in
CIN III lesions and invasive carcinomas, suggesting that both keratins are highly spe-
cific markers of malignant transformation in the human cervix. A recent study (48),
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investigating a possible diagnostic use of keratins in cervical cancer, concluded that
increase in the expressions of keratins 8 and 17 and loss in the expressions of keratins
10 and 13 are good markers of malignant phenotype. Moreover, the expression pattern
of keratin 10 could be useful for subtyping and grading squamous cell carcinoma of
the cervix.

6.7. The Matrix Metalloproteinases
Enzymatic degradation of the extracellular matrix represents a key element in the mul-

tistage process of tumor invasion. Recently, a specific group of enzymes that are known
as the matrix metalloproteinases (MMPs) or the matrixines family has shown to be
involved in the degradation of extracellular matrix. Among the MMPs, the type IV colla-
genases are the ones that showed the highest activity and among this class the MMP-2 is
the one that has the highest collagenolytic activity and the best association with tumoral
progression. The MMP-2 is secreted in humans by cells like fibroblasts, endothelial cells,
keratinocytes, and macrophages. MMP-2 expression is increased in inflammatory
processes as well as in malignant neoplasia. High MMP-2 levels have been frequently
reported in cervical cancer (49,50). Moreover, MMP-2 expression increases gradually
from cervical intraepithelial neoplasia (CIN I, II, and III) to cervical carcinoma (51).

Recent studies have highlighted the key role of the membrane type I MMP-1 in cer-
vical cancer. Specifically, MMP-1 expression is very low or absent in normal cervix
and LSILs, is readily detectable in HSILs, and is very strongly expressed in nearly all
invasive carcinomas (52). Moreover, genetic polymorphisms of MMP-1 are prognostic
markers in patients with invasive cervical cancer (53).

7. ANGIOGENESIS AND CERVICAL CANCER

Angiogenesis is the development of new blood vessels from preexisting capillaries and
is a critical step in the growth, progression, and metastasis of tumors. The degree of angio-
genesis has also been associated with the prognosis of neoplasm. Several studies suggest
that angiogenesis might be involved in the development and progression of cervical tumors
and that microvessel density could represent an important clinical prognostic factor (54).

Despite the small number of studies, the expression of several angiogenetic factors
seems to play a promising role in cervical tumors. Vascular endothelial growth factor,
basic fibroblast growth factor, and transforming growth factor (TGFβ)1 correlate with
the malignant transformation of uterine cervix (55). Whereas CD34, an antigen present
in endothelial cells is a very sensitive marker for vascular tumors whose expression in
early cervical squamous cell carcinoma (Ib-IIa) is associated with pathoanatomical fea-
tures indicative of poor prognosis (56).

8. CHROMOSOMAL ALTERATIONS AND CERVICAL CANCER

Although, cytogenetic studies on cervical cancer have identified a number of non-
random karyotipic changes involving chromosomes 1, 3, 5, 17, and X, the search for
the critical genetic changes has been hampered by technical difficulties, such as the
karyotypic complexity of this tumor. The advent of comparative genomic hybridization
has opened a novel means of characterizing genomic imbalances and to date several
studies have identified 3q gain, which occurred at severe dysplasia/carcinoma in situ.
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This lead to the suggestion that this genetic aberration plays a role in the transition
from dysplasia to invasive cervical cancer (57,58). A number of studies in this region
have identified the candidate oncogenes, such as PIK3CA, which encodes a catalytic
subunit of phosphatidylinsitol 3-kinase and has been already implicated in ovarian and
cervical carcinomas (59).

Other chromosomal changes involve loss of 2q, 3p, 4p, 4q, 5q, 6q, 11q, 13q, and 18q
regions and gain of 1q, 3q, 5p, and 8q at various stages of cervical cancer (60). LOH
was also frequently found at 3p, 4p, 4q, 5p, 6p, 6q, 11q, and 17p chromosomal regions,
suggesting the presence of putative tumor suppressor genes on these chromosomes
(61). The TSLC1 gene (also known as IGSF4 or NECL-2) might be one of the candi-
date suppressors of tumorigenicity on chromosome 11. This gene, which maps at
11q23, encodes an immunoglobulin-like cell surface protein that belongs to the nectin
and nectin-like family of proteins and is involved in cell–cell adhesions. TSLC1 was
found to be silenced in 91% (10/11) of cervical cancer cell lines, mostly as a result of
promoter hypermethylation alone or combined with allelic loss. Promoter hypermethy-
lation was also present in 58% of cervical carcinomas and 35% of high-grade CIN
lesions, but not in low-grade CIN lesions and normal cervix (62). However, ectopic
expression of TSLC1 is able to suppress only anchorage-independent growth of SiHA
cells, suggesting that these cells become tumorigenic as a result of an additional hit.

Recurrent sites of amplification were noted at 11q13, 11q21, and 19q13.1 and were
more commonly associated with HPV18 infection (63). This relationship is interesting
in the light of the oncogenic potential of this HPV type, which is known to cause rapid
transition to malignancy and to characterize a more aggressive phenotype. Although,
amplification of specific genes, as HER-2/neu, has already been shown to predict clin-
ical outcome in cervical cancer (64), the identification of additional genes at specific
chromosomal sites are needed to provide new insights into the clinical behavior and
management of this tumor.

9. CONCLUSIONS 

Every year approximately half a million women develop cervical cancer of whom
80% live in poor countries where population-based screening programs are virtually
nonexistent. Although, 95% of the patients with precancerous lesions harbor HPV, only
a small fraction of the cases eventually progress to invasive cancer. Therefore, HPV
infection alone is considered insufficient for the malignant conversion, suggesting the
role of other genetic changes in the development of cervical cancer.

Molecular characterization of chromosomal changes utilizing new genomic technolo-
gies should provide important clues of the genetic mechanisms of initiation and progres-
sion and new insight into the clinical behavior and management of cervical cancer. Early
detection of cervical cancer precursor lesions by screening procedures and their treat-
ment, will remain the most important measures for the control of this disease in the fore-
seeable future. Thus, a major aim is to identify women who are at risk of developing
cancer as it provides opportunities for prevention and treatment of the disease. 

With the rapid evolving of molecular technology, in the not-so-distant future, it may
be expected to see patients with cervical cancer treated with targeted vaccines or molec-
ular therapies.
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1. CERVICAL CANCER

1.1. Etiology: Human Papillomaviruses
Causality requires a judgment based on scientific evidence from human and experi-

mental studies, as strict causality studies are often not appropriate in humans. Evidence
linking certain human papillomavirus (HPV) genotypes to cervical carcinoma is exten-
sive and compelling. More than two decades of research has led to the fulfillment of cri-
teria, as proposed by Hill, to establish a causal link between high risk HPV infection and
cervical cancer (Table 1). HPV DNA was first isolated from biopsies of cervical cancer
more than 30 years ago (1,2). HPV DNA is detected in 99.7% of cervical carcinomas
worldwide. The evidence overwhelmingly demonstrates that persistent high risk HPV
infection is a necessary but not sufficient cause of this cancer (3).

Harald zur Hausen’s group in 1985 first cloned the archetypal and most common high
risk HPV genotype, HPV-16, from a cervical cancer (4). A decade later, HPV was offi-
cially recognized as a human carcinogen by the World Health Organization (5). HPV
has been found to induce transformation of human uterine cervix (6) and additionally,
expression of high risk HPV whole genome (7) or the E6 and E7 viral oncogenes (8)
immortalize human keratinocytes. Serum antibody to high risk HPV has also been found
to be associated with malignant and premalignant lesions of the cervix (9,10). Recent
preventive vaccine trials confirm that virus capsid-specific immunity is elicited in 99.7%
patients (11) and protects against persistent HPV infection and the development of
cervical intraepithelial neoplasia (CIN), the precancerous precursor to cervical cancer
presently termed squamous intraepithelial lesions (SIL).
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Table 1
Association of HPV With Cervical Cancer

Criteria Compliance of HPV as a cause of cervical cancer

Strength of association One of the strongest ever observed for human cancer. High- 
risk HPV DNA is present in 99.7% of cervical cancers (3).
Serum antibody to high risk-HPV associated with malignant
and premalignant lesions of the cervix (9,10).

Consistency Consistent association between HPV DNA detection and 
cervical cancer across a large number of studies and diverse
populations.

Specificity Only specific HPV types are associated with cervical cancer.
Temporality HPV infection precedes CIN and occurs many years before

the onset of cervical cancer. The epidemiology of HPV
infection is consistent with the known sexually transmitted
nature of cervical cancer.

Biological gradient The risk to develop cervical cancer increases with viral load
and persistent infection (40).

Plausibility Plausible based on coherence of previous in vitro studies in
animals and observational studies in humans.

Coherence Does not conflict with what is known about the natural history
and biology of the virus and disease progression.

Experimental evidence Identification of HPV DNA in biopsies of cervical cancer (1,2).
Production of virus by raft culture of CIN-derived cells 
Transformation of human uterine cervix by HPV (6).
Expression of high-risk HPV whole genome (7) and E6
and E7 oncogenes (8) immortalization of human 
keratinocytes. Derepression of HPV E6 and E7 oncogenes
has been observed in cervical tumor cells (102).
Suppression of expression tumorigenesis in
cervical carcinoma cell lines by blockade of HPV E6
and E7 oncogene expression (103).

Analogy Analogous both to the induction of cancers by animal
papillomaviruses, and also a number of other viruses, such
as HBV and EBV that are known to cause human cancers.

Application of epidemiological considerations for causal inference to human papillomavirus and cervical
cancer. This table summarizes an extensive review from ref. 131.

Papillomaviruses are double-stranded DNA viruses belonging to the family
Papovaviridae. Nearly 100 HPV genotypes have been designated to date and close to
100 other types have been identified (12). The papillomaviruses fall into two major
groups, dermatotropic and mucosotropic. Dermatotropic HPV types have a propensity
for cutaneous epithelium and are associated with generally benign warts. Mucosatropic
HPV types target mucous membranes, commonly infecting the penis, perineum, perianal
region, vagina, vulva, and cervix. Genital Mucosa Tropic HPV infections are considered
the most common sexually transmitted infection in the United States (13) and previous
studies estimate that up to 75% of sexually active men and women will become infected
with HPV at some time in their life (14). The major manifestations of genital HPV infec-
tion include genital warts (condyloma acuminatum) and SILs of the anogenital region.



Approximately 35 of the nearly 100 types of HPV are specific for the anogenital
epithelium and have varying potentials for malignant transformation. The International
Agency for Research on Cancer (IARC) Multicenter Cervical Cancer Study Group
recently reported that fifteen mucosatropic HPV types can be considered high-risk
types (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68, 73, and 82); three can be con-
sidered probable high-risk types (26, 53, and 66); and 12 can be considered low-risk
types (6, 11, 40, 42, 43, 44, 54, 61, 70, 72, 81, and CP6108) (15). Low-risk types, such
as HPV6 and 11 do not integrate into the host genome and are only associated with
lower-grade genital tract SILs and benign warts. Intermediate-risk types can cause
higher-grade SILs, but rarely progress to the invasive stage. On the other hand high-risk
HPV types, such as HPV16 and 18 are strongly associated with high-grade SILs
(HSILs, previously CIN Grades 2 and 3) and invasive carcinoma.

1.2. Epidemiology of HPV and Cervical Cancer
Cervical cancer is one of the most common cancers in women worldwide (16), sec-

ond only to breast cancer. Almost half a million (493,243 in 2002) new cases are diag-
nosed each year with about a quarter of a million (273,505 in 2002) deaths per year
(16). The incidence of cervical cancer in industrialized nations has been drastically
reduced by cervical cytology screening programs. Thus, resulting in cervical cancer
being seventh in cases diagnosed per year in the developed world (83,000) behind both
cancers of the ovaries (97,000) and uterine corpi (136,000) (16). But more than 83% of
cervical cancer deaths today occur in the developing world where resources for preven-
tion and treatment programs are limited. Currently worldwide HPV prevalence is esti-
mated to be about 25% (depending on diagnostic methodologies and geographic region)
(17) with a very small proportion maintaining persistent HPV infection. Given these
statistics, an effective and inexpensive vaccine is urgently needed to prevent and treat
genital-tropic HPV infection worldwide.

2. HPV BIOLOGY

2.1. Structure
The HPV genome is an 8 kbp circle of double-stranded, covalently closed, and his-

tone bound DNA, which is maintained as an episome in infected cells during the pro-
ductive virus life cycle. It encodes eight viral proteins across three frames (Fig. 1; see
Color Plate 2, following p. 50) (18). The HPV genome is histone bound and surrounded
by a 55–60 nm, nonenveloped icosahedral capsid (19) of T = 7 symmetry, which con-
tains the genetically unrelated major capsid protein L1 and the minor capsid protein L2
(Fig. 2; see Color Plate 3, following p. 50) (20). Each capsid contains 360 L1 monomers
assembled into 72 pentameric structures termed capsomeres (20). It is likely that within
the HPV virion, a single copy of L2 is positioned in the center of each capsomere
(unpublished data) bound to LI through two domains in L2 (21).

L1 and L2 are expressed late in the viral life cycle. The remaining six proteins are
expressed earlier and are involved in viral transcription and replication (Table 2). The
virus utilizes the host machinery for replication, with the exception of the viral helicase
E1 and the E2 transcription factor. Initiation of replication is facilitated by interaction of
E1 with E2. E2 exhibits sequence-specific binding with the viral origin of replication
that contains multiple copies of its recognition motif. E2 also serves as a transcription
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Fig. 1 (Color Plate 2, following p. 50). HPV genome organization. Schematic of the human papillo-
mavirus 31 (HPV31) genome showing the arrangement of the major nonstructural and capsid genes
along three frames. HPV31 mRNAs were investigated in CIN612 cells containing extrachromosomal
HPV31. Four promoters were identified by primer extension, RNase protection, and nuclease S1
and ExoVII analyses (designated P77, P99, P742, and P3320 based on their respective nucleotide
start sites). Adapted from reference 18.

Fig. 2 (Color Plate 3, following p. 50). HPV structure. Model of the T = 7 icosahedral capsid (~60
nm in diameter) of the HPV16 virion exhibiting distinct fivefold axial symmetry surrounding a nucle-
ohistone core. Adapted from reference 20.

factor and through its multiple spliced forms regulates viral gene expression.
Furthermore, E2 ensures equitable distribution of the viral genome among daughter cells
during cell division by tethering the viral episomes to mitotic chromosomes (22). As the
virus replicates using the host machinery, it must counteract signals for terminal differ-
entiation of the squamous epithelium and force the keratinocytes into S phase. This is
achieved by three viral oncoproteins E5, E6, and E7. E5 promotes activation of the epi-
dermal growth factor and platelet-derived growth factor growth factor receptors. E6 trig-
gers degradation of the checkpoint protein p53 and other key molecules, such as PDZ
domain proteins through ubiquitination. E7 targets the retinoblastoma protein (pRB)
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Table 2
Papillomavirus Proteins

Viral protein Gene product function Role in HPV pathogenesis

E1 Viral DNA replication Initiates viral replication by binding AT-rich
sequences at the viral origin near the start
site of early transcription (104); sustains
ATP-dependent helicase activity (105) to
catalyze the unwinding of DNA and,
additionally, binds DNA polymerase 
subunits (106) to recruit replication
machinery to viral origins

E2 Transcription factor Viral replication: binds to E1 in a 
heteromeric complex enhancing viral DNA
replication by colocalization of E1 to the
origin of replication (107) and abrogation
of a mitotic checkpoint (108); tethering of
the genome to mitotic chromosomes to
ensure copies are included in both 
daughter cells (22)

E4 Egress of virions Binds cytokeratins causing collapse of the
cytoskeleton (109); associates with 
mitochondria and induces the detachment
of mictochondria from microtubules 
leading to a severe reduction in 
mitochondrial membrane potential and
induction of apoptosis (110)

E5 Oncoprotein Induces cellular proliferation and hyperplasia
in response to epidermal growth factor
stimulation (111,112) through modulation
of the epidermal growth factor-R (113);
induces transformation of cells through
interaction with platelet-derived growth
factor-R (114)

E6 Oncoprotein Targets p53 and discs large (Dlg) (115) for
degradation, causing genomic instability
(55); targets paxillin (116) and AP1 
component of clathrin-coated vesicles
(117) resulting in loss of cell adhesion to
substrate and disruption of cytoskeleton
and cellular traffic; activation of 
telomerase in infected cells, extending the
life of epithelial cells for production of
viral progeny (118); disrupts epithelial
cell-dendritic cell interactions preventing
the initiation of a cell-mediated immune
response and promoting survival of the
virus (119); inhibits the production and
responsiveness of infected cells to type 1 
interferons (120)

(Continued)
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Table 2 (Continued)

Viral protein Gene product function Role in HPV pathogenesis

E7 Oncoprotein Targets Rb (56) and p107 of the 
retinoblastoma family of tumor 
suppressors as well as several other 
cell-cycle proteins (59) leading to 
destabilization of cell-cycle control;
inhibits the production and responsiveness
of infected cells to type 1 interferons (38,39)

L1 Major capsid protein Binds to heparan sulfate (121) and an
laminin-5 (122) resulting in adsorption of
the virion

L2 Minor capsid protein Modulates infectivity by enhancing 
interaction between the N-terminal region
and an unidentified cellular surface 
receptor facilitating HPV trafficking (24);
may also play a major role in recruiting
viral genomes for encapsidation by 
binding newly replicated viral DNA and
subsequently recruiting L1 to create new
virions (59)

pathway by releasing E2F. The viral oncogenes are involved in many other activities
including blockade of apoptosis, activation of telomerase and myc expression, and the sup-
pression of innate (e.g., interferon signaling) and adaptive (e.g., downregulation of major
histocompatability [MHC] class I) antiviral immune responses. The action of these onco-
genes and the upregulation of E1 and E2 as the infected basal keratinocytes divide and
leave the basement membrane and provide for overreplication of the viral genome. This
overreplication increases the number of viral episomes from ~102/infected basal cell to
104–105/cell ready for packaging inside the capsid. HPV E1�E4 protein (henceforth
referred to E4) is the most abundantly expressed viral protein in HPV-infected epithelia,
formed by RNA splicing of sequences encoding the first five amino acids of E1 with the
E4 open reading frame (23). E4 is expressed later than E1, E2, E5, E6, and E7, but earlier
than the capsid proteins and is believed to facilitate viral message translation and break-
down of the keratin networks to allow for virus release. The minor capsid protein L2 is
then expressed and targets to a subnuclear domain, ND-10. Therein it recruits the major
capsid protein L1 and the histone-bound viral genome, which then assembles to form
infectious virions (Fig. 3). There is no evidence for active virion export; rather, as the
infected squames slough from the surface of the lesion, they are likely to disintegrate to
release the virion particles. It is possible that the disintegration of the keratin networks by
E4 facilitates dissemination of the virions, although this remains unproven.

2.2. Mechanism of Infection
The pathogenesis of cervical cancer is initiated by HPV infection of the cervical

epithelium during sexual intercourse. Virions penetrate the epithelium through
microabrasions and invade the basal cells of stratified epithelia of the uterine cervical
transformation zone, establishing their genomes as a stable, low copy number of viral
episomes (50–100 genomes per cell) in an initial burst of replication (Fig. 3; see Color



Plate 4, following p. 50). The first step of papillomavirus infection is believed to be
binding of major capsid protein L1 with the cell surface without involvement of minor
capsid protein L2 (24). The nature of the primary surface receptor is controversial.
Although, both cell surface heparin sulphate glycosaminoglycans and α6 integrin are
sufficient to mediate interaction of particles with the cell surface, neither are necessary
for infection in all cases (25). The minor capsid protein L2 plays a critical role in infec-
tion, but it functions after the initial binding of the virions with the cell surface (26). Its
exact role is unclear, but L2 has been found to bind independently of L1 with the cell
surface, to be processed by furin cleavage during infection (27) and to interact with
syntaxin-18 (28) and actin (29) to facilitate passage of virions across the cytoplasm.
The virions disintegrate after uptake, releasing the viral genome and L2 which enter
into the nucleus together (30). L2 brings the viral genome to the ND-10 domain, which
may facilitate early viral transcription and the initial burst of viral replication (31). The
life cycle proceeds as described in the previous section.

2.3. Viral Clearance Vs Oncogenic Progression
Although, epidemiological studies show that more than 80% of HPV infections are

benign and cleared within 12–18 months (32), a fraction of infections persists and can

Chapter 9 / Prevention and Treatment of Cervical Cancer 131

Fig. 3 (Color Plate 4, following p. 50). HPV life cycle. The pathogenesis of cervical cancer is initiated
by HPV infection of the cervical epithelium during sexual intercourse. Virions penetrate the epithelium
through microabrasions and invade the basal cells of stratified epithelia. Initiation of replication is
facilitated by interaction of E1 with E2. Because the virus replicates using the host machinery, it must
force the keratinocytes into S phase, despite signals for terminal differentiation of the squamous
epithelium. This is achieved by three viral oncoproteins: E5, E6, and E7 (see text). The action of these
oncogenes and the upregulation of E1 and E2 in the upper layers of the squamous epithelium, provide
for overreplication of the viral genome. E4 is the most abundantly expressed viral protein in HPV-
infected epithelia. E4 is expressed later than E1, E2, E5, E6, and E7, but earlier than the capsid pro-
teins and is believed to facilitate viral message translation and breakdown of the keratin networks to
allow for virus release. L1 and L2 are virus coat proteins and are expressed late in the viral life cycle.
The remaining E proteins with the exception of E4 are present throughout the life cycle.



initiate cellular transformation. It is the persistent infection with high-risk type HPVs
that is necessary (but not sufficient) for the development of squamous carcinomas of
the cervix and their precursor intraepithelial lesions (33,34).

Premalignant lesions of the cervix are characterized by abnormal cellular or
epitheilial architecture in the areas surrounding the junction between the squamous
and columnar epithelium (the transformation zone) of the uterine cervix. Nuclear
enlargement, hyperchromasia, binucleation, presence of abnormal mitoses, high
nuclear to cytoplasm ratios, cytoplasmic clearing (koilocytosis reflecting E4 expres-
sion), abnormal epithelial differentiation, increased mitotic activity, and irregular
cellular orientation are all typical features of dysplasia. Low-grade SIL (LSILs, previ-
ously CIN Grade 1) reflect the pathological changes observed in the cervical epithe-
lium with HPV replication (Fig. 4A; see Color Plate 5, following p. 50) (35) and rarely
progress to invasive cancer. At this stage, HPV DNA is still episomal. In women who
are immunocompetent, many LSILs regress without medical intervention (33,36). In
contrast, patients with HSIL, particularly those with immune deficiencies (e.g., HIV
positive) or immune suppression (e.g., organ transplant patients), exhibit more persist-
ent and severe HPV-related disease. Resolution of HPV infection involves specific
immune responses, although this response is generally both weak and delayed. The
poor immune recognition of HPV probably reflects its relatively “immune privileged”
site of replication and the absence of a systemic infection (viremia). Furthermore, HPV
neither kills keratinocytes nor appears to readily produce “danger signals” that induce
inflammatory responses. Finally, the virus has several strategies to evade immunity.
Papillomavirus oncoproteins have been implicated in the downregulation of MHC
expression (37) and the production of type I interferons (38,39).

HSILs are associated with higher rates of progression to invasive cervical cancer and
less frequent spontaneous regression (40) (Fig. 4B; see Color Plate 5, following p. 50) (35).
Patients with low HPV viral loads are more likely to clear high-grade lesions as compared
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Fig. 4 (Color Plate 5, following p. 50). Examples of abnormal cervical cytopathology. (A) LSIL: A
cluster of cells demonstrating the enlarged nuclei, hyperchromasia, smudgy chromatin pattern, even
some koilocytosis (cytoplasmic clearing) typical of an LSIL lesion. (B) HSIL: A cluster of cells with
markedly enlarged nuclei, hyperchromasia associated with coarse chromatin, and irregular nuclear
membranes typical of an HSIL lesion (35).



with patients with high viral loads (40). Epidemiological evidence exists for several risk
factors, which may promote the progression from infection and CIN to invasive cancer,
including: human leukocyte antigen (HLA) haplotype (34,40), HPV-16 positive HSILs
(40), tobacco (41), oral contraceptives (42,43), age, parity (44,45), and infection with
Chlamydia trachomatis (for a more complete review, see ref. 34). The identification of
potential risk factors for the progression of HPV infection to cancer remains especially
important to consider in the context of the developing world, where cervical cancer is
common, but few women have access to proper cytological screening resources.

The role of sex steroids in carcinogenesis has received special attention in the liter-
ature. Recent case–control studies of patients with histologically-confirmed invasive
cervical carcinoma or carcinoma in situ (histological equivalent to a cytologically-
identified precancerous SIL) have consistently found that long-term use of oral con-
traceptives increases risk of cervical carcinoma by up to fourfold in women who were
positive for cervical HPV DNA (46–48). Other reproductive factors in the progression
of HPV infection to cervical cancer have been studied, showing that high parity
(defined as seven full-term pregnancies or more) increases the risk of squamous-cell
carcinoma of the cervix among HPV-positive women by two to four times (as com-
pared with women with one or two full-term pregnancies and nulliparous women,
respectively) (49). Long-term oral contraceptive use and high parity was not associ-
ated with higher rates of HPV infection or HPV persistence. This suggests that the
role for sex steroids in development of cervical cancer lies in carcinogenesis (progres-
sion of a persistent infection to cancer) rather than in increased risk of HPV infection
(50,51). Whether it is progesterone, estrogen, or both hormones that contribute to
cervical cancer etiology remains unclear.

The progression to invasive cervical cancer is associated with integration of the viral
genome into the host genome. During the normal viral life cycle, E6 and E7 are main-
tained at low levels under transcriptional regulation by E2 (52–54). Integration typi-
cally disrupts the viral E2 gene, thereby negating E2-mediated repression of E6 and E7
and triggering their overexpression. Derepression of E6 and E7 exacerbates genomic
instability through aberrant centrosomal duplication and suppression of cell-cycle
checkpoints and activation of telomerase.

Ectopic expression of E6 and E7 of high-risk HPV types is sufficient for immortal-
ization of human keratinocytes (Table 2) (8). One of the best-characterized functions of
the E6 gene product is binding of the p53 tumor suppressor gene (55), promoting its
degradation leading to subsequent genomic instability. Normally, p53 transcriptionally
activates the expression of various regulators that induce cell-cycle arrest and apoptosis
in response to chromosomal damage. Binding of high-risk HPV E6 facilitates the rapid
turnover of p53, resulting in a reduction of the steady-state levels of p53, alleviating
restrictions on cellular DNA synthesis and augmenting viral replication.

One of the best-characterized functions of the E7 gene product is formation of a
complex with pRB (56), which when phosphorylated, limits cell proliferation and sup-
presses the neoplastic properties of various HPV types. E7 binding releases E2F and
promotes entry into the cell cycle (57). However, it is important to note that both E6
and E7 are involved in numerous other activities that promote cellular transformation
and prevent apoptosis, which are reviewed elsewhere (58–61).
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3. VACCINATION AGAINST HUMAN PAPILLOMAVIRUS

Persistent infection with high-risk type HPV is a necessary cause of cervical cancer
and therefore elimination of HPV infection will prevent this cancer (33,34). Furthermore,
the majority of infections are cleared by the host’s immune system suggesting the vacci-
nation against this agent is feasible. Historically, vaccines have come to represent a
highly cost-effective means to reduce the morbidity and mortality of infectious dis-
eases. These facts have driven the rational development of preventative and therapeutic
vaccination strategies based on the detailed understanding of the molecular biology of
the HPV life cycle. Vaccination could be implemented to prevent infection (prophylac-
tic) or eliminate infection (therapeutic), or optimally by combining both strategies in a
preventive and therapeutic vaccine. The preventive vaccines typically elicit neutralizing
antibody to interfere with HPV infection. The therapeutic vaccines would be likely to
induce a virus-specific cellular immune response to trigger the regression of pre-exist-
ing lesions. It is also possible that therapeutic vaccines could be used “prophylacti-
cally,” not to prevent the initial infection, but to clear the virus before clinically apparent
lesions are established. The remainder of this chapter will discuss the recent develop-
ments in the clinical applications of HPV vaccines.

3.1. Prophylactic Vaccines
The ultimate expression of medical success is prevention of a disease, and subse-

quently, its total eradication. It was not until the last case of endemic smallpox occurred
in Somalia in 1977, with eradication of the disease declared shortly thereafter that vac-
cination was recognized as the means to eliminate diseases from the planet. The first
mass vaccination strategy to prevent a cancer was the hepatitis B vaccine. Although, it
has taken 20 years to demonstrate impact on hepatoma rates, the success of this preven-
tive vaccine is now clear. Because the etiology of cervical cancer is infectious in nature,
interfering with HPV infection with a prophylactic vaccine should theoretically prevent
development of the disease and potentially achieve total eradication of cervical cancer
and other HPV-related cancers. However, prophylaxis does not benefit those with pre-
existing disease. This is a significant issue because of the considerable burden of HPV
infection worldwide. Furthermore, purely prophylactic vaccines will not impact cervi-
cal cancer rates for approx 10–20 years from the introduction of a mass vaccination
program because of the existing infections and the slow process of carcinogenesis.

As the target population of a preventative HPV vaccine will most likely be healthy
adolescents who are not yet sexually active, the primary concern of prophylactic vaccine
development is safety. The use of a live attenuated virus vaccine has been shown to be
safe and effective in the prevention of diseases, such as influenza, measles, mumps, and
rubella. Yet, the difficulty of propagating large amounts of HPV combined with necessity
of viral oncoproteins in the HPV replication process, has made this strategy impractical.
Although, vaccines targeting the early viral antigens could prevent establishment of infec-
tion, current strategies for safe and effective prophylactic vaccination have focussed on
inducing neutralizing antibodies against the major and/or minor capsid proteins.

3.1.1. L1-BASED VACCINES

When the major capsid protein L1 is overexpressed in various cell types, it sponta-
neously assembles into virus-like particles (VLPs) (62–64). Although, the viral genome
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and the minor capsid protein L2 are absent, L1 VLPs possess similar morphology and
antigenicity to natural virions. Parenteral vaccination with papillomavirus L1 VLPs has
been shown to induce high titers of serum neutralizing antibodies in animal models.
Importantly, intramuscular vaccination with HPV L1 VLPs in women has been shown
to be both immunogenic and safe in early phase clinical trials.

HPV is transmitted through sexual intercourse, and animal models of papillomavirus
infection do not mimic sexual transmission. Therefore, there has been great concern
that animal models with cutaneous or oral papillomaviruses would not be useful in vac-
cine development for genital HPVs, and that successful vaccine preclinical studies
might not be predictive in patients. Because HPV infection is limited to the epithelium
and local and therefore does not produce viremia, another significant concern in the
field has been that an effective prophylactic HPV vaccine might require the local gen-
eration of virus-specific immune responses. Although, human studies confirm that high
titers of specific antibodies are present in cervical secretions of women receiving intra-
muscular HPV16 L1 VLP immunization (65,66). In this case, transfer of serum IgG to
the genital tract occurs through the process of transudation or exudation at the site of
microtrauma rather than local synthesis of specific antibody. Transudation results in a
diffusion gradient and thus significantly lowers titers of antibodies as compared with
the serum concentration. Furthermore, the efficiency of transudation and therefore titers
of antibody at the mucosal surface varies across the menstrual cycle, raising the possi-
bility of protection during only certain phases.

Despite these concerns, a landmark clinical trial of 2392 women demonstrated that
HPV-16 L1 VLPs are capable of protecting women from HPV infection and HPV-
associated CIN (11). In this study, the incidence of persistent HPV-16 infection was 3.8
per 100 woman-years at risk in the placebo group and 0 per 100 woman-years at risk
in the vaccine group. In short, the L1 VLP vaccine was 100% effective (confidence
interval = 90–100%) at preventing persistent HPV-16 infection in the population of
females tested and during this relatively short period of approximately one and a half
years. This protection has been most recently extended to three and a half years (67).

Prevention of cervical cancer is not a reasonable efficacy end point for these preven-
tive vaccine studies. Rather, as the precursor of cervical cancer, protection against inci-
dent HPV-related CIN is an appropriate measure of vaccine efficacy. Importantly, new
HPV16-related CIN only occurred among the placebo recipients, although the numbers
were small in this study (11). This study suggests that VLP vaccination can protect
throughout the menstrual cycle against HPV infection. It should be noted that a contri-
bution of L1-specific cellular immunity to protection has not been ruled out. The
longevity of protection is currently under investigation and is likely to be influenced by
the adjuvants used with the VLPs. More clinical trials of VLP vaccines are currently
under way (summarized in Table 4), including a large, randomized, double-blind,
placebo-controlled trial of HPV16 and HPV18 L1 VLPs in 21,000 Costa Rican women
(68) to investigate the long-term protective efficacy of the VLP vaccination. Although
human and nonhuman primate studies suggest that these antibodies are quite durable
(33,69), tracking the level of the antibodies in vaccines and breakthrough in infections
in the long-term is an important area of ongoing study. In particular, it will be impor-
tant to define the threshold protective titer of neutralizing antibodies to allow monitor-
ing of successful vaccination, and decisions on the timing for booster vaccinations.
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The results from the VLP clinical trials are promising, but further work is required.
For example, Koutsky and colleagues recently reported that vaccination of uninfected
women with VLPs comprising HPV16 L1 was 100% effective in preventing acquisi-
tion of HPV16 infection and HPV16-related CIN (11). The incidence of other HPV-
related cervical neoplasia was equal in placebo and vaccine groups (Table 3). This
suggests that HPV L1 VLP vaccines may only provide protection against infection by
the homologous papillomavirus type and this is consistent with the type-restricted
specificity of the neutralizing antibodies that mediate protection. However, recent
reports from GSK’s VLP vaccine trials suggest the possibility of partial protection
against very closely related types, for example, HPV18 and HPV45 (70).
Interestingly, this is consistent with earlier in vitro neutralization studies, further sup-
porting the importance of neutralizing antibodies in protection and the validity of this
approach to monitor immunization (71). However, if immunity is very type-restricted,
then this renders comprehensive vaccination against cervical cancer with L1 VLPs
extremely difficult and increases the cost and complexity of vaccine development.
For example, a completely effective and type-specific HPV prophylactic vaccine
would require 11 distinct types of VLPs to prevent 95% of cervical cancer (Fig. 5)
(72). Current formulations of both L1 VLP vaccines in phase III clinical trials run by
Merck and GSK contain only two oncogenic HPV genotypes, HPV16 and HPV18,
which together account for only 70% of cervical cancers (73,74). Merck has also
chosen to include HPV6 and HPV11 L1 VLPs in their vaccine “Uardasil,” but these
will only protect against benign genital warts (74). The current formulation of HPV
VLP vaccine protects against the most prevelant, but not all oncogenic HPV types,
and this will have important implications for screening programs. The Pap screening
program in the US costs in excess of 6 billion USD per year, but cessation of this
program would likely require a vaccine that protects against most if not all oncogenic
HPV types (Fig. 5).

3.1.2. L2-BASED VACCINES

Although, major capsid protein L1 is the immunodominant antigen in the generation
of neutralizing antibodies in vivo (75), minor capsid protein L2 has also arisen as a
possible target for vaccine development (Table 4). Preclinical studies suggest that L1
VLP-based vaccines elicit a stronger immunogenic response than L2-based vaccines,
but unlike L1 VLP-based vaccines, vaccination with HPV L2 induces antibodies that
cross-neutralize diverse HPV genotypes (75,76). Vaccination with L2 peptides in ani-
mal models protects from experimental challenge by the homologous type papillo-
mavirus. This protection is mediated by neutralizing antibodies (76). L2 is thus
considered a promising candidate for a single antigen capable of eliciting a broadly
neutralizing antibody response, which is protective against all oncogenic HPV infec-
tions and related disease. Although, these L2 vaccines are promising, the low titers of
neutralizing antibodies (and especially cross-neutralizing antibodies) induced by L2 as
compared with L1 VLP vaccines suggest that these L2 vaccines thus far are not opti-
mal. Importantly, the ability of L2 vaccination to provide cross-type protection must
also be demonstrated. In a recent data (Neil Christensen Richard Rodon, unpublished
data) it has been found that vaccination with HPV16 L2 11–200 protects rabbits from
experimental challenge with either CRPV or ROPV, two viruses that are evolutionarily
highly divergent from HPV16 (77). If this is borne out in patients and the relatively low
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Table 3
Summary of the Data From Phase III Trials of an HPV16 L1 VLP Vaccine

Vaccine Placebo

1.5 yearsa

Subjects 768 765
Persistent 16 0 41
CIN 1 16+ 0 5
CIN 2/3 16+ 0 4
CIN non16 22 22
3.5 yearsb

Subjects 1193 1198
Persistent 16 0 87
CIN 1 16+ 0 12
CIN 2/3 16+ 0 12
16– CIN 1 8 4
16– CIN 2/3 34 23

In this ongoing phase III prophylactic vaccination trial of HPV16 L1 VLPs, women without evidence
of HPV16 infection were vaccinated three times with HPV16 L1 VLPs or placebo and followed for new
persistent HPV16 infection or development of CIN (11,67).

aDuring the first 1.5 years after immunization, vaccination provided 100% (95% confidence interval:
90–100; p < 0.0001) protection against acquisition of persistent HPV16 infection. Although, 41 incident
persistent HPV16 infections and 9 HPV16 DNA positive CIN (high- and low-grade) occurred in the
placebo recipients, 22 cases of non-HPV16 CIN occurred in both placebo and vaccine recipients.

bAfter 3.5 years, vaccine efficacy remained high. Although, 87 incident persistent HPV16 infections and
24 HPV16 DNA positive CIN (high- and low-grade) occurred in the placebo recipients, 42 cases of non-
HPV16 CIN occurred in vaccine recipients (vs 27 cases in placebo recipients).

Fig. 5. Addition of L1 VLP from HPV genotypes in addition to HPV16 will have limited benefit.
Percent of cervical cancer cases attributed to the most frequent HPV genotypes in all world regions
combined (women 15 years of age and older) are given in black bars. Cumulative frequencies in
order from the most prevalent types is shown in gray. A completely effective and type specific HPV
prophylactic vaccine would require 11 distinct formulations to prevent ~95% of cervical cancer (72).



immunogenicity of L2 can be overcome with suitable adjuvants, protection induced by
vaccination with L2 could potentially be very broad. The extent of cross-neutralization
by an L2 vaccine might be enhanced by the generation of a synthetic consensus L2
antigen. The breadth of the cross-neutralizing activity of L2 antisera suggests the pos-
sibility that this vaccine antigen might also prevent transmission of HPV types that
cause benign genital warts, and possibly even plantar/planar or Epidermodyslpasia verruci-
formis type warts.

In contrast, the L1 VLP vaccine, especially in a highly multivalent form, is likely to
be expensive to produce, as the L1 is expressed in Sf9 insect cells (by GSK) or yeast
(by Merck). An added benefit to the L2-based vaccine is that production of a single L2-
based antigen produced in Escherichia coli is likely to be less expensive to produce. It
should be noted that L1 capsomers can be produced in E. coli (78). The L1 capsomer
vaccine exhibits good stability and induces protection in the canine model (79), albeit
likely type specific as for the L1 VLP vaccines. Another possible approach is the use of
L1-expressing DNA vaccines that might be more stable, easier to produce and multi-
plex at low cost. The issue of cost per dose is especially important as more than 83% of
cervical cancer deaths today occur in the developing world (16) that lack the infrastruc-
ture for Pap screening and lesion ablation. Furthermore, all of these vaccines require a
cold chain, which is likely to be problematic in rural, hard to access areas. They also
require multiple immunizations with needles. Perhaps the use of a live vector to deliver the
HPV capsid antigens, for example, nonpathogenic Salmonella or VSV, could overcome
many of these issues, although safety would be a significant concern. Future efforts in
second generation HPV vaccines should address these issues.

3.2. Therapeutic Vaccines
Infected basal epithelial cells and cervical cancer cells do not express detectable levels

of capsid antigen. Thus, although L1 VLP and L2 vaccines may be protective, they are
likely to be ineffective in the elimination of pre-existing infection and HPV-related 
disease. Currently there are more than 100 million infected women, 5% of whom are
estimated to have persistent disease (80). Moreover, it is still possible that some viruses
will breakthrough neutralizing antibodies induced by prophylactic vaccination and
establish new infection. This is especially important because those VLP vaccines in the
clinic are likely to protect against a limited number of HPV types. Given these poten-
tial shortcomings, additional measures to deal with established HPV infection and
HPV-associated diseases are currently under investigation.

Neutralizing antibodies are found in patients with both regressing and progressing
lesions suggesting that these antibodies do not play a role in the regression process
(81). Regression of low-grade CIN (Grade I) has been associated with the presence of
neutralizing antibodies, but humoral immunodeficiency does not increase susceptibility
to development of HPV lesions. In contrast, patients with altered CD4 T cell function,
such as organ transplant patients (82) and patients with HIV (83–85), have an increased
prevalence of HPV infection and more severe HPV-related disease. Preclinical studies
with agents that suppress cellular immunity have reduced rates of papilloma regression
and more aggressive disease. Furthermore, infiltrating CD4+ and CD8+ T-cells are often
observed in spontaneously regressing HPV warts whereas T cells are rarely seen in non-
regressing warts (86). These clinical observations provide evidence that cell-mediated
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immunity and nonhumoral immunity are important in the control of established HPV
infection and HPV-related lesions.

In order to prevent the development of lesions, eliminate existing lesions, or even
eliminate malignancies, a therapeutic vaccine should target HPV antigens that are con-
tinuously expressed in the infected cells and cancer cells. HPV encodes eight papillo-
mavirus genes (see Table 1) that are potential “nonself” targets for a therapeutic vaccine.
Infected basal epithelial cells usually do not express E4, L1, or L2 proteins at detectable
levels. Additionally, the E1, L1, and L2 genes and especially the E2 gene are frequently
lost in HPV-associated malignancies during integration. Indeed these genes are dispen-
sable for transformation, and loss of E2 is in fact believed to enhance this process. E5
is not considered an optimal target because it is not required for transformation. It is
also poorly immunogenic, probably reflecting its location predominantly within mem-
branes. In contrast, the remaining viral oncoproteins are potential target antigens as
they are expressed throughout the viral life cycle and help to regulate progression of
the disease. E6 and E7 are critical for HPV replication and cervical epithelial transfor-
mation, and are expressed throughout the viral life cycle. As described earlier, because
E2, a negative regulator of E6 and E7, is often deleted during the HPV transformation
process, E6 and E7 genes are further upregulated in cervical cancer cells. Thus, E6 and
E7 are important targets for HPV therapeutic vaccines because they are not expressed
in normal cells, but are expressed in all HPV infected cells and they cannot be lost by the
tumor as this results in apoptosis. And, whereas E2 is a poor target for immunotherapy of
cervical cancer, E1 and E2 represent potential targets for induction of papilloma and
CIN regression.

Live-vector vaccines, peptide or protein vaccines, nucleic acid vaccines, cell-based
vaccines, and combined approach vaccines have all been tested in the development of
HPV therapeutic vaccines both preclinically and now, more frequently in patients.
However, despite many successes in curing mice of transplantable tumor models,
human trials of many therapeutic vaccines have provided little or no benefit to patients
with HPV malignancies. Thus the focus is on the findings in patients to form future
improvements in vaccine strategies, combination of treatments, better animal models,
and designing immunological assays that better correlate with clinical outcome. Table 5
is a summary of the advantages and disadvantages of the HPV therapeutic strategies
and the progress these approaches have made in clinical trials.

The most extensive studies have been performed with peptide-based, viral-vector
and naked DNA vaccines. Peptide-based therapeutic vaccines are stable, easily pro-
duced, and safe. Unfortunately, they are also immunogenically weak and therefore
require adjuvants; and with respect to cell-mediated immunity, these vaccines are also
MHC-specific. Synthetic peptides representing two HPV16 E7-encoded, HLA-A0201-
restricted cytotoxic T lymphocyte epitopes have been studied in patients with recurrent
or residual cervical carcinoma refractory to conventional treatment (87–89). Additionally,
a vaccine consisting of a 9-amino acid peptide from HPV-16 E7 amino acids 12–20
was tested in women with high-grade cervical or vulvar intraepithelial neoplasia who
were positive for HPV-16 and were HLA-A2 (90). These HPV peptide vaccines have
been shown to be both safe and well tolerated in humans. However, HPV-specific
immune responses generated by these vaccines have been weak and correlated poorly
with the few clinical responses. A subgroup of patients vaccinated with these peptide
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epitopes do show measured regression of lesions and even clearance of dysplasia.
However, neither peptide-specific proliferative cytotoxic T-lymphocyte (CTL)
responses nor lesion regression are consistently detected.

The live vector vaccines, especially those that are capable of replication in the host,
are generally highly immunogenic and can induce strong immune responses. However,
there are significant safety concerns, particularly in cancer patients with weakened
immune systems. The prevalence of pre-existing vector immunity that may decrease
the effectiveness of the vaccine and inhibit repeated vaccination is another issue with
this vaccination strategy that must be considered. Additionally, vector antigens may
become immunodominant on the HPV antigen carried on the vector, thus interfering
with the formation of an efficacious anti-HPV immune response. Some live vector vac-
cines have passed preclinical evaluations and proceeded into clinical trials. For exam-
ple, a recombinant vaccinia virus encoding HPV-16 and HPV-18 E6/E7 (called
TA-HPV) was tested in clinical trials. Importantly, TA-HPV was well tolerated and 
T-cell immune responses were observed after vaccination in some patients with high-
grade CIN, early invasive cervical cancer, and even advanced cervical cancer (91–93).
The vaccine was also given to patients with HPV-associated vulvar or vaginal intra-
epithelial neoplasia with specific immune responses observed (94,95). In a study con-
ducted by Baldwin and colleagues, five out of 12 patients had at least a 50% reduction
in lesion diameter after 24 weeks, and one patient showed complete regression of lesion
after vaccination (94). TA-HPV has also been used in conjunction with the fusion
protein TA-CIN using a prime-boost strategy (see Table 5). Another recombinant vac-
cinia virus encoding E2 (called MVA E2) has been tested in patients with CIN.
Although, utilized as a genetic therapy, the vaccine might potentially generate HPV-
reactive E2-specific immune responses (96).

DNA vaccines, most commonly in the form of naked DNA expression plasmids,
have several beneficial features for HPV therapeutic vaccine development. DNA vec-
tors are easily produced and can be engineered to express tumor antigenic peptides or
proteins. The stability and purity of DNA vaccines are even higher than peptide or pro-
tein vaccines. DNA vaccines also have the ability to produce antigenic proteins and
peptides in antigen-presenting cells during an extended period. Thus, the amount of
antigen delivered to the immune system is potentially higher than for peptide and pro-
tein vaccines. This is also an issue when expressing viral oncogenes, and therefore E6
and E7 containing inactivating mutations are frequently used. Using DNA vaccines to
express proteins, thus allowing the cell to generate its own peptide–MHC complex,
bypasses the MHC restriction whereas maintaining higher CTL responses than current
protein vaccines in preclinical studies. DNA vaccines can also be repeatedly applied to
the same patient safely and effectively, unlike vaccines, which utilize a live vector. But
like peptide vaccines, DNA vaccines are limited by their low immunogenicity. This
limited immunogenicity may be enhanced by expression of only the relevant epitopes
to facilitate antigen processing and presentation.

Some DNA-based vaccines have passed preclinical evaluations and proceeded into
clinical trials. A clinical trial in patients with high-grade anal intraepithelial lesions
(97) and another in CIN-2/3 patients (98), tested a plasmid DNA vaccine, ZYC101
(ZYCOS Inc), which encodes multiple HLA-A2-restricted epitopes derived from the
HPV-16 E7 protein. Subjects were shown to tolerate the vaccine well. Similar to many
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of the other therapeutic vaccines under clinical evaluation, the immune and clinical
responses to vaccination have not been consistent. The immune response to the pep-
tide epitopes encoded within the DNA vaccine was increased in 10 of the 12 individu-
als with anal dysplasia (97). Five out of 15 women with CIN-2/3 had complete
histological responses and 11 out of 15 women with CIN-2/3 had human papillo-
mavirus-specific T-cell responses (98). The next generation ZYC-101 vaccine, ZYC-
101a (ZYCOS Inc), contains a plasmid DNA encoding both HPV-16 and HPV-18 E6
and E7 epitopes. A recent phase II trial demonstrates that a prospectively defined sub-
group of younger women have a significantly higher rate of disease resolution when
treated with ZYC-101a than when administered placebo (99). However, when com-
paring the effect of placebo and ZYC-101a in the whole population studied, no signif-
icant difference was observed.

The limited immunogenicity of DNA vaccines may potentially be enhanced by
fusion of the antigen with molecules that improve antigen processing and promote
immune recognition. For example, clinical trials of HPV16 E7 expressed with a signal
sequence and fused to a heat shock protein are ongoing at Johns Hopkins University. In
preclinical studies the signal sequence enhances antigen processing of the E7 and its
release from the cell whereas heat shock protein binds with and activates dendritic
cells. Fusion of E7 to calreticulin also produces similar phenomena and may provide
antiangiogenic activities.

3.3. Combination Approaches
The ideal HPV vaccine would induce both humoral and cell-mediated immunity to

prevent new infections as well as eliminating established infection or HPV-related
disease. One such strategy has involved the fusion of HPV capsid proteins and HPV
early proteins, for example the fusion of L1 with E7 to form chimeric VLPs. An early
trial initiated by Medigene with chimeric L1-E7 VLPs demonstrated immunogenicity
and safety, but insufficient clinical efficacy in CIN patients for further development
by this company. Another potential chimeric/therapeutic vaccine is a fusion of HPV-
16 L2 with E6 and E7 (called TA-CIN by Cantab/Xenova Pharmaceuticals). TA-CIN
was also shown to be safe and immunogenic in several clinical trials. Vaccination
with TA-CIN induces HPV16 and HPV18-specific neutralizing antibodies, even in
the absence of adjuvant unpublished observations. Despite the absence of an adju-
vant, specific antibody and T-cell proliferation responses were observed in the major-
ity of patients receiving the highest dose (100). In order to further enhance vaccine
potency, a “prime-boost” strategy, combining TA-CIN and TA-HPV (vaccinia virus
encoding HPV 16/18 E6E7) vaccinations, was tested in 10 women with HPV 16-pos-
itive high-grade vulvar intraepithelial neoplasia. They first received a TA-HPV vac-
cine and then were boosted three times with TA-CIN. HPV 16-specific proliferative
T-cell and/or serological responses were observed in nine of the women, and three
women showed lesion shrinkage or symptom relief. However, no direct correlation
between clinical and immunological responses was observed. Importantly, all of these
studies were performed using protein antigens without adjuvant and may therefore
not be optimal.
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4. CONCLUSIONS

Great progress has been made in the development of prophylactic vaccines against
HPV, such that cervical cancer could very well be the second cancer to be prevented
through mass vaccination (Fig. 6; see Color Plate 6, following p. 50). Important lessons
can be learned from these successes and from the slower progress in the development of
therapeutic HPV vaccines. Research into the etiology of cervical cancer and the biology
of HPV provided critical insights regarding the relevant target antigens for effective vac-
cination. The importance of relevant and facile animal models is demonstrated both by
the success of preventive vaccine development using animal papillomavirus challenge
models, and the issues in using tumor transplant models in mice for therapeutic vaccine
development. Similarly, the development of relevant immunological assays is also criti-
cal to the rational development of vaccines, as epitomized by the measurement of pro-
tective antibodies by VLP ELISA or in vitro neutralization assays. Unfortunately, the
assays most relevant for therapeutic responses lag behind and correlate poorly thus far
with clinical response. Nonetheless, each year sees remarkable advances in the field of
immunology. With an improved understanding of the mechanisms governing tumor
regression or tolerance, we are hopeful that these issues can be overcome.

The success of the VLP vaccine trials has catalyzed the development of second gen-
eration preventive vaccines. Clearly, additional HPV VLP types need to be included to
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Fig. 6 (Color Plate 6, following p. 50). Summary of strategies to prevent and treat cervical cancer.



provide broader protection and eventually render Pap and HPV screening programs
unnecessary. The development of both broad HPV immunity and comprehensive vaccine
programs are critical to the eventual elimination of cervical cancer. In addition to the
highly multivalent HPV VLP vaccines, the potential for broad cross-protection by L2-
based vaccines should be further explored. The second generation HPV preventive
vaccines should build on the safety and efficacy of the L1 VLPs to provide broadly-
protective, inexpensive, stable, and easily administered formulations. Such vaccine
properties and support for comprehensive vaccine programs are critical to adequately
address the global burden of HPV infection and cervical cancer.

The large existing burden of HPV disease and the ~20 year delayed impact of preven-
tive vaccination on cervical cancer rates demonstrates the need for continued efforts to
develop therapeutic HPV vaccines (Fig. 6; see Color Plate 6, following p. 50). The clear-
ance of established infection or disease is clearly a more difficult problem than prevention
of new infections. One of the major obstacles is an incomplete understanding of why most
HPV-positive lesions naturally regress, whereas others do not. New research suggests the
importance of tumor tolerance and immune suppression in the tumor environment. In
addition, the virus and the cancer cells utilize multiple molecular tricks to escape immune
surveillance. However, recent advances in the understanding of antigen processing, innate
recognition (e.g., toll-like receptors), and tolerogenic mechanisms (e.g., NO, arginase)
suggest several avenues to break tolerance and improve the effectiveness of virus-specific
cytotoxic T-cell responses. Given these issues and ongoing screening programs, it may be
appropriate to focus on early therapeutic vaccine efforts in patients with LSIL, for whom
tolerance is less likely to be an issue (as suggested by high rates of spontaneous regres-
sion). Finally, technological improvements in vaccine delivery vehicles and immunologi-
cal assays are important and should continue. Clearly, cervical cancer represents an
important model system to develop immunotherapies for other cancers with less well-
defined etiologies and rejection antigens. Research into HPV therapeutic vaccines shows
great promise and is likely to have broad impact.
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1. INTRODUCTION

Gestational trophoblastic disease (GTD) can be broadly divided into two groups, hyda-
tidiform moles, which represent abnormally formed placentas, and trophoblastic tumors,
and tumor-like lesions. In contrast to hydatidiform moles, the pathogenesis of trophoblas-
tic tumors and tumor-like lesions is largely unknown. In recent years, progress has been
made in elucidating the biology of human trophoblast. The identification and characteri-
zation of the genes expressed in human trophoblast has led to a further understanding of
the lineage and differentiation program of trophoblast and related this to trophoblastic
lesions. It is now clear that trophoblastic lesions recapitulate the trophoblast present in the
early developing placenta and implantation site. In this chapter, some of these recent
observations will be summarized and correlated with the morphology and biology of
human trophoblast in normal placentation and in trophoblastic disease.

2. OVERVIEW OF TROPHOBLASTIC SUBPOPULATIONS 
IN NORMAL PLACENTA

Based on morphological, immunophenotypical, and functional studies, the trophoblast
in villous and extravillous locations can be divided into three distinct populations:
cytotrophoblast (CT), syncytiotrophoblast (ST), and intermediate trophoblast (IT) (1,2).
The anatomical locations and functional aspects of each trophoblastic subpopulation are
briefly summarized next.
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2.1. Cytotrophoblast 
CT functions as a stem cell and is located on the villous surface. CT expresses 

epidermal growth factor receptor (EGF-R), which binds with EGF secreted by the
decidua (3). It has been postulated that through a paracrine-like mechanism, EGF-R
and its ligand may provide growth stimulation for CT (4). CT differentiates along two
main pathways. On the villous surface, CT fuses to form the overlying ST. This process
results in expansion of the surface area of chorionic villi in the developing placenta. In
the second pathway, CT in the trophoblastic column differentiates into villous IT and
then into implantation site IT in the placental site or chorionic-type IT in the chorion
laeve (5). The mechanisms underlying the differentiation of CT are unclear. Recently,
however, expression of syncytin has been shown to be involved in the fusion of CT into
ST (6) and downregulation of Id-2 is associated with differentiation into implantation
site IT (7). In addition, it has been shown that CT expresses the ∆N isoforms of p63,
whereas chorionic-type IT in the fetal membranes expresses the TA isoforms (8).
Implantation site IT and ST do not express either of the p63 isoforms. As p63 isoforms
have specific functions including those that relate to regulation of apoptosis and prolif-
eration, these findings suggest that p63 may act as a molecular switch. Thus, turning
off or turning on specific p63 isoforms may in turn control trophoblastic differentiation
and placental development. The expression of the ∆N isoform in CT is consistent with
its proposed function of maintaining basal or stem cells in a state where they are capa-
ble of proliferation and differentiation, perhaps by preventing cell-cycle arrest and
inhibiting apoptosis (9). Thus, as CT differentiates into either ST or implantation site
IT in the trophoblastic columns, there is a dramatic decrease in ∆Np63 expression,
which may contribute to cell-cycle arrest (10) as evidenced by the virtual absence of
Ki-67 labeling in ST and implantation site IT (5,11).

2.2. Syncytiotrophoblast 
ST is made up of terminally differentiated cells that cover the chorionic villi and

synthesizes and secretes a number of pregnancy-associated hormones including human
placental lactogen (hPL), SP-1, and β-hCG (human chorionic gonadotropin). Some of
these secretory proteins may also have a paracrine function by regulating the local
microenvironment of decidual cells, inflammatory cells, and smooth muscle cells at the
placental site. In addition to its role as an endocrine organ, the ST is bathed in maternal
blood and is responsible for the exchange of oxygen, nutrients, and a variety of meta-
bolic products between the mother and the fetus.

2.3. Villous IT 
Villous intermediate trophoblastic cells consist of the trophoblastic columns that

anchor the chorionic villi to the basal plate of the implantation site. They proliferate in
the proximal portion of the trophoblastic columns and are the source of implantation
site and chorionic-type intermediate trophoblastic cells. In addition, they maintain the
structural integrity of the trophoblastic columns. The distinctive molecular feature that
characterizes the villous intermediate trophoblastic cells is the expression of HNK-1
carbohydrate, which is not present in any of the other trophoblastic subpopulations
(12). The HNK-1 moiety is present on the cell surface and might contribute to inter-
cellular cohesion in the trophoblastic columns, which counteracts the mechanical
sheering forces resulting from fetal movement and the turbulence created by the
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pulsatile blood flow in the placental bed (12). Moreover, several genes including
CD146 (Mel-CAM), hPL, human leukocyte antigen (HLA-G), and cyclin E are
expressed in villous intermediate trophoblastic cells. Further increasing from the prox-
imal to the distal end of the trophoblastic column, and reflecting the differentiation of
implantation site IT (Table 1).

2.4. Implantation Site IT 
The major function of implantation site IT is to establish the maternal–fetal circulation

by invading the spiral arteries in the basal plate during early pregnancy (13). It has been
suggested that the mechanisms underlying trophoblastic invasion are similar to those
involved in tumor cell invasion (14,15). Because in both processes a variety of proteases,
cell-adhesion molecules, growth factors and their receptors, and tumor-associated antigens
including HLA-G and CD146 are expressed in both and there is also loss of E-cadherin
expression (16). However, unlike malignant tumors, the invasion of implantation site IT is
tightly regulated, confined spatially to the implantation site, and limited temporally to
early pregnancy (4,13,17,18). Whereas, extensively infiltrating the endometrium of the
basal plate, the implantation site IT invades only the inner third of the myometrium in
the first trimester, decreasing to less than 10% of the myometrium by term. Although,
the molecular mechanisms underlying the control of trophoblastic invasion are unclear,
the invasive process can be modulated by both the trophoblast and the local microenviron-
ment (4,17–19). Fusion of mononucleate implantation site intermediate trophoblastic cells
with multinucleated cells leads to the loss of their invasive and migratory phenotype.
Implantation site intermediate trophoblastic cells are not proliferative as they are negative
for Ki-67, a proliferation marker, and are positive for several proteins, which are involved
in the arrest of cell-cycle progression including p21WAF1/CIP1 (20) and p57kip-2 (21). It is of
interest that implantation site intermediate trophoblastic cells express cyclin E, but its
biological significance is unknown at present (22).

2.5. Chorionic-Type IT 
This type of IT is located in the chorion laeve (fetal membrane). Unlike implantation

site intermediate trophoblastic cells, the functional role of chorionic-type intermediate
trophoblastic cells remains speculative. Chorionic-type IT may contribute to the synthesis
of extracellular matrix, which is required to maintain the tensile strength of the fetal
membrane (23). It is also possible that chorionic-type IT acts as a biological and
mechanical barrier to the maternal immune system and is important for fetal allograft
survival. Chorionic-type intermediate trophoblastic cells express HLA-G and p63, but
hPL and CD146 are expressed only focally (Table 1) (5,24). Chorionic-type intermedi-
ate trophoblastic cells are believed to differentiate from CT, but the molecular mecha-
nisms that underlie this process are unknown. ∆Np63 is expressed by CT and TAp63 is
expressed by chorionic-type intermediate trophoblastic cells. It is conceivable that an
isoform switch from ∆Np63 to TAp63 may be important for the transformation of CT
into chorionic-type IT in the fetal membranes (8). Further, in vitro studies are required
to determine whether this interpretation is correct.

3. CLASSIFICATION OF GTD

The third World Health Organization classification of GTD has been modified to
include recently described entities (Table 2). In the past, the exaggerated placental site
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Table 2
Classification of GTD

Molar lesions
Complete hydatidiform mole 
Partial hydatidiform mole 
Invasive mole

Nonmolar lesions
Choriocarcinoma
PSTT
ETT

Nonneoplastic benign lesions 
Exaggerated placental site 
Placental site nodule

(EPS) and placental site nodule were classified as “unclassified GTD.” Both lesions are
benign and have a distinct histogenesis and morphological features that justify their
separate designation. The third World Health Organization classification also includes
epithelioid trophoblastic tumor (ETT), a recently described trophoblastic neoplasm dis-
tinct from choriocarcinoma and placental site trophoblastic tumor (PSTT). Based on
morphological and immunophenotypic features (Table 1), nonmolar GTD can be related
to the different subpopulations of trophoblast. Although, each lesion is a distinct entity,
it is not unusual for a nonmolar trophoblastic lesion to display mixed histological fea-
tures of choriocarcinoma, PSTT, and ETT, underscoring the plasticity of trophoblastic
differentiation within these tumors (5,24).

4. PATHOGENESIS OF INTERMEDIATE TROPHOBLASTIC LESIONS

4.1. Choriocarcinoma
Gestational choriocarcinoma is a highly malignant epithelial tumor that can be asso-

ciated with any type of gestational event, most often a complete hydatidiform mole.
Choriocarcinoma recapitulates the differentiation of cytotrophoblastic cells in early
gestation. It may arise from neoplastic transformation of CT. Neoplastic CT, similar to
its normal counterpart, retains its capacity to differentiate into ST and IT. As an inti-
mate mixture of CT, IT, and ST is characteristic of choriocarcinoma. The CT and IT
tend to grow in clusters and sheets, separated by ST, forming the characteristic dimor-
phic growth pattern of mononucleate trophoblast and ST. In choriocarcinoma, the per-
cent of IT, as defined by CD146 (Mel-CAM) positive trophoblastic cells, is highly
variable ranging from 1 to 90% of the mononucleate trophoblastic cellular population
(25). The preliminary findings using immunohistochemical staining for β-catenin in
choriocarcinoma demonstrate that β-catenin is localized in the nucleus in CT in con-
trast to its localization on the cell membrane in the adjacent IT. This pattern is similar to
the distribution of β-catenin in the CT in the normal placenta. This finding suggests that
β-catenin translocation to the nucleus may contribute to the cellular proliferation of tro-
phoblastic cells in choriocarcinoma.

Choriocarcinoma has no intrinsic vascular stroma; the tumor receives its vascular
supply by vascular invasion exclusively. However, infiltrative growth of normal tissues



and blood vessels can give the appearance of a vascular framework (26). The
“pseudovasculogenesis” without neovasculogenesis permits an efficient blood supply
to the tumor and contributes to the rapid growth of choriocarcinoma. This in vivo obser-
vation can be experimentally demonstrated in animals. The human choriocarcinoma
cell line, JEG-3 when established in the subcutaneous tissue of mice, grows rapidly,
forms intricate “vascular” channels lined by JEG-3 trophoblastic cells and not with host
endothelial cells, and replaces the normal endothelium within the tumor xenograft (27).
This animal model might be useful for experimental studies of the biology of chorio-
carcinoma, especially, the process of “pseudovasculogenesis.”

As in complete moles, synergistic upregulation of c-myc, c-erb-2, c-fms, and bcl-2
oncoproteins appears to play an important role in the pathogenesis of choriocarcinoma
(28). Mutational analysis of K-ras and p53 has failed to show mutations of these genes
in choriocarcinoma (28–30), although overexpression of p53 has occasionally been
found in choriocarcinoma (31). The other genes that are potentially involved in the
development of choriocarcinoma include DOC-2/hDab2, a candidate tumor suppressor
gene (32,33), and a putative tumor suppressor gene(s) located on chromosome 7p12-
7q11.23 (34). Also, the ras GTPase activating protein (35) and HLA-G, which may 
participate in escape of immunosurvellance of tumor cells (36).

4.2. Exaggerated Placental Site
The EPS is a benign nonneoplastic lesion characterized by an increased number of

implantation site intermediate trophoblastic cells that extensively infiltrate the
endometrium and underlying myometrium. The EPS can occur in a normal pregnancy,
an abortion from the first trimester or a molar pregnancy, especially, a complete mole
(24). The trophoblastic cells in an EPS display an identical morphological and
immunophenotypical profile to the implantation site intermediate trophoblastic cells in
the normal placental site. For example, they are strongly positive for CD146, HLA-G,
and hPL, moderately positive for EGF-R and E-cadherin, and negative for p63, HNK-1,
and β-hCG (except in the multinucleated intermediate trophoblastic cells). These find-
ings indicate that the differentiation of IT is unaltered in an EPS, and support the view
that an EPS is a normal variation of an implantation site (5,25). Despite the extensive
infiltration of IT in an EPS, the Ki-67 indices of IT are near zero, suggesting that
the increased number of IT in EPS is probably not the result of de novo prolifer-
ation of IT in the implantation site (24,25). The precise mechanism underlying
the increased number of IT in EPS remains unclear, but may be because of rapid cell-
cycle progression of IT in the trophoblastic columns or the suppression of apoptosis of
IT in the implantation site.

4.3. Placental Site Trophoblastic Tumor
The PSTT is a relatively uncommon form of trophoblastic tumors that is made up of

neoplastic implantation site intermediate trophoblastic cells (8,24,37,38). In contrast to
the normal implantation site in which invasion of IT is tightly regulated and is confined
to the inner third of the myometrium, the tumor cells of PSTT are highly invasive and
infiltrate deeply into the myometrium occasionally penetrating to the serosa.

Microscopically, PSTT resembles the trophoblastic infiltration of the endometrium
and myometrium of the placental site during early pregnancy. The predominant cell
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type in PSTT is implantation site IT (Table 1). PSTT is diffusely positive for HLA-G,
hPL, and CD146 (Mel-CAM), but rarely positive for β-hCG, PlAP, p63, or HNK-1, an
immunophenotype consistent with implantation site IT (Table 1) (5,24). PSTT is asso-
ciated with abnormal expression of cell-cycle regulatory gene products including
cyclins, cyclin-dependent kinases, and p53 (39). At the molecular genetic level, most
PSTTs are diploid based on flow cytometric DNA analysis. The trophoblastic origin of
PSTT has been confirmed by molecular genetic studies showing that they contain a Y
chromosomal locus and/or new (paternal) alleles not present in adjacent normal uterine
tissue in all informative cases (37,40,41). PSTTs express the activated (phosphorylated)
form of mitogen activated protein kinase (MAPK) in 84% of cases; whereas normal inter-
mediate trophoblastic cells do not (42). The RAS/RAF/MEK (MAPK/ERK Kinase)/MAPK
signaling pathway is known to play a major role in various cellular activities including
proliferation, differentiation, apoptosis, angiogenesis, and migration (43–49). In order
to characterize the role of MAPK activation in PSTT, Kobel et al. (42) established the
first PSTT cell culture, IST-2, from a surgically resected PSTT. IST-2 cells expressed
HLA-G and Mel-CAM, but not E-cadherin, an immunophenotype characteristic of
PSTT. IST-2 cells are highly motile and invasive in culture. Treatment with MEK
inhibitors, CI-1040 and PD59089, which prevents activation of MAPK significantly,
reduces the motility and invasion of IST-2 based on wound assay, cell tracking by time-
lapse videomicroscopy, and invasion chamber assays. In contrast, neither of the com-
pounds has an effect on normal intermediate trophoblastic cells in the implantation site.
These findings demonstrate a functional role of MAPK activation in the motility and
invasion of PSTT.

4.4. Placental Site Nodule
Placental site nodules are small, well-circumscribed nodular aggregates of chorionic-

type intermediate trophoblastic cells that are embedded in a hyalinized stroma. Placental
site nodules have been believed to represent a portion of uninvoluted placental site from a
remote gestation. However, the constituent cells in placental site nodules are morpholog-
ically more closely related to the IT of the chorion laeve (chorionic-type intermediate tro-
phoblast) than to the IT of the placental site (implantation site intermediate trophoblastic
cells) (50). In addition, the trophoblastic cells in the placental site nodule exhibit an
immunophenotype similar to that of trophoblastic cells in the chorion laeve, but distinct
from implantation site IT (Table 1). The cells in a placental site nodule react with the anti-
body against p63, but only very focally with CD146 and hPL, an immunophenotype that
characterizes the intermediate trophoblastic cells in chorionic laeve, but not the implanta-
tion site. These findings suggest that placental site nodules are derived from chorionic-
type intermediate trophoblast. It remains a mystery, how these cells (from chorion laeve)
are retained and survive in the uterus several years after delivery.

4.5. Epithelioid Trophoblastic Tumor 
ETT is an unusual type of trophoblastic tumor that is distinct from PSTT and chorio-

carcinoma with morphological features resembling a carcinoma (51). Microscopically,
ETTs are nodular and generally well circumscribed although focal infiltrative features
can be present at the periphery. The tumors are made up of chorionic-type intermediate
trophoblastic cells. A characteristic type of geographic cell necrosis is frequently

Chapter 10 / Pathogenesis of Gestational Trophoblastic Lesions 163



observed. The trophoblastic origin of ETT has been confirmed by a molecular genetic
analysis demonstrating that they contain a Y chromosomal locus and/or new (paternal)
alleles not present in adjacent normal uterine tissue in all informative cases (37). The
molecular features of ETTs are largely unknown, as this tumor has only been recently
recognized. The tumors express cytokeratin, epithelial membrane antigen, E-cadherin,
and EGF-R consistent with their epithelial origin. In addition, all the tumors are positive
for p63, but only focally positive for hPL, β-hCG, and Mel-CAM, an immunophenotype
identical to that observed in chorionic-type IT (8,24,50,52). Expression of the p63 gene,
a transcription factor belonging to the p53 family, characterizes ETT. As discussed previ-
ously, p63 has various isoforms that are classified into two groups designated TA and
∆Np63 isoforms (8). The TA isoforms have a p53-like suppressor function, whereas the
∆Np63 isoforms exert an oncogenic effect. Based on immunohistochemistry and reverse
transcriptase polymerase chain reaction, it appears that CT expresses the ∆Np63 isoform,
whereas chorionic-type IT in the fetal membranes, placental site nodules, and ETT
express the TAp63 isoform. The proliferative activity of ETT is relatively low as the mean
Ki-67 labeling index in ETTs is 17.7 ± 4.5% (mean ± standard deviation) with a range
from 10 to 25% (51). The expression of cyclin E in ETTs, but not in the majority of placen-
tal site nodules (22), suggests that cyclin E probably plays a role in neoplastic transforma-
tion of ETT as its oncogenic role had been demonstrated in other neoplastic diseases (53).
Because placental site nodules are also made up of chorionic-type intermediate tro-
phoblast, it has been hypothesized that some placental site nodules may represent a stage
in tumor progression to ETTs. This view is supported by the observations that some 
proliferative placental site nodules with slightly higher cytological atypia tentatively clas-
sified as “atypical placental site nodules” have features intermediate between typical pla-
cental site nodules and ETTs. The percent of cyclin E-stained trophoblastic cells in an
atypical placental site nodule is in between a conventional placental site nodule and an
ETT, further supporting the aforementioned hypothesis (22). Moreover, in some cases,
there is an intimate association of an ETT with a placental site nodule. Nevertheless,
molecular genetic studies are necessary in order to confirm this hypothesis.

5. CONCLUSION

In conclusion, recent advances in molecular studies of trophoblastic cells in the nor-
mal placenta, implantation site, and in trophoblastic lesions have shown that the latter
recapitulate the normal trophoblast in the early developing placenta and implantation
site. This new knowledge, especially, the identification and characterization of the
genes expressed in human trophoblast will help elucidate the pathogenesis of tro-
phoblastic lesions, and will also provide a foundation to facilitate the pathological diag-
nosis of various types of trophoblastic tumors and tumor-like lesions.
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1. INTRODUCTION

Epithelial ovarian cancer (EOC) is the leading cause of gynecological cancer deaths,
although it accounts for only about one-quarter of all gynecological malignancies (1,2).
A woman’s lifetime risk of ovarian cancer is about 1 in 70. In the year 2004, the
American Cancer Society estimated that 25,580 women would be diagnosed with ovar-
ian cancer in the United States, and that 16,090 would die of this disease (3).

Although, the etiology of ovarian cancer is unknown, many associated risk factors
have been identified (Table 1). Chief among these is the family history of the disease.
In 1966, Lynch et al. (4) first suggested that hereditary factors contributed to a woman’s
risk for developing ovarian cancer. Since that time, several case–control studies (5–7)
have noted an increase in risk for ovarian cancer in case of a family history of ovarian
cancer as well as a personal history of breast cancer. Schildkraut and Thompson (7)
examined 493 women with newly diagnosed EOC in comparison with 2465 controls.
The odds ratios for ovarian cancer in first- and second-degree relatives were 3.6 (95%
confidence interval [CI] 1.8–7.1) and 2.9 (95% CI 1.6–5.3), respectively. As compared
with women with no family history of ovarian cancer, indicating a familial clustering of
ovarian cancer cases. Similarly, a large meta-analysis performed by Stratton et al. (8),
which included nearly 18,000 women showed the relative risk of ovarian cancer for
women with a first-degree relative with ovarian cancer to be 3.1 (95% CI 2.6–3.7). 
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In this chapter, risk factors for ovarian cancer will be discussed, with an emphasis on
hereditary ovarian cancer syndromes as well as screening and management options.

2. RISK FACTORS FOR OVARIAN CANCER

2.1. Reproductive Factors
Although, the precise cause of EOC is unknown, several theories exist. The theory

of “incessant ovulation” speculates that trauma to the ovarian surface epithelium during
ovulation predisposes to malignant transformation. Accordingly, those with long periods
of uninterrupted ovulations, such as nulliparous women (9), and those with early menarche
or late menopause (10) have an increased risk for developing EOC. Higher risk has also
been documented among infertile women (11–14), and some investigators have noted
that drugs to induce ovulation, such as clomiphene citrate, have also been associated
with an increased risk (14,15) (Table 2).

In contrast, several factors interrupting long periods of ovulation have been reported
to decrease the risk of EOC. Multiparity is one such protective factor: women with one
pregnancy have a relative risk of 0.6–0.8, and each subsequent pregnancy might lower
the risk by about 10–15% (11,14,16–19). Breastfeeding has also been shown to confer
some decrease in risk (16,20–22), although most studies show no correlation with
length of lactation. In particular, use of oral contraceptives is associated with a dra-
matic reduction in risk. Studies have reported a decrease in risk by about 40–50% with
any duration of use (23–25), but the protection is the most pronounced with long-term
use. One study noted a reduction in risk of 80% with 10 years or more of use (26).

Previous hysterectomy has been associated with a lowered risk for ovarian cancer
with odds ratios ranging from 0.58 to 0.78 (16–18,27–30). Annegers et al. (27) noted
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Table 1
Risk Factors for Development of Epithelial Ovarian Cancer

Age >50 years

Demographics White or European Jewish descent 
residence in industrialized nation (except Japan)

Reproductive factors Early menarche, late menopause
Infertility
Nulliparity
Breastfeeding, oral contraceptive use protective

Familial tendency Family history
BRCA1, BRCA2 mutation
DNA mismatch repair gene mutation

Diet High fat intake
High coffee intake
Low fiber
Low vitamin A

Environmental exposure Perineal talc use
Asbestos
Radiation

Viral infection (rubella, mumps)



that this reduction in risk was apparent even when one or both ovaries were preserved.
This effect was present for 20–25 years (18,28). Surgical tubal ligation has been asso-
ciated with reduction in ovarian cancer risk (16,17,25,28,29). Ness et al. (25) found
that several methods of contraception (including oral contraceptives, intrauterine
devices, barrier methods, and tubal ligation) were associated with reduced risk for ovar-
ian cancer, even after adjustment for age, race, parity, and family history. 

2.1.1. AGE

EOC is primarily seen in women more than the age of 50. Before the age of 30, the
diagnosis is rare, even among women affected by hereditary syndromes. After the age
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Table 2
Reproductive Risk Factors for Development of Epithelial Ovarian Cancer

Factor Odds ratio

Parity (14)
0 term pregnancies 1
1 term pregnancy 0.6
2 term pregnancies 0.53
3 term pregnancies 0.48
>3 term pregnancies 0.36–0.29

Early menarche (10)
Age 13 1
Age <13 1.13

Late menopause (10)
Age 45 1
Age 45–49 1.25
Age 50–53 1.40
Age 53 1.58

Contraception (25)
No use 1
Any use oral contraceptives 0.6
Any use IUD 0.8
Any use barrier methods 0.8
Tubal ligation 0.5

Length of oral contraceptive use (26)
Never 1
3–6 months 0.6
7–11 months 0.7
1–2 years 0.7
3–4 years 0.6
5–9 years 0.4
>9 years 0.2

Breastfeeding (22)
Never 1
Ever 0.5

Infertility (13)
<2 years unprotected intercourse 1
≥10 years unprotected intercourse 1.8
Previous hysterectomy (29) 0.58



of 30, the incidence of ovarian cancer starts to rise. In the 40–44 year age group, the
incidence is 15.7 cases per 100,000. The incidence rate peaks in the 75–79 year age
group, at 57 cases per 100,000 (31). Older women tend to present with more advanced
disease, and have decreased survival (32–34).

2.2. Demographic Factors
The incidence of ovarian cancer varies with race as well as country of origin. In the

United States, ovarian cancer is more common among white women than among black
women. The North American Association of Central Cancer Registries (NAACCR)
data file for the period 1992–1997 contains information regarding 59,277 women with
invasive ovarian cancer (35). For racial categorization, 53,496 (90.2%) were white,
3589 (6.1%) were black, 81 (0.1%) were American Indian, and 1596 (2.7%) were
Asian/Pacific Islander. This analysis confirmed previous reports that white women in
the United States are at a substantially higher risk for ovarian cancer compared with
women of other racial and ethnic groups, especially, women of Asian/Pacific Islander
ancestry. Surveillance, epidemiology, and end results (SEER) data for the period
1988–1992 showed even higher differences. The ovarian cancer rate among white
women in the SEER program was 15.8 per 100,000 and that among black women was
10.2 per 100,000 compared with NAACCR rates of 13.1 per 100,000 and 9 per 100,000,
respectively, for white and black women (36).

Residents of industrialized nations and affluent areas, such as Western Europe and
North America have higher rates of ovarian cancer. The incidence of ovarian malignan-
cies has been reported to be 14.9 per 100,000 for residents of Sweden and 13.3 per
100,000 for residents of the United States compared with only 4.6 per 100,000 for res-
idents of India (37). Some postulated that differences in parity and use of oral contra-
ceptives may in part account for the variation in ovarian cancer incidence between
industrialized and nonindustrialized nations (38,39). Although, it is interesting to note
that the incidence of ovarian cancer is only 2.7 per 100,000 for residents of Japan (37)
and 3.2 per 100,000 for native-born Japanese immigrants in the United States, though
the rate for second and third generation Japanese–Americans approximates the rate of
other native-born Americans (40). Notably, the incidence of ovarian cancer among
women of Jewish descent, whether born in the United States or Europe, is reported to
be among the highest in the world, at 14.3 per 100,000 (37).

Racial differences affect survival rates as well. Several studies have documented
higher rates of mortality among white women compared with women of other races
(41–43). For the period 1973–1977, the National Cancer Institute reported the age-
adjusted mortality rate to be 8.7 per 100,000 for white women compared with only 6.9
for black women (44). In a more recent evaluation of data from the NAACR for the
period 1992–1997 (45) age-adjusted ovarian cancer mortality rates per 100,000 were
reported to be 7.8 for white women, 6.4 for black women, 4.2 for American Indian
women, and 4.1 for women of Asian/Pacific island descent.

2.3. Diet
Dietary factors, such as high fat and meat intake as well as obesity have been asso-

ciated with an increased risk for ovarian cancer (46). Some have suggested that these
factors are associated with residence in an industrialized nation (47). Although, others
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have noted that countries with higher per capital consumption of fat, such as Sweden
have a higher incidence of ovarian cancer than those with lower consumption, such as
Japan and China (48,49).

Coffee consumption may also play a role in risk modification. Again, epidemiological
evidence has demonstrated that the highest risk of ovarian cancer occurs in Sweden,
which also has the highest per capital consumption of coffee (50). A case–control study
conducted by Trichopoulos et al. (51) confirmed a statistically significant association
between coffee drinking and ovarian cancer, although others have found no significant
correlation (49,52).

Vitamin A consumption has been noted to exert a protective effect, based on one
study by Byers et al. (52), which may be because of its antioxidant effects. However,
the Nurses’ Health Study, encompassing more than 80,000 women, noted no correla-
tion between intake of vitamins A, C, and E as well as fruit and vegetable intake, with
ovarian cancer risk (53).

2.4. Environmental Factors
A host of environmental exposures have been examined for their effect on ovarian

cancer risk, although evidence is mixed. The introduction of chemical carcinogens,
such as talc and asbestos, into the peritoneal cavity through retrograde migration from
the vulva and vagina has been theorized to be associated with development of ovarian
cancer. Venter et al. (54) used technetium Tc 99m-labeled human albumin microspheres
to prove that particles in the lower genital tract could migrate to the ovaries. Although,
talc particles have been found in both benign and malignant ovarian tumors (55,56) and
occupational exposure to asbestos appears to confer a higher rate of intra-abdominal
carcinomatosis (57,58), several studies have failed to find an association between these
agents and the development of ovarian cancer (59–61). Modest increases in relative risk
for ovarian cancer among women using perineal talc ranges from 1.6 to 1.9 (62,63).

The effect of radiation exposure is controversial. Although, Annegers et al. (27)
reported an increase in relative risk by 1.8 for women exposed to radiation, others have
noted no difference (58). The effect of viral infection on ovarian cancer risk is also con-
troversial. Both rubella and influenza have been noted to play a role (9) and mumps has
been the focus of more attention. Some investigators have noted mumps infection to
exert a protective effect (64), whereas others have described a harmful effect (65,66).
On one hand, authors have speculated that women exposed to mumps are more likely
to be born into larger families with more children, and in turn, produce more children
themselves, thereby lowering their risk for ovarian cancer (46,67). On the other hand,
others have suggested that patients with subclinical mumps infection may suffer early
ovarian failure, with associated elevation of gonadotropin levels, which may stimulate
ovarian epithelial growth, leading to an elevated risk (65,66). The effect of mumps
infection is not likely to be of future clinical concern in most industrialized nations
given the low incidence with nearly universal vaccination programs (68,69), but mumps
remains endemic in many parts of the developing world (70).

3. HEREDITARY OVARIAN CANCER SYNDROMES

The greatest single risk factor for the development of EOC is a family history of
breast and/or ovarian cancer. Pooled data from the SEER database at the National
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Cancer Institute indicate the lifetime probability of ovarian cancer in the general popu-
lation to be about 1.6%. This risk increases to 5% for women with one first-degree rel-
ative with ovarian cancer, and to 7.2% for women with two or three relatives with
ovarian cancer (71). Currently, it is estimated that only approx 5–10% of ovarian can-
cers occur in patients with a familial predisposition (72–76). Based on studies of large
families with multiple cases of ovarian cancer, two major syndromes of familial ovar-
ian cancer have been described: hereditary breast/ovarian cancer syndrome (HBOC)
and hereditary nonpolyposis colon cancer syndrome (HNPCC), or Lynch syndrome
type II (67,77). In these families, cancer risk appears to be transmitted in an autosomal
dominant fashion (67). Originally, site-specific ovarian cancer described as a third sep-
arate syndrome, is now felt to be a variant of HBOC in families experiencing a lack of
breast cancer cases, as a result of variability of cancer risk with a specific genetic muta-
tion, lack of accurate family history information, or chance variation. Together, HBOC
and HNPCC are responsible for the vast majority of familial ovarian cancer.

4. HEREDITARY BREAST/OVARIAN CANCER SYNDROME

HBOC accounts for approx 75–90% of cases of familial ovarian cancer (78). It is usu-
ally diagnosed in families with a history of breast and/or ovarian cancer affecting first-
and second-degree relatives. Affected patients usually present with disease at younger
ages. Although, SEER data from 1997 to 2001 indicate that the median age at diagnosis
for breast cancer in the general population is 61 (79), patients with HBOC tend to present
with median age in the early 40’s (80). Similarly, patients in the general population with
ovarian cancer present at a median age of 62 (79), compared with a mean age of 48
among patients diagnosed with EOC associated with germline mutations in BRCA1 (81).

Families with HBOC may display multiple primary tumors. A single individual
might suffer both breast and ovarian cancer, or bilateral breast cancer. Female family
members may also be predisposed to colon cancer, whereas male members may also
carry an increased risk of breast, prostate, and colon cancer (82).

Histological differences are apparent among ovarian cancer patients affected by
HBOC. Serous histology is the predominant subtype. In a series of 53 ovarian cancer
patients with germline mutations in BRCA1 (81), 81% were noted to be of serous his-
tology, compared with only 42% in the general population (83). Similarly, although
mucinous and endometrioid types made up only 5% each, of the cases of hereditary
ovarian cancer, these subtypes involved 12 and 15% of cancers in the general popula-
tion, respectively. Though most cases of hereditary ovarian cancer are invasive, tumors
of low malignant potential have been reported (81).

4.1. BRCA1 and BRCA2
In most families affected by HBOC, genetic linkage to a polymorphism on chromo-

some 17q21 has been found (84–86). Named BRCA1, this gene was finally cloned in
1994 (87), and one year later, BRCA2 was isolated at chromosome 13q12 (88) (Table 3).
Approximately, 90% of familial ovarian cancers are caused by germline mutations in
the BRCA1 gene, and most of the remaining are because of alterations in BRCA2 (89).
These genes are transmitted in an autosomal dominant fashion to offspring.

Although, BRCA1 and BRCA2 appear to be important in the development of familial
ovarian cancer, significantly they do not appear to affect sporadic tumors. Mutations in
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BRCA1 have been reported to occur in 3–6% of all patients with epithelial ovarian car-
cinoma (7,90) and in only 1 of 800 people in the general population. Even among
women with a personal history of breast cancer (unselected for family history), the rate
of BRCA mutation is approx 3–4% (91). However, the prevalence of BRCA mutations
varies depending on ethnicity, and personal and family history (Table 4). The preva-
lence of mutations may be as high as 2.5% in individuals of Ashkenazi Jewish heritage
(92,93). In these patients, three founder mutations, the 185delAG and 5382insC muta-
tions in BRCA1 and the 6174delT mutation in BRCA2, account for 90% of the cases of
breast and ovarian cancer. Forty percent of Ashkenazi women with a personal history
of ovarian cancer carry a mutation in the BRCA1 or BRCA2 genes (94,95). Among
Ashkenazi women with breast cancer, the rate is approx 10% (96,97). Although, the
mutation rate is approx 3% among women with breast cancer in the general population,
those who also have a relative with ovarian cancer have a 22.8% rate of BRCA mutation
(91). Among patients with breast cancer evaluated at a clinic for high-risk patients,
those with a family history of breast and/or ovarian cancer have a 40% chance of carry-
ing a mutation in BRCA1 or BRCA2 (91).

4.2. Function of BRCA1 and BRCA2
The exact function of the BRCA1 and BRCA2 genes is not known, however, current

evidence suggests that they are involved in repair of DNA damage and the control of
DNA replication fidelity. In support of this concept, mouse models with loss of both
alleles of either BRCA1 or BRCA2 result in severe growth deficit and embryonic death.
This has been associated with activation of the p53 DNA damage response pathway
(98–100). Similarly, in patients with BRCA1 and BRCA2 associated breast cancers,
more than 90% display inactivation of p53 (101–103).

In some respects, BRCA1 and BRCA2 function as tumor suppressor genes. Patients
with germline mutations in either gene inherit functional loss of one allele, and the
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Table 3
Genes Involved in Familial Ovarian Cancer Syndromes

Percent of Percent of ovarian 
ovarian cancer cancer cases in each 

Gene Location cases syndrome

Hereditary breast and ovarian cancer syndrome
BRCA1 17q21 4.1 75–90
BRCA2 13p12 3.3 10–25

Hereditary nonpolyposis colorectal cancer
DNA mismatch – 2.9 –

repair genes:
MSH2 2p22-p21 30–35
MLH1 3p21 30–35
MSH6 2p16-p15 5
PMS2 7p22 <5
PMS1 2q31-q33 <1

Adapted from refs. 191–194.



development of cancer requires alteration of the second allele. However, unlike classi-
cal tumor suppressor genes, no disease-associated dominant mutations in BRCA1 or
BRCA2 have been found in sporadic ovarian or breast cancers (104). These findings
suggest a more complex paradigm of BRCA function. The model of Kinzler and
Vogelstein (105) proposes that some genes act as “gatekeepers”—their mutation results
in lifting of normal controls on cell division or apoptosis, allowing accelerated growth
of cancer cells. In contrast, a “caretaker” gene may indirectly cause cancer when loss-of-
function results in genomic instability. Cells deficient in the murine BRCA2 analog
accumulate spontaneous abnormalities in chromosome structure indicative of defective
mitotic recombination (106). In vitro, similar aberrations are seen in murine cells defi-
cient in BRCA1 and in human cancer cells deficient in BRCA1 or BRCA2 (107–109).
These findings suggest that the BRCA genes are necessary for maintaining genomic
integrity. Accordingly, BRCA genes may function as “caretakers.” In patients with
germline mutations in the BRCA, genes might have a predisposition to tumorigenesis,
the loss of additional genes that function in concert with loss of BRCA function might
be required for development of actual cancer.

Two principal methods of double-strand DNA break repair that exist are homolo-
gous recombination and nonhomologous end joining. Homologous recombination uti-
lizes a complex of multiple proteins to allow strand exchange and correction in a
potentially error-free process. Homologous recombination is also required to restart
stalled replication forks (110). In contrast, nonhomologous end joining utilizes a
sequence of various proteins to ligate broken ends, a process that is tolerant of
nucleotide alterations at the site of ligation. 

A key function of the BRCA genes appears to be maintenance of genomic integrity
through homologous recombination. Although BRCA1 has been implicated in a broad
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Table 4
Prevalence of BRCA Mutation in Selected Populations 

Population Prevalence (%)

General population 0.125
Ashkenazi Jewish Heritage 2.5
Ashekenazi Jewish Heritage and

Personal history of EOC 40
Personal history of breast cancer 10
Personal history of breast cancer, diagnosis ≤ age 40 21

Personal history of breast cancer (unselected for family history)
White women 3.3
Black women 0
Diagnosis < age 50 (white women) 1.4
Diagnosis ≥ age 50 (white women) 4.3

Personal history of breast cancer (unselected for family history), and
Any relative with breast or ovarian cancer 6.6
Three or more relatives with breast or ovarian cancer 13.4
Any relative with ovarian cancer 22.8
Three or more relatives with both breast and ovarian cancer 33.3

Family history of breast and/or ovarian cancer, clinic-based families 40

From refs. 91–97,144.



variety of cellular pathways, including DNA replication, repair of single- and double-
strand DNA breaks, cell-cycle control, apoptosis, transcription, chromatin remodeling,
and protein ubiquitination, BRCA2 is only known for its function to assist in DNA
repair through regulation of RAD51. The interaction of the BRCA2 and RAD51 pro-
teins is necessary to allow RAD51 to facilitate homologous recombination DNA repair
(111–113). In murine models, BRCA1 deficient embryonic stem cells have been noted
to display decreased homology-directed DNA repair, which can be reversed with
restoration of BRCA1 function (114,115). Although, both BRCA1 and BRCA2 proteins
participate in aggregates of repair proteins in association with RAD51 in the nuclei of
cells exposed to ionizing radiation, BRCA2 appears to play the more critical role.
BRCA2 appears to directly control RAD51, whereas BRCA1 plays a regulatory role on
both (104).

Human cells with mutated BRCA1 have also been shown to have a defect in S phase
arrest in response to ionizing radiation (116,117). This defect allows mutated cells to
progress through the cell cycle. BRCA1 deficient cells have also been shown to exhibit
a cell-cycle checkpoint defect at G2/M (116,118,119). A particular mutation in BRCA1
has been identified in which the G2/M cell-cycle checkpoint is defective, but cells are
still sensitive to radiation-induced damage (120). This leads to the conclusion that both
defective DNA repair and faulty cell-cycle checkpoints collaborate in BRCA mutant
cells to produce chromosomal abnormalities.

Impaired BRCA1 or BRCA2 function may promote tumorigenesis through impaired
homologous recombination in cooperation with other key cellular processes. Defects in
homologous recombination might lead to an error-prone process or shunting of repair
into a nonhomologous end joining pathway, which is inherently error-prone. However,
despite progress in elucidating the complex functions of BRCA1 and BRCA2, it remains
unclear why mutation related cancer susceptibility is manifested in only specific tissues,
such as breast and ovary. Proliferation of breast and ovarian epithelium may engender
higher levels of DNA damage. Alternatively, BRCA deficiency might make breast or
ovarian cells more sensitive to mutagens, such as estrogen metabolites. A third hypoth-
esis is that loss of a second BRCA allele may be more likely in tissues, such as breast
and ovary, where periods of increased proliferation alternate with prolonged periods of
quiescence (when BRCA function may be unnecessary). Thus, leading to accumulation
of cells lacking both normal BRCA alleles.

4.3. Penetrance
Mutations in BRCA1 and BRCA2 genotype do not uniformly produce a cancer phe-

notype. Estimates of risk for carriers vary depending on the population examined,
patient age, and specific mutation involved. Overall in high-risk, clinic-based families,
high penetrance of BRCA1 mutations convey more than 90% lifetime risk of develop-
ing either breast or ovarian cancer (78). For BRCA2, the risk of developing either breast
or ovarian cancer by the age of 70 has been reported to be 88% (121).

For BRCA-associated breast cancer, reported risk ranges widely from 35 to 75%
(97,122–124). In large families with multiple cases of breast cancer carrying mutations
in BRCA1, studied by the Breast Cancer Linkage Consortium, the risk of developing
breast cancer was more than 50% by the age of 50, and 82% by the age of 70, com-
pared with only 11% in the general population (78). In comparison, the risk for BRCA2
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carriers reached 28% by the age of 50, and 84% by the age of 70 (121). The risk of can-
cer in mutation carriers in the general population is lower, yielding an overall pene-
trance for breast cancer of about 50–70% (123).

For ovarian cancer, the reported lifetime risk for mutation carriers ranges from 15 to
60% (78,121,123,125). For those in high-risk families carrying BRCA1 mutations, the risk
for developing ovarian cancer by the age of 70 has been estimated to be 44–63%, com-
pared with only 1.4% in the general population (78). The risk for BRCA2 carriers from
similar families was 27% by age 70 (121). Given that penetrance is lower in mutation car-
riers from the general population, studies of women in the Ashkenazi Jewish population
selected for no family history has revealed risk for ovarian cancer to be 16–37% (123,126).

4.4. Clinical Course
Unlike BRCA-associated breast cancer, which has a poorer prognosis with lower

levels of estrogen receptor expression, lower levels of histological differentiation,
higher frequency of lymph node metastases, and shorter disease-free survival (96,127),
BRCA-associated ovarian cancer seems to have a more favorable prognosis. Rubin et al.
(81) examined 53 patients with germline mutations in BRCA1 in comparison with sporadic
age- and stage-matched controls. The investigators noted a significantly improved
median survival for advanced stage patients with BRCA1 mutations to be 77 months
compared with only 29 months for patients with sporadic cancers (p < 0.001). Boyd et
al. (95) noted similar findings in their report of 88 Jewish ovarian cancer patients with
either BRCA1 or BRCA2 mutations. Compared with controls, mutation carriers were
noted to have longer median time to recurrence (7 months vs 14 months, p < 0.001)
and increased survival (p = 0.004). After adjustment for age and disease residual,
BRCA mutation status was noted to be an independent prognostic factor among
patients with stage III tumors, associated with a reduction in relative risk of death of
25% in comparison with sporadic cancers.

5. HEREDITARY NONPOLYPOSIS COLORECTAL 
CANCER SYNDROME

HNPCC, or Lynch II syndrome occurs in families affected by a combination of early-
onset colon cancer and cancers of the ovary, endometrium, stomach, small bowel, pan-
creas, bile ducts, skin (sebaceous adenomas and carcinomas), and urinary tract. HNPCC
accounts for only 2% of cases of hereditary ovarian cancer, and 5% of all colorectal
cancers. Cancer susceptibility in these families is transmitted in an autosomal dominant
fashion, and penetrance varies. By the age of 65, approx 70% of carriers will develop
colorectal cancer (128,129). Affected members tend to present with early-onset col-
orectal cancers (diagnosis before age 45), and have a tendency toward proximal tumors.
Synchronous and metachronous cancers are common.

Following colorectal cancer, endometrial cancer is the second most common malig-
nancy in these families. In fact, in a large family-based study conducted by Aarnio et al.
(130) the incidence of endometrial cancer was more than the incidence of colorectal
cancer in women (60% vs 54%, respectively). A population-based study noted similar
results (42% vs 30%, respectively) (131). Patients with HNPCC incur a 3.5–8-fold
increased risk of ovarian cancer (132,133), and lifetime risks vary between 9 and 12%
(129,130). Ovarian cancer risk is particularly associated with mutations in MSH2 (132).
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Other noncolonic primaries occur with varying frequencies. Lifetime risks for gastric,
biliary, and urinary tract primaries are 13–19%, 18%, and 10%, respectively (129,130).
For other tumors, the risk is less than 4% (130). The majority of HNPCC carriers who
develop colon cancer will also develop a second primary, usually a synchronous or
metachronous colon cancer, or endometrial cancer. After the diagnosis of colorectal
cancer, the risk of any metachronous cancer reached 90%. After the diagnosis of
endometrial cancer, the risk reached 75%. The most common second tumor was a new
colorectal cancer or endometrial cancer (129).

5.1. DNA Mismatch Repair Genes
HNPCC has been linked to multiple genetic mutations in the DNA mismatch repair

(MMR) genes (134,135). One function of the MMR genes is to detect and correct mis-
matched nucleotides in DNA strands. Loss-of-function of these genes leads to error-
prone DNA replication and microsatellite instability. Eventually, buildup of genetic
replication errors in oncogenes and tumor suppressor genes leads to carcinogenesis.
Indeed, Risinger et al. (136) detected microsatellite instability in 75% of endometrial
carcinomas associated with HNPCC vs only 17% of sporadic cancers. 

Five mutations in the MMR genes have been linked to HNPCC (Table 3). Two of
these, MLH1 on chromosome 3 and MSH2 on chromosome 2, account for the vast
majority of cases, 45 and 49%, respectively (137). Most of the remainder occurs in
PMS2 on chromosome 7, whereas mutations in PSM1 and MSH6 are noted only spo-
radically. Little is known about the prevalence of MMR gene mutations, but prevalence
appears to vary widely. Carrier frequencies are usually calculated by screening individ-
uals with colon cancer for mutations in various MMR genes. Samowitz et al. (138)
conducted a population-based study of 1066 individuals from Utah and California with
colon cancer and identified seven pathogenical mutations in MSH2 and MLH1. Thus,
leading to a prevalence of 0.86% after adjustment for availability of germline DNA.
Percesepe et al. examined 336 consecutive cases of colon cancer in Italy and noted only
one germline mutation (in MSH2), yielding a prevalence of 0.3% (139). In the largest
study to date, Salovaara et al. (140) examined 1044 consecutive cases of colon cancer
in Finland and noted 28 cases of mutation-positive HNPCC, predicting a rate of 2.7%,
more than three times that found in the United States study.

6. SCREENING FOR GENETIC SUSCEPTIBILITY

Because of the low prevalence of mutations in the general population and the cost
of testing, genetic screening is not appropriate for all individuals. The first step in risk
assessment is accurate family history. This essential, cost-effective tool allows pri-
mary care physicians to initiate evaluation (141). Information on three generations for
both maternal and paternal relatives should be gathered, including race, age, cancer
type, age at diagnosis, and age at death. Information should be updated at each visit,
as family history is not static. Based on history, patients at elevated risk may be
referred for additional evaluation by an oncologist or cancer geneticist. In 1996, the
American Society of Clinical Oncology (ASCO) recommended testing for genetic
susceptibility only when: “(1) the person has a strong family history of cancer or very
early-age onset of disease; (2) the test can be adequately interpreted; and (3) the results
will influence the medical management of the patient or family member” (142). Before
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DNA testing, all patients should undergo genetic counseling to carefully detail poten-
tial risks and benefits.

For patients at risk for HBOC, the ASCO panel suggested that testing is most likely to
be of value for patients with at least a 10% probability of carrying a mutation in BRCA1 or
BRCA2. A summary of these patients is detailed in Table 5. Aside from identifying specific
subsets of patients based on personal and family history, some investigators have devel-
oped risk assessment models to detect potential patients who may benefit from testing.
Frank et al. (143) developed a statistical model to predict the probability of BRCA1 or
BRCA2 mutation for women diagnosed with breast cancer before the age of 50 by utiliz-
ing personal and family history information. Couch et al. (144) incorporated the average
age of breast cancer diagnosis in the family, and whether the family history included breast
cancer only or breast and ovarian cancer to predict the probability of a BRCA1 mutation.
In both models, the likelihood of mutation rises with any history of ovarian cancer.

For individuals at risk for HNPCC mutations, the Amsterdam and Bethesda criteria
are used to identify those likely to benefit from genetic screening (145). The Bethesda
criteria stipulate that individuals with either two relatives (in small families) or two
first-degree relatives with colon cancer, combined with a third relative with early-onset
colon cancer or endometrial cancer should undergo genetic testing. The Amsterdam
criteria recommend testing for individuals meeting any of the following conditions:

1. A family history of two or more successive generations affected by colorectal cancer,
2. One or more relatives diagnosed with colorectal cancer before the age of 50,
3. Colon cancer diagnosed in at least three relatives (one must be related to the other

two), or 
4. An increased incidence of other cancers (such as ovary, uterus, stomach, urinary tract,

small bowel, and bile duct).

After genetic testing, careful counseling is necessary to interpret the meaning of both
positive and negative test results. A positive result indicates that an individual carries a
potential disease-causing mutation. In families where a specific mutation has been iden-
tified, the benefit for testing family members is clear. The family members testing nega-
tive for the mutation may be reassured that their risk, although not zero, is not elevated
more than that in the general population. A negative test result must be carefully inter-
preted. False-negative results may occur when an individual’s mutation arises in a gene
that was not tested, or the mutation is not detected by polymerase chain reaction tech-
niques (in the case of a mutation in a noncoding region or a large deletion). In cases,
where multiple family members are affected, a single member’s negative test should not
preclude testing other relatives because a given individual might simply have suffered a
case of sporadic cancer. As negative results are not necessarily informative in families
without a specific defined mutation, physicians should still consider appropriate clinical
management options for patients at high-risk by history, but with negative test results. 

7. MANAGEMENT OPTIONS

7.1. Screening
Even though no method exists which can reliably identify patients with early ovarian

cancer (146), attempts have been made to screen populations of women at elevated
risk. In 1995, the National Institutes of Health Consensus Conference on Ovarian
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Cancer (147) recommended a combination of annual or semiannual bimanual pelvic
examination, transvaginal ultrasonography (TVUS), and serum CA-125 measurement
to screen high-risk women. In 1997, the Cancer Genetics Studies Consortium recom-
mended annual or semiannual screening of women with known BRCA mutations using
TVUS and CA-125 testing starting at the age of 25–35 (145). Another strategy, the
Risk of Ovarian Cancer Algorithm (ROCA), utilizes yearly longitudinal CA-125 meas-
urements in a computerized Bayesian algorithm to calculate risk of ovarian cancer
(148). Each patient’s CA-125 levels are compared with known patterns for patients
with ovarian cancer and controls. This strategy is currently being evaluated clinically in
small trials in the United States and the United Kingdom.

Despite multiple screening strategies, no methods have been shown to reduce morbidity
or mortality (147). The use of TVUS remains problematic as a screening modality,
although small, potentially curable, ovarian tumors may be detected (149), TVUS might
miss primary peritoneal cancers or ovarian cancers with normal sized ovaries. Also,
TVUS is unable to reliably distinguish the difference between benign and malignant
tumors, sometimes leading to unnecessary surgical intervention. CA-125 is the most
commonly used tumor marker to screen for ovarian cancer, but the value is elevated in
only 80% of cases. A prospective study of more than 20,000 women indicated a speci-
ficity of 99%, but a sensitivity of only 71% (150). For patients with the best potential
for cure, those with stage I disease, only half present with elevated CA-125 levels (151)
and again, false-positives may lead to unneeded surgical intervention.

For patients with elevated risk for breast cancer, BRCA mutation carriers are recom-
mended to perform monthly breast self examinations beginning at the age of 18, to
undergo annual or semiannual clinical breast examination and to obtain annual mam-
mography beginning at the age of 25–35 (145). Patients with MMR gene mutations are
recommended to undergo colonoscopy every 1–3 years beginning at the age of 25, and
annual endometrial biopsy and/or TVUS for endometrial stripe evaluation beginning at
the age of 25–35 (128). Surveillance options are summarized in Table 6.

Despite the well-documented increased risk of cancer, many women do not adhere
to recommendations for surveillance. A recent study by Botkin et al. (152) noted that
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Table 5
Individuals Likely to Benefit From BRCA Mutation Testing

Ashkenazi Jewish heritage with personal or family history of breast or ovarian cancer
Personal history of breast cancer and family history of breast cancer < age 50
Personal history of breast cancer and family history of two or more cases of breast

cancer
Personal history of breast cancer and family history of ovarian cancer
Personal history of ovarian cancer < age 50
Personal or family history of bilateral breast cancer
Family history of one first-degree relative with both breast and ovarian cancer
Family history of two or more cases of breast cancer < age 50
Family history of two or more cases of ovarian cancer
Family history of male breast cancer
First-degree relative with BRCA1 or BRCA2 mutation

Adapted from refs. 123,142,195–197.



only 26% of women obtained a TVUS in the first year after testing positive for a muta-
tion in the BRCA genes. This rate dropped to 11% in the second year. Similarly, even
less invasive CA-125 testing was only utilized by 32% of women in the first year, and
37% of women in the second year after testing positive. In contrast, increased screen-
ing for breast cancer appears to be more acceptable. The authors noted that 71% of
women obtained a mammogram within 2 years of mutation testing, and that more than
80% followed recommendations for clinical and breast self examination.

Future directions for screening of high-risk women will likely focus on the identifi-
cation of biomarkers for early cancer detection and improved risk assessment. Several
promising strategies under active investigation include differential protein and gene
expression. Petricoin et al. (153) generated proteomic spectra using mass spectroscopy
for 50 patients with ovarian cancer and 50 controls. These spectra were analyzed to
identify a proteomic patter that discriminated cancer from noncancer. The identified
pattern was used to classify a test set of 116 samples. The investigators’ algorithm cor-
rectly identified all 50 cases of ovarian cancer (including all 18 stage I cases) in the test
set. Of the 66 control cases, 63 were correctly classified by the algorithm, yielding a
sensitivity of 100%, specificity of 95%, and positive predictive value of 94%. The high
positive predictive value indicates that this technique may be promising for high-risk
patients, but given the low disease incidence in the general population, it may not yet
be advisable for general screening.

7.2. Chemoprophylaxis
In addition to increased surveillance, several agents are under investigation for pre-

vention of ovarian cancer. Although, oral contraceptive use was noted in 1979 to reduce
the risk of ovarian cancer in the general population by as much as 40% (23), risk reduc-
tion in BRCA1 and BRCA2 mutation carriers was not examined until 1998. Narod et al.
(24) compared 207 women with BRCA1 and BRCA2 mutation related ovarian cancer
with 161 of their cancer-free sisters. Any past use of oral contraceptives was associated
with a 50% reduction in ovarian cancer risk, although no difference in breast cancer
risk was noted. Other researchers have found conflicting results. Modan et al. (154)
conducted a large population-based case–control study comparing 840 Jewish women
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Table 6
Surveillance Options for High-Risk Women

Disease Recommendations

Ovarian cancer 1. Annual or semiannual bimanual pelvic examination
2. Annual or semiannual transvaginal ultrasound 
3. Annual or semiannual CA-125 measurement 

starting at age 25–35
Breast cancer 1. Monthly breast self exam starting age 18

2. Annual or semiannual clinical breast exam
3. Annual mammography starting age 25–35

Colon cancer Colonoscopy every 1–3 years beginning at age 25
Endometrial cancer 1. Annual endometrial biopsy 

2. Annual transvaginal ultrasound starting at age 25–35



in Israel with ovarian cancer and 751 controls. In this study, oral contraceptive use only
appeared to reduce risk in women without BRCA mutations; among mutation carriers,
the reduction in risk was only 0.2% per year of use. Any protective effects of oral con-
traceptives may not be solely because of ovulation suppression, as progestin only for-
mulations (which do not suppress ovulation) have been observed to be as effective as
combination preparations (155). Also, oral contraceptives with higher doses of prog-
estin seem to confer a higher level of protection than those with lower doses (156).
Evidence in primate models suggests that progesterone may mediate apoptosis of ovar-
ian epithelial cells as well as changes in TGF-β production (157,158). The results of
large prospective chemoprevention trials are necessary to resolve the question of the
effectiveness of oral contraceptives for ovarian cancer risk reduction. However, it
appears that mutation carriers may use premenopausal oral contraceptives without
increase in their breast cancer risk.

Several other agents are under investigation for chemoprevention. Epidemiological
evidence has previously suggested a role for retinoids in the prevention of ovarian can-
cer (52,159). Fenretinide (N-4-hydroxyphenyl retinamide) has been used in treatment
of breast cancer, and may reduce risk for ovarian cancer. In vitro, the agent has been
noted to decrease proliferation and increase apoptosis in ovarian epithelium and cancer
cell lines (160–163). In a study of patients with breast cancer randomized to receive
fenretinide or placebo for five years as a means of possible chemoprophylaxis for con-
tralateral breast cancer, patients in the fenretinide group were noted to have no cases of
ovarian cancer, vs 6 cases in the control arm during the period of active treatment 
(p = 0.03), although this effect was not observed after the drug was ceased (164).
Gynecological Oncology Group trial No. 190 is currently underway to evaluate the
benefit of fenretinide in high-risk women after prophylactic oophorectomy.

Vitamin D is also under study as a potential preventative agent. Ovarian cancer inci-
dence has been noted to vary with latitude, and with lower rates in areas of higher ultra-
violet exposure, the primary source of vitamin D (165,166). Lefkowitz et al. (167)
investigated the association between average annual sunlight energy and age-specific
ovarian cancer mortality rates and noted that the ovarian cancer mortality rate was
inversely proportional to mean annual intensity of sunlight. These results were statisti-
cally significant on both univariate analysis and logistic regression. Prostate cancer
mortality has also been noted to vary inversely with ultraviolet radiation (168), and the
effects of vitamin D have been studied in more detail in this disease. Corder et al. (169)
noted the level of 1,25-dihydroxyvitamin D, a metabolite of vitamin D, to be an impor-
tant predictor of risk for palpable and anaplastic prostate tumors in men aged 57 or
older. Unfortunately, the clinical use of pharmacological doses of vitamin D is limited
by its hypercalcemic effects. Less calcemic vitamin D analogs have been studied by
Schwartz et al. (170) in vitro and were found to exert significant antiproliferative activity
on multiple prostate carcinoma cell lines. Studies of vitamin D as a chemopreventative
agent are underway in animal models and as part of the Women’s Health Initiative in
relation to fracture and colon cancer risk, although data gathered will likely provide
insight into ovarian cancer incidence as well (171).

Epidemiological evidence suggests that nonsteroidal anti-inflammatory drugs
(NSAIDs) decrease the risk of ovarian cancer as well as other tumors (172–176).
Rosenberg et al. performed a case-control study of 780 women with EOC compared
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with 2570 controls and noted a statistically significant decrease in ovarian cancer risk
with use of NSAIDs, four days or more a week for at least 5 years (174). Although, the
basis for a protective effect is not well delineated, in vitro COX-2 inhibitors have been
found to decrease cell proliferation, whereas increasing apoptosis in ovarian cancer cell
lines (177), and limiting COX-2 catalyzed production of prostaglandins with subsequent
effects of proliferation, apoptosis, and angiogenesis (178,179). Others have proposed
that COX-2 inhibition might lead to decreased loss of ovarian surface epithelium base-
ment membrane and reduction of malignant transformation (180). Additional studies are
necessary for evaluation of these agents as chemopreventatives for ovarian cancer.

7.3. Prophylactic Surgery
To date, prophylactic oophorectomy has been the most definitive method for pre-

venting ovarian cancer in high-risk women, and recent evidence shows that the proce-
dure might also decrease the risk of breast cancer. In 2002, Rebbeck et al. (181)
examined 551 women with germline mutations in BRCA1 and BRCA2, of which 259
had and 292 matched controls had not undergone prophylactic oophorectomy. Among
the women undergoing surgery, six (2.3%) were diagnosed with occult stage I ovarian
cancer at the time of surgery, and 2 women (0.8%) were later diagnosed with primary
peritoneal cancer. In contrast, 58 women (19.9%) out of the women in the control group
were diagnosed with ovarian cancer after a mean follow-up of 8.8 years. Excluding the
6 diagnosed with occult cancer, prophylactic oophorectomy significantly decreased the
risk of ovarian or primary peritoneal cancer by 96%. In addition, 99 women were studied
for the risk of developing breast cancer; 21 women (21.2%) developed breast cancer
from among the women undergoing prophylactic surgery, compared with 60 (42.3%)
controls, showing a 53% reduction in risk. A similar study by Kauff et al. (182) prospec-
tively followed 170 women, age 35 or older, with either BRCA1 or BRCA2 mutations.
Among the 98 women who chose prophylactic oophorectomy, breast cancer was diag-
nosed in 3 (3%) and primary peritoneal cancer was diagnosed in 1 (1%) at a mean 
follow-up of 24.2 months. In contrast, of the 72 women who chose surveillance, breast
cancer was diagnosed in 8 (11%), and ovarian or primary peritoneal cancer was diag-
nosed in 5 (7%). Prophylactic oophorectomy decreased the risk of subsequent
ovarian/primary peritoneal cancer by 85%, and the risk of breast cancer by 70%.

Prophylactic oophorectomy may be performed laparoscopically on an outpatient
basis in the vast majority of women, with low morbidity and mortality. However, aside
from perioperative risks and issues associated with early menopause, patients should
be carefully counseled that the procedure might not be entirely protective. Because
primary peritoneal cancer has been reported to occur in 0.8–11% of high-risk women
even after prophylactic oophorectomy (67,181–183) thorough exploration of the pelvic
and abdominal cavity should be performed at the time of surgery. Also, complete
meticulous histological assessment of the ovaries should be performed, in order to
exclude the presence of occult malignancy, which has been reported to occur in 2–4%
of women undergoing prophylactic oophorectomy (181,184–186). Given the docu-
mented increased risk of fallopian tube carcinoma in women with BRCA1 and BRCA2
mutations, the surgeon should take care to remove the entire fallopian tube. Without
performing hysterectomy or corneal resection, a small interstitial portion of fallopian
tube will always be retained, although this is felt to contribute negligible risk given
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that no cases of fallopian tube carcinoma after prophylactic salpingo-oophorectomy
have been reported.

As no consistent data exist to support the relationship of BRCA1 and BRCA2 muta-
tions to endometrial cancer, current recommendations for surgical prophylaxis do not
include routine hysterectomy. However, women undergoing tamoxifen therapy for a
previous diagnosis of breast cancer might be considered candidates for hysterectomy.
Given that women with breast cancer may be treated for five years, and that tamoxifen
has been well documented to increase the risk of endometrial cancer (187,188) as well
as cause subendothelial thickening, abnormal uterine bleeding, and endometrial polyps,
these women may consider hysterectomy at the time of prophylactic salpingo-
oophorectomy after careful consultation with their physician. Women with HNPCC
should be offered both prophylactic oophorectomy and hysterectomy to decrease the
risk of future gynecological malignancy.

Compared with intensive surveillance, prophylactic oophorectomy appears to be
preferred by women at high-risk for ovarian cancer (152,189,190). Tiller et al. (190)
noted a high level of satisfaction among women undergoing the procedure, accompa-
nied by decreased levels of anxiety. Given the lack of clearly effective surveillance reg-
imens, as well as the usually manageable side effects of early menopause, the clear
reduction in ovarian cancer risk provided by surgical extirpation provides a strong argu-
ment for prophylactic oophorectomy in high-risk women.

8. CONCLUSIONS

Though extensive research has managed to identify risk factors for the development
of ovarian cancer, other than prophylactic surgery, clearly effective management strate-
gies remain elusive. Better approaches to early detection, cancer prevention, risk mod-
ification, and surveillance are desperately needed for women affected by hereditary
ovarian cancer as well as for all women.
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1. INTRODUCTION

Over 40,000 cases of endometrial cancer (EC) accounting for more than 7000 deaths
occur in the United States each year (1). About 10–15% of these cases are found in
family clusters, of which approx 7% will have a clear-cut hereditary etiology. The
majority of hereditary EC cases are found in families with the Lynch syndrome, also
called hereditary nonpolyposis colorectal cancer (HNPCC) syndrome (2,3). Other
extracolonic cancers of the Lynch syndrome include carcinomas of the ovary, stomach,
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small bowel, hepatobiliary tract, pancreas, breast, brain, and transitional cell carcinoma
of the ureter and renal pelvis (4). Figure 1 shows two pedigrees that depict typical
Lynch syndrome families with EC in the direct genetic lineage. The purpose of this
chapter is to describe hereditary EC, its phenotypical features, molecular genetics,
pathology, diagnosis, and management strategies.

2. FAMILIAL AND HEREDITARY TERMINOLOGY

Families containing two or more first- and/or second-degree relatives with EC are
designated as showing “familial” cancer clustering. The term familial does not consider
age of onset or extrauterine cancers, such as colorectal or ovarian cancer, which if
found in combination with EC, are cardinal features of the Lynch syndrome (4). Subsets
of familial EC, when pedigrees are more extensively studied, may, in fact, be found to
be hereditary.

Hereditary EC, in contrast, is a more precise term that specifies a segregating
model of EC transmission within a family pedigree, which is consistent with
Mendelian autosomal dominant inheritance. Hereditary EC most commonly occurs
in the Lynch syndrome, the cardinal features of which are shown in Table 1. Genetic
susceptibility to EC in a specific family might be confirmed by identification of a
cancer-associated germline mutation in a mismatch repair (MMR) gene, such as
MSH2, MLH1, or MSH6 (2,3).

Hereditary site-specific occurrences of EC have been described (5). However, when
diagnosing this so-called “genetic entity,” one must constantly search for features of
known hereditary syndromes. For example, Fig. 2 is the pedigree of a family in which
EC has occurred in three generations (II-3, III-7, and III-10, as IV-5). But notice the
later age of onset in the progenitor (II-3) and her sister (II-4), and also ovarian cancer
in two individuals (III-4 and IV-8) and breast carcinoma in the proband (III-10).
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Fig. 1. Pedigrees of two Lynch syndrome families showing EC in the direct genetic lineage.
(Republished by permission from ref. 75.)



This raises questions as to whether Lynch syndrome or another hereditary cancer disor-
der, such as the hereditary breast-ovarian cancer syndrome (6,7) can be dealt with.

EC may occur with other genital cancers, such as ovarian or tubal carcinomas, per-
haps as a part of a Mullerian field effect. But with the exception of colorectal carcino-
mas (8) in the Lynch syndrome, the occurrence with any nongenital malignancy is
distinctly uncommon. The lifetime risk of EC in carriers of a Lynch syndrome germline
mutation is 40–60% (8,9), whereas Lynch syndrome-related hereditary ECs constitute
an estimated 7% of the total number of endometrial malignancies (2,3). Other rare
instances of hereditary ECs include Cowden’s syndrome, linked to PTEN mutations in
chromosome 10, and characterized by autosomal dominant inheritance, multiple hamar-
tomatous lesions, and carcinomas of endometrium, breast, and ovaries (10–12). There
has also been an anecdotal report of lymphomas with endometrial and ovarian cancers
observed in two relatives in the direct genetic lineage (5).

3. DISTINCTION BETWEEN EC AND UTERINE 
CERVICAL CARCINOMA

One of the most vexing problems in the interpretation of the genetics of EC relates to
the loose handling of the definition of this disorder. For example, Way (13) in 1954, com-
mented on the confusion in reporting uterine fundus, and uterine cervix carcinomas as
being because of the “...pernicious habit that doctors in general have of talking very loosely
about uterine cancer.” He stressed even more strongly the fallacy of reporting data based
on death certificate verification as follows: “I would plead for a much more careful differ-
entiation of cervical and corporeal cancer in all levels of medicine and at the same time I
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Table 1 
Cardinal Features of Lynch Syndrome

• Earlier average age of CRC onset than in the general population; the average age of 
CRC onset in HNPCC is approx 45 years, whereas the average age of onset in 
sporadic CRC is approx 63 years

• Proximal colon involvement (70% of CRCs arise proximal to the splenic flexure)
• A significant excess of synchronous and metachronous CRCs (approx 25–30% among

patients having a second primary CRC within 10 years of surgical resection for initial
CRC, if the surgery was anything less than a subtotal colectomy)

• Autosomal dominant inheritance pattern
• Increased risk for malignancy at certain extracolonic sites, foremost of which is 

endometrial carcinoma, followed by carcinoma of the ovary, stomach, small bowel,
hepatobiliary tract, pancreas, upper uro-epithelial tract, and brain

• CRC tumors in HNPCC are more often poorly differentiated, with an excess of mucoid 
and signet-cell features, show a Crohn’s-like reaction, and contain a significant excess 
of infiltrating lymphocytes within the tumor. MSI is found in most CRC tumors in the 
Lynch syndrome

• Increased survival from CRC
• Accelerated carcinogenesis and interval CRC; a tiny adenoma may emerge into a 

carcinoma within 2–3 years, as opposed to 8–10 years in the general population
• Sebaceous adenomas, sebaceous carcinomas, and multiple keratoacanthomas in the 

Muir–Torre syndrome variant of Lynch syndrome
• The sine qua non, the identification of a germline MMR mutation segregating with 

syndrome-affected individuals in the family



would warn you that the growing number of papers based on the statistical analysis of the
cause of death as certified on death certificates are not worth the paper they are written on.
Nothing can take the place of careful, extensive documentation. Only after you have done
that, can you get out the slide rule and the log tables so beloved by the mathematician, but
you cannot get out of statistics more than you put in.” Although, Dr. Way made these state-
ments 50 years back, the problems about which he spoke still exist, despite the fact that
slide rules and log tables have given way to calculators and computers.

Murphy (14) studied 201 probands with EC and had similar problems because of the
lack of differentiation between EC and cervical carcinoma. He found an increased risk
for uterine cancer in relatives of affected propositi, but it was impossible to assess
whether this risk was for cervical carcinoma or EC. Having pooled the data for EC and
cervical carcinoma, he states, “...We have combined the figures for cancer of the cervix
and fundus because examination of the data convinced us that separation is impossible.
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Fig. 2. Pedigree of family showing endometrial carcinoma in five women through three generations
(Republished by permission from ref. 5).



A high proportion of reported uterine cancer in our data is, we believe, really cervical
cancer.” Studying these lesions in combination is entirely inappropriate, as they have
different cell types, histologies, and expectantly, different etiologies.

4. TAKING THE FAMILY HISTORY

In most instances of hereditary EC, the family history, when extended through three
generations in the modified nuclear pedigree (Fig. 3), will demonstrate patterns of can-
cer clustering, which merit the consideration of a hereditary cancer syndrome. Details
about the proband’s cancer history and the histories of parents, siblings, progeny, and
both paternal and maternal lineages, including cancer of all anatomical sites with
pathology documentation whenever possible, will serve to confirm the initial impres-
sion. Extended pedigree analysis is essential and must include parents, grandparents,
aunts, and uncles who are likely to be older individuals who, having passed through the
cancer risk age will be genetically more informative.

Ivanovich et al. (15) analyzed the process for collecting and verifying reported can-
cer family histories and concurrently evaluating inaccuracies from a series of women
with EC. They obtained detailed family histories from 80 women. Medical records
were obtained to verify cancer reporting. Findings showed that medical records were
more likely to be obtained when the cancer-affected relative was living and closely
related to the study participant in whom the cancer type was already known. Expectedly,
the success in retrieving medical records decreased with increasing age of the records
(p < 0.001). Inaccurate reporting was identified in 28.6% of verified cancers. In addi-
tion, there was a significantly higher number of inaccurate reports among second-
degree and third-degree relatives as opposed to first-degree relatives (p = 0.02). The
authors concluded that additional studies to improve record collection efficiency and to
identify cancer reporting accuracy are needed among the general research community.
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Fig. 3. Patient’s modified nuclear pedigree.



5. PATHOLOGY OF ENDOMETRIAL CARCINOMA

Nyholm et al. (16) suggested in 1993 that EC is a complex disorder with two distinct
variants, which have since been designated as type I and type II. Type I is characterized
by endometrioid histology and occurs in women with certain classical features associ-
ated with hyperestrogenism, including obesity, anovulation, nulliparity, exogenous
estrogen, and endometrial hyperplasia. Type II is of serous cell type, which appears to
lack direct hormonal influence and may arise as anaplastic cancer in older women even
in the presence of atrophic endometrium.

The most common EC variant is the endometrioid type, with an indolent biological
behavior. The aggressive serous, papillary, and clear cell types of EC fortunately are rarer.
Other types of ECs include pure squamous, mixed adenosquamous, mucinous, and mixed
types. It is the endometrioid type carcinoma that is often preceded by endometrial precur-
sor lesions, such as complex and atypical endometrial hyperplasia. Type I cancers (proto-
type endometrioid carcinomas) (Fig. 4) are often well differentiated, typically slow-growing
cancers with usually excellent prognosis. Type I ECs (approx 80% of all ECs) tend to occur
in perimenopausal or recently postmenopausal women with preceding endometrial hyper-
plasia and other indications of excessive estrogenic effects unopposed by progesterone.
Endometrioid tumors may show glandular, solid, or villoglandular histological patterns.
Occasional morules of benign squamous metaplasias can be seen. Predictably, these tumors
have high estrogen receptor (ER) and progesterone receptor (PR) content and respond well
to treatment. However, there is marked heterogeneity in the expressions of these receptors
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Fig. 4. Prototype endometrioid carcinoma.



as demonstrated by tissue immunohistochemistry, which makes interpretation difficult in
routine clinical situations. Because there is excellent correlation of tissue hormone recep-
tors with histological type and grade of the tumor, ER and PR are not routinely measured
in type I ECs (17,18). To date, there has been no reported systematic comparison of the
hormone receptors in sporadic and hereditary endometrial carcinomas.

Type II cancers (prototype serous papillary carcinomas) (Fig. 5) on the other hand, tend
to occur in older, late postmenopausal women with no previous sign of excess estrogen
effect. These tumors (approx 10% of all ECs) are high grade, biologically aggressive, hor-
mone receptor negative, and have a poor prognosis. They are characterized by distinct
papillae with fibrovascular cores and markedly atypical nuclei. Clear cell and “hobnail”
features are not uncommon. The histology closely resembles serous papillary tumors of the
ovary. The precursor lesion of this tumor is flat, and superficial glandular change is charac-
terized by marked nuclear atypia. This is termed endometrial intraepithelial neoplasia (EIN)
and is usually seen in an atrophic background. The predominant molecular marker for this
tumor is mutation of p53, a tumor inhibitor gene. Immunoperoxidase stains with DO7 (anti-
p53) marks 70–100% of serous papillary ECs as well as the precursor EIN lesions (19,20).
Other useful molecular markers include high cell proliferation markers, such as MIB-1 and
Ki-67, and loss of heterozygosity (LOH) in multiple chromosomal regions. In contrast to
the serous papillary tumors of the ovary, these ECs are negative for WT-1 (21,22).

Both endometrioid and serous EC can manifest a primary genetic etiology, although
most studies show that hereditary EC more commonly is of endometrioid histology and
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Fig. 5. Prototype serous papillary carcinoma.



hereditary serous EC is rare. Hereditary endometrioid EC shares pathological features
with type I EC. However, because the role of estrogen in hereditary EC is still elusive, if
type I is defined as involving hyperestrogenism, it is unclear whether hereditary ECs
would fall into that category. Sporadic and hereditary endometrioid ECs follow separate
molecular genetic pathways during carcinogenesis (infra vide). Recently (22a), MLH1
promoter hypermethylation has been found in 91% of ECs with micro-satellite instabili-
ties causing loass of MLH1 expression. Moreover, primary hereditary factors may predis-
pose susceptible individuals to the perturbation of endogenous or exogenous cofactors.

Endometrioid carcinoma is the most frequently diagnosed EC in HNPCC syndrome
patients, and no survival or prognostic differences are found between sporadic type I and
hereditary EC (23). However, recent studies (23a) have shown the HNPCC related ECs
to be more poorly differentiated, more often associated with Crohn-like lymphoid infil-
trates and more often exhibiting angiolymphatic invasion than its sporadic counterpart.

6. MOLECULAR PATHOLOGY OF EC

Numerous recent studies have been published on the molecular pathology of EC
(10–12,24). The molecular hallmark of sporadic type I carcinomas is inactivation of the
PTEN tumor suppressor gene. Loss of PTEN function is the most common genetic defect
in ECs, especially in the type I variety (10,25). It appears that this nonphysiological loss
of PTEN may occur in the earliest stages of endometrial carcinogenesis, which can be
seen in the persistent estrus of anovulatory women (10,25), thus, suggesting the emer-
gence of a monoclonal population of neoplastic cells (www.endometrium.org) (26).
Studies of PTEN in normal endometrium show strong expressions in estrogen-domi-
nated proliferative phase and weaker expression in progesterone-added secretory phase.
Thus, it is possible that PTEN-deficient tumor cells might have a survival advantage in
an estrogen-rich environment (10,24). Besides PTEN, other molecular markers include
the protooncogenes bcl-2, and bax, which are overexpressed in these tumors. Features
helpful in differentiating high-grade type I tumors from type II tumors are, strong nuclear
β-catenin immunostaining in the type I cancers and strong e-cadherin immunostaining
in the type II cancers (27). As expected, cell proliferation markers, such as MIB-1 and
Ki-67 are usually lower in type I EC compared with the type II EC (Table 2).

Thus, three distinct molecular pathways are seen in the pathogenesis of EC. First,
PTEN loss in sporadic occurrences of the usual, type I low-grade endometrioid cancers.
Second, p53 mutation in sporadic cases of the rarer, type II high-grade serous cancers.
Third, microsatellite instability (MSI), as a result of mutations in several MMR genes in
the hereditary ECs associated with colorectal carcinoma CRCs in the Lynch syndrome.
Table 3 shows a comparison of sporadic and HNPCC-associated ECs.

7. MICROSATELLITE INSTABILITY

Although, the hereditary ECs most prevalent in Lynch syndrome can be classified his-
tologically with sporadic type I ECs, the hereditary ECs are characterized by a third molec-
ular mechanism (supra vide). These tumors show increased MSI secondary to germline
mutations in the MMR genes (20). So far, at least 39 types of MMR mutations have been
found in HNPCC syndrome families, including the more common mutations of MLH1,
MSH2, and MSH6 (28). Sporadic EC, can also be MSI positive. Studies have shown higher
MSI levels (17%) in endometrioid EC as compared with the nonendometrioid cancers
(5%) (29). But the specific, frequently occurring MMR mutations in sporadic tumors are
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not yet recognized, and the usual mutations associated with MSI in hereditary EC are not
found in the sporadic cancers (29,30). It is postulated that there may be epigenetic inacti-
vation of MSH1 in sporadic cases, which might not be evident in the usual mutational
screens used to query the functional integrity of MLH1 (10,30,31).

The manner in which MSI influences cell function is extremely complex, and beyond
the scope of this chapter. Suffice to say that secondary inactivation of the specific genes
may occur by alteration of repeat sequences in the coding regions, epigenetic inactiva-
tion of MSI in the regulatory domains, or a hypermutable state in the nonrepeat regions.
The overall effect may not be mediated through PTEN or p53 inhibition, as these genes
are comparable in both stable and MSI-positive cancers (10,30,31).

MSI is a well-known feature of MMR-driven tumorigenesis of uterine mucosa in spo-
radic tumors, which show predominantly somatic hypermethylation of MLH1 (32). The
finding of MSI in endometrial hyperplasia and altered protein staining for the MMR genes
suggest that inactivation of MMR genes is an early event in endometrial carcinogenesis.

In the general population, MSI is typically seen more frequently in type I endometri-
oid carcinomas (17–29%) compared with serous papillary types (5–8%) (20), and MSI
was seen more frequently in the tumors of patients younger than 50 years age. This is
consistent with younger average age of diagnosis for HNPCC-related ECs. However,
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Table 2
Comparative Features of Type I and Type II Endometrial Carcinomas

Type I Type II

Age Perimenopausal Late menopause
Clinical features Unopposed estrogen None
Prototype histology Endometrioid Serous papillary
Precursor lesions Hyperplasia EIN
FIGO grade Low High
Clinical stage Low High
Prognosis Good Poor
Hormone receptors High Low
PTEN function loss High Low
p53 mutation Low High
MLH/MSH Approximately 17% Approximately 5%
MIB, Ki-67 index Low High
Bcl-2, Bax function loss High Low
B-catenin immunostain Positive Negative
E-Cadherin immunostain Negative Positive

Table 3 
Comparison of Sporadic and HNPCC-Related Endometrial Carcinomas

Sporadic HNPCC

Average age of onset 55 years 45 years
Prototype histology Endometrioid Endometrioid
Survival Stage dependant Stage dependant
MSI Occasional Frequent
Other carcinomas Ovary Colorectal



the presence or absence of MSI did not correlate with clinical stage or overall prognosis
of these tumors (33). Immunoperoxidase staining for MMR genes in HNPCC-related EC
tissues showed strong positivity in the tumor foci, but not in the adjacent normal tissues,
suggesting a possible clonal population of the malignant cells (34). Interestingly, MLH1
and MSH2 protein losses have been demonstrated in the benign endometrial hyper-
plasias of HNPCC-related cancer patients, but similar changes were not seen in the
endometrial hyperplasias of sporadic cases (35). This may characterize an early event in
the pathway of the endometrial carcinogenesis in the HNPCC syndrome patients, and
might possibly serve as a helpful marker for early diagnosis of these malignancies (35).
To date, not much information is available regarding the prognostic significance of MSI.
Although, one study (36) suggests an association of MSI-positive phenotype with higher
Fédération International de Gynécologic et d’Obstetrique (FIGO) clinical stage and
histological grade, and with mucinous and cribiform patterns, and increased necrosis in
the tumors.

de Leeuw et al. (32) studied MSI, which has been observed in CRC and in certain
extracolonic malignancies, particularly EC, in the Lynch syndrome. In the study of all
EC (n = 12) from patients with MLH1 and MSH2 germline mutations, de Leeuw et al.
observed MSI-high phenotype to involve all types of repeat markers. However, in EC
from MSH6 mutation carriers, only 36% (4 out of 11) demonstrated an MSI-high
phenotype. MSI-high phenotype was observed in endometrial hyperplasias from MSH2
mutation carriers, whereas hyperplasias from MLH1 mutation carriers exhibited an
MSI-stable phenotype. Instability of only the mononucleotide repeat markers was found
in both endometrial carcinomas and hyperplasias from MSH6 mutation carriers in 29
out of 31 (94%) endometrial tumor foci. Correlation found between the variation in the
extent and level of MSI and the age of onset of EC suggested differences in the rate of
progression. A high frequency of MSI in endometrial hyperplasias was found only in
MSH2 mutation carriers, and might indicate more rapid tumor progression in these
patients. de Leeuw et al. concluded that assessment of altered MLH1, MSH2, and
MSH6 protein staining combined with MSI analysis can direct the mutation analysis to
predict the MMR germline mutation in endometrial tumors.

On the other hand, Ichikawa et al. (34) analyzed MSI as well as the immunohisto-
chemical expression of MLH1 and MSH2 proteins, in 20 histologically normal epithe-
lia (12 endometrial and 8 ovarian) and 8 cancers (four endometrial and four ovarian)
from 20 individuals who were part of seven unrelated Lynch syndrome families. MSI
was observed in endometrial (75%) and ovarian (100%) cancers. However, these inves-
tigators did not find a single case that exhibited MSI in histologically normal epithelia
of the endometrium or ovary. In their investigation of immunohistochemical expres-
sions of MLH1 and MSH2 proteins in histologically normal epithelia, they found no
genetic changes predisposing to malignancy. However, in cancer cases there was a cor-
relation between the expression of MLH1 and MSH2 proteins, the presence of germline
mutations in MLH1 and MSH2 genes, and the presence of MSI in the tumor. These
authors concluded that MSI expression and expression of MLH1 and MSH2 proteins
are biomarkers, which have no efficacy for the early detection of endometrial and ovar-
ian malignancy in cancer-unaffected HNPCC germline mutation carriers.

Planck et al. (37) investigated MSI-high phenotype and MMR protein expression in
a series of patients harboring both EC and CRC. Their findings indicated that double
primary malignancies of the colorectum and endometrium at a young age (<50 years)
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raised the index of suspicion for the Lynch syndrome. Shannon et al. (8), noted that
MSI occurs in 17–32% of sporadic ECs and in 3–17% of sporadic ovarian cancers. He
hypothesized that a higher rate of MSI might be found in primary carcinomas of the
ovary and the endometrium, which occurred in women with synchronous primary can-
cers of these organs. However, based on 52 cases of synchronous tumors of the ovary
and endometrium from the databases of four gynecological oncology units, Shannon
et al. (8) failed to identify MSI-high in this cohort. This led the authors to conclude
that synchronous primary ovarian and endometrial carcinomas are unlikely to be part
of the HNPCC syndrome unless the family history is compatible with the modified
Amsterdam criteria.

Noting that CRC and EC are the two most common cancers in Lynch syndrome,
Schwartz et al. (38) reported that MSI-positive EC in Lynch syndrome shows mutations
in some of the same genes as does the CRC pathway, including BAX (55%), MSH3 (28%),
and MSH6 (17%). They also detected frameshift mutations in caspase-5, a member of the
caspase family of proteases that has a (A)10 repeat within its coding region, in MSI-posi-
tive tumors of the endometrium (28%), colon (62%), and stomach (44%). They suggested
from these observations that caspase-5 is a target gene in the MSI pathway to cancer.

8. LYNCH SYNDROME MUTATIONS AND EC

Cederquist et al. (39) studied MSI-positive double primary CRC and EC in women
of Lynch syndrome kindreds, and found that 14 of the 23 patients with both CRC and
EC carried mutations of MLH1, MSH2, or MSH6 that likely affect protein function.
Five of the mutations (36%) were in MLH1, three (21%) in MSH2, and six (43%) in
MSH6. Families that carry MSH6 mutations have higher proportions of EC than those
that carry MLH1 and MSH2 mutations. Ten out of 14 patients were diagnosed with can-
cer before 50 years of age. Carriers of MSH6 mutations had later mean ages for the
diagnoses of both CRC and EC. The mean age of 58 years at which EC was diagnosed
in MSH6 mutation carriers contrasted with the mean age of 48 years at which EC was
diagnosed in MLH1 and MSH2 mutation carriers.

Mutation of MSH6 merits special attention when considering its role in the Lynch
syndrome in general and EC in particular. Hendriks et al. (40) investigated the cumula-
tive risk for cancer in a large series of MSH6 mutation carriers and compared them with
MLH1 and MSH2 mutation carriers. This study found that, for female MSH6 mutation
carriers, the cumulative risk of 71% by age 70 years for EC, exceeded the 30% cumu-
lative risk for CRC by this age. Although, the risk for CRC was significantly lower in
female MSH6 mutation carriers than in female MLH1 or MSH2 mutation carriers, the
risk for EC was significantly higher (p = 0.02) in MSH6 carriers compared with carriers
of MLH1 and MSH2 mutations.

9. ORGAN SITE CANCER SELECTION

Kuismanen et al. (41) noted that the genetic basis of organ susceptibility to malig-
nant transformation is poorly understood in the Lynch syndrome. Given the fact that
carcinogenesis in this disorder is driven by defective MMR DNA, these investigators
compared instability at microsatellite sequences in the endometrium and colorectum,
the two organs most commonly affected in this disorder. They analyzed patients with
identified predisposing MLH1 or MSH2 MMR gene mutations for noncoding (BAT25,
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BAT26, BAT40) and coding mononucleotide repeats in the MSH6, MSH3, MLH3, BAX,
IGF2R, TGFβRII, and PTEN genes, in addition to MLH1- and MSH2-linked dinu-
cleotide repeats (D3S1611 and CA7). Their findings disclosed significant quantitative
and qualitative differences between the two tumor types. Whereas CRCs displayed a
predominant pattern consisting of instability at the BAT loci (in 89% of tumors),
TGFβRII (73%), dinucleotide repeats (70%), MSH3 (43%), and BAX (30%), no such
single pattern was discernable in ECs. Instead, the pattern was more heterogeneous,
with a lower proportion of unstable markers per tumor (mean 0.27 for ECs vs 0.45 for
CRCs, p < 0.001) and shorter allelic shifts for BAT markers (average 5.1 bp for unstable
ECs vs 9.3 bp for CRCs, p < 0.001). Among the individual putative target loci, PTEN
instability was associated with ECs, and TGFβRII instability was associated with CRCs.
These findings led the authors to conclude that the instability profile of EC differs from
that of CRC, even though an identical genetic predisposition underlies the organ-specific
differences that are crucial determinants of the Lynch syndrome tumor spectrum.

10. HORMONES AND EC

Studies by Sasaki et al. (42) contend that the metabolic activation of estradiol is a key
factor in endometrial carcinogenesis. Particular attention was given to the role of 
4-hydroxy estrogen metabolites that result from catalytic effects directed by the CYP1B1
gene in the malignant transformation of endometrium. Specifically, 4-hydroxy estrogens
can bind with DNA through a pathway involving their quinone metabolites, which then
contribute to oxidative damage, and they have estrogenic effects on the endometrium
through their binding with ER sites. The highest level of CYP1B1 expression is in the
endometrium. Six polymorphisms of the CYP1B1 gene have been described of which
four result in amino acid substitutions: 1-13C→T, codon 48C→G, codon 119 G→T,
codon 432C→G, codon 449T→C, and codon 453A→G. Polymorphisms on exons 
2 and 3 have significant effects on the catalytic function of CYP1B1. These authors con-
cluded that inherited alterations in CYP1B1 hydroxylation activity appear to be associ-
ated with significant pathogenic alterations in the pathway involved in estrogen-mediated
carcinogenesis in the endometrium.

In another study, Sasaki et al. (43) investigated polymorphic CAG repeats in the
N-terminal domain, which are contained in the human androgen receptor (AR) gene
and, which influence transcription efficiency. Because androgens have an antiprolifera-
tive effect on endometrial cells, the authors hypothesize that the length of CAG repeats
on the AR gene may be a predictor for an increased incidence of EC. To test this hypoth-
esis the distributions of CAG repeats on AR gene polymorphisms were investigated in
EC patients and healthy controls. Genotyping revealed that the distribution of CAG
repeats was significantly longer in EC patients than in normal healthy controls (p <
0.001). The longer CAG repeats on the AR gene may contribute to a decrease in the
transactivation function in the receptor and thereby weaken an antiproliferative effect
on endometrial cells and promote carcinogenesis.

11. CLINICAL CHARACTERISTICS OF EC IN LYNCH SYNDROME

ECs occurring in the Lynch syndrome setting show some distinctive features. Unlike
sporadic ECs hereditary EC occurs more commonly among younger women. Fifty-seven
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percent of hereditary ECs are diagnosed in women younger than 50 years of age. The
average age of HNPCC-related EC is 48 years (range 27–72 years), compared with an
average age of 55 years in sporadic EC (44). Sixty-one percent of EC in Lynch syndrome
germline mutation carriers occurred with second primary CRCs, and 15% occurred with
a third primary tumor (44).

12. AGE OF EC DIAGNOSIS IN LYNCH SYNDROME

Data from an international collaborative study of 125 cases of EC collected from
HNPCC registries in Western Europe, the United States, and Japan, found that the mean
age for diagnosis of this cancer was 48 years (44). A review of 120 HNPCC syndrome
families registered in the Familial Bowel Cancer Service of The Royal Melbourne
Hospital in Melbourne, Australia, also reported a mean age of 48 years for the diagno-
sis of EC (45). This mean age of EC in HNPCC kindreds is significantly younger than
the 63 years mean age of uterine corpus cancer diagnosis reported by FIGO (46).

A study of 23 unrelated HNPCC syndrome families in the Creighton University
Hereditary Cancer Institute registry found that the median age for EC diagnosis was of
46 years, which was 14 years younger than the median age of EC reported by the
National Institutes of Health Surveillance, Epidemiology and End Results (NIH-SEER)
program (4,47). The international collaborative study of 125 patients with EC from
HNPCC syndrome families, found that 98% of the ECs were diagnosed in women
younger than 65 years, and 57% were diagnosed before the age of 50 years (44). Several
members of HNPCC syndrome kindreds documented in these studies were diagnosed
with EC as early as their third decades of life (4,44,45). Not only were the mean and
median ages younger for the diagnosis of hereditary EC compared with sporadic EC,
but, as noted in the studies of Hemminki et al. (48), when EC was diagnosed before the
age of 50 years in mothers recorded by the Swedish Cancer Registry, the risk for EC in
daughters was increased nearly by 10-fold.

13. OVARIAN CANCER AND EC

Excess ovarian cancers have been associated with familial EC (4,45). In a recent
study of 19,175 women with invasive ovarian cancer in the nationwide Swedish Family-
Cancer Database, Hemminki and Granström calculated standardized incidence ratios
(SIRs) for ovarian cancer of 1.45 if mothers had EC and 2.53 when sisters were affected
with EC (49). The SIR for endometrioid ovarian carcinoma was 3.40 when mothers had
EC. These results confirmed earlier observations by Watson et al. (50), which showed
that ovarian cancers associated with HNPCC syndrome were predominantly epithelial
tumors with an unusually large proportion being endometrioid and clear cell carcino-
mas, both of which are histological types that also arise from endometrium (50). In this
international collaborative study of women who were known, presumed (based on can-
cer status), or considered at high-risk (based on pedigree position) to be mutation carri-
ers from HNPCC syndrome families, 94% of the ovarian neoplasms were epithelial
tumors (50). Endometrioid (18.3%) and clear cell (9.9%) carcinomas together included
28.2% of the invasive ovarian epithelial cancers in 71 women with recorded histologies
(50). These ratios of endometrioid carcinoma or clear cell carcinoma individually and
combined, considerably exceeded the 13.2% combined total of endometrioid (9.6%)
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and clear cell (3.6%) ovarian carcinomas in general population studies reported from
the NIH-SEER program. Also, the 20% combined total of endometrioid (14%) and
clear cell (6%) ovarian carcinomas reported by FIGO (51,52). A case-control study by
Schildkraut and Thompson (53) of 493 epithelial ovarian cancer cases against 2465
control subjects, found that an increased risk (odds ratio = 2.7, 95%CI = 1–6.9) for
endometrioid ovarian carcinoma was associated with family history of EC. Borderline
ovarian tumors made up just 4.1% of the epithelial ovarian neoplasms in HNPCC
mutation carriers in the international collaborative study compared with 10.4% of the
sporadic ovarian neoplasms reported by FIGO (50,52).

Women from HNPCC syndrome kindreds who developed ovarian cancer, were diag-
nosed at 43 years mean age (50). This was at least 16 years younger than the mean age for
the diagnosis of ovarian cancer reported by the NIH-SEER program in the general popula-
tion of the United States and 13 years younger than the mean age reported by FIGO
(51,52). The total proportion (72.2%) of well-differentiated (30.6%) and moderately well-
differentiated (41.7%) carcinomas in the international collaborative study of ovarian neo-
plasms in women from HNPCC syndrome kindreds did not significantly differ from the
total proportion (76.6%) of well-differentiated (42.5%) and moderately well-differentiated
(34%) carcinomas in the FIGO data (51,53). Most of the ovarian carcinomas diagnosed in
HNPCC syndrome kindreds were still confined to the ovary (Stage I, 60.9%) or not extend-
ing beyond the gynecological organs and pelvic peritoneum (Stage II, 41.7%) in marked
contrast to only 26% Stage I and 10.2% Stage II carcinomas reported by FIGO data
(50,52). The relatively earlier age and lower stage of ovarian cancer diagnosis in members
of HNPCC syndrome families may reflect a unique genesis of these tumors. Or, on the
other hand, these findings might be a result of the early discovery of some unexpected
ovarian cancers during surveillance for CRC and EC. Because of known or suspected
increased cancer risk or the coincidental finding of early ovarian cancers at the time of
therapeutic or prophylactic surgery for CRC and/or EC in the high-risk patients.

The 5-year survival rate for carcinomas that were diagnosed, although still confined
to the ovary in women from HNPCC syndrome families (85%) was commensurate with
the 5-year survival rate for Stage I cancers in the FIGO data (83%). But, as yet unex-
plained, women with Stage III ovarian carcinoma from HNPCC syndrome families had
better prognosis for 5-year survival (42%) than did women with Stage III ovarian car-
cinoma patients reported by FIGO (26%) (50). This may simply reflect the small num-
ber of patients with ovarian carcinoma (9/64) in the data available to the international
collaborative HNPCC study group (50). Or there may have been slightly more favor-
able tumors by stage, more aggressive treatment, or a younger and more physiologi-
cally healthy cohort of ovarian cancer patients diagnosed from HNPCC syndrome
families in the collaborative study.

14. MULTIPLE PRIMARY CANCERS

Eighteen of the 80 women (22.5%), deemed to be at high risk for HNPCC who were
diagnosed with ovarian cancers in the international collaborative study, also had syn-
chronous ECs, and two further patients subsequently developed primary ECs after the
diagnosis of ovarian cancer in this group (50). Multiple primary tumors are common
findings with hereditary EC (44,48,54–56). Analysis of the NIH-SEER database
showed that women with antedating endometrial or ovarian cancers diagnosed before
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50 years of age had significantly increased risks for CRC (57). Registry-based studies
in Canada also found that the first-degree relatives of women who were diagnosed with
double primary CRC and EC younger than age 55, carried a very high relative risk
(RR = 30.5, 95%CI = 18.8–46.6) for developing CRC before the age of 55 years (58).

In patients from known or suspected HNPCC kindreds, multiple primary tumors
generally are neoplasms that characterize the spectrum of this syndrome, including
(besides colorectal, endometrial, and ovarian cancers) especially upper gastrointestinal,
hepatobiliary duct, renal pelvis, and ureteral cancers (4,48,59–63). Seventy-five of 113
(61%) EC cases collected from HNPCC registries in seven countries were associated
with second primary cancers, 72% of which were CRCs; and in 18/113 (16%) of the
EC patients, there were two or more primary cancers (44). When a second primary
tumor followed CRC in 1113 patients from the Swedish Family-Cancer Database,
100% of the ECs came from patients that fulfilled the Bethesda criteria for HNPCC
syndrome (64). After a previous CRC, the risk for EC was increased 257-fold among
the 12 families that fulfilled the Amsterdam criteria for the HNPCC syndrome in this
study from the Swedish database (64). Moreover, the first-degree relatives of MMR
gene mutation carriers with both primary CRC and EC bore a high relative risk (RR =
23.8, 95%CI = 6.4–61) for EC (56). And, although the risk for EC was lower, it
remained significant (RR = 5.4, 95%CI = 2–11.7) in the first-degree relatives of muta-
tion negative probands with both primary CRC and EC (56).

Investigations of EC utilizing some 9.6 million individuals from the Swedish Family-
Cancer Database (48), included a subset of 20,000 cases of EC, among which there
were 76 families in which both the mother and daughter were affected. This consisted
of a familial SIR of 3.19 for daughters and 2.78 for mothers. The risk was inversely
related to the age at diagnosis, reaching a risk of almost 10 in daughters who were
diagnosed before age of 50 years when their mothers were also diagnosed before that
age. The discordant primary cancer site most associated with EC between the two gen-
erations was colon, with a SIR of 1.44–1.68. When the maternal EC was diagnosed
before age of 50 years, increased SIRs were observed in daughters or sons for rectal,
pancreatic, breast, ovarian, and nervous system cancers. Second primary cancers with
the highest overall risks in females diagnosed with EC were ovarian and connective tis-
sue cancers with CRCs, also clearly in excess.

15. SURVEILLANCE AND SURGICAL PROPHYLAXIS

An absolute identification of women at increased genetic risk for EC may be diffi-
cult in the absence of detailed pedigrees and molecular evidence of which the sine qua
non is a cancer-linked MMR gene mutation. Clearly, patients from family pedigrees
with tumor spectrums that match the characteristic criteria for HNPCC syndrome are at
definably high risk of developing EC. However, unless a woman is delineated by analy-
sis of her extended family cancer pedigree to be an obligatory carrier of the adverse
autosomal dominant trait or by DNA testing she is confirmed to carry the known MMR
gene mutation associated with cancer in her family, hereditary susceptibility to EC will
be little more than a conjecture. Nonetheless, through observations from the forgoing
review of the pertinent literature on the hereditary aspects of EC, certain management
strategies for individuals known or expected to be at increased genetic risk for this
disease can be counseled and recommended.
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Besides individuals who are found to carry cancer-associated MMR gene mutations,
and family members in a direct line of descent from HNPCC syndrome affected, women
who have been diagnosed with CRC at younger ages, and those with multiple cases of
colorectal, endometrial, and ovarian cancer in close relatives, should be considered at
risk for EC (7). First-degree relatives of patients diagnosed with EC and CRC at
younger than 50 years of age must be suspected to be at heightened risk for cancers of
the HNPCC syndrome. As it has been seen from the discussion of pathology (supra
vide), the typical EC associated with hereditary predisposition is a type I carcinoma,
characterized by the presence of ERs and PRs and hyperplastic precursors. Recent
studies have demonstrated rather frequent MSI positivity and loss of markers for MMR
genes in endometrial hyperplasias and carcinomas, but not in normal endometrium
from patients deemed to be at genetic risk for endometrial carcinoma (35,65–67). If
these data are substantiated in further and expanded investigations, when practical tests
become more commonly available to clinically examine endometrial hyperplasias for
evidence of MSI and the loss of MMR gene markers, patients who are members of fam-
ilies with EC clusters may be considered for this testing.

Because of the very early ages at which endometrial and ovarian cancers have been
manifested in patients with a proven or a likely increased hereditary risk for these dis-
eases (4,44,45,50,68), it is believed that baseline studies and then interval transvaginal
pelvis ultrasound scans and endometrial cytological and histological screening are
appropriate, beginning in the fourth decade of life (69,70). Although, the mean and
median ages at which endometrial and ovarian cancers have been diagnosed in women
from HNPCC kindreds lie in the fifth decade of life (4,44,45,50,68), as long as the
uterus and ovaries are retained, surveillance ought to continue with alertness to symp-
toms and signs and judicious screening well into the eighth decade and beyond because
of the persisting risk for gynecological cancers (44,45,50,68). In the context of thor-
ough cancer genetics counseling, prophylactic surgery will be an alternative chosen by
some women with high genetic risk for EC (71–73).

Members of HNPCC syndrome kindreds who are shown through DNA testing to
carry the deleterious mutations associated with cancer in their families, and those who
are demonstrated by pedigree analysis to be obligate mutation carriers, should be offered
the consideration of prophylactic surgery. Other women assessed to be at significantly
increased risk for EC, by analysis of their pedigrees, and in the future women who may
be found to have endometrial hyperplasia with MSI or abnormal MMR gene function
may be considered for prophylactic surgery. It is believed that appropriate prophylactic
surgery in these patients should include not only hysterectomy but also bilateral salpingo-
oophorectomy, because of the high risk for ovarian carcinoma. Additionally, members of
HNPCC syndrome kindreds who have already developed cancer of a target organ as
young women are, candidates for prophylactic surgery. As it has been noted, besides EC
in women, CRC is by far the most frequently encountered malignancy in the Lynch syn-
drome. Therefore, when CRC is diagnosed and surgically treated in women from
HNPCC syndrome families, serious consideration should be given to combining this
operation with hysterectomy–salpingo-oophorectomy, if childbearing has been com-
pleted or surely by the fifth decade of life. Certainly, no extirpative surgery for EC
should be undertaken without a thorough preoperative work-up to rule-out CRC and
other target organ cancers of HNPCC syndrome, particularly ovarian carcinoma.
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Unless laparotomy is indicated for coexisting indications, when prophylactic
hysterectomy–salpingo-oophorectomy is done in women at hereditary risk (71), it
has been found that peritoneal exploration is maximized and complications are mini-
mized by employing video-laparoscopic techniques (74,75). These procedures permit
meticulous inspection of most of the peritoneal cavity and its organs, collection of
fluid for cytology, biopsies of any suspicious lesions, visualization, and dissection of
the ovaries and fallopian tubes, and removal of the adnexal organs en bloc with trans-
vaginal hysterectomy (71,76).

16. DISCUSSION

One of the earliest studies of hereditary EC (77–78) involved 154 consecutive
patients, all of whom were histologically confirmed. They were seen over a 20-year
period (1946–1965). Obesity was the most frequently occurring constitutional factor in
this series of patients with EC, being present in 123 (80%) of the 154 patients. Obesity
was extreme in many of the patients, with several weighing more than 300 pounds and
two of those weighing more than 400 pounds. Hypertension was present in 65% and
diabetes mellitus was present in 43% of these patients.

Twenty-six patients (16%) had first-degree relatives with EC. The finding of 16% of
the probands whose first-degree relatives had EC is conservative. Rigorous documenta-
tion, either through personal examination of tissues or evaluation of pathology reports,
or highly reliable information from physicians were the criteria, which are required for
family members to be included with a diagnosis of EC. In one of the families, three sis-
ters had EC histologically confirmed. Two of the families had a mother and daughter
with histologically confirmed EC. In two of the families, sisters had histologically con-
firmed EC. The average age of EC in multicase families was 50 years, contrasted with
an average age of 63 years in probands of the EC series overall.

Multiple primary cancers were found in 17 patients (11%), and five of these individ-
uals had three primary malignant neoplasms. When one of the cancers was EC, carci-
noma of the colon was the most frequently associated extra-EC primary malignant
neoplasm. This finding was in striking contrast to the probands of the overall EC series
in which no patients with multiple primary cancers had carcinoma of the colon as their
associated extra-EC primary malignancy.

Previous studies of EC had been primarily concerned with selective evaluation of
patients for the related incidences of obesity, diabetes mellitus, endometrial hyperpla-
sia, hypertension, cardiovascular disease, parity, and other constitutional associations
(79,80) as well as a study of hereditary factors (14,81,82). The 11% incidence of mul-
tiple primary malignancies in the series was not significantly different from that of
Moertel and associates (83) who found an incidence of 9.9% of multiple primary malig-
nancies in their study of 807 patients with EC. These investigators found carcinoma of
the breast to be the primary cancer most frequently associated with EC. They found
CRC as a separate primary site in 14% of their EC patients. Therefore, it was of interest
that none of the probands in the EC series showed carcinoma of the colon as a separate
primary site; yet, this was the most frequent site for a second primary in patients with
EC in “cancer families,” which demonstrated early ages of onset and multiple cancers.
These studies were an early indication that EC in some cases is a heritable disease (84).
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Besides the inheritance of adverse germline mutations of MMR genes, other hered-
itary predispositions to EC could result from genetic defects of the endocrine system,
such as Stein–Leventhal syndrome leading to anovulation and excess unopposed estro-
gen stimulation of the endometrium (85). Any inherited defect in the hypothalamic–
pituitary–ovarian axis or defective thyroid or adrenal function could result in anovulation
and unopposed estrogenic milieu leading to endometrial hyperplasia. It is speculated that
such endocrinopathies could predispose to type I EC by serving as cofactors in women
who are more susceptible to malignant transformation because they also carry defective
MMR genes.

17. CONCLUSION

In conclusion, the multifaceted etiology and pathogenesis of EC have been described
with major attention to its association with the Lynch syndrome. It is clear from this review
that only the tip of the proverbial iceberg concerning hereditary EC has been glimpsed.
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For years, the doctor has fundamentally been an autonomous professional figure. He
took care of his patients, carried out diagnostic investigations, and did the autopsies
when the inevitable happened—a clinician and a pathologist practically united in one
single person. Then, the growth of knowledge, which has taken place in recent years,
has profoundly modified the structure of the medical class so that currently, the profes-
sion is characterized by the existence of numerous specialties and subspecialties. This
has been followed by the creation of distinct professional figures, clinician on the one
hand and pathologist on the other, which has contributed in large measure to the growth
of knowledge in medicine, which has resulted in large benefits in contrast to some
minor problems. In this regard, separating the fields of specialization has determined,
in reality, separation of the culture and the language, creating a deep rift. Unfortunately,
there are numerous realities, in which the clinician and the pathologist operate in different
structures, and therefore, interact very little or not at all.

The surgeon carries out an operation, often sends the specimen accompanied by
insufficient clinical indications and this involves a high risk of inaccuracy and also,
errors on the part of the pathologist. For example, the diagnosis on an endometrial
biopsy can be impossible without information relative to the date of the last menstrua-
tion or the assumption of contraceptives up to eventual treatment with substitute thera-
pies. Again, if an endometrial biopsy is carried out for a neoplasia, it is impossible to
obtain a pathological diagnosis useful for programming therapy if the pathologist is not
informed of the clinical staging and the protocols used pre- and postsurgically.

Finally, in the presence of innovative surgical techniques, the pathologist must be
informed about the modality of the operation. The use of endoscopy rather than laparo-
tomy (laparoscopy or hysteroscopy), of laser and/or loops rather than surgical cones
provokes artifacts in the tissue, which the pathologist has to be able to recognize and
formulate. On the other hand, if the damage to the tissue is significant, the pathologist
has to inform the operator, who in turn, will better formulate the aspects of his method.
It is also evident, from these simple examples, how, from inadequate clinical information,
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an incomplete response of the pathologist cannot help, and therefore, inevitably offer
an often inadequate therapy.

Furthermore, the contribution of the pathologist, even in the light of the indications,
which the researcher will furnish using molecular biology and the study of genetics,
will always be more strongly determinant in reaching earlier diagnosis, in better defin-
ing the prognosis and therapeutic treatment (pharmacological or surgical), and in mak-
ing them more specific and personalized and, therefore more resolutive. New methods
and more innovative technology, such as, for example, proteomics and microarray tech-
nology, which have begun to be implemented presently, will allow the molecular clas-
sification of tumors with analysis of the expression profile of hundreds of genes and
proteins in a simultaneous manner. All these are assisted by computer technology.
These techniques will determine a superexponential increase of information relative to
the genetic expression of a tumor, even if the topographical characteristics of the pro-
tein furnished by immunohistochemistry will, of course, remain important.

The substantial difference with respect to traditional histopathological evaluation is
that the more global approach furnished by the expression profile using microarray or
proteomics could substitute the current diagnosis, which is fundamentally morphologi-
cal; that is, which would be passed from “morphopathology” to “biopathology.” The
molecular profile of more genes and proteins will permit better characterization of
neoplasias. Tumors having a similar molecular behavior will have a similar prognosis
and a specific response to the therapy. In particular, in gynecology, currently it is
possible to identify populations at high risk for developing a mammary or an ovarian
neoplasia, thanks to mutation research on the BRCA1 and BRCA2 genes. Female
carriers do not only have a higher probability of developing these neoplasias, but also
of developing them at an earlier age. The study of the genetic set of neoplasias has
therefore furnished the theoretical basis for understanding the origin, biological behavior,
and response to therapy. Each carcinoma possesses a set of oncogenes, oncosuppressors,
and numerous other factors, such as, for example, angiogenetic factors, which deter-
mine the various degrees of aggressivity, the age of onset, the means of diffusion, the
capacity of survival of the immune system, dependence on the environment, and the
alterations at the level of the cell cycle.

Molecular investigation, carried out in detail by the researcher, will permit the iden-
tification of subgroups of patients to be treated more or less conservatively, taking into
consideration the “state of health” of the genes and the proteins. From this “state of
health,” it should be understood precisely, which neoplasias will respond efficaciously
to chemotherapy or surgery and which, will not respond. The clinical management of
patients should therefore understandably be influenced by this knowledge. The biolog-
ical distinctiveness of the pathology must modify the attitude of the clinician. It is
therefore necessary that medical updating take place at many levels, expanding the
horizons of one’s speciality beyond those considered insurmountable until a few years
back. In order to completely take advantage of the theoretical results obtained, it is
essential that the updating of the clinician is continuous, and completely well rounded
with special attention being paid to the achievements of the pathologist and researcher.

In particular, in daily practice, the jobs of the clinician, the pathologist, and the
researcher have to be united as much as possible through the creation of mixed units
with the same objectives. It is no longer the various specialities, which condition the
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creation of work groups, but instead the common fields of interest, which bring together
professional figures coming from different fields of interest. Wherever these research
units have been constituted, the results are tangible both in terms of clinical care and
research. The creation of work groups made up of gynecologists, pathologists, molecu-
lar biologists, oncologists, and radiotherapists has profoundly modified the treatment
protocols of gynecological neoplasias. Meetings are held weekly during which clinical
cases are discussed, problems linked to research under way are addressed, updating
takes place in a continuous and reciprocal manner by comparisons with the international
literature. Other than the increase in clinical care, this has led to a notable improvement
of the quality of teaching offered to residents. Only in this way, through close collabora-
tion, clinical and basic research, and patient care can offer better results.

The way of curing cancer has therefore changed because today research is part of the
cure. Because through analysis of the genetic profile of a cancer cell, molecular medi-
cine is capable of reading the cell’s capacity of growth and diffusion, and simultane-
ously, its possible response to medical therapy. Therapy is also research. In addition to
personalized and less toxic therapy, innovative therapies have also been introduced
because the transfer of research data to the clinic is more rapid.  Therefore, this is the
era of more scientific and certainly more efficacious medicine, but it inevitably runs the
risk of losing its humanity. This is why the journey from the laboratory to the bedside
of the patient should also be taken in the opposite direction. The researcher has learned,
or will learn, to go into the ward and look into the eyes of the patients because the more
you go toward technical and technological medicine, the more you need to nourish
empathetic medicine, that of dialog, communication, and attention to the psychological
and subjective aspect of the disease. For the doctor, a patient is a body to heal; for the
researcher, it is a body to study, but the two attitudes have to coexist. Science cannot
cure without research, but medicine cannot neglect its human commitment owing to the
impatience of research and innovation. The fine equilibrium between curing and caring
for the patient becomes the discriminating factor. When the patient is the focal point,
results obtained are, reduction of total mortality from cancer, increase in the rate of
healing, and better quality of life for all oncological patients, thanks to the fight against
physical pain, which is today treated as a symptom, and psychological pain that causes
unnecessary suffering.
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