Current Clinical Pathology
Series Editor: Antonio Giordano

Pei Hui Editor

Gestational
Trophoblastic Disease

Diagnostic and Molecular Genetic Pathology

KT
%« Humana Press



Gestational Trophoblastic Disease



CURRENT CLINICAL PATHOLOGY

ANTONIO GIORDANO, MD, PHD

Series Editor

For further volumes:
http://www.springer.com/series/7632



Pei Hui
Editor

Gestational
Trophoblastic Disease

Diagnostic and Molecular
Genetic Pathology

R

>« Humana Press



Editor

Pei Hui, MD, PhD

Department of Pathology

Yale University School of Medicine
New Haven, CT, USA
pei.hui@yale.edu

ISBN 978-1-61779-393-6 e-ISBN 978-1-61779-394-3
DOI 10.1007/978-1-61779-394-3
Springer New York Dordrecht Heidelberg London

Library of Congress Control Number: 2011941658

© Springer Science+Business Media, LLC 2012

All rights reserved. This work may not be translated or copied in whole or in part without the written
permission of the publisher (Humana Press, c/o Springer Science+Business Media, LLC, 233
Spring Street, New York, NY 10013, USA), except for brief excerpts in connection with reviews or
scholarly analysis. Use in connection with any form of information storage and retrieval, electronic
adaptation, computer software, or by similar or dissimilar methodology now known or hereafter
developed is forbidden.

The use in this publication of trade names, trademarks, service marks, and similar terms, even if
they are not identified as such, is not to be taken as an expression of opinion as to whether or not
they are subject to proprietary rights.

While the advice and information in this book are believed to be true and accurate at the date
of going to press, neither the authors nor the editors nor the publisher can accept any legal
responsibility for any errors or omissions that may be made. The publisher makes no warranty,
express or implied, with respect to the material contained herein.

Printed on acid-free paper

Humana Press is part of Springer Science+Business Media (www.springer.com)



This book is dedicated to:

Professor Bingquan Wu, M.D.
An ultimate career mentor and a caring father-in-law






Foreword

In placental mammals, the trophoblast plays a critical role in the development
of the embryo and fetus, and in normal circumstances is then discarded at the
time of parturition, its functions fulfilled. Originating as the outer layer of the
developing blastocyst, it ultimately differentiates into a diverse array of mor-
phological phenotypes, each with highly specialized and differing functions:
the cytotrophoblast functions as the stem cell component of the villous
trophoblast, the syncytiotrophoblast as the terminally differentiated compo-
nent that is of major importance in maternofetal exchange, and the intermedi-
ate trophoblast with multiple functions depending upon its location in villi, in
the chorion laeve or in the implantation site. Not surprisingly, in diseases of
the trophoblast, the different normal phenotypes are emulated to varying
degrees, and the current classification of gestational trophoblastic disease is
based on this structure.

In this volume, Dr Hui has brought together a comprehensive overview of
gestational trophoblastic disease that includes all the currently recognized
entities: complete and partial hydatidiform moles, placental site tropho-
blastic tumor, epithelioid trophoblastic tumor, gestational choriocarcinoma,
persistent gestational trophoblastic neoplasia, placental site nodule, and
exaggerated placental site reaction. Each entity is reviewed in detail, with
emphasis on genetic background, clinical presentation, pathologic findings
and ancillary studies, differential diagnosis, and clinicopathological correla-
tions. Descriptions of the pathology are supported by numerous excellent
photomicrographs. Recent advances in our understanding of the genetics of
gestational trophoblastic diseases are stressed. Introductory chapters cover
the developmental biology of the placenta and the genetic basis of gesta-
tional trophoblastic disease, and one chapter is devoted to the molecular
diagnosis of gestational trophoblastic disease. This chapter includes a review
of the use of short tandem repeat (STR) genotyping, which is of particular
value in the diagnosis of hydatidiform moles. The final chapter covers clini-
cal aspects of gestational trophoblastic disease, including treatment. The text
throughout is current and thoroughly referenced.

Although written largely by a pathologist, Dr. Hui, with contributions
from two other pathologists (Dr. Natalia Buza from Yale and Dr. Katja Gwin
from the University of Chicago) and a chapter on clinical aspects of gesta-
tional trophoblastic disease by two gynecologists (Dr. Christine Richter
and Dr. Peter Schwartz from Yale), this book will be of interest to anyone

vii



viii

Foreword

involved in the care of patients with gestational trophoblastic disease, including
obstetricians and gynecologists as well as pathologists. It can serve as an
up-to-date primer and reference source on the classification, clinical fea-
tures, genetics and molecular diagnosis of gestational trophoblastic diseases,
and as an aid to the histopathological diagnosis of these entities. Dr Hui is to
be congratulated on making a valuable addition to the literature on these
fascinating but complex entities.

New Haven, CT, USA A Brian West, MD, FRC Path



Preface

Gestational trophoblastic disease (GTD) deserves a special consideration in
medicine. It encompasses a group of human disorders of reproduction resulting
in significant morbidities in women, and is remarkable for its geographical
distributions and varying frequencies in the different age and ethnic groups.
In human pathology, these disorders are unique proliferative conditions with
regard to their clinical setting, genetic compositions, and varying biological
behaviors. Although as one of the earliest recognized human disorders in history,
the biology, pathogenesis, diagnosis, and clinical management of the disease
are still fascinating many of us either as a diagnostician or as a scientific
investigator. My academic interest in GTD incurred at a morning pathology
resident conference with Dr. Kurt Benirschke who was visiting Yale in 1997
as a grand rounds speaker. I was presenting him a placental site trophoblastic
tumor, a uterine specimen processed by myself and diagnosed by my mentor,
Dr. Maria Luisa Carcangiu, a few weeks earlier. Dr. Benirschke challenged
me to prove that the lesion was indeed a clonal neoplastic lesion as opposed
to a reactive process. His challenge eventually led to my first publication of
the X chromosomal requirement by placental site trophoblastic tumor in
2000, and more importantly, opened many fascinating aspects of GTD in my
academic career afterward.

With an intended broad spectrum of audience, the book starts with a gen-
eral review of the medical history, epidemiology, and risk factors for GTD in
Chapter 1. Chapter 2 provides a succinct review of developmental aspects of
placenta with an emphasis on its early formation and molecular genetic regu-
lation of implantation. Our current understanding of the genetic basis of GTD
is given in Chapter 3. The following chapters provide a thorough review of
diagnostic histopathology of the each entity of GTD. Although traditional
histology is the foundation for morphological recognition, ancillary studies
including immunohistochemistry and molecular genotyping have become an
integral part of the routine diagnostic algorithm. Each diagnostic entity is
richly illustrated histologically, often with multiple examples. Chapter 9 is
written to cover the diagnostic entities under the category of persistent tro-
phoblastic neoplasia by the WHO. Invasive mole is primarily discussed here.
Chapter 11 provides a thorough review of the emerging molecular diagnostic
applications in GTD. Finally, a comprehensive discussion of the clinical
presentation and management of GTD is given in Chapter 12.



Preface

I can never express enough gratitude to my career mentors, present and
past, at Peking University, SUNY at Buffalo, MSKCC and Yale. Their wis-
dom and training are the major source of knowledge and professional inspira-
tions. Special thanks are owed to many colleagues who shared their insights
and/or clinical cases in the past. Finally, this book is a product that represents
not only an academic commitment but also the unfettered support and endur-
ing love of my families.

New Haven, CT, USA Pei Hui, MD, PhD
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Gestational Trophoblastic Disease:
General Aspects

Pei Hui

Keywords

Historical review ¢ Epidemiology * Classification

Historical Remarks

As a major defining characteristic of eutherian
mammals, the placenta is a transient organ of
female reproduction that nourishes the developing
fetus through nutrient supply, waste elimination,
and gas exchange. In both Latin and Greek, the
placenta means flat cake, in reference to its flat and
round appearance in human. The placenta arises
from the same fertilized egg that forms the fetus
and is essentially a fetomaternal organ consisting
of two components: the fetal part (chorion frondo-
sum) and the maternal part (decidua basalis). It
has been speculated that ancestral mammals might
have evolved to attain the placenta, along with
newly acquired retrotransposon-derived genes, or
expression of endogenous version of the genes
present in oviparous animals. This occurred some-
time after the divergence of mammals and birds
more than 90—130 million years ago [1].

P. Hui, MD, PhD (2)

Department of Pathology, Yale University School
of Medicine, 310 Cedar Street, 254B New Haven,
CT 06520-8023, USA

e-mail: pei.hui@yale.edu

The major constituents of the placenta are
trophoblasts of various types. Trophoblasts (from
Greek trephein: to nourish, and blastos: budding)
are cells forming the outer layer of a blastocyst,
nourishing the embryo and developing into the
ultimate placenta. Trophoblasts are formed during
the first stage of pregnancy and are the first cells
to differentiate from a fertilized egg. Trophoblasts
play a dominant role in the early blastocyst
implantation, placental formation, placental mat-
uration, and maintenance of pregnancy, immuno-
surveillance, endocrine functions, and possibly
placental delivery. Among various trophoblastic
cell types, cytotrophoblasts likely possess the
stem cell capability and differentiate into other
types of trophoblast. Syncytiotrophoblasts are
terminally matured cells with functions such as
forming the syncytium during early implantation
and hormonal secretions throughout gestation.
Intermediate trophoblasts are functional cells
involved in implantation, placental formation, and
various placental functions.

One of the most common gestational tropho-
blastic diseases (GTDs) is the hydatidiform
mole (HM). It is among the earliest recognized
human diseases (Fig. 1.1). The etymology of
HM is derived from hydatisia (Greek “a drop of
water”), referring to the watery content of the

P. Hui (ed.), Gestational Trophoblastic Disease: Diagnostic and Molecular 1
Genetic Pathology, Current Clinical Pathology, DOI 10.1007/978-1-61779-394-3_1,
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Fig.1.1 Historical timeline: gestational trophoblastic disease (GTD)

cysts, and mole (from Latin mola = millstone/
false conception) [2]. According to James Sands
Elliott’s “Outlines of Greek and Roman Medicine”
[3], Hippocrates (470—410 bc), in the acclaimed
treatise on “Airs, Water, and Places,” described
that drinking impure water will cause dropsy of
the uterus. Aetius of Amida (502-575 ad), a doc-
tor from Mesopotamia (modern day Iraq) who
studied at Alexandria (the most famous medical
school of the age), was the first to use the term
“mola hydatidosa” in his work on Greek and
Christian traditions of medicine [4]. He correctly
described a woman with a molar pregnancy suf-
fering from swollen breasts and suppressed men-
ses. Aetius also developed a theory of molar
pregnancy including “an inflammation or strenu-
ous walking.” The Dutch story of Countess
Margaret of Henneberg giving birth to 365 children
on Good Friday in 1276 at The Hague was con-
sidered as a punishment by God (Fig. 1.2). The
Countess had insulted a poor beggar woman, who
was carrying a twin. She accused the beggar of
being promiscuous, believing that a twin must
have two different fathers. The countess died soon
after the delivery of her 365 “children,” half males
and half females according to the story (Fig. 1.2b)
[5, 6]. It seems little doubt that Countess Margaret
had a complete HM. Although the story was

written more than 600 years ago [5], it has a
striking relatedness to what we know genetically
today about molar gestations. God’s “punish-
ment” on Countess Margaret (i.e., a complete
HM) was a trophoblastic disease as a result of
fertilization of an enucleated ovum by two copies
of sperm (as opposed to two men in the case of
the Countess’s accusation against the poor beggar
woman!).

In 1752, Smellie first related the terms “hydatid”
and “mole” as “bunch of grapes of different sizes”
[7]. Velpeau and Boivin in 1827 [2] recognized
that the “grapes” of a HM were dilated hydropic
chorionic villi. The cellular basis of HM was elu-
cidated by Marchand in 1895 as a proliferation of
syncytial and Langhan’s (cytotrophoblast) cells.
An excessive production of gonadotropic hormone
in urine of patients with HM was identified by
Rossler and Zondek in 1939 [8].

The earliest description of nowadays “gesta-
tional choriocarcinoma” dated back to 1889
when Sanger created the term sarcoma uteri
deciduocellulare to describe a malignant tumor
derived from the decidua of pregnancy [9].
Gottschalk in 1893 coined the term “deciduoma
malignum” or “chorio-deciduo-cellular sarcoma”
and “sarcoma of the chorial villi,” believing that
the tumor arose from the Langhan’s cells
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Fig. 1.2 (a) A French engraving of the Pieter Kaerius
drawing of the legend of Countess Margaret of Henneberg
in the seventeenth century. The Countess was lying on
bed helped by midwives on the right, and her “365” chil-
dren were displayed on table on the far left (Copyright
permission obtained from J R Soc Med). (b) A copy by
E van Offel of the paining of the legend by Michael

(cytotrophoblasts) and the stroma of chorionic
villi [10, 11]. Beach described a choriocarcinoma
in a 25-year-old woman, whom he took care of in
1894, and reported in the Annals of Surgery in
1895. He rightly concluded in his essay that “the
nature of this tumor is very plain: it is a tumor
composed of placental tissue” [10]. In the same
year of 1895, Marchand demonstrated that the
tumor was epithelial in nature arising exclusively
from the syncytiotrophoblasts and cytotropho-

Waginger displayed in the private chapel of the Castle
Thierberg in Kufstein. On the left, Countess Margaret was
insulting the poor beggar woman who was holding her
twin, and on the right, the Countess’s “365” children were
baptized by the Bishop in the presence of noblemen and
church dignitaries (Copyright permission obtained from
J R Soc Med)

blasts, and used the term “chorioepithelioma.” He
also illustrated that these tumors could be sequelae
of pregnancy, abortion, or HM. In 1903, Teacher
confirmed Marchand’s work and disputed
Sanger’s theory of sarcomatous degeneration of
the deciduas [9, 12]. The term “choriocarci-
noma” was finally introduced by Ewing in 1910
[11, 13]. Ewing classified all trophoblastic
lesions under the general term “chorioma” to
include the common entities known today: HM,



invasive mole (chorioadenoma destruens), and
gestational  choriocarcinoma  (chorioepithe-
lioma). He considered the term “syncytial endo-
metritis” as equivalent to Marchand’s atypical
chorioepithelioma, an entity described as an
infiltration of the uterus with syncytial wander-
ing cells that occasionally might simulate a
tumor “syncytioma,” which could represent
placental site trophoblastic tumor (PSTT) as we
know it in modern pathology. A landmark in our
understanding of the pathogenesis of HM at
molecular/genetic level was made by Kajii in
1977 when he and his colleagues identified the
androgenetic nature of complete HM [14]. Mouse
pronuclear transfer experiments by McGrath and
Surani in 1984 recognized different roles of the
maternal and paternal genomes (genomic imprint-
ing) in placental development [15, 16]. Abnormal
genomic imprinting has been hypothesized as the
fundamental basis for the development of GTD,
particularly HM and choriocarcinoma [17-19].
The therapy of GTD carries a remarkably suc-
cessful story in medicine [20, 21]. The once uni-
formly fatal choriocarcinoma could be cured by
high dose of chemotherapeutic agent metho-
trexate in Li and Hertz’s pioneering study in
1956. The success story was hailed as the begin-
ning of a new era of cancer chemotherapy. While
a 47% complete cure rate of choriocarcinoma
was achieved in the early 1960s, Hertz subse-
quently introduced sequential regimes of actino-
mycin D and methotrexate, achieving a 74%
remission rate [22, 23]. By 1965, over 95% cure
rates were recorded for patients with the disease
limited to the chest and pelvis after the sequential
chemotherapy [24, 25]. In 1972, a specific anti-
body to the beta chain of human chorionic gonad-
otropin (hCG) was identified leading to the
clinical radioimmunoassay of hCG with high
sensitivity and specificity [26, 27]. The early
diagnosis by ultrasound and other imaging stud-
ies combined with the highly sensitive hCG mon-
itoring have resulted in a remarkable early
intervention of HMs and choriocarcinoma. Over
many years, significant contributions by
Bagshawe, Acosta-Sison, Berkowitz, Goldstein,
Lewis, Ross, Brewer, Kohorn, Lurain, Fisher,
Seckl, and others were made to the advancement

P. Hui

of clinical diagnosis and therapy of GTD. Hertig,
Sheldon, Gore, Park, Ober, Benirschke, Scully,
Young, Kurman, Fox, Sebire, Genest, Lage,
Wells, Cheung, Shih, and many others contrib-
uted to modern wisdom in the pathology of GTD.
Fukuyama and Fisher conceptually explored
microsatellite markers by polymerase chain reac-
tion in the diagnosis of HMs in the early 1990s
[28, 29], although routine and cost-effective clin-
ical applications of genotyping diagnosis of GTD
did not occur until very recently [30-32].

Definition and Classification
of GTDs

Although GTDs are composed of distinct entities
in pathology, an assignment of all lesions under
one common pathogenesis has been controversial
and open to debate [33]. Gestational trophoblas-
tic neoplasia (GTN) has been proposed to imply
a clonal neoplastic nature of the disease. This is
possibly incorrect as the most common HM has
never been proven clonal, and in fact, some
authors believe that molar pregnancies are degen-
erative processes with edema of the placenta [34].
Endorsed by the WHO, the term “GTD” appears
to be acceptable by all parties [35]. It seems rea-
sonable, however, to argue that GTDs are prolif-
erative disorders of placental trophoblasts of
either hyperplastic or neoplastic nature, a view
put forward by Marchand more than a century
ago [36]. GTDs are lesions of trophoblast with
varying proliferative capacities, ranging from
nonneoplastic HMs (complete HM, partial HM,
and invasive mole) to bona fide neoplastic condi-
tions (gestational choriocarcinoma, placental site
trophoblastic tumor (PSTT), and epithelioid tro-
phoblastic tumor (ETT)) [35, 37, 38]. Each of the
entities has distinctive clinical behavior attribut-
able to the proliferative capacity of its constituent
trophoblast (Table 1.1). In addition, two tumor-like
conditions of trophoblastic nature are also included
in some textbooks, i.e., exaggerated placental site
reaction and placental site nodule or plaque.
Recent investigations into biomarker expres-
sion have delineated cellular differentiation
pathways for various trophoblastic diseases [39].



1 Gestational Trophoblastic Disease: General Aspects

Table 1.1 Classification of Gestational Trophoblastic
Disease

General Category
Hydatidiform Mole

Subtypes

Complete mole

Partial mole

Invasive mole

Gestational choriocarcinoma
PSTT

ETT

Exaggerated placental site
reaction

Trophoblastic Tumor

Tumor-like Condition

Placental site nodule/plaque

Hydatidiform moles are proliferative lesions of
the villous trophoblasts. The most virulent
choriocarcinoma is a fully malignant tumor of
the trophoblasts recapitulating the primitive cells
of the previllous stage of the placenta. The inter-
mediate trophoblast at the implantation site is the
putative cell type that gives rise to PSTT and
exaggerated placental site reaction. On the other
hand, the intermediate trophoblast in the chorion
laeve is considered the cell type found in ETT and
placental site nodule. A small subset of the disease
does not fit into any established category and there-
fore, placed under the category, “trophoblastic
disease, unclassifiable, in some textbooks.”

Epidemiology and Risk Factors

The epidemiology of GTDs is unclear, and the
statistics are at best inaccurate, primarily due to
problems of diagnostic accuracy, inclusion crite-
ria in a study cohort, data collection, and inter-
pretation in the world literature. Nevertheless,
HM is the most prevalent trophoblastic disease,
of which only studies of complete mole have pro-
vided some reliable epidemiological data. Among
plausible etiologies, maternal age, ethnicity, and
genetic basis are the most convincing factors
of HM. While a complete HM is significantly
associated with the development of gestational
choriocarcinoma, the etiology of gestational tro-
phoblastic tumors following a normal gestation
is largely unexplained in the literature.

Incidence

The incidence of GTD is generally recorded in
relation to the total number of pregnancies in a
study cohort, rather than the total population.
Such an approach provides a direct comparison
across a community, although significant limita-
tions exist [40]. It should be kept in mind that
epidemiological studies focusing on complete
HM are likely more accurate than those including
also partial HM, as significant diagnostic prob-
lems exist in the routine evaluation of the latter
[41, 42]. Table 1.2 summarizes the incidence of
GTD based on the world literature. The highest
incidence of HM per 1,000 pregnancies is seen in
South-East Asia with rates ranging from 13.0 in
Indonesia, 8.0 in Taiwan, 5.0 in Philippines and
China, and 3.8 in Japan [40, 43-49]. North
America [50-54], Europe [55-61], and Oceania
[62—66] have the lowest incidence with approxi-
mately 0.5-1.84/1,000 pregnancies. Nigeria and
Uganda are the only African nations that have
documentations in English of the incidence of the
disease, averaged at 5.0/1,000 pregnancies [67—
71]. Data from South America [72-74] are also
limited with reported incidence ranging from
0.23 t0 0.9/1,000 pregnancies. Possibly due to an
improvement of general social economic status
of the population, recent reports showed a signifi-
cant reduction in the incidence of GTD in Korea
[75-77] where the rate has fallen from 4.4/1,000
pregnancies in the 1960s to 2.3/1,000 pregnan-
cies in the 1990s and in Japan where a reduction
in the incidence of HM from 4.9 to 1.9/1,000
pregnancies for GTD was reported [78, 79].
Information from Saudi Arabia and Taiwan
reports a similar trend [80, 81]. However, it is
important to note that one recent thorough analy-
sis in Japan indicates that the true incidence of
molar pregnancy may be much higher (3.8/1,000
pregnancies), primarily due to an underdiagnosis
of partial moles in general [82].

Reported incidence of gestational trophoblas-
tic tumors varies significantly largely due to the
diagnostic definitions and criteria used by pathol-
ogists. Gestational choriocarcinoma was the tra-
ditional bona fide malignant tumor, for which the
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Table 1.2 World-wide incidence of GTD (incidence per 1,000 pregnancies)

Choriocarcinoma

Population Hydatidiform Mole or aggressive GTD References
Indonesia 13 (11.7%) 54 (1.7% [83, 87]
Philippine 5.0 0.7 [40, 132]
Taiwan 8.0* 2.0® [43]
Korea 2.3(1.6°-4.1%) 1.6* [76,77]
Hong Kong 1.8 (4.0 0.7 [133-135]
Singapore 1.2 0.23 [91, 110]
India 2.0° [136]
Mexico 1-6.3 0.11-1.5 [89, 137, 138]
Turkey 10.6° 2.352 [108]
China 0.8-5.0 [45, 46]
Iran 3.2 [139]
Japan 1.9-3.8(3.0%) 0.12 [47-49, 78, 82, 140]
Israel 0.42-1.1# 0.055° [88, 99, 126]
USA 0.5-1.84 (3.9 for native 0.025-0.05 [40, 50-54, 86, 97,

Alaskans and 1.2° for Hawaii) 104-106, 111]
Europe 0.6-1.0 (1.54%) 0.02-0.05 [55-61,97, 141, 142]
New Zealand 0.68 [62]
Australia 0.9-1.4 (0.7%) 0.07 [63, 65, 66]
Samoa 0.9 [64]
South America 0.23-0.9 (0.26") [72-74]
(Paraguay and Brazil)
Africa (Nagiria and Uganda) 2.6-8.2 1.2-1.9(1.5%) [67-71, 143]

2Per 1,000 live birth or deliveries
®Complete mole only

early epidemiology data were available. However,
recent changes from the diagnosis of choriocarci-
noma by pathology to the use of clinical param-
eters including radiological and biochemical
diagnostic methods have blurred the boundaries
between choriocarcinoma and invasive or persis-
tent hydatidiform mole. Because of such a shift of
clinical practice, the term “GTN” has been used
recently to include all clinically aggressive lesions
including gestational choriocarcinoma, persistent
mole, invasive mole, and metastatic mole. Rare
tumors of intermediate trophoblast such as PSTT
and ETT are also included in the GTN category
by the WHO. Since HMs, particularly complete
moles, are strongly associated with the develop-
ment of choriocarcinoma, the incidence of GTN
generally reflects the geographical distributions
of molar pregnancies (Table 1.2) with the highest
rate in Indonesia, occurring in 5.4/1,000 preg-
nancies [83], lower in other parts of Asia [47, 84,

85] and the lowest in North America, Europe,
and Oceania with figures between 0.02 and
0.07/1,000 pregnancies [60, 65, 86]. Concurrent
with HMs, the incidence of GTN also dropped in
Korea [76] from 4.4/1,000 births in the 1960s to
1.6/1,000 births in the 1990s. It was found in
Indonesia that 76.4% of malignant trophoblastic
diseases originated from HMs, 12.4% from abor-
tions, 9.5% from normal deliveries, and 1.2%
from ectopic pregnancies [87]. Reports from
Japan [78] also showed a reduction in the inci-
dence of choriocarcinoma from 1.6 to
0.3/1,000,000 of population, and the most com-
mon antecedent gestational event was a term
pregnancy. In Israel, however, the incidence of
gestational choriocarcinoma decreased signifi-
cantly during 1960—-1965 to one-third of the inci-
dence during 1950-1954 [88]. Paradoxically, the
incidence of HM continued to increase over the
same period [89].
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Risk Factors

Maternal Age

Maternal age is perhaps the most important risk
factor for the development of HM and choriocar-
cinoma. Numerous studies have indicated that
women over the age of 35 years and teenagers
have a significantly increased risk of HM [50, 60,
73, 90-93] with a 1.5-2-fold increase in women
under the age of 20 years [94], 2.5-fold increase
in women over the age of 35 years [50, 95], and
fivefold or more in women aged over 40 years
[56, 86,92, 95]. Such age-related risk is observed
in different races and in different countries
throughout the world. Interestingly, more than
100 cases of HM were reported in patients over
50 years of age [96, 97]. The oldest reported
woman developed a complete mole at the age of
61 years [98].

Previous Pregnancies
Molar pregnancies are usually not recurrent.
However, a previous HM is associated with an
increased risk of having another [86, 89, 99, 100].
The estimated relative risks are 5—40 times that of
the general population [99, 101]. The risk is even
greater if a woman has had more than one. In a
study from the United Kingdom, it was reported
that 1 in 76 pregnancies after a mole would result
in another mole but in women who had already
had two consecutive molar pregnancies the risk
increased to 1 in 6.5 pregnancies [56]. The risk
appears to be diminished, however, if there are one
or more normal pregnancies following a prior HM.
A previous complete HM also predisposes the
patient to the development of GTN with the risk
estimated to be 1,000 times higher than that after
a term pregnancy [102].

Ethnicity

There is little doubt that the geographical distri-
bution of HM reflexes the distribution of different
ethnic groups rather than environmental or
climatic factors. A study from Malaysia [103]
reported an incidence for Malays, Chinese, and
Indians at 2.43, 2.66, and 3.29/1,000 pregnan-
cies, respectively. Hawaiian studies [104, 105]

reported that the incidences of HM were highest
in Japanese and Filipinos, low in Chinese, and
lowest in whites and native Hawaiians. Another
study in Hawaii found that Orientals had a higher
incidence than Europeans of the same socioeco-
nomic class and native Hawaiians of a lower sta-
tus [106]. Yet another study in early 1980s found
that Hawaiians of Filipino origin had five times
higher risk of complete mole than Caucasians
[107]. An earlier report from Singapore showed
no real difference in the incidence in these groups,
although the trend was found to be highest in
Indians and lowest in Malays [91]. Studies from
the United States across the racial groups have
not produced consistent results [106]. Various
studies have shown that black women have a
higher, lower, or similar incidence to that of white
women [50, 104, 108]. A study of Alaskan natives
has, however, shown that their incidence rate is
3—4 times higher than that of the white popula-
tion [86]. The clear ethnic differences in the inci-
dence of molar pregnancy suggest a genetic basis
either for a high incidence of abnormal fertiliza-
tion or an increased capacity to permit implanta-
tion of a genetically abnormal pregnancy [109].

Because of the strong association of chorio-
carcinoma with a prior complete mole, it is not a
surprise that the disease incidence is higher in
those populations with a high incidence of HM.
In a study from Singapore [110], the incidence of
choriocarcinoma was highest in Malays at
1.0/1,000 pregnancies, intermediate in Chinese at
0.63/1,000 pregnancies, and lowest in Indians at
0.13/1,000 pregnancies. Interestingly, this does
not quite mirror the rate of HM in these groups,
where it is highest in Indians, intermediate in
Chinese, and lowest in Malays [110], suggesting
that some other factor(s) are involved in initiating
the malignant transformation.

Genetics

Increased risk of GTD in patients with prior HM
suggests that genetic factors may play a role in the
development of the disease. The high frequency of
HM per delivery in the native Alaskan was suspected
due to genetic factors [111]. The existence of
recurrent and familial biparental complete moles
further attests to a genetic role. Recent findings of



various mutations involving NALP7 on chromo-
some 19q13.4 are likely the fundamental molecu-
lar events leading to the development of familial
biparental moles, likely through an alteration of
genomic imprinting, see Chap. 3 for details [112].

Diet or Socioeconomic Factors

The data on dietary and socioeconomic factors as
risk factors for GTD have been conflicting. The
original suggestion was that a deficiency of first
class protein predisposed patients to the develop-
ment of GTD [44]. A joint project for the study of
choriocarcinoma and HM in Asia in 1959 also
suggested that socioeconomic factors played an
important role in the development of HMs [113].
This idea was postulated at a time when the gen-
eral nutrition in South-East Asian countries was poor.
Studies of patients with HMs found that serum
creatinine and urea were comparably higher than
those in normal individuals [114] although, at
the same time, total protein and serum albumin
concentrations were significantly decreased. It
was suggested that these findings were indicative
of catabolism due to dietary inadequacies.
Berkowitz and others implied that vitamin A defi-
ciency might be related to molar pregnancy [115,
116]. However, an association of dietary factors
with molar gestation was not found in Hawaii and
the United States by other studies [86, 106]. The
high frequency of HM per delivery in the native
Alaskan was found not associated with protein
deficiency as an etiologic factor, instead genetic
contribution may be involved [111]. In another
study from Mexico [89], food histories of women
with HM and a control group of pregnant women
were taken and no difference was detected in the
intake of proteins, carbohydrates, and fats. African
Americans had a similar incidence as whites
[117]. However, recent reports from Korea, Japan,
and Taiwan showed a significant reduction in the
incidence of GTD [75-78, 80], arguing for a
causal relationship linked to an improvement of
socioeconomic status of the populations.

Factors not Found Etiologically
Associated with GTD

Although some earlier data suggested an associa-
tion between oral contraceptive intake and the
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development of HM [118], studies looking at the
association with past use of an intrauterine device
have produced conflicting results [104, 115, 119].
Similarly, despite earlier reports suggesting an
association between oral contraceptive intake
after a molar gestation and an increased incidence
of post molar choriocarcinoma [120, 121], the
findings could not be reproduced in subsequent
studies [122, 123]. Extensive follow-up studies
also failed to confirm an association between the
use of postmolar oral contraception and the devel-
opment of GTN [124].

Gravidity, parity, smoking, exposure to herbi-
cides, paternal age, viral infection, and blood
types are not significantly associated with the
development of HM [86, 125-127].

Overview of Diagnosis

The introduction of diagnostic ultrasound follow-
ing the development of gray scale and Doppler
made initial significant inroads in the early detec-
tion and diagnosis of GTD. As such equipments
became simpler and cheaper, their availability
has become more widespread in the world. In
developed countries, any patient presenting during
early pregnancy with abnormal bleeding or severe
vomiting will be recommended to have ultra-
sound examination specifically to exclude GTD.
Ultrasound findings of mixed echogenic patterns
in combination with elevated serum hCG above
that expected for gestational age are highly sug-
gestive of molar pregnancy. Moreover, GTD is
often diagnosed much earlier in pregnancy than
was previously possible. In current practice GTD
patients presenting with a large uterus and com-
pound theca luteum cysts in the ovaries are very
rare in developed countries. The earlier evacua-
tion of abnormal pregnancies now presents diag-
nostic challenges for pathologists due to the less
developed morphological features that frequently
overlap with those of more common non-molar
gestations.

The development of assays for urinary and
then subsequent serum pregnancy associated
hormones has significantly changed the diagnosis
and management of GTD. Assays for luteinizing
hormone (because of its cross-reactivity with the
hCG molecule) were followed by the development
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of specific assays for the BhCG molecule. These
tests have become increasingly simpler and easier
to perform and resulted in a major improvement
in the accuracy of diagnosis and follow-up of
patients with GTD. This is particularly significant
in the detection of neoplastic transformation into
choriocarcinoma following evacuation of HM,
leading to much earlier introduction of chemo-
therapy prior to the development of metastases.

Histopathological examination of gestational
tissue samples remains a fundamental diagnostic
procedure. Immunohistochemistry for p57 and
DNA ploidy analysis are useful ancillary tests to
help resolve some difficult cases. However, there
are important confounding issues in the current
diagnostic pathology, particularly when dealing
with partial HMs. An estimated 50% of true partial
moles cannot be accurately diagnosed by routine
histology [41], and significant inter- and intra-
observer variability exists among even expert
pathologists [128]. Overdiagnosis of partial molar
pregnancy occurs not infrequently due to interpre-
tation errors of ploidy data and the presence of
non-molar triploidy, and undoubtedly leads to
going through unnecessary and costly HM surveil-
lance program and long-term contraception of the
patient. Misinterpretation of an early complete
mole as hydropic abortus or partial mole should
not be made as it carries a similar prognosis as a
well-developed one in the development of persis-
tent trophoblastic neoplasia. Applications of more
accurate diagnostic methods, such as DNA geno-
typing, should be advocated.

Overview of Clinical Management

Advances in gynecological care in the last five
decades have reduced the incidence of GTD. The
introduction of termination of pregnancy and the
commencement in the 1960s and 1970s of its
widespread availability, along with analytical
improvements and safety of the technique,
resulted in reducing a large number of concep-
tions of high-risk age groups for the development
of GTD, particularly among the teenage patients
[109]. Similarly, the development and availabil-
ity of reliable oral contraception in the past three
decades have enabled women to avoid conception,
especially at the extremes of reproductive age,

further reducing their chances of developing
GTD. Improved contraception with intrauterine
contraceptive devices has also had a similar
effect, and this combined with the availability of
termination of pregnancy would explain the fall-
ing birth rate in those countries where a signifi-
cant reduction in the incidence of GTD has been
reported. The development and improvement of
suction curettage equipment and techniques for
the termination of pregnancy have also simplified
the management of HM. Trophoblastic embolism
associated with syntocinon (oxytocin) infusion or
hysterectomy is rarely observed in patients where
evacuation is performed by suction curettage.

One of the most significant changes in the man-
agement of GTD in the last four decades has been
the introduction of clinical surveillance program
for patients with GTD using assays for hCG. As an
integral component in the molar surveillance pro-
gram, serial serum hCG determinations are
performed after uterine curettage evacuation of the
molar tissue. The hCG monitoring starts 2 days
after the evacuation, followed by once every
1-2 weeks when above normal, and then once every
1-2 months after normalization for the following
6—12 months. During the hCG monitoring, effec-
tive contraception should be in place to avoid mis-
diagnosis of persistent GTD as normal pregnancy
[42, 129]. Aggressive GTDs (invasive mole and
choriocarcinoma) are generally classified into
low- and high-risk groups based on clinical, patho-
logical, and imaging studies (CT, spiral tomogra-
phy, and MRI) and serum hCG levels. Currently,
the International Federation of Gynecology and
Obstetrics (FIGO) Risk Scoring System [130, 131]
is the standard classification used in clinics to
stratify patients with aggressive GTD into low-
and high-risk categories for management. In con-
trast to gestational choriocarcinoma, PSTT and
ETT are chemoresistant. Recently combined che-
motherapeutic regimen has resulted in some sig-
nificant response in treating these rare trophoblastic
tumors.

Perspectives

The availability of diagnostic ultrasound and
highly sensitive serum hCG measurement has led
to the early diagnosis and management of HMs
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and thus has caused a reduction in the incidence
of malignant trophoblastic transformation, that
is, gestational choriocarcinoma. Development of
suction curettage for the termination of preg-
nancy has enabled easier and safer molar evacua-
tion. Improved contraceptive techniques have
further reduced the incidence of molar pregnancy
at the extremes of childbearing ages. As a result,
the birth rate in many countries has fallen concur-
rent with a decline in the incidence of GTD.
Improved medical imaging and biochemical test-
ing have enabled the development of organized
follow-up of patients with earlier intervention
and improved clinical outcomes. However, there
are important medical issues with regard to the
accuracy of the diagnosis. Histological diagnosis
of HM, particularly partial mole, is far from being
accurate, compounded by a high percentage of
so-called genetic partial moles that are clinically
unrecognized as missed abortion. On the con-
trary, significant percentages of gestations are
over-diagnosed as partial HMs. Moreover,
because of such diagnostic inaccuracy, the epide-
miology of GTD cannot be accurately assessed
with currently available data. The most recent
development of cost-effective DNA genotyping
has drawn greater attention as a highly practical
and accurate method of diagnosis, particularly
for subtyping of HMs that will likely overcome
many of the current diagnostic problems.
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Introduction

The placenta is a transient organ consisting of cell
types that are unique to eutherian mammals. It is
fetal in origin and shares just half of the genome
with that of the maternal uterus. Although existing
for only 9 months, there are constant morphologi-
cal and biological fluctuations within the placenta
proper and at the interface between the placenta
and the maternal endomyometrium. It is at the lat-
ter interface that unique fetomaternal tissue remod-
eling, hormonal regulation, and immunological
interactions are regulated in such a delicate bal-
ance, so that appropriate maternal support can be
delivered to the embryo and the mother does not
elicit an immunologic rejection response to the
growing gestational structures. Proliferative disor-
ders including tumors arising from the placenta
have distinct genetic, biological, and immunologi-
cal properties that are drastically different from
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those of the maternal neoplasms. Recent findings
of genomic imprinting including imprinted X
chromosome inactivation in the placenta and its
implication in the pathogenesis of gestational tro-
phoblastic diseases raise some fundamental ques-
tions in mammalian biology and oncology.

Placenta Formation

Upon fertilization, the ovum rapidly grows within
the fallopian tube into a 16-cell morula and then
a 32-cell blastocyst, reaching the endometrial
cavity by day 3 after fertilization. The blastocyst
is covered by the zona pellucida that acts as a
protective chaperone during the transportation
from the fallopian tube to the uterine cavity. The
blastocyst then loses its covering zona pellucida
and implants into the receptive gestational endo-
metrium by day 7 [1]. During the implantation,
the outer cell layer of the blastocyst differenti-
ates into the trophoblastic shell, and the inner
cell mass ultimately develops into the embryo
(Fig. 2.1) [2, 3]. The trophoblastic shell grows
circumferentially, and peripheral trophoblasts
invade the stroma of endometrium at the implan-
tation site. Then, the trophoblasts closer to the
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Fig.2.1 Schematic presentation of the early phases of embryogenesis and implantation

endometrium proliferate and differentiate into
two layers: the inner cytotrophoblastic layer and
the outer overlying syncytiotrophoblastic layer.
Cytotrophoblast likely possesses the stem cell
properties in the placenta and is mitotically active.
Syncytiotrophoblast is multinucleated cell form-
ing a continuous syncytium that wraps the
entire surface of the growing placenta. It forms
as aresult of fusion of the differentiated cytotro-
phoblast, a process that continues throughout
placental development. The syncytiotrophoblas-
tic syncytium thereby contributes to the barrier
function of the placenta.

By day 13, lacunae form within the previllous
trophoblast (Fig. 2.2). Trophoblastic columns are
formed with blood-filled spaces in between and
covered by a syncytiotrophoblastic outer layer
and an immature cytotrophoblastic inner layer.
Thereafter, extraembryonic mesenchyme invades
trophoblastic columns leading to the appearance

of primary chorionic villi along with the forma-
tion of fetal vascular channels (Fig. 2.3), which
eventually connect with each other and with
channels of the body stalk/allantois to establish
fetoplacental circulation. Early formed chorionic
villi appear primitive with smaller sizes, cellular
myxoid stroma, and marked proliferative activi-
ties (Fig. 2.4). Solid trophoblastic columns
remain at the periphery of the stem villi anchor-
ing them to the basal plate (Fig. 2.5) to eventually
form a complete shell that continues to grow and
expand. At the implantation site of the develop-
ing placenta, a dense stratum of fibroid material
forms as “Nitabuch’s fibrin” to separate the
gestational sac from the underlying decidua
(Fig. 2.6a and b). Through the Nitabuch’s fibrin,
the so-called intermediate trophoblast invades
into the underlying endometrium and its vascula-
tures (Fig. 2.6¢). Their invasion of the endome-
trial spiral arteries leads to the release of maternal
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endometrial epithelium

Fig. 2.3 Early villous stage of placental development. Fig.2.4 Primitive chorionic villi. There is a presence of

Implantation and placental formation with extraembry-  bilayer of trophoblastic cells covering the surface of villi:

onic mesenchymal invasion into trophoblastic columns, cytotrophoblast as an inner layer and syncytiotrophoblast

forming primitive chorionic villi as an outer layer. The villous stroma of these early formed
villi demonstrates cellular and myxoid appearance with
primitive stromal cells
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Fig.2.5 Trophoblastic column at the tips of anchoring chorionic villi

blood into the previllous trophoblastic lacunae to
form the precursor of intervillous spaces.
However, the ultimate fetal-maternal circulation
is not established until the 12th week of gesta-
tion. As the chorion protrudes into the endome-
trial cavity, the villi toward the uterine surface
undergo regression to form chorionic laeve or
fetal membranes with eventual obliteration of the
uterine cavity. Meanwhile, the villi on the embry-
onic site continue to proliferate and mature with
additional septa formation and structural modifi-
cation to form the ultimate placenta.

In human, the term placenta has a disc shape
with an average diameter of 22 cm and a thick-
ness of 2-2.5 cm at the center. At this point, the
placenta typically weighs approximately 550 g
and has a dark reddish-blue color. It is linked to
the fetus by an umbilical cord of approximately
55-60 cm in length and containing two arteries
and one vein. The umbilical cord inserts into the
chorionic plate generally in an eccentric fashion.
Vessels branch out over the surface of the placenta
and divide further to form a network visible on
the chorionic plate. On the maternal side, the
chorionic villous structures are partitioned into
15 to 20 lobulated cotyledons, which are in direct
contact with the maternal decidua.

Stages of Implantation

Predecidualization and Decidualization
of the Endometrium

The hormonally regulated cyclic changes of the
endometrium are divided into proliferative, secre-
tory, and menstrual phases. The proliferative
phase involves both endometrial glands and
stroma, corresponding to the level of estrogen
production by the growing follicle in the ovary.
The transition between the proliferative to the
secretory phase marks the ovulation of the ovary
occurring at day 14 of a 28-day menstrual cycle.
During the secretory phase, the endometrium
increases in its glandular complexity, secretion,
vascularization, and stromal edema, reaching its
peak at day 23. Endometrial predecidualization
occurs around day 25 marked by stromal cell
changes including increased cell size, cytoplas-
mic eosinophilia, rounding of the nuclei, and
overall confluent epithelioid appearance. During
the so-called implantation window, the endome-
trial epithelial cells are characterized by the pres-
ence of apical cytoplasmic projections.

The blastocyst spends approximately 3 days in
the uterine cavity before its implantation into the
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receptive endometrium. In addition to iron and
vitamins, the endometrium secretes several ste-
roid-dependent proteins [4, 5] and cholesterol [6]
that are important for blastocyst growth and
implantation. Implantation is further facilitated
by synthesis of matrix substances [7, 8], adhesion
molecules [9-11], and surface receptors for the
matrix substances. Decidua capsularis grows over
the blastocyst, enclosing it within the endome-
trium. After implantation, the decidua and endo-
metrial glandular secretions remain during the
first trimester, but their function as a surrounding
tissue is replaced by the developing placenta.
Some glands remain hypersecretory and manifest
as Arias-Stella phenomenon under the micro-
scope throughout the pregnancy [12, 13].

Phases of Implantation

Implantation is initiated when the blastocyst
comes to contact with the uterine endometrial
cavity and follows a highly orchestrated process
involving extensive cell—cell interactions between
blastocyst and endometrium. Highly coordinated
expression and secretion of growth factors, cytok-
ines, and adhesion molecules at both local and
systemic levels are essential for implantation
[14-19]. Three stages of implantation have been
proposed [3, 20, 21].

Stage 1: Apposition

The human placenta begins to develop once the
blastocyst establishes contact (apposition) with
the receptive endometrial mucosa [21]. Around
day 5 after fertilization, the blastocyst escapes or
hatches from its outer zona pellucida. Protein
enzymes (hatching enzymes) in the fluid of the
endometrial cavity are responsible for the disso-
Iution of the zona pellucida. The hatching
enzymes of vertebrates have been identified in a
variety of organisms ranging from fish to birds to
mammals [19, 22-24]. It is generally believed
that serine proteases/metalloproteases are respon-
sible for the process of hatching [25, 26]. It has
been shown that in bovine embryos, one impor-
tant enzyme is plasmin, which is the product of
blastocyst factor-mediated conversion of its pre-
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cursor, plasminogen [23, 27]. Two serine protease
(ISP1 and 2) genes that are expressed during the
implantation period are involved in the dissolu-
tion of the zona pellucida. The ISP1 gene encodes
the embryo-derived enzyme strypsin, which is
necessary for blastocyst hatching in vitro and ini-
tiation of invasion. ISP2 is a related tryptase but
is expressed in endometrial glands during the
peri-implantation period [25, 26]. Two hatching
enzyme genes identified in Oryzias latipes, HCE
and LCE, were found to be able to cleave the
homologous glycoproteins present in the zona
pellucida [22]. Without zona pellucida, the
blastocyst physically contacts the underlying
decidua of the endometrium. Although the con-
tact may occur at any region of the exposed blas-
tocyst, the inner cell mass appears to guide itself
during the implantation window, to the apposi-
tion site for ultimate attachment through the pref-
erential expression of EGF receptor of the inner
cell mass and the trophoblast only at the embry-
onic pole of blastocyst [21, 28, 29].

Stage 2: Attachment/Adhesion

Implantation occurs by the attachment of
cytoplasmic membrane of the blastocyst trophec-
toderm to the apical surface of endometrial
epithelial cells. Preimplantation embryos prepare
the endometrium for reception by secreting cho-
rionic gonadotropin (CG). CG modulates the
endometrial environment and stimulates various
trophoblastic activities [30, 31]. Apical adhesive-
ness between endometrial epithelium and
microvilli on the surface of the outermost tropho-
blasts apparently exists for only a short, specific
period. Such a receptive state exits within a nar-
row window or “window of implantation” for
less than 3 days in human, after which the endo-
metrium becomes resistant to implantation
[32, 33]. A cross communication via various gly-
coproteins/adhesion molecules between the
implantation-competent blastocyst and the uter-
ine luminal epithelial/stromal cells are all essen-
tial to the process of implantation [18, 34]. This
cross communication involves numerous signal-
ing pathways, such as integrin, trophinin—tastin,
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progranulin, ezrin/radixin/moesin (ERM) pro-
teins, and ERM-associated cytoskeletal cross-
linker proteins CD43, CD44, ICAM-1, and
ICAM-2, interferon gamma-induced protein
10 kDa, PECAM-1 (CD31), and Fas ligand [9,
18, 35-39]. The blastocyst instructs the endome-
trium to adapt further to its presence, through
likely changes in the cytoskeleton of decidual
cells [36, 40]. This, in turn, leads to dissolution of
decidual cells from their connection to the under-
lying basal lamina, which enables the blastocyst
to perform the subsequent invasion. This commu-
nication is accomplished by receptor—ligand
interactions. Both the integrin—matrix [39] and
the ligand-receptor system involved in adhesion
are mediated by proteoglycan receptors found on
the surface of the decidua [41, 42]. Their corre-
sponding ligands, the proteoglycans, are found
around the trophoblastic cells of blastocyst. Both
are expressed only during the implantation win-
dow. Trophoblasts were also found to express inte-
grins, L-selection, and other cell surface proteins
[43-45]. Genes that regulate immune response
may also play a significant role through upregulat-
ing decay accelerating factor (DAF), IL-15, inter-
feron regulatory factor-1, and others [46].

Stage 3:Invasion
Trophoblasts at the implantation site invade the
decidualized endometrium [47]. Invasion contin-
ues with syncytiotrophoblast reaching the basal
membrane beneath the surface endometrial epi-
thelium, penetrating it and further invading into
the uterine stroma. Finally, the whole embryo is
embedded in the endometrium. Eventually, the
syncytiotrophoblasts come into contact with
maternal blood and initiate the formation of the
placenta marked by the appearance of chorionic
villi. It is possible that oxygen tension dictates the
direction of invasion, thereby regulating placental
growth and cellular architecture [48]. An oxygen
tension is present in the placental bed with
increase in O, tension toward the maternal side
[49]. The role of O, tension has been implied to
negatively regulate PIGF gene expression [50].
In addition to maternal systemic hormonal fac-
tors that stimulate trophoblastic invasion [31],
local tissue remodeling molecules produced by
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the trophoblasts degrade the extracellular matrix
of the endometrium and thereby facilitate invasion.
These remodeling molecules are serine endopep-
tidases and metalloproteinases, including colla-
genases, gelatinases, and stromelysins [51-54].
Cell adhesion molecules are degraded by syncy-
tiotrophoblast secretion of TNF-alpha, leading to
an inhibition of expression of cadherins and beta-
catenin. Cadherins are cell adhesion molecules
and beta-catenin helps to anchor them to the cell
membrane. Inhibited expression of these mole-
cules thus loosens the connection between decid-
ual cells, permitting the syncytiotrophoblasts and
the whole embryo to invade into the endometrium.
It is important that there is a simultaneous synthe-
sis of matrix metalloproteinases (MMPs) and
their specific tissue inhibitors (TIMPs) in both
human trophoblast and decidual membranes. This
suggests that their balanced expression is crucial
for rapid matrix remodeling and controlled blas-
tocyst invasion during early pregnancy [54-56].
IGFBP-1 and IFG-II promote migration of the
trophoblasts through paracrine and/or autocrine
fashion, likely by the activation of MAPK [57-
59]. Coordinated expression of certain cellular
receptors for various growth factors of endome-
trium and their binding proteins in trophoblasts
play an important role in guiding appropriate
invasion and/or confinement of the invasion. Mel-
CAM, an adhesion molecule produced by implan-
tation site intermediate trophoblasts, interacts
with its ligand on the myometrial smooth muscle.
This appears to control the extent of trophoblast
invasion [60]. TGF-beta has been shown to nega-
tively regulate the invasion [61]. MTOR mediates
human trophoblast invasion through the regula-
tion of matrix-remodeling enzymes and is associ-
ated with serine phosphorylation of STAT3 [62].
Syncytiotrophoblasts do not express any HLA
suggesting their ability to escape from the maternal
immune surveillance. Differentiated intermediate
trophoblasts express HLA-G, a trophoblast-specific
HLA class I molecule that is likely important in
avoiding rejection of the conceptus by the mater-
nal immune system [63-65]. Cytotrophoblasts
produce the immunoinhibitory cytokine, IL-10.
In normal pregnancy, invading intermediate tro-
phoblasts differentiate to mimic the cell surface
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properties of vascular cells, a process called pseu-
dovasculogenesis. This process involves various
adhesion molecules. Intermediate trophoblasts
also produce many chemokines or regulatory pro-
teins. Gene expression profiling revealed upregu-
lation and downregulation of various cytokines,
chemokines, and angiogenic factors of endome-
trial stromal cells in response to secretions of tro-
phoblasts [66]. Downregulation of E-cadherin is
important for the migration of intermediate tropho-
blasts at the placentomaternal interface [67—69].
VE-cadherin, a major endothelial-specific mole-
cule, is upregulated in intermediate trophoblasts
that invade the distal columns of anchoring villi
[70]. Integrin 33, an angiogenesis-related endothe-
lial adhesion molecule, is upregulated by the inva-
sive and endovascular intermediate trophoblasts
[71-73]. Modulation of NK cells and other
immune cells may play also important roles in the
fetoplacental tolerance and implantation [74-76].

Placental Trophoblastic Cells

Trophoblasts are functional cells of the placenta
and play an important role in embryonic implan-
tation and placenta—maternal interactions during
pregnancy. Once the primitive chorionic villi are
formed and throughout the pregnancy, distinct
subtypes of the trophoblast can be recognized
(Fig. 2.7). Chorionic villi are composed of mes-
enchymal and trophoblastic components. The
mesenchyme of chorionic villi contains stromal
cells and blood vessels that are directly connected
to the fetal circulation via the umbilical cord. The
surface of chorionic villi is covered by two layers
of trophoblast: an inner mononuclear cytotropho-
blast and an outer multinucleated syncytiotropho-
blast. In addition, cytotrophoblast at the apices of
anchoring villi can differentiate into another type
of trophoblast called the extravillous intermediate
trophoblast. Extravillous trophoblast grows out
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Fig.2.7 Classification of various extraembryonic trophoblastic cells in relation to their anatomic locations
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Fig.2.8 Immunohistochemical profiles of villous tropho-
blasts. (a) H&E. stain of chorionic villi attaching to the
maternal decidua. (b) Strong cytokeratin (AE1/3) expres-
sion in villous trophoblasts (cytotrophoblast and syncy-
tiotrophoblast), villous intermediate trophoblast, and

from the anchoring villi and invades into the
decidualized endometrium (Fig. 2.6¢c, b). This
process is crucial for physically attaching the pla-
centa to the and maternal vascular remodeling to
provide an adequate blood supply to the rapidly
growing fetus. The implantation trophoblasts may
even replace the endothelial cells of maternal ves-
sels into wide open structures that are indepen-
dent of maternal vasoconstriction. As a result, the
fetus receives a steady supply of blood.
Morphological features of various tropho-
blasts have been well characterized [77, 78].
Cytotrophoblastic cells are a primitive cell type
and likely have a stem cell profile in the placenta.
They differentiate into functional syncytiotro-
phoblasts and intermediate trophoblasts [77].

implantation intermediate trophoblast. (¢) HCG expression
is only present in the syncytiotrophoblast. (d) CD31
immunohistochemical stain demonstrates capillary vascu-
latures with the chorionic villous stroma

Cytotrophoblasts are present at the inner layer of
the chorionic villous epithelium, interior to the
syncytiotrophoblasts (Fig. 2.8a). They are mitoti-
cally active, medium-sized cells in polygonal to
oval shapes. However, they are not hormonally
functional. Syncytiotrophoblasts are fully matured
cells that are in direct contact with the maternal
circulation and produce most of the placental
hormones. They can be found to produce hCG
and hPL as early as 12 days of gestation
(Fig. 2.8c). Syncytiotrophoblasts are multinuclear
with a large amount of cytoplasm and are located
external to the cytotrophoblasts on the surface of
the chorionic villi (Fig. 2.8a). They do not have
detectable proliferative activity or mitoses and
are formed likely by fusion of differentiated
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Fig.2.9 Villous intermediate trophoblast at the tip of an anchoring villus

trophoblasts mediated by the function of syncy-
tin, a captive retroviral envelope protein involved
in cell fusion [79]. Intermediate trophoblasts are
of various subtypes and have been traditionally
referred to as extravillous trophoblast, X-cells, or
interstitial cytotrophoblasts. These are generally
large mononuclear cells with abundant cytoplasm
and may exsit as individual cells or in sheets.
Three types of intermediate trophoblasts have
been proposed [78, 80, 81]: villous intermediate
trophoblast, implantation site intermediate tro-
phoblast, and chorionic laeve intermediate tro-
phoblast (Fig. 2.7).

Arising from cytotrophoblasts at the anchor-
ing villi and forming the trophoblastic columns,
villous intermediate trophoblastic cells are mono-
nuclear and larger than cytotrophoblasts. They
are relatively uniform with a distinct cell border
and abundant eosinophilic to clear cytoplasm
(Fig. 2.9). From the base of the trophoblastic col-
umn, a subset of intermediate trophoblasts
(implantation site intermediate trophoblasts)
infiltrate into the placental bed and interact with
the maternal endometrium with the main func-
tion of establishing fetal-maternal circulation

(Fig. 2.6). Present as individual cells or in sheets
at the implantation site, implantation site inter-
mediate trophoblasts are large cells ranging from
15 to 30 pum with pleomorphic and hyperchro-
matic nuclei, convoluted nuclear membranes, and
pseudonuclear inclusions [82]. They are gener-
ally polygonal, but spindle forms can be found
infiltrating the myometrium (Fig. 2.10). While
most are mononucleate [82], multinucleation of
the cells is common (Fig. 2.10). The growth
pattern of implantation site intermediate tropho-
blast is infiltrative. One characteristic feature of
these cells is the replacement of smooth muscle
component of the maternal vasculature while
keeping the overall vascular structure open for
blood circulation (Fig. 2.11). Occasionally, the
endothelial cells may be replaced as well.
Chorionic laeve intermediate trophoblasts are
found within the chorion membrane (chorion
frondosum). They are uniformly medium-sized
cells with eosinophilic or clear cytoplasm, form-
ing a monolayer in the chorion laeve (Fig. 2.12).
Table 2.1 summarizes common immunohisto-
chemical marker expression in various placental
trophoblasts [60, 69, 78, 80, 83-85].
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Fig.2.10 Implantation site intermediate trophoblast involving myometrium

Fig.2.11 Implantation site intermediate trophoblast replacing structures of maternal vasculature
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Genomic Imprinting
and Placental Development

During evolution, the acquisition of the placenta
in oviparous animals led to the first time that the
fetal tissue came in direct contact with maternal
endomyometrial structures. Not only did such
contact create a safer, nourishing “house” — the
placenta — for the development of the offspring,
but it also brought in a spectrum of complex bio-
logical interactions between the fetus and the
mother. In biology and genetics, the placental tis-
sue is unique in that it is fetal in origin and shares
half of the genome with that of the maternal
uterus. Despite a short life span, there are constant
morphological and biological fluctuations within
the placenta proper and at the interface with the
maternal gestational endomyometrium. Therefore,
highly sophisticated cellular and molecular inter-
actions are expected.

While detailed molecular regulations of placen-
tal development are still emerging, epigenetic
imprinting, the selective suppression of various
genes derived from one parent or the other has been
proposed to have an important regulatory function
in the development of the placenta of eutherian
mammals. Among mammalian organs, the pla-
centa is remarkably famous for its prolific expres-
sion of imprinted genes. A significant body of work
has demonstrated that, among different species, the
emergence of genomic imprinting during evolution
is linked to the placental development and function
[86-90]. The most informative data have been
found in mice, in which many imprinted genes are
present in extraembryonic tissue (i.e., placenta).
Many of these genes are subject to imprinting only
in the placental tissue (Table 2.2) [91-96]. Some of
the imprinted genes important for placental devel-
opment are highly conserved in eutherian mam-
mals [97]. It has been speculated that ancestral
mammals might have evolved with the placenta
from newly acquired, retrotransposon-derived
genes, or modified endogenous versions of the
genes present in oviparous animals, via so-called
exaptation. This likely occurred sometime after the
divergence of mammals and birds, more than
90-130 million years ago [98, 99] (Fig. 2.13).

P. Hui

Approximately half of the known 100 or so
imprinted genes are related to cellular prolifera-
tion and growth, many of which are involved in
placental development and function [90, 100, 101].
A significant number of these genes are expressed
and imprinted only in the placenta (Table 2.2).
Moreover and remarkably, in mice, almost all
imprinted genes known to be specific to the pla-
centa are paternally imprinted and functionally
expressed only from the maternal alleles
(Table 2.2) [102]. In the human placenta, a lim-
ited number of studies have also shown that the
pattern of genomic imprinting is similar to that of
the mouse. Human PHLDA?2 gene is expressed
only from the maternal allele and is not expressed
in unidisomy complete hydatidiform mole [103].
P57kipl is another paternally imprinted gene that
is expressed only from the maternal allele in the
cytotrophoblastic cells and villous stromal cells
of the human placenta [91, 104]. Placenta-specific
imprinted genes such as CTNNA3/alpha3 catenin,
HERC4/ubiquitin ligase, MAWBP/MAP activa-
tor, STOX1, and KCNKMA 1/calcium-activated
potassium channel alpha subunit are all mater-
nally expressed and paternally imprinted genes in
the human placenta [105, 106]. Regulatory non-
protein encoding microRNA genes have also
been found imprinted in the human placenta
[107]. It should be noted that there are genes
imprinted only in mice but not in humans. The
lack of imprinting conservation between the two
species may be linked to their respective placen-
tal anatomy and physiology. For example, in con-
trast to the accommodation of multiple paternities
and multiple offsprings in a litter of mice, human
pregnancy generally involves singletons.

Imprinted genes are frequently clustered in the
genome. At the DNA level, the maintenance of
genomic imprinting in extraembryonic tissue is
mainly dependant on non-DNA methylation
mechanisms including histone deacetylation and
methylation. This is, however, not the case for the
imprinting genes found in somatic embryonic
tissues [102, 108]. Convincing molecular data
confirm that in the mouse placenta, the mecha-
nism of initiation and maintenance of imprinting
involves an imprinting initiation center, from
which a noncoding RNA is produced to coat the
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Co-evolution of Imprinting with Placental Mammals

Birds  Monotremes Marsupials Rodents

[ T

350 208 150 65

Millions of years ago

Fig. 2.13 Co-evolution of genomic imprinting and
imprinted X chromosomal inactivation. It is speculated
that ancestral mammals evolved with the placenta from
newly acquired retrotransposon-derived genes some time
after the divergence of mammals and birds, about 150
million years ago (purple dot). While the genomic

imprinting cluster in-cis. Subsequently, histone
H3 deacetylation at K4 and acquisition of H3-K9
and K27 methylation occur (Fig. 2.14), and even-
tually lead to the recruitment of polycomb com-
plex proteins to the repressed paternal chromosome
regions [109-113]. A similar molecular mecha-
nism has been recently established for the
imprinted X chromosome inactivation in mouse
placenta (see the following section).

Imprinted X Chromosome
Inactivation and Placental
Development

X chromosome inactivation plays a central role
in balancing the gene dosage in a female cell.
Among various X dosage compensation schemes,
X inactivation occurs only in placental mammals
including eutherians (rodents and primates),

Embryo Placenta
G. X G. X
Imprint  Imprint  Imprint  Imprint

- - N/A N/A

- - N/A N/A
+ + + +
+ - + +

Human + - + -/?

35

imprinting is conserved in both embryonic and placental
tissues, placental imprinted X chromosome inactivation is
conserved only in marsupials and rodents. Human pla-
centa appears to have a random X chromosome inactiva-
tion based on available data. Adapted from Reik and
Lewis [89]

and such sex chromosomal imprinting occurs
only in the extraembryonic tissue (imprinted X
chromosomal inactivation). In marsupial mam-
mals, the imprinted paternal X chromosome is
preferentially inactivated in both embryonic and
extraembryonic tissues [114, 115]. The paternal
X chromosome is preferentially imprinted and
silent in mouse trophectoderm, and genes on the
X chromosome are expressed only from the
maternal alleles [116, 117]. Therefore, in mouse
and marsupial placenta, X chromosome inactiva-
tion represents a special form of genomic imprint-
ing, that is, imprinted X chromosome inactivation.
Such imprinted X inactivation is established early
during preimplantation development in all cells
of the embryo. However, the imprinting is main-
tained only in the extraembryonic tissue. The
embryonic tissues switch the X imprinting pat-
tern to random X inactivation later during the
development [118, 119]. The imprinted X inacti-
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Placenta Imprinted X Inactivation

M [ | | | ||
Xist
?92999%2¢9¢9 ?99299%9¢9¢¢
]
OO OO
030
Xist RNA
[  Aactively transcribed
I Imprinted/non-transcribed

Placenta Kcnq1 Domain Imprinting

Lit1 RNA

99 Histone H3 K4 deacetylation and K9-K27 methylation

Fig. 2.14 Co-evolution of genomic imprinting and
imprinted X chromosomal inactivation, sharing similar
molecular and epigenetic mechanisms of DNA silencing
(M: maternal allele; P: paternal allele). In mouse placenta,
both Kenql genomic imprinting domain and Xist X inac-
tivation center involve a nontranscribed RNA molecule
that is expressed from the to-be imprinted paternal allele.

vation is independent of DNA methylation
[108, 120] and involves a non-translated RNA
gene, Xist expressed only from the paternal X
chromosome. The paternally expressed Xist RNA
carpets the entire paternal X chromosome in-cis,
followed by the recruitment of various chroma-
tin-modifying molecules (Fig. 2.14) [121, 122].
In a sharp contrast, DNA methylation is the main
mechanism involved in random X inactivation in
embryo proper [120, 123]. At genetic regulatory
level, there are ontogenetic similarities of imprint-
ing between autosomal genes and those of the X
chromosome (see the next section).

Co-evolution of Genomic Imprinting
and Imprinted X Chromosome
Inactivation

Paternal imprinting expression of autosomal
genes and imprinted paternal X inactivation in
mouse placenta raise an important biological
question: were they co-evolutionarily established
in placental animals [89, 115, 124, 125]? A growing
body of evidence has supported this hypothesis

The nontranscribed RNA, Litl from Kenql domain or
Xist from X inactivation center, coats the neighborhood
DNA regions or the entire X chromosome in-cis, leading
to imprinting silencing through the induction of various
histone modifications including deacetylation and loss of
H3-K4 methylation in addition to H3-K9 and K27 methy-
lation. Adapted from Wagschal and Feil [116]

[89, 102]. Of studied species, all female somatic
cells reserve certain mechanisms of dosage com-
pensation of the X chromosome. Recent evidence
has argued that imprinted X inactivation and
genomic imprinting may have co-evolved under
similar adaptive pressures during evolution
(Fig. 2.13) [89]. Molecular evidence clearly dem-
onstrated that in the placenta, both processes
involve paternally transcribed noncoding RNA to
initiate silencing of the neighborhood paternal
genes (Fig. 2.14) [102]. The Xist on the X chro-
mosome is expressed only from the paternal
alleles in female placental cells. The resultant
nontranscribed Xist RNA coats the paternal X
chromosome in-cis and shuts down the entire
chromosome through induction of various modi-
fications of histone molecules, including histone
deacetylation and loss of H3-K4 methylation,
and H3-K9 and K27 methylation. Similarly, for
autosomal imprinting in placenta, the Kecnql
domain in control of IC2 cluster imprinting genes
expresses Kenql otl or Litl nontranscribed RNA
that coats the neighborhood DNA regions leading
to imprinting silencing, also likely through his-
tone H3 methylation at K9 and K27, and histone
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deacetylation and loss of H3-K4 methylation
(Fig. 2.14). It appears that both Xist and Kecnql
imprinting silencing occur independent of DNA
methylation [102]. Figure 2.13 summarizes cur-
rent available evidence of co-evolution of
genomic imprinting and imprinted X inactivation
during evolution.

It is reasonable to argue that in primates
including humans, as in mice [126-129], an
imprinted X chromosomal inactivation is possi-
ble in extraembryonic trophoblasts, the cells that
give rise to various gestational trophoblastic dis-
eases, such as placental site trophoblastic tumor
and hydatidiform moles. Unexpectedly, the mode
of X chromosomal inactivation appears random
in human placental tissue according to recent
data [130-133], although not without controver-
sies [128, 134—137]. In human placental tissue,
reversal of inactivated X or global X reactivation
is inducible in chorionic villous cells only from
first-trimester spontaneous abortions but not from
first-trimester elective terminations. These differ-
ences in inducibility are not associated with

detectable variation in histone H4 acetylation,
DNA methylation, or XIST expression — hall-
marks of the inactivation process [138]. Therefore,
it is important to consider that the maintenance of
the X imprinting pattern in the placenta is largely
dependent on histone deacetylation and methyla-
tion pathways as opposed to direct DNA methy-
lation. Additionally, imprinting patterns of some
autosomal genes appear cell type specific among
various placental cells (Fig. 2.15). Therefore, it is
still possible that a heterogeneity of X inactiva-
tion exists among various cell populations in the
human placenta.

“Parental Conflict of Interest” Theory
of Genomic Imprinting

The “parental conflict hypothesis” is the prevail-
ing theory of genomic imprinting in placental
biology [139-141]. It views that parents of oppo-
site sex have conflicting interests in allocating
resources to their

offspring by the mother

Fig. 2.15 Heterogeneous imprinting expression of P57
gene among various placental trophoblasts. In the absence
of maternal genome in this diandric complete mole, the
paternally imprinted p57 is not expressed in villous
cytotrophoblast (upper left chorionic villi). However, such
paternal imprinting silencing is not homogenous as there

is an apparent expression or relaxation of imprinting of
p57 among other types of trophoblast, that is, villous
intermediate trophoblast (lower right strong nuclear stain-
ing of p57), suggesting that the paternal imprinting in
human placenta is heterogeneous, in contrast to an abso-
lute paternal imprinting in mouse placenta
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[140, 142—144]. The intent of the paternal genome
would be to maximize resources for the father’s
own progeny. In contrast, the interest of the mater-
nal genome would be to distribute resources
equally among her offspring. This implies that
growth-promoting genes are mainly expressed
from the paternally inherited genome and are silent
in the maternally inherited counterpart. Analyses
of many imprinted genes in mammals support this
theory [145, 146], and many known imprinted
genes are involved in the regulation of cellular
proliferation and growth (Table 2.2) and are impor-
tant for the placental development and function
[101]. Pronuclear transfer experiments showed
that unipaternal disomy (androgenote) in mice led
to placental overgrowth plus early fetal lethality
while unimaternal disomy (gynogenote) resulted in
hypoplasia of the placenta [147, 148]. Many mouse
imprinted genes (Table 2.2) are exclusively found in
the placenta and are paternally silenced, although
the functions of many of these genes are yet to be
elucidated. Among a few studied, paternally
expressed Igf2 gene is a growth-promoting factor,
and inappropriate expression in a mouse model led
to abnormal growth [149]. Biallelic expression of
Igf2 resulted in overgrowth [150]. Similar func-
tion of the human IGF2 gene has also been
observed [151]. The receptor of Igf2 is a mater-
nally expressed imprinted gene, Igf2r, and has the
opposite effect on the growth in mouse studies
[152]. Phlda2 (Ipl/Tssc3) is a maternally expressed
and paternally imprinted gene in the placenta.
Homozygous knockout mouse conceptuses lack-
ing the active maternal allele had markedly
enlarged placentas [103, 153]. Phlda2, a paternally
imprinted gene, leads to a marked reduction of the
placenta size [103]. Human study of the gene
resulted in a similar conclusion [154]. P57Kip2/
CDKNIC is a paternally imprinted gene in human
and mouse placenta. Loss of its expression is asso-
ciated with trophoblastic hypertrophy and placen-
tomegaly in mice [91, 104] and hyperplasia of
trophoblasts in human diandric hydatidiform mole
[155, 156]. GRB10 is another paternally imprinted
gene in the placenta, and its maternal allelic expres-
sion appears specific to cytotrophoblasts. Silencing
of the maternal allele resulted in embryonic over-
growth accompanied by a disproportionate size of
the placenta [157-159].
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Introduction

Related to various trophoblastic cells within the
placenta, gestational trophoblastic disease (GTD)
consists of a distinct group of proliferative disor-
ders that have unique clinical settings, genetic
compositions, and varying biological behaviors.
Recent laboratory investigations of biomarker
expression have delineated the cellular pathways
of differentiation related to each of the entities
of GTDs (Fig. 3.1) [1]. The most common hyda-
tidiform moles are proliferative lesions of cells
recapitulating chorionic villous trophoblasts. Ges-
tational choriocarcinoma is a fully malignant
tumor with proliferating cells recapitulating pre-
villous trophoblasts of the developing placenta.
The lesional cells of placental site trophoblastic
tumor (PSTT) and exaggerated placental site
reaction have cytological features resembling
intermediate trophoblasts at the implantation site,
whereas epithelioid trophoblastic tumor (ETT)
and placental site nodule have proliferating cells
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resembling intermediate trophoblasts at the chori-
onic laeve. Biologically, the androgenetic nature
of hydatidiform moles clearly indicates that an
excessive paternal genome plays an important
role in the development of these conditions, likely
through an altered genomic imprinting. Recent
linkage studies identified mutations of NALP7 on
19q13.4 as causal events in the development of
familial biparental complete hydatidiform mole.
Future investigations into the biological aspects
of NALP7 gene alterations may hold the key to
unlock the mystery as how altered genomic
imprinting and related gene expression result in
the phenotype of diandric hydatidiform mole in
general. Recent findings of the preferential
requirement of paternal X chromosome by sev-
eral trophoblastic tumors suggest a unique genetic
factor that may render a growth advantage to the
neoplastic trophoblasts.

Androgenetic Nature
of Hydatidiform Moles

Molecular and genetic investigations in the 1970s
were pivotal to understanding the etiology of
hydatidiform moles [2—4]. Using direct chromo-
somal preparations of fresh chorionic villi from
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Fig.3.1 Lineage differentiation of gestational trophoblas-
tic disease (Courtesy of Dr. Katja Gwin, MD, University of
Chicago). CT cytotrophoblast; /7 intermediate trophoblast;

molar samples and Q- or R-banding analyses,
Kajii observed repeatedly paternal homozygosity
of the homologous chromosomes in complete
moles [2, 5]. The androgenetic nature of com-
plete moles was quickly confirmed by other stud-
ies using various approaches including HLA
polymorphism typing, isoenzyme, and restriction
fragment length polymorphisms (RFLP) [6-9].
In all complete moles except a rare subset of
biparental ones, the cellular components inherit
an androgenic-only nuclear genome and a mater-
nal-only mitochondrial DNA [10-12], with either
46, XX diploid karyotypes arising from fertiliza-
tion of an enucleated egg by one spermatozoon
followed by duplication (homozygous, 80-90%),
or 46 XX or XY karyotypes arising from simulta-
neous fertilization of an enucleated egg by two
spermatozoa (heterozygous, 10-20%) [3, 5, 7,
13, 14]. The mechanism of how the ovum loses
its maternal haploid genome is largely unclear.
Initially, it was thought that complete moles are
the result of fertilization of an ovum where the
maternal nucleus is either eliminated or inacti-
vated as a polar body [2, 15]. The current prevail-
ing hypothesis indicates that the pathogenesis of
complete mole involves fertilization of an empty

ST syncytiotrophoblast; PSN placental site nodule; ETT
epithelioid trophoblastic tumor; EPS exaggerated implan-
tation site; PSTT placental site trophoblastic tumor

ovum (null genome) by a haploid sperm with
duplications of the sperm DNA to reconstitute a
diploid genome in the majority of the cases [7].
The remaining complete moles arise from fertil-
ization of an empty ovum (null genome) either by
a diploid sperm resulting from failure of the sec-
ond meiotic division [7] or, a more favored mech-
anism, by two independent haploid sperms [16].
The existence of a small subset of biparental
complete mole points to a different pathogenesis,
however (see the following). A complete hyda-
tidiform mole does not support embryonic devel-
opment but sustains a hyperplastic proliferation
of the placental trophoblasts.

The genetic profile of partial hydatidiform
moles is triploid with a diandric, monogynic
genome arising from fertilization of a haploid egg
by either two heterozygous spermatozoa
(heterozygous, 90%) or one spermatozoon with
duplication (homozygous, 10%) [17, 18]. Rare
tetraploid partial moles have also been reported,
with three haploid paternal chromosome sets and
a 92XXXX, 92XXYY, or 92XXXY karyotype
[19, 20]. Studies of rare tetraploid partial moles
with a 92,XXXY karyotype by chromosomal
heteromorphisms, isoenzymes, and RFLPs
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revealed a combination of a haploid ovum with
three haploid sets of paternal chromosomes either
by the mechanism of trispermy (involving three
separate haploid spermatozoa) or through dis-
permy (involving one haploid and one diploid
sperm) [19]. It is important to realize that non-
molar triploids have an extra set of chromosomes
derived from the mother [18], and they do not
have the biological, histological, and clinical
characteristics of diandric monogynic partial
mole. Diploid partial moles probably do not exist,
although some early reports raised the possibility
because of the presence of fetal red blood cells
and/or fetal tissues [21-23]. A study of a larger
series of putative diploid partial moles revealed
that the majority of the cases were misclassified
by morphological examination, while the rest of
cases proved to be triploid up on repeat ploidy
analysis [21]. Additional discussion of the genetic
aspects of partial mole can be found in chapter 5.

It is important to emphasize that the presence
of an excess paternal genome is the key genetic
element in the pathogenesis of both complete and
partial hydatidiform moles (Fig. 3.2).

Genomic Imprinting
and Hydatidiform Moles

Pronuclear transfer experiments in early 1980s
implied that the hyperplastic nature of complete
mole is a result of excess paternal genome repre-
sentation in the ovum [24-26]. Mouse embryos
with two female pronuclei had abnormally under-
developed extraembryonic placental issue, whereas,
those with only two male pronuclei (reminiscent to
the genome of a homozygous complete mole),
although the embryo failed to develop, produced
hyperplastic placental tissue morphologically simi-
lar to that of complete mole [25]. These findings
suggested that the maternal genome is important
for the embryonic development, while the paternal
genome is essential for the development of extrae-
mbryonic tissue, that is, the placenta, supporting
the theory of “parental conflict of interest” of
genomic imprinting (see Chap. 2). A disruption of
the normal, balanced genomic imprinting in gesta-
tion may result in abnormal trophoblastic prolifera-
tion leading to molar pregnancy.
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With their obvious lack (complete mole) or
relatively deficiency (partial mole) of maternal
genome, abnormal genomic imprinting has long
been implicated in the development of hydatidi-
form moles. The genetic composition of hyda-
tidiform moles suggests that the excessive
trophoblastic proliferation is due to the expres-
sion of two doses of paternally imprinted genes.
The absence of an embryo in complete moles
may be related to the absence of imprinted,
maternal gene expression. Consistent with the
“parental conflict interest” theory, a lack of the
maternal genome together with a global genome
demethylation and abnormal paternal imprinting
gene expression are key molecular features of
complete hydatidiform mole. IGF2 and H19
tightly linked on human chromosome 11 are of
special interest because of their reciprocal
imprinting and association with GTD. Normally,
IGF2 gene is expressed from the paternal allele
[27, 28], whereas H19 gene is expressed from the
maternal allele [29-31]. Although double repre-
sentation of the paternal genome may be a pre-
requisite for the pathogenesis of complete moles,
the trophoblast expresses abnormally both IGF2
(normally expressed only from paternal alleles)
and H19 (normally expressed only from maternal
alleles) [32-34], suggesting a failure of allele-
specific gene expression in CHM. It has been
suggested that a mutated promoter is responsible
for overcoming transcriptional suppression by
imprinting control of H19 gene [35]. However,
such imprinting alteration is selective because
retention of other paternal imprinted genes, that
is, pS7, exists [36, 37]. It has also been suggested
that abnormal expression of imprinted genes in
trophoblasts may be connected to the global
genome demethylation [38] that occurs only in
trophoblastic cells of complete moles. Therefore,
the pathogenesis of androgenic complete hyda-
tidiform moles is likely to involve, in addition to
a loss of maternal genome, the combination of
gain of paternal expression of imprinted genes
and additional alterations of epigenetic gene
silencing through global genome demethylation.

Alterations of genomic imprinting are not
unique to molar gestations and have been impli-
cated in the development of other GTDs including
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gestational choriocarcinoma, a bona fide malignant
tumor [39]. Choriocarcinoma, which may develop
from complete hydatidiform mole, showed simi-
lar expression of IGF2 and enhanced expression
of H19, although a biallelic expression of IGF2
or H19 was not consistently found [33-35].
Limited data have suggested that there is a lack of
correlation between IGF2 and H19 imprinting
status, and in fact, the imprinting status of H19
and IGF2 was found differentially modulated,
indicating that allele-specific expression of IGF2
operates in the absence of a parental imprint in
choriocarcinoma [40].

The implication of altered genomic imprinting
in the pathogenesis of mole has been extensively
investigated recently in a small subset of familial
biparental complete mole (FBCM) at genetic and
molecular levels [41]. Familial recurrent complete
moles occur with a frequency of 0.6-2.57% of all
hydatidiform moles [42,43], among which FBCM
is an exceptional condition. Initially reported 30
years ago, Ambani described recurrent moles in
multiple pregnancies of sisters in three unrelated
families [44]. Additional cases were reported
thereafter [45, 46]. Helwani successfully per-
formed a genetic study on eight independent
moles occurring in two sisters from a large con-
sanguineous Lebanese family. Karyotyping and
genotyping results revealed a diploid and bipa-
rental constitution in seven of the eight analyzed
moles, suggesting a common mechanism under-
lying the etiology of these molar pregnancies in
the family [47]. Fisher reported three recurrent
complete moles in a patient, and all had biparen-
tal genomic contributions. Two of the three had
even different male partners’ genomes with two
moles being XX and one XY [48]. At present, up
to 21 families of FBCM have been reported in the
literature [49].

A thorough review in 2004 by Fisher indicated
that the clinical sequelae of biparental complete
moles are similar to conventional diandric com-
plete mole [50]. Although the genome of familial
biparental moles is contributed by both parents,
gene expression patterns are also found similar to
those seen in androgenetic complete moles [51].
These findings together with the imprinting theory
have supported the hypothesis that the causative
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alteration in FBCM would involve imprinted
genes and/or their expression. Methylation stud-
ies of imprinted genes in biparental mole found
that there is acquisition of paternal methylation
patterns by the maternal alleles [52]. Additional
study by the same group suggested that the abnor-
mal methylation in familial biparental molar tis-
sues was acquired de novo in the patients’
germline as a result of a false reprogramming
during the postzygotic development of the con-
ceptuses [53]. Patients with FBCM showed a pat-
tern of failure to acquire or maintain DNA
methylation at DMRs (PEG3, SNRPN,
KCNQI1OTI1, GNAS exon 1A) that normally
acquire CpG methylation during oogenesis, but
not at H19, which acquires CpG methylation dur-
ing spermatogenesis [54], suggesting the pres-
ence of a complex pattern of imprinting
abnormalities in FBCM tissues [55] [41]. It has
been proposed that genetic alterations in biparen-
tal complete mole result in abnormal genomic
imprinting to shut down maternal gene expres-
sion during oogenesis, leading to the expression
of alleles only [41, 56].

Genetic linkage studies of patients with famil-
ial biparental mole by Moglabey initially identi-
fied an abnormal locus on 19q13.3-14.4 [57],
which was soon confirmed by Sensi’s studies of
FBCMs in two sisters of an Italian family [58].
Further genetic refinement and physical mapping
of a biparental complete mole by Hodges nar-
rowed the locus to chromosome 19q13.4 region
[59]. The candidate region of 19q13.4 contains
several Kruppel-type zinc finger genes with func-
tions of transcription regulation of downstream
genes [60]. Since these zinc finger genes involve
silencing the imprinted H19-Igf2 axis, it was sug-
gested that alterations of the Kruppel-type zinc
finger gene locus on 19q13.4 deregulate the nor-
mal imprinting control, leading to a global imprint-
ing alteration, responsible for the pathogenesis of
FBCMs [61]. Instead of finding a zinc finger gene,
however, subsequent analysis of candidate genes
on 19q13.4 led to Murdoch’s discovery of NALP7/
NLRP7 (nucleotide-binding, leucine-rich repeat,
pyrin domains) gene in 2006 [62], of which
homozygous or compound heterozygous muta-
tions have been found in the majority of FBCM as
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causative events of the disease (FRHM) [49, 54,
62, 63].

NALP7 is one of 14 NALP proteins, a large
subfamily of the CATERPILLER protein family
involved in intracellular regulation of bacterial-
induced inflammation [62]. NALP7 contains an
amino-terminal PYRIN domain involved in pro-
tein—protein interaction, a NACHT domain,
found in neuronal apoptosis inhibitor proteins
and in those involved in major histocompatibility
complex (MHC) class II transactivation and cas-
pase-recruitment proteins, a nuclear localization
signal (NLS) present within the NACHT domain
and a leucine-rich repeat (LRR) domain essential
for nuclear transport, cell cycle regulation, mitotic
spindle formation, and postmitotic nuclear enve-
lope reorganization. The normal expression of
the NALP7 gene is autosomal recessive and is
transcribed in unfertilized oocyte at or before
meiosis I. NALP7 gene is also transcribed in the
endometrium. NALP7 is the first maternal effect
gene (genes that are expressed in the oocyte to
support embryonic development until activation
of the embryonic genome occurs) identified in
human and is also responsible for recurrent spon-
taneous abortions [62]. Recent epigenetic and
mutational analyses of FBCM patients from 11
families revealed methylation defect(s) at some
imprinted loci, and biallelic NLRP7 mutations
were found in almost all families of FBCM [56].
Different mutations were identified, and mis-
sense mutations were found to be clustered in
the leucine-rich region (LRR) [64]. It is inter-
esting that NLRP7 mutations preferentially
affect female reproduction but not male repro-
duction [64]. Contrary to what was hoped to
find a causal genetic defect related to DNA
imprinting, as a member of the CATERPILLER
protein family, the principle function of NALP7
is to mediate inflammatory response through
activation of proinflammatory caspases (CASP1)
and apoptotic pathways [62]. Women heterozy-
gous for NALP7 mutations are at risk for repro-
ductive wastage without manifestation of a molar
phenotype [63]. One hypothesis is that defects of
NALP7 regulation of cytokine secretion (e.g.,
interleukin-1beta) may cause alterations in folli-
culogenesis, ovulation, blastocyst implantation,
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and trophoblast biology [49]. Another recent sug-
gestion is that NALP7 plays a role in controlling
the timing of oocyte growth or in transducing sig-
nals for the initiation of imprint establishment
[56]. However, exactly how NALP7/NLRP7
mutations result in familial biparental moles is
largely unclear. Conventional androgenic com-
plete moles are unlikely caused by NALP7 muta-
tions. Further investigations of NALP7 alterations
in FBCM may eventually elucidate the key con-
verging molecular event that underscores the
pathogenesis of complete hydatidiform mole of
both androgenetic and biparental nature.

Genetic Basis of Gestational
Trophoblastic Tumors

Gestational Trophoblastic Tumors

Tumors arising from extraembryonic tissues are
rare and include gestational choriocarcinoma and
intermediate trophoblastic tumors, that is, PSTT
and ETT. In oncology, these tumors are extraordi-
nary with respect to their fetal origin (semi-allograft)
and the maternal tissue matrix (endomyome-
trium) that supports their growth. These tumors
have variably clinical behaviors with choriocarci-
noma as one of the most malignant tumors in
human if untreated [65]. PSTT and ETT are very
rare neoplastic proliferations of extravillous
intermediate trophoblasts at the implantation
site or at chorionic laeve, respectively (Fig. 3.1)
[1, 66, 67]. The clinical presentation of PSTT and
ETT generally involves a young woman who has
a history of full-term pregnancy, abortion or
uncommonly, complete mole. As a whole, how-
ever, our understanding of the pathogenesis of
these tumors is lacking, largely due to their
rarity.

Preferential Requirement of Paternal X
Chromosome in Placental Site
Trophoblast Tumor

During conception, tissue having paternally
derived genetic material is implanted in the female
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uterus. Rarely, this event leads to the development
of a disease in the mother in the form of GTD.
PSTT has been proposed as a neoplastic prolif-
eration of trophoblasts with morphological and
biological features of extravillous (intermediate)
trophoblasts at the implantation site. It is a true
neoplastic proliferation with invasion into the
maternal endomyometrium, of which the normal
immunologic barriers to the overgrowth of allo-
geneic tissues are overcome. In this respect,
PSTT is similar to two other forms of prolifera-
tive gestational diseases, that is, partial and com-
plete hydatidiform moles, in which distinctive
chromosomal abnormalities have long been rec-
ognized [2, 3] as discussed earlier. The question
can be asked whether the pathogenesis of the tro-
phoblastic tumor may also require a certain
genetic prerequisite. At the cytogenetic level,
most trophoblastic tumors (PSTT and choriocar-
cinoma) analyzed were diploid [68—70]. Most of
PSTTs showed only rare genetic imbalances ana-
lyzed by comparative genomic hybridization
(Fig. 3.3) [71]. Interestingly, a recurrent gain of
chromosome 22ql12 was found in two of four
cases of PSTT, but not in three cases of ETTs
[72, 73]. Comparative genomic hybridization
investigation of 12 cases of gestational choriocar-
cinoma found consistently deletions at 8p (five
cases) and amplifications at 7q (four cases) [74].

One would expect, a priori, gestational tropho-
blastic tumors to occur with equal frequency after
male and female conceptuses. A decade ago, a
review of 72 cases of PSTT in the literature [75]
identified 21 cases with detailed clinical and
pathology information regarding the sex of the
antecedent gestations, among which 18 had a
female antecedent gestation by history [75] and
was confirmed by DNA analysis in four cases
[76, 77]. In one case, in which the preceding ges-
tational event was a complete mole, the DNA anal-
yses confirmed that the tumor indeed arose from
the mole and harbored two androgenic X chromo-
somes [76]. Only two patients who developed
PSTT had an antecedent delivery of male infant
by history [78, 79]. A single case was reported to
suggest the presence of a Y chromosome upon
genetic analysis, although the antecedent gesta-
tion was female and Southern blots using five
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Fig. 3.3 Comparative genomic hybridization profile of PSTT. Note the presence of general balanced chromosomal
profiles except regional gains at 2121 and 22q1 in this particular case. (Modern Pathology 17:248, 2004)

autosomal RFLP markers showed that the tumor
DNA had identical hybridization patterns to DNA
from the patient’s second daughter [80].

One early investigation into the sex chromo-
somal component of PSTT by analyzing the
human androgen receptor gene identified the
presence of a paternal X chromosome in four of
five cases. An absence of a Y chromosomal ele-
ment was consistently observed in all five PSTTs
by the semi-nested PCR amplification of SRY
(human sex-determining region on the Y chro-
mosome) (Fig. 3.4) [75]. Four other cases of
PSTT in the literature had, by molecular analy-
sis, an XX female chromosomal composition
[76, 77, 81]. Overall, 89% of the cases (23 of
26) showed a XX genome either by history or by
genetic analysis [75]. Since then, additional
case reports of PSTT have been published and,
again, a female antecedent pregnancy was docu-

mented in 12 out of 14 cases [82, 83]. One cell
line from a PSTT was established and confirmed
by karyotyping to have XX genome. [84].
However, the results of our investigations were
in contrast to that of a genetic analysis of 23
PSTTs, in which 50% of PSTTs were found to
contain a Y chromosome [85]. In this paper, the
detection of the Y chromosome was performed
by amplifying the SRY locus using DNA mate-
rial extracted from paraffin-embedded formalin-
fixed tissues, a single 50 cycle-PCR amplification
followed by gel electrophoresis. However, such
a technical approach likely carried the risk of
PCR artifacts due to the high cycle number and
potential amplification of contaminating tem-
plate [85, 86].

To definitively resolve the issue, a multi-
institutional study was taken to investigate\
20 new cases of PSTT by the highly accurate
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Fig. 3.4 Absence of Y chromosomal element in five cases of PSTT analyzed by semi-nested PCR analysis of SRY

gene (Laboratory Investigation 80:965, 2000)

microsatellite genotyping method using the
AmpFISTR® Identifiler™ PCR Amplification
Assay. The assay consists of one multiplex PCR
that amplifies 15 tetranucleotide microsatellite
loci plus the amelogenin locus shared by the X
and Y chromosomes. The small products gener-
ated from the X and Y amelogenin alleles permit
efficient analysis of DNA template extracted
from formalin-fixed paraffin-embedded tissue.
In conjunction with capillary electrophoresis,
which precisely sizes the two X and Y PCR
products, this approach ensures a highly consis-
tent and reliable assessment of sex chromosome
status. Using this STR genotype platform, the
presence of XX genome was consistently
observed in all 20 cases of PSTT in this largest
series (Fig. 3.5) [87]. Combined results from
other two studies confirmed the presence of a
haploid paternal set of chromosomes in all
PSTTs and an absence of Y chromosomal ele-
ment. A more recent paper approached the issue
using polymorphism analysis at amelogenin,
PRKX/PRKY and ZFX/ZFY loci. Of 15 cases of
PSTT, an absence of Y chromosome element
was observed in 14 cases [86]. The remaining
one case was reported to have a detectable Y
chromosomal allele. It is of interest that the
detectable amplification of the Y chromosomal

allele in this case was minimal in comparison
with that of the X allele, again raising concerns
for tissue or PCR amplicon cross-contamina-
tion [86]. It is of great interest, however, that this
recent study revealed also a shortfall of Y chro-
mosome in gestational choriocarcinoma and
ETT [86], suggesting a general genetic prerequi-
site for all gestational trophoblastic tumors.
Opverall, the results of these molecular investi-
gations imply that the presence of a paternal X
chromosome is associated with the neoplastic
proliferation of PSTTs. One simple explanation
is that PSTT may arise from a persistent lesional
tissue of an antecedent complete hydatidiform
mole, a much more common GTD with uniparen-
tal disomy of the paternal genome and an exclu-
sive paternal X chromosome. Such a view was
based on the assumption that 5% of complete
moles (dispermic with 46XY chromosomal com-
pliment) will progress to gestational choriocarci-
noma, leading to the small percentage of
choriocarcinoma with a Y chromosome [86]. In
one previous study [75], indeed, a PSTT was
proven to have developed from an antecedent
homozygous a complete mole [76]. However,
only a small percentage (7-10%) of PSTTs have
been reported to follow a complete mole [75, 76,
88]. An assumption that many complete moles
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Fig.3.5 Absence of Y chromosomal allele at the amelo-
genin locus in PSTT. AmpFISTR® Identifiler™ PCR
amplifies the amelogenin, D5S818 and FGA (alpha fibrin-
ogen) tetranucleotide polymorphic loci in PSTT (upper
panel), paired normal myometrium (middle panel), and
unrelated, normal male control tissue (lower panel). The
PCR products were analyzed by capillary electrophoresis
(Y-axis — fluorescence intensity of labeled product and

are under-recognized, and most of PSTT primarily
arise from a prior complete mole [86] can not be
justified [89-91]. Alternatively, the paternal X
chromosome may play an important, active role
in the pathogenesis of PSTT (Fig. 3.2) [87].

Genomic Imprinting and Paternal X
Chromosome Requirement in
Trophoblastic Tumors

Epigenetic imprinting, the selective suppression
of various genes derived from one parent or the
other, has been proposed to be an important regu-
latory mechanism in the development of the pla-
centa in eutherian mammals (for details see Chap.
2). The “parental conflict hypothesis™ views that

X-axis — PCR product size in base pairs). The tumor
demonstrates paternal alleles at D5S818 and FAG loci
together with the maternal alleles detected in the paired
myometrium. Normal male control sample shows both X
and Y products (107 and 113 base pairs, respectively) at
the amelogenin locus, while only the X product is seen in
the tumor and paired myometrium

parents of opposite sex have conflicting interests
in allocating resources to their offspring by the
mother [92-95]. The intent of the paternal
genome would be to maximize resources for the
father’s own progeny. In contrast, the interest of
the maternal genome would be to distribute
resources equally among the offspring. This
implies that growth-promoting genes are mainly
expressed from the paternally inherited genome
and are silent in the maternally inherited counter-
part. Analyses of many imprinted genes in mam-
mals support this theory [96, 97]. X chromosome
inactivation plays a central role in compensation
for the double dose of X-linked genes in cells of
a female relative to cells of a male. The paternal
X chromosome is preferentially imprinted and
silent in mouse trophectoderm [98—104], a tissue
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type corresponding to that from which PSTT and
hydatidiform moles arise in humans. In marsu-
pial mammals, the paternal X chromosome is
preferentially inactivated in all lineages [105,
106]. The paternal X chromosome is preferen-
tially imprinted and silent in mouse trophecto-
derm, and genes on the X chromosome are
expressed only from the maternal alleles (see
Chap. 2). Therefore, in mouse placenta, X chro-
mosome inactivation represents a special form of
genomic imprinting, that is, imprinted X chromo-
some inactivation.

In theory, imprinted X inactivation may have
co-evolved with genomic imprinting when pla-
cental mammals emerged as discussed in Chap. 2
[107]. Existing study results indicate there are X
chromosome-linked, genetically imprinted genes
that specifically regulate the development of extra-
embryonic tissues [ 100, 108], and that the X chro-
mosome inactivation in an XX embryo is crucial
to the development of normal extraembryonic tis-
sue [25]. In mice, the paternally derived X chro-
mosome is preferentially inactivated in the
primitive trophectoderm cell lineages [109].
Epigenetic regulation of gene expression through
imprinting and its implication in placental devel-
opment and trophoblastic tumorigenesis have
drawn great attention recently. Somatic chromo-
somal imprinting studies suggest that uniparental
gene expression can function as cancer predispos-
ing and/or initiating events [110].

Considering all the information available it
has been hypothesized that PSTT is a neoplastic
condition of the extraembryonic trophoblast of
an antecedent female conceptus, and a paternal X
chromosome is necessary for the neoplastic trans-
formation. The paternal X chromosome may be
involved in this tumor in two possible ways. One
is that in PSTT, paternal X chromosome harbors
a dominant oncogene, although another is that
the tumorigenesis results from an abnormal dos-
age of functional X chromosomes. Although no
definitive candidate oncogenes exist, possibilities
include Esx1[100], Pem [101], MYCL2 [111],
and IAP [112]. Further studies are needed to sub-
stantiate the involvement of any of these genes in
PSTT. However, because PSTT is an extremely
rare neoplasm while female conceptuses harbor-

Hhal - -+ - +
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Fig.3.6 Presence of an active paternal X chromosome in
PSTT (methylation sensitive analysis at the HUMARA
locus). The unique paternal X allele present in PSTT (top
band in first 2 lanes) is preferentially digested by DNA
methylation-sensitive enzyme Hha I (lane 2). 7, tumor
sample; N, maternal myometrial sample (Laboratory
Investigation 80:965, 2000)

ing a paternal X chromosome are extremely com-
mon, the hypothesis of a dominant oncogene on
the paternal X chromosome would require either
mutational activation of such a gene, or one or
more cooperating oncogenic events. In addition,
there exists no published data to support a famil-
ial susceptibility to PSTT. The contention that the
paternal X chromosome of PSTT harbors a domi-
nant oncogene would require that this X chromo-
some be active. The presence of an active
(hypomethylated) AR locus of paternal X chro-
mosome in one prior study is of interest and
requires further investigations (Fig. 3.6) [75].
PSTT is perhaps another GTD whose patho-
genesis requires unique genetic composition
(Fig. 3.2) that may be related to placental imprint-
ing. The unique chromosome composition of
PSTT may reflect a role for abnormal gene dos-
age resulting in a proliferative advantage to the
trophoblast. It has been demonstrated that the
paternal genome is essential for the invasive and
proliferative capacity of the placenta during early
implantation [92, 113]. During the past decade,
oncogenic genes have been discovered to transit
from functional haploidy to diploidy through loss
of imprinting [114]. Among autosomal genes,
examples include H19 and IGF2 [115], which are
paternally imprinted in extraembryonic tissue.
This imprinting seems to be relaxed in tropho-
blast-derived choriocarcinoma and hydatidiform
mole [116-118]. Considering the fact that X
chromosomal imprinting is absolutely required



3 Genetic Basis of Gestational Trophoblastic Disease

for the development of mouse placental tropho-
blasts, relaxation of an imprinted paternal X in
trophoblast would explain the requirement by
PSTT as it will bring growth advantage accord-
ing to the theory of parental conflict of interest. It
has been intriguing that the mode of X inactiva-
tion appears random in human extraembryonic
tissue by the most recent data [119, 120].
However, it remains possible that a relaxation of
the X inactivation (random or imprinted) or inap-
propriate expression of paternal X-linked genes
will result in double dosing of X chromosomal
genes in trophectoderm leading to trophoblast
hyperplasia and eventually PSTTs.

Perspectives

The introduction of imprinting genes and
imprinted X chromosome inactivation during the
evolution coincided with the appearance of euthe-
rian mammals, leading to the first time that the
fetal tissue came in to direct contact with mater-
nal endomyometrium. Genomic imprinting and
preferential X inactivation in placental tropho-
blasts likely regulate many of the complex bio-
logical interactions, and play important roles in
the pathogenesis of some reproductive disorders,
such as GTDs. Imprinting alterations leading to
over-representation of the paternal genes in tro-
phoblasts underline the development of hydatidi-
form moles. The propensity to malignancy of
complete hydatidiform mole is likely associated
with its genetic compositions, and the growth
advantage conferred by the selective inheritance
of the diandric-only genome. Paternal homozy-
gosity would lead to an inactivation of tumor
suppressor gene by a signal event occurring at
the DNA level. Alternatively, paternal transmis-
sion of imprinted alleles would result in the
silencing of particular tumor suppressor genes in
a complete hydatidiform mole. The genetic
requirement of an excess paternal genome is
intriguing this and little is known about the
mechanism of malignant transformation of tropho-
blasts. In-depth investigations of these aspects
are important to understand the pathogenesis of
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hydatidiform moles, a rather common disease
of human reproduction. As epigenetic regulation of
X chromosome inactivation in trophectoderm has
significant biological implications, PSTTs may
provide an important tumor model with which
the sex chromosome biology and the proliferative
advantage conferred by paternal X chromosome
in trophoblastic tumors may be further explored.
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Complete Hydatidiform Mole
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Introduction

Complete mole, also known as “classic” hyda-
tidiform mole, is the prototype of molar gestation
bearing the traditional description of “hydatid,”
for example, grape-like structures at the time of
evacuation, a term that was used throughout the
last century. The historical tale of “365 babies” of
the Dutch’s Countess Margaret of Henneberg
(Chap. 1) clearly documented a case of well-
developed complete mole some 700 years ago. It
is important to note that essentially all meaning-
ful epidemiology data of hydatidiform mole in
the literature have been based on studies of
complete mole rather than partial mole. Epide-
miological data on partial hydatidiform mole
have been at best unreliable, largely because of a
significant diagnostic inaccuracy in practice, even
at the present time (see Chap. 1).
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Pathogenesis

Recapitulating the chorionic villous trophoblast,
complete mole is a proliferative disorder of
cytotrophoblast and syncytiotrophoblast without
embryonic development. Some investigators
consider all hydatidiform moles are simply
degenerative or immature placenta with exces-
sive edema [1]. Complete hydatidiform mole
appears to develop exclusively in human with
only a few exceptions documented in chimpan-
zees [2] and other animals. The true androgenetic
nature of a complete mole was confirmed in a
reported case of cattle [3].

On the genetic level, complete moles are dip-
loid in most cases, and their genetic material is
entirely paternally derived (see Chap. 3). The
androgenetic nature of complete moles disrupts
the normal embryogenesis and placental devel-
opment because of unbalanced gene expression
likely through altered genomic imprinting. While
the majority of compete moles are diploid dian-
dric in their chromosomal composition, tetraploid
and even triploid complete moles are possible as
long as theoretically all the extra copies of the
chromosomal sets are paternally derived [4, 5].
Homozygous and heterozygous complete moles
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may have different biological and clinical impli-
cations [6].

Recurrent complete moles have been well
described in the literatures. Among 150 or so
reported cases [7, 8], the subset of familial bipa-
rental complete moles (FBCMs) is of greater
interest and has invited numerous investigations
in recent years as to their seemingly paternal-
only expression of imprinted genes despite of the
presence of the maternal haploid genome. FBCM
is defined as the occurrence of multiple complete
moles arising in different conceptions and affect-
ing more than one woman from the same pedi-
gree [9]. Only 21 families of FBCM have been
documented in the literature [8]. They have histo-
logical features indistinguishable from those of
conventional diandric, uniparental complete
moles. Various mutations of NALP7/NLRP7 of
the maternal allele located on 19q13.4 have been
found to be the causal genetic alterations. It is
believed that various NALP7 mutations result in
an abnormal imprinting pattern similar to that of
diandric complete mole, despite of the presence
of haploid maternal genome in FBCM [8, 10-15].
Detailed discussion of the genetic aspects of
FBCM can be found in Chap. 3. One clinical
aspect of FBCM is, in contrast to the conven-
tional diandric complete mole, that the patients
have an exceedingly rare chance of a subsequent
normal pregnancy [8], although exception has
been reported [7]. Further investigations into the
molecular aspects of biparental complete mole
are important to understand how altered genomic
imprinting relates to the development of hyda-
tidiform mole in general [8].

Clinical Presentation

In the past, the first manifestation of complete
mole in more than 85% of the patients was vagi-
nal bleeding during the second trimester (average
at 16th weeks) of pregnancy [16]. Frequently,
vaginal bleeding was accompanied by passing tis-
sues resembling grape-like structures. Upon
physical examination, 50% of the patients had an
excessive uterine size [17]. Other manifestations
included hyperemesis, toxemia, and hyperthy-
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roidism and pulmonary embolism [18]. Markedly
elevated serum human chorionic gonadotropin
(hCG) was a typical laboratory finding in over
50% of the patients and frequently reaching over
100,000 mIU/mL [19]. Ultrasound showed no
evidence of fetal development or fetal heart beat;
instead, the classic “snowstorm” or mixed echo-
genic appearance due to well-developed molar
vesicles admixed with blood was characteristi-
cally seen. In fact, the combination of characteris-
tic ultrasound findings along with an inappropriate
elevation of hCG for the gestational age are highly
suspicious for the presence of well-developed
complete mole. Preeclampsia (pregnancy-induced
hypertension, edema, and proteinuria) occurred in
about 25% of the patients with well-developed
complete mole. Near a third of the patients also
developed ovarian theca lutein cysts leading to
marked enlargement of the ovary that were also
detectable by ultrasound [20, 21].

In the past 20 years or so, increasing usage of
highly sensitive methods of serum hCG detection
and early ultrasound exams have drastically
changed the clinical landscape of diagnosis and
management of hydatidiform moles. The afore-
mentioned classic features of complete hydatidi-
form mole have become rare in modern clinical
practice and are seldom encountered during
gross specimen examination in a pathology lab
[18, 22, 23]. An absence of fetal heart beat by
ultrasound as early as 6 weeks of gestation can
lead to therapeutic abortion by dilatation and
curettage [24]. Therefore, most patients of com-
plete mole present now as missed abortions in the
first trimester (6.5 to 12 weeks of gestational age)
before the classic symptoms and ultrasound
appearance develop [24, 25]. Vaginal bleeding is
still the most common presenting symptom seen
in 84% of the cases, comparing with 97% in the
past [22]. A comparative study in late 1990s by
the New England Trophoblastic Center showed a
mean gestational age of 8.5 weeks among cases
of complete mole diagnosed between 1994 and
1997, compared to 17 weeks of those classic,
well-developed complete moles diagnosed
between 1969 and 1975 [26]. Among complete
mole patients managed in the late 1980s through
early 1990s, uterine size larger than gestational
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age was seen only in 28%, theca lutein cysts in
9%, hyperemesis gravidarum in 6%, preeclamp-
siain 1.3%, and none developed hyperthyroidism
or respiratory distress [22].

Pathology
Gross Pathology

Morphological presentation (size and extent of
villous edema) of complete mole depends on the
gestational age at time of evacuation. The speci-
men of a well-developed complete mole consists
of bulky volume of bloody tissue with grossly
identifiable, enlarged, and edematous villi. The
hydropic changes are diffuse and uniformly trans-
form chorionic villi into transparent vesicles of
variable sizes ranging from a few millimeters to
3.0 cm with an average of 1.5 cm, thereby resem-
bling clusters of grapes (Fig. 4.1a, b). When col-
lapsing molar villi admix with the maternal
gestational endometrial tissue in a curettage
specimen, floating the tissue sample in a water or
saline bath may help to identify the hydropic cho-
rionic villi. Normal placental structures are
grossly absent and identifiable fetal development
is lacking. Evacuated at a much earlier stage, the
gross appearance of an early complete mole
becomes subtle or there may be no gross evidence
of abnormal edematous villi, particularly when

the patient presents with a missed abortion.
Occasionally, an early complete mole may be
evacuated in an elective abortion procedure with-
out any clinical suspicion for abnormal
pregnancy.

Histological Pathology

Well-developed complete hydatidiform mole
(Table 4.1a): Microscopically, a well-developed
complete mole presents two salient morphologi-
cal features: diffuse villous edema and marked tro-
phoblastic hyperplasia. The hydropic changes
involve all chorionic villi that show markedly
edematous villous stroma with cistern formation
involving frequently many villi as central cystic
spaces that are completely devoid of cellular
components (Fig. 4.2). The villous outlines are
generally smooth, round to ovoid. Stromal

Table 4.1 Histological features of well-developed com-
plete hydatidiform mole

Diffusely enlarged chorionic villi with marked stromal
hydropic changes
Villous cistern formation

Multifocal to circumferential trophoblastic hyperplasia
with cytological atypia
Absence of nucleated RBC and fetal parts

Negative nuclear staining of p57 in cytotrophoblasts and
villous stromal cells

Fig.4.1 Gross appearance of well-developed complete hydatidiform mole (a, b) (courtesy of Dr. Bart Kenney, Yale
University). Note markedly enlarged chorionic villi and diffuse hydropic changes
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Fig.4.2 Histological appearance of well-developed complete hydatidiform mole. Note the markedly diffuse hydropic
changes involving all chorionic villi with cistern formation at this low magnification

trophoblastic inclusions are generally present.
Trophoblastic hyperplasia is characterized by
irregular yet diffuse trophoblastic proliferation
involving a significant portion of chorionic villi.
This hyperplasia is non-polar, multifocal to
frequently circumferential around the involved
villi (Fig. 4.3a, b). Occasional interconnections
or bridges are formed by the proliferating
trophoblast between the villi (Fig. 4.3c). Sheets
or confluent aggregates of intermediate
trophoblast are admixed with cytotrophoblast and
syncytiotrophoblast (Fig. 4.4a). Significant cyto-
logical atypia is almost always present in syncy-
tiotrophoblast and intermediate trophoblast
(Fig. 4.4b). Mitosis is frequently present among
cytotrophoblast and intermediate trophoblast.
Although the villous stroma is generally hypocel-
lular, cellular stroma can be found, particularly
near the tips of some chorionic villi, where stel-
late spindle cells are embedded in a myxoid
matrix along with numerous apoptotic bodies
(karyorrhexis) (Fig. 4.5). There are no fetal parts
or nonvillous placental structures, including
amnion, yolk sac, and chorionic membrane. Fetal
nucleated red blood cells are lacking. Fetal capil-
laries, however, may be identifiable by histology

and/or immunohistochemistry, particularly in a
very early complete mole (see the following).

Very early complete hydatidiform mole (VECM):
Very early complete mole is defined as a com-
plete mole evacuated before 12 weeks of gesta-
tion. The first documentation of early complete
mole was made by Keep who described four
cases of the condition [24]. The gestational ages
of these four patients were 6.5-11 weeks and all
were initially misdiagnosed as missed abortion
based on clinical and ultrasound findings, and
only retrospectively confirmed as complete mole
by DNA analysis [24]. These early complete
mole may not be suspected in most of the cases
by clinicians as well as pathologists due to their
subtle clinical and pathological presentation. No
gross pathological characteristics distinguish
very early complete mole from conventional
missed abortion in a curettage specimen.
Although ultrasonography may still detect abnor-
malities (absence of fetal heart beat), a significant
proportion of the cases (1/3-2/3) demonstrate
minimal hydropic change and are therefore
unidentifiable clinically, even with improved
sonographic expertise [27, 28]. In the absence of
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Fig. 4.4 High-power view of the trophoblast of well-
developed complete mole. Sheets or confluent aggre-
gates of villous intermediate trophoblast admixed with

the typical clinical and imaging characteristics,
the role of pathologist has become more critical
in the diagnosis of very early complete mole.
Histologically, the two diagnostic hallmarks
of a well-developed complete mole, enlarged
villi with cistern formation and exuberant or
circumferential trophoblastic proliferation, are not
present in a very early complete mole. However,

cytotrophoblast and syncytiotrophoblast (a). Significant
cytological atypia is present (b)

the histological changes of the villous stroma in
VECM are highly characteristic (Table 4.2). In
VECM, the chorionic villi usually display abnor-
mal bulbous, polypoid to phyllodes-like configu-
rations without significant edema (Fig. 4.6a—d).
The villi are small or slightly enlarged, relatively
uniform and usually do not have irregular contour
or trophoblastic inclusions (Fig. 4.7). The villous
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Fig. 4.5 Cellular and myxoid villous stroma with prominent karyorrhexis involving some smaller villi in

well-developed complete mole

Table 4.2 Histological features of very early complete
hydatidiform mole (VECM)

Polypoid or cauliflower-like chorionic villi of normal
sizes

Cellular and myxoid villous stroma with prominent
karyorrhexis

Mild to moderate trophoblastic hyperplasia in random or
circumferential fashion

Negative nuclear staining of p57 in cytotrophoblasts and
villous stromal cells

stroma frequently has a primitive appearance
resembling the mesenchymal villi during the
early placental formation (Fig. 4.8a). They are
characteristically hypercellular and composed of
stellate to plump fibroblasts embedded in a blu-
ish myxoid matrix with prominent karyorrhexis
or apoptotic bodies (Fig. 4.8b). These stromal
fibroblasts are relatively large with slightly
hyperchromatic  nuclei. Stromal hydropic
changes are rare or not prominent. Linear rudi-
mentarily developed capillaries may be found,
particularly by immunohistochemical staining of
endothelial markers, see the following.
Trophoblastic proliferation — a hallmark of CHM
— is only focally present or may be completely

absent in VECM. In an early complete mole, the
pattern of trophoblastic proliferation recapitu-
lates that observed in early placental formation
after implantation. When present, it randomly
involves some villi with circumferential distribu-
tion of both cytotrophoblastic and syncytiotro-
phoblastic cells (Fig. 4.9).

Vasculature in complete mole: Well-formed vil-
lous vessels, as discussed earlier, should not be
found in a fully developed complete mole,
although immunohistochemistry with endothelial
cell markers (CD34 and QBEND10) may high-
light the presence of endothelial cells in a linear
fashion [29, 30]. This is, however, not true for an
early complete mole, which may present with
histologically identifiable vessels. They are in the
form of capillaries (Fig. 4.10) and occasionally
may contain identifiable fetal nucleated red blood
cells [29, 31, 32], some of which may appear
megaloblastic. CD34 immunostain may highlight
numerous capillaries within the stroma [29].
These villous vessels generally disappear before
the mid-second trimester. In addition to the pres-
ence of nucleated red blood cells, so-called
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Fig.4.7 Medium power view of an early complete mole. Note small to mildly enlarged villi that have no significant
edema or trophoblastic hyperplasia
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Fig.4.8 Very early complete mole showing primitive chorionic villi with cellular and myxoid matrix (a), stellate to
plump stromal cells, and prominent karyorrhexis or apoptotic bodies (b)

stunted embryos have been described in the
literature as severely abnormal embryonic struc-
tures present in a very early complete mole [33].
However, a dead twin embryo with coexisting
complete mole is possible [34], and molecular
genotyping may be helpful in resolving this issue
in the future.

Implantation site reaction in association with
complete mole: Frequently associated with com-
plete mole, the implantation site often character-
istically shows changes histologically similar to
exaggerated placental site reaction (see Chap. 10).
The trophoblastic infiltration consists of so-called
implantation site intermediate trophoblast. Suction
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Fig.4.9 Mild trophoblastic hyperplasia in a random to circumferential distribution in an early complete mole

.

! ’ " é‘ i s g Py ‘
a i 1 .’ . . " ’ J
t g . % ‘_."‘/ ¢ \“ b, 5
1 " . r’ ' r" "
TP P W
; 5 o o ’?é
W il RSN, PR
P P 4 . . 'p
\7‘? - ; g4
: b a2 S

Fig.4.10 Rudimental capillary vasculatures in an early complete mole

curettage often yields fragments of endometrium
and/or superficial myometrium with infiltrating
intermediate trophoblasts, frequently showing
cytological atypia, and even simulating placental
site trophoblastic tumor (Fig. 4.11). However, an
absence of mass lesion clinically or by imaging

and the presence of concurrent molar gestation
should easily confirm a non-neoplastic process.
Similar to a well-developed complete mole, an
exaggerated placental site reaction with striking
trophoblast atypicality may be associated with
VECM.
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Fig.4.11 Exaggerated placental site — like reaction associated with complete mole

Ancillary Studies

Most complete moles are diploid by flow cytom-
etry DNA ploidy analysis [35, 36]. It should be
noted that ploidy analysis using paraffin-embedded
tissue is frequently plagued with technical diffi-
culties and interpretation errors resulting in a
significant misclassification of ploidy, and misdi-
agnosis of hydatidiform mole. This is because
the ploidy histograms produced from paraffin-
embedded tissue samples tend to have increased
cellular debris and broader peaks with a high
coefficient of variation [37]. Effects of various
fixatives and fixation conditions may significantly
affect DNA ploidy analysis as well [37].

The unique androgenic nature of complete
hydatidiform mole has been explored to identify
imprinting markers for diagnostic purposes. P57
is a cyclin-dependent kinase inhibitor protein,
encoded by a paternally imprinted gene. This
gene is silent in subsets of cells of complete
moles as their genetic material is entirely pater-
nally derived [9, 38]. Hydropic abortuses and
partial moles show strong nuclear p57 expression

in cytotrophoblast, intermediate trophoblast, vil-
lous stromal cell, and decidual stromal cell (see
Chap. 5), whereas p57 staining is absent or very
weak in cytotrophoblasts and villous stromal
cells of complete mole (Fig. 4.12). It should be
noted that in complete mole, P57 can be expressed
in syncytiotrophoblast, intermediate trophoblast,
and stromal endothelial cell. Occasionally scat-
tered weak nuclear staining of p57 in cytotropho-
blast may also be seen in complete mole, therefore
posing diagnostic difficulties.

Molecular genotyping is the most recently
developed technique that has been found practi-
cal and highly accurate in the differential diag-
nosis of hydatidiform moles. Polymerase chain
reaction (PCR) amplification of multiple short
tandem repeat (STR) loci of maternal decidua
and villous tissue provides information about the
parental genetic contribution, and therefore, it
can reliably distinguish diandric complete mole
from diandric monogynic partial mole and bipa-
rental diploid hydropic gestation (additional
details of STR genotyping diagnosis are dis-
cussed in Chap. 11).
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Fig.4.12 Absence of p57 immunostaining in cytotrophoblastic cells and villous stromal cells in complete mole

Differential Diagnosis

Well-developed complete hydatidiform moles
are generally diagnosed without difficulties by
routine histological examination with additional
help of p57 immunohistochemistry (Figs. 4.12
and 5.5). Although the morphological features
of very early complete moles are quite charac-
teristic, the pathologist needs to have a high
index of suspicion and be aware of its histologi-
cal and cytological features. Normal early preg-
nancy, hydropic non-molar gestation, ectopic
pregnancy (particularly tubal pregnancy), and
partial mole are common differential diagnoses.
Molecular genotyping offers an ultimate diag-
nosis/confirmation of a complete mole by dem-
onstration of androgenic-only genome in the
villous tissue. A recently published diagnostic
algorithm suggested that cases morphologically
suspicious for complete mole should first be
stained for p57, and a negative result would be
confirmatory without further analysis. Cases
that lack well-developed morphologic features
of CHM and have equivocal p57 results should
be evaluated by molecular genotyping [39].
However, it has long been suggested [40, 41],
and recently confirmed [6] that heterozygous

(dispermic) complete moles are more aggressive
than homozygous (monospermic) ones in the
development of postmolar gestational tropho-
blastic neoplasia. Therefore, a precise geno-
typing subclassification of complete moles may
be clinically desirable.

Complete mole vs. spontaneous abortion: Early
spontaneous abortions usually show obvious
hydropic degeneration with large, round villi
enriched with edematous fluid. Microscopically,
the edema of the chorionic villi may be remark-
able, even with cistern formation. However,
significant enlargement of chorionic villi is not
present in a non-molar missed abortion. There
may be reactive trophoblastic proliferation as
well, but generally in a polarized distribution
(located at one pole of chorionic villi) as opposed
to circumferential or multifocal distribution seen
in early complete mole. Nevertheless, rare cases
of spontaneous non-molar abortus may have cir-
cumferential proliferation of trophoblasts, simi-
lar to that seen in complete mole.

Complete mole vs. partial mole: Well-developed
complete moles are distinguished from partial
moles by the extent of hydropic changes, the
degree of trophoblastic hyperplasia, and the
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Fig. 4.13 Early partial mole simulating early complete
mole by its diffuse villous edema and mild trophoblastic
hyperplasia (a, b). Genotyping confirms the diandric
monogynic genome in this partial mole (c). Note the

absence of fetal tissue. In contrast to the diffuse
edema involving all villi in a complete mole, a
partial hydatidiform mole shows two populations
of villi: small fibrotic ones and hydropically
dilated ones with marked border irregularities,
trophoblastic inclusions, cistern formation, and
low levels of trophoblastic hyperplasia in the
form of syncytiotrophoblastic knuckles. A diag-
nostic separation of a very complete mole from a
partial mole may be very difficult on mere mor-
phological ground, primarily because of the
absence of cistern formation and less tropho-
blastic hyperplasia in early complete mole
(Fig. 4.13 a,b,c). Flow cytometry DNA ploidy
analysis is one of the earliest and — until recently
— the most frequently used method to distinguish
a complete mole from a partial mole. An absence
of nuclear p57 staining of cytotrophoblastic cells

presence of dispermic heterozygous paternal and monog-
ynic alleles in the chorionic villi (c, lower panel) compar-
ing with the normal biparental allelic pattern in the
maternal endometrium (c, upper panel)

and villous stromal cells should confirm a diag-
nosis of complete mole. In a difficult case where
ploidy and p57 are inconclusive, DNA genotyp-
ing (see Chap. 11) offers an ultimate confirma-
tion (Fig. 4.13c).

Early complete mole vs. early gestation: Early
gestation may show overlapping histology with
VECM. Generally, normal early gestation dem-
onstrates elongated narrow chorionic villi, a
paucicellular stroma with nonbranching capillar-
ies and prominent nucleated red blood cells.
Polarized trophoblast proliferation is generally
found in an early gestation (Figs. 2.5 and 4.14),
in contrast to a random or circumferential pat-
tern seen in complete mole (Figs. 4.3 and 4.9).
Ectopic pregnancy, particularly of tubal location,
may remarkably simulates an early complete
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Fig. 4.14 An early tubal pregnancy with histological features simulating an early complete mole at low (a) and

intermediate magnifications (b)

mole (Fig. 4.14a). Since most of the tubal preg-
nancies terminate with gestational sac ruptured
and bleeding at an early stage, the chorionic
villi may show primitive appearance with stromal
hypercellularity and myxoid changes, greatly
overlapping with very early complete mole.
However, again, the trophoblastic proliferation
is focal and polarized at one end of the chorionic
villi (Fig. 4.14b). It is important, however, to

note that an early complete mole can arise
from tubal gestation (Fig. 4.15a, b). Immuno-
histochemistry of p57 or genotyping may resolve
the issue if in doubt.

Complete mole in twin gestation: Complete
mole arising from twin gestation may present,
in a curettage specimen, admixed edematous
molar and normal chorionic villi, simulating a
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Fig. 4.15 An early complete mole arising from a tubal
pregnancy (a) with confirmation by DNA genotyping (b).
Note the presence of homozygous paternal-only alleles

partial mole. Careful morphological assess-
ment is crucial to ascertain the true molar
hydropic villi, which may be confirmed by p57
immunohistochemistry.

Complete mole vs. choriocarcinoma: Complete
mole may present with significant trophoblas-
tic hyperplasia and marked cytological atypia
in some cases. In isolation, such exuberant tro-
phoblastic changes may mimic choriocarci-
noma histologically when the villi are not
represented in the tissue section (Fig. 4.16a, b).

in chorionic villi (b, lower panel) compared with the
normal biparental alleles in maternal endometrium (b, upper
panel)

In current practice, a diagnosis of choriocarci-
noma should not be made in the presence of
identifiable chorionic villi, and a diagnosis of
choriocarcinoma also requires the presence of
tissue necrosis, destructive growth, and exten-
sive hemorrhage (see Chap. 8). Submission of
additional tissue or deeper sections of tissue
blocks may reveal villous structures. It is pos-
sible, however, that an emerging or in-situ cho-
riocarcinoma coexists with normal or molar
chorionic villi (see Chap. 9). Since up to 30%
of gestational choriocarcinomas follow a term
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Fig. 4.16 Curettage specimen of an early complete mole shows markedly atypical trophoblasts along with the
presence of chorionic villi (a). In isolation, such atypical trophoblasts may be misinterpreted as choriocarcinoma (b)

pregnancy, recent finding of in-situ choriocar-
cinoma in an otherwise normal placenta has
drawn greater interest. Moreover, in very rare
cases, choriocarcinoma may be identified in a
missed abortion specimen within degenerative
or ghost villi. The presence of sheets of highly
atypical trophoblast with bilamellar arrange-
ments should prompt a consideration of in-situ
or early choriocarcinoma.

Clinicopathological Correlations

There is a finite increase of subsequent molar
gestations after the diagnosis of complete mole.
The absolute risk is about 1% after one prior mole
and up to 15-18% after two consecutive moles
[42, 43]. It is important to note that patients with
familial biparental moles have a minimal likelihood
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to have a subsequent normal pregnancy, and egg
donation may be the only option [8, 44, 45].
However, heterozygous NLRP7 mutation carriers
appear without increased risk of adverse repro-
ductive events [8, 14].

In 2002, FIGO introduced the term “persistent
trophoblastic neoplasia — GTN” to include persis-
tent mole, invasive mole, metastatic mole, chorio-
carcinoma, and trophoblastic tumors under one
clinical term for management purpose [46],
because all patients with such a diagnosis require
chemotherapy [18]. This is a rather important
development resulting in clinical treatment deci-
sion based on clinical and serum hCG marker
evaluation without a need of tissue diagnosis.
Therefore, precise histological diagnoses of the
persistent disease after molar pregnancy have
become blurred. Clinical parameters including
plateaued hCG level for 24 weeks, rising hCG
levels, continued uterine bleeding or signs of met-
astatic disease signify the presence of persistent
GTN. The incidence of persistent gestational tro-
phoblastic neoplasia after the evacuation of com-
plete hydatidiform moles ranges from 18 to 29%
[16, 47-50]. Traditionally, among GTN, chorio-
carcinoma occurs in about 2-3% of patients after
complete moles. In the United States and Western
European countries, 50% of gestational chorio-
carcinomas follow a complete hydatidiform mole
(Chap. 12, Fig. 12.2). Chapter 9 provides a thor-
ough discuss of GTN. Histological and immuno-
histochemical markers have not been well
established in predicting the risk of prognosis of
complete mole. The amount of trophoblastic
hyperplasia and the degree of cytological atypia
in complete mole have no apparent prognostic
significance. Therefore, grading of complete mole
is no longer in practice [51, 52]. Recent investiga-
tions have found that an overexpression of Nanog,
a stem cell marker, may be correlated with a worse
prognosis of complete mole [53, 54]. It is impor-
tant to realize that evacuation of an early complete
mole has not significantly changed the rate of
developing persistent gestational neoplasia [18,
22, 55]. Chapter 9 provides an in-depth discus-
sion of persistent trophoblastic neoplasia.

It has been suspected that the risk of GTN is
higher for heterozygous complete moles than
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for homozygous ones [41]. Several groups had
worked on the issue using different molecular
approaches [41, 56—60]. Using more accurate
and comprehensive STR polymorphisms anal-
ysis, it has been recently confirmed that hetero-
zygous complete moles indeed have a greater
risk of developing GTN [6]. Moreover, the
risk of GTN in patients with FBCM was found
similar to those with androgenic complete
mole [8].

Complete mole with coexisting fetus has a
higher incidence of postmolar complications
(post-gestational trophoblastic neoplasia). Among
72 patients with coexistent twin pregnancies
reported in Japan, 45.2% of 31 patients who
required uterine evacuation during the second tri-
mester for medical indications developed GTN,
compared to 20.8 and 17.6% who delivered in the
first and third trimester, respectively [61]. When
comparing with singleton molar pregnancy, com-
plete mole with coexisting twin fetus developed a
higher incidence of metastatic or persistent mole
that required chemotherapy [61, 62].
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Introduction

Hydatidiform moles are nonneoplastic prolifera-
tions of the villous trophoblasts, with two distinct
subtypes: complete and partial hydatidiform moles
(PHMs). While they share some basic features,
that is, hydropic placenta/chorionic villi and tro-
phoblastic hyperplasia, partial and complete moles
have significant differences in their genetic com-
position, clinical presentation, histomorphology,
and the subsequent risk of developing persistent
gestational trophoblastic disease (GTD) or gesta-
tional trophoblastic neoplasia (GTN). At the
genetic level, PHMs are typically diandric mono-
gynic triploid gestations, most often arising from
two sperms fertilizing an egg. Complete moles on
the other hand are most commonly diploid or tet-
raploid and are entirely paternally derived.
Although cytogenetic abnormalities, includ-
ing triploidy, have been reported in hydatidiform
moles since the 1960s, the two subtypes — complete
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and partial mole — were not defined and separated
until the late 1970s [1-7]. Initially, the basis of
division had been the absence or the presence of
an embryo/fetus, and partial (or “incomplete”)
moles were defined as “moles with fetuses” (alive
or dead) with a triploid karyotype, slowly pro-
gressing hydatidiform swelling of the placenta
with focal sparing of villi, and focal, inconspicu-
ous trophoblastic hyperplasia [3]. Over the past 3
decades, the evolution of ancillary techniques —
cytogenetics, flow cytometry, immunohistochem-
istry, and most recently molecular genotyping — has
significantly contributed to our understanding of
the pathogenesis and biology of complete and
PHMs and improved our diagnostic accuracy, as
it will be discussed in detail in this chapter.

The incidence of molar pregnancies shows
wide regional variation: the reported rates range
from 0.63 to 1.1/1,000 pregnancies in the United
States and Europe, compared to the much higher
rates in Mexico, Nigeria, Japan, and Indonesia
(up to 13 hydatidiform moles per 1,000 pregnan-
cies) [8—11]. It is unclear to what extent is this
variation attributable to racial differences; how-
ever, higher incidence has been reported among
Asian, Philippine, and Hispanic women, as well
as Native Americans and Alaskan natives [9, 12].
In addition to geographic and ethnic factors,
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extremes of maternal age (younger than 20 or
older than 40 years of age), nulliparity or low
parity, history of infertility, low dietary intake of
carotene and animal fat, and family or personal
history of GTD have been found to be associated
with an increased risk of hydatidiform moles
[8, 9, 11, 13]. The above statistics are, however,
largely based on data obtained from studies of
complete mole. The exact epidemiology of par-
tial mole is at best uncertain due to significant
underdiagnosis and misclassification of triploid
gestations, see next section. Although complete
hydatidiform mole (CHM) and PHM share many
of the risk factors, there are data to suggest that
higher education, smoking, irregular menstrual
cycles, oral contraceptive use for over 4 years,
and only male infants among prior live births sig-
nificantly increase the risk of PHM in contrast to
CHM [11, 14]. The risk of partial mole also
increases with maternal age [15]; in several stud-
ies, the ratio of PHM to CHM was 2:1 in women
older than 35 years, while the reverse was true for
women under 20 years of age [16—18]. This may
be due to abnormal zona pellucida formation
with increasing maternal age, which may facili-
tate sperm penetration and promote formation of
a partial mole [17].

Genetic Background

Virtually, all PHMs have a triploid — diandric
monogynic — genome, arising from two sperms
fertilizing an egg (dispermic, heterozygous PHM)
in approximately 90% of cases. The remaining
10% of cases originate from one sperm fertilizing
an egg followed by reduplication of the paternal
chromosome set, due to failure of meiosis I or II
(monospermic, homozygous PHM) [19-21]. As
aresult, approximately 70% of partial moles have
a 69XXY karyotype, 27% are 69XXX, and 3%
69XYY [21, 22].

Not all triploid gestations manifest as PHMs,
however. Triploidy is one of the most common
chromosomal abnormalities in humans, occur-
ring in up to 3% of all conceptuses [23, 24], and
approximately 8—10% of all spontaneous abor-
tions [25, 26]. Nearly two-thirds of these cases
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are paternally derived and associated with a
partial molar phenotype, but approximately one-
third of them are digynic, non-molar gestations,
arising from meiotic nondisjunction of maternal
chromosomes [21, 23, 27]. Interestingly, the ratio
of digynic triploids is much higher among cases
with well-formed fetuses and late intrauterine
fetal demise, resulting in some discrepancies
between datasets in the literature [21, 23, 24].
These data imply that the rate of genetic partial
moles among spontaneous abortions might be as
high as 3%. Many of these cases may possibly
be missed on routine pathologic examination
without adjunct tests, due to the early gestational
age at evacuation and incomplete histological
features.

Rare tetraploid partial moles have also been
reported, with three haploid paternal chromo-
some sets and a 92X XXX, 92XXYY, or 92XXXY
karyotype [28, 29]. Early reports have also raised
the possibility of diploid PHMs mainly on the
basis of presence of fetal red blood cells and/or
fetal tissues; however, these cases were later
either found to be twin gestations with a com-
plete mole and a normal fetus, or very early com-
plete moles with evidence of early embryonic
development [20, 30, 31]. A study on a large
series of putative diploid PHMs revealed that the
majority of the cases were misclassified on patho-
logic examination, while the rest of them proved
to be triploid on repeat ploidy analysis [20].
These more recent data suggest that diploid par-
tial moles probably do not exist, and misclassifi-
cation of such cases can be avoided by careful
microscopic examination coupled with new ancil-
lary techniques (i.e., immunohistochemistry and
molecular genotyping).

Clinical Presentation

Majority of patients with PHM present in the late
first trimester or early second trimester with vagi-
nal bleeding or with missed or incomplete abor-
tions [11, 15]. The uterine size is usually small or
appropriate for gestational age, and the serum
human chorionic gonadotropin (hCG) level is
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normal or moderately elevated [32]. Preeclampsia,
uterine enlargement, hyperthyroidism, hyper-
emesis, and other classic symptoms of CHM
are rarely seen in association with partial mole
[8, 15, 33]. Ultrasound findings of PHM may
include focal cystic changes in the placenta and
increase in the transverse diameter of the gesta-
tional sac [8, 32, 34, 35]. Unlike in CHM, a fetus
may be detectable by ultrasound [11]. However,
there is a high false-negative as well as false-pos-
itive rate for PHM associated with sonographic
study; therefore, pathologic examination of all
nonviable pregnancies should be performed irre-
spective of the ultrasound findings [36, 37].

Gross and Microscopic Features

The volume of the evacuation specimen of PHM
is usually less than that of complete mole, but
generally more than that of hydropic abortions.
Grossly it often appears as normal villous tissue;
however, molar vesicles may occasionally be seen
(Fig. 5.1). A gestational sac, fetal parts, or a rela-
tively intact fetus may be grossly apparent,
depending on the gestational age at the time of
evacuation or at the time of intrauterine demise if
it occurred weeks before the evacuation. In cases
with prolonged postmortem intrauterine retention,
the fetus may have undergone marked autolysis

Fig.5.1 PHM at 20 weeks of gestation with grossly iden-
tifiable gestational sac and umbilical cord. Note the semi-
transparent hydropic change involving some but not all the
chorionic villi. The pregnancy was terminated due to mul-
tiple fetal anomalies (ventriculomegaly and omphalocele)

preventing the gross or microscopic identification
of fetal parts. The fetus, if present, usually shows
mild to moderate symmetrical intrauterine growth
restriction (IUGR) and characteristic malforma-
tions, that is, syndactyly (involving fingers 3—4
and toes 2-3), but spina bifida, cleft palate, cryp-
tophthalmos, simian crease, and renal hypoplasia
have also been reported [3, 27, 38—40]. Although
PHM is incompatible with fetal survival, there
have been rare case reports of liveborn triploid
fetuses that died within a few hours of birth, some
of which have been confirmed as partial moles
[26, 38].

Microscopically partial moles (Table 5.1) are
characterized by a dimorphous villous population:
large, hydropic, and irregular villi intermixed with
smaller, normal appearing or fibrotic chorionic
villi (Fig. 5.2a—e). This second villous population
with preserved fetal circulation is thought to be
responsible for fetal survival in partial moles, in
contrast to the typically avascular villi in complete
moles [33, 36, 41]. The size of larger hydropic
villi is greater than 0.5 mm, generally ranging
between 1 and 6 mm [42]. Central cistern forma-
tion with a maze-like pattern is seen in advanced
cases. The villi are irregularly shaped with scal-
loped contours. Trophoblastic pseudo-inclusions
— resulting from invaginations of the villous sur-
face — are frequently present and are characteristi-
cally round or oval in shape. Single cell
trophoblastic inclusions (“wandering tropho-
blasts”) are also commonly seen in the villous
stroma [42, 43]. There is mild to moderate cir-
cumferential — non-polar — trophoblastic hyper-
plasia without significant atypia [3, 4, 43].

Table 5.1 Histological features of partial hydatidiform
mole

1. Two populations of villi: hydropic enlarged and
normal sized

2. Scalloped villous surface and stromal cistern
formation

3. Round to oval trophoblastic pseudo-inclusions

4. Mild circumferential trophoblastic hyperplasia and
syncytiotrophoblastic sprouts

5. Presence of nucleated RBC and/or fetal parts

6. Positive nuclear staining of P57 in cytotrophoblasts
and villous stromal cells
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Fig. 5.2 Histomorphologic characteristics of PHM at 12
weeks (a—c) and 20 weeks gestational age (d—f). There are
two populations of chorionic villi, the hydropic, larger
villi have markedly irregular contours with several round

The syncytiotrophoblasts may be focally promi-
nent (syncytiotrophoblast “knuckles” or “sprouts”)
with intracytoplasmic lacunae. Fetal blood vessels
and nucleated red blood cells are often present.
Not all genetically confirmed triploid partial
molar gestations show the characteristic histo-
logical features, however. At early gestational

trophoblastic pseudo-inclusions. Nucleated fetal red blood
cells are present (c). Central cistern formation can be
observed (e), and circumferential, non-polar trophoblastic
hyperplasia is present

age (less than 8-9 weeks), the trophoblastic
hyperplasia may be only focal, in the form of
syncytiotrophoblast sprouts; the villous hydrops
is not well developed, and therefore, the dimor-
phous villous population may not be apparent.
Partial moles evacuated at a later developmental
stage — involuting or “ancient” PHMs — show two
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populations of villi with irregular contours, but
they may lack villous hydrops, and instead exten-
sive villous fibrosis may be seen [41].

Ancillary Studies

The histological diagnosis of PHM is often chal-
lenging, due to the presence of frequent histologi-
cal mimics and the absence of a single morphologic
feature that is entirely specific for partial mole.
Consequently, the inter- and intraobserver vari-
ability is high even among experts when the diag-
nosis is based on histology alone [44].

Among ancillary techniques, ploidy analysis —
either by cytogenetics or flow cytometry — has
been utilized for the longest time [21]. Ploidy
analysis is useful in diagnosing triploid gesta-
tions and separating them from the diploid, tetra-
ploid, or aneuploid conceptuses (Fig. 5.3).
However, it is unable to distinguish between
diandric monogynic PHMs and non-molar digy-
nic triploidy, and between diploid CHMs and its
non-molar diploid mimics. Furthermore, there
are technical limitations associated with these

1200 ﬁ

900
]
Ke}
€ 600
=3
=2

300

0 A A A
0 50 100 150

Channels

Fig. 5.3 PHM with triploid DNA content by flow cyto-
metric ploidy analysis using isolated nuclei from archived
paraffin-embedded tissue. Characteristic triploid DNA
content is seen as the yellow peak corresponding to a 69
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methods. Conventional karyotyping is time- and
labor-intensive, and requires fresh tissue, which
is often not available, especially if the diagnosis
was clinically unsuspected. Flow cytometry analy-
sis, although may be performed on formalin-fixed
paraffin-embedded tissues, it is not uncommonly
associated with misclassification of ploidy [45].
The role of fluorescent in situ hybridization
(FISH) in ploidy analysis for suspected molar
gestations has also been advocated; however, it
has not become a routine technique due to techni-
cal difficulties [46].

The role of immunohistochemistry for various
cell cycle proteins (E2F-1, CDK2, cyclin E, p27,
p57) and proliferation markers (proliferation cell
nuclear antigen [PCNA], Ki-67) has also been
explored in various studies [47-49]. Among all
these markers, only p57 was found to have practi-
cal significance in the differential diagnosis of
hydatidiform moles. P57 is a cyclin-dependent
kinase inhibitor protein, encoded by a paternally
imprinted gene on chromosome 11p15.5 [50]. It
is preferentially expressed only from the mater-
nal allele; therefore, CHMs do not express pS7
since their genetic material is entirely paternally

Date acquired:

File:

Source:

Case:

Analysis type: Automatic analysis
Prep:

DIPLOID: 18.06%
Dip GO-G1: 100.00% at 51.05
Dip G2-M: 0.00% at 102.10
Dip S: 0.00% G2/G1: 2.00
Dip %CV: 2.91

ANEUPLOID 1: 81.94%
An1 GO-G1: 77.86% at 75.47
An1 G2-M: 11.43% at 144.35
An18S:10.71% G2/G1: 1.91
An1 %CV: 3.02
An1DI: 1.48

Total S-Phase: 8.78%

Extra Pop: %

Debris: 23.57%
Aggregates: 0.00%
Modeled events: 15369
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Diploid B.A.D.: 9.24% no aggs
Aneuploid B.A.D.: 5.46% no aggs
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chromosomal composition. The red peak corresponds to a
46 chromosomal composition representing the contami-
nating normal diploid maternal cells
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derived. As p57 is a negative regulator of cell
cycle, lack of its activity can lead to loss of cell
cycle control and hyperproliferation, which may
be the explanation for trophoblastic proliferation
in CHM. Normal placentas, hydropic abortions,
and PHMs show strong nuclear p57 expression in
cytotrophoblasts, intermediate  trophoblasts,
intervillus trophoblast islands, villous stromal
cells, and decidual stromal cells, whereas syncy-
tiotrophoblasts are uniformly negative. In com-
pletemoles,ontheotherhand, p57immunostaining
is absent in cytotrophoblasts and villous stromal
cells, although its aberrant expression can be seen
in intervillous intermediate trophoblasts and vil-
lous endothelial cells [50, 51] (Fig. 5.4). The
interpretation may be however challenging in
rare cases of CHM where an incomplete imprint-
ing of p57 results in weak nuclear staining among
the molar cytotrophoblastic cells. Nonetheless,
p57 immunostaining is a useful marker in
separating CHM from its mimics in the majority
of the cases. P57 immunostain cannot, however,
differentiate between PHM and other abnormal
gestations that contain maternal genetic material
(i.e., hydropic abortions, trisomies, digynic trip-
loidy, placental mesenchymal dysplasia).

Most recently, molecular genotyping has been
found highly sensitive and specific by multiple
groups to aid the diagnosis of hydatidiform moles.
Polymerase chain reaction (PCR) amplification of
multiple short tandem repeat (STR) loci of mater-
nal decidua and villous tissue provides informa-
tion about the parental genetic contribution in the
villous tissue [19, 52-55]. The alleles in the mater-
nal tissue are compared with the alleles in the
chorionic villi: one matching maternal allele and
two paternal alleles (heterozygous PHM), or one
paternal allele in double quantity (homozygous
PHM) in at least two loci is diagnostic of partial
mole (Fig. 5.5). Genotyping can reliably distin-
guish diandric monogynic PHMs from diandric
CHMs, biparental diploid hydropic abortions,
digynic monoandric triploidy, and the more com-
mon chromosomal trisomies [52]. It has been rec-
ommended that genotyping should be performed
whenever a differential diagnosis of PHM is con-
sidered [56].
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To best utilize these ancillary techniques,
some institutions have developed a diagnostic
algorithm: cases morphologically suspicious for
CHM are first stained for p57 and a negative
result (in the presence of positive internal con-
trol) is confirmatory without further analysis, and
only those cases that lack well-developed mor-
phologic features of CHM and/or have equivocal
pS7 results are subjected to genotyping [53]. At
our institution, however, all cases with morpho-
logic suspicion of either complete or partial mole
are genotyped for final diagnosis and genotypic
subclassification [56] for a number of reasons,
see discussions in Chap. 11.

Differential Diagnosis

Several conditions may mimic PHM histologically,
the separation and precise diagnosis of which are
important, as there are marked differences in the
prognosis and the clinical management and follow-
up of patients with these entities. More commonly,
they present in the first trimester of pregnancy, such
as typical complete mole, early complete mole,
hydropic abortions, and gestations with chromo-
somal abnormalities. Late gestational mimics
include placental mesenchymal dysplasia, chromo-
somal abnormalities, and twin gestations with
complete mole and coexisting normal fetus [27].
In complete moles, the villous hydrops is dif-
fuse and marked, in contrast to the focal and less
severe hydropic changes in partial mole (Fig. 5.6a).
The villi are round, or may be ‘“cauliflower-
shaped” in very early CHM, the trophoblastic
hyperplasia is more pronounced, and there is often
trophoblastic atypia at the implantation site in the
form of exaggerated placental site reaction.
Trophoblastic pseudo-inclusions may be present,
but in contrast to the round pseudo-inclusions in
partial moles, they are more often irregular in
shape [43]. Characteristically, the villous stroma is
hypercellular and has a slightly basophilic, myx-
oid matrix with karyorrhectic debris (apoptosis).
Unlike in partial moles, fetal parts or fetal tissues
are generally absent in complete moles; however,
they may be seen in a complete mole arising from
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Fig.5.5 DNA genotyping diagnosis of PHM. Comparing
with the biparental alleles in the corresponding gestational
endometrium (upper panel), the presence of two paternal

a twin gestation [27, 30]. Fetal vessels and nucle-
ated red blood cells, once thought to differentiate
between partial and complete moles, can be found
in very early complete moles [30, 31, 36].

Hydropic abortions usually have a small vol-
ume of tissue on gross examination. The chori-
onic villi are round with a smooth contour, and
demonstrate mild, focal hydropic changes.
Trophoblastic hyperplasia — if present — is polar
(non-circumferential), limited to the anchoring
villi (Fig. 5.6b). There is no atypia or trophoblas-
tic pseudo-inclusions. Hydropic abortion is often
used as a general term to include all non-molar —
diploid, triploid, and aneuploid — hydropic gesta-
tions. In many cases, there is an underlying
chromosomal abnormality, discernable by con-
ventional karyotyping or molecular genotyping,
which is discussed separately in the following.

It may be very difficult to differentiate between
chromosomal abnormalities and partial moles
solely on the basis of histology. Closely resembling
PHM, gestations with certain chromosomal aberra-
tions (particularly trisomies 6, 7, 13, 15, 16, 18, 21,
and 22) often show markedly irregular chorionic
villi with trophoblastic pseudo-inclusions and
variable degree of hydropic change [52, 57-60]
(Fig. 5.7). Similar to partial moles, fetal vessels and
fetal red blood cells are commonly seen in the vil-

alleles in addition to one maternal allele at several microsat-
ellite loci (lower panel) confirms a dispermic/heterozygous
partial mole

lous stroma. Trophoblastic hyperplasia —equivalent
in severity to that seen in partial or complete moles
— is also not an unusual feature, especially in triso-
mies involving chromosomes 7, 15, 21, and 22 [60].
In these cases, it is often not possible to rule out a
partial molar gestation without the use of ancillary
tests, that is, ploidy analysis, karyotyping, and/or
molecular genotyping. The clinical significance of
trophoblastic hyperplasia associated with trisomies
is not known, however.

Digynic triploid gestations, although are not
typically associated with hydropic change or
trophoblastic hyperplasia, may also present a
diagnostic challenge (Fig. 5.8). Histologically,
the chorionic villi are not infrequently irregular
in shape, and trophoblastic pseudo-inclusions
and syncytiotrophoblast sprouts may also be
seen [41]. Fetal vessels and red blood cells are
often present. The fetus, if grossly identified,
often shows severe asymmetric [IUGR [39, 40].
These overlapping morphologic features together
with the triploid DNA content on flow cytometry
may lead to misclassification as a partial molar
gestation. Importantly, unlike partial moles,
digynic triploid gestations are not associated
with an increased risk of persistent GTD or
GTN. Molecular genotyping — as discussed
among ancillary techniques - definitively
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Fig. 5.6 Microscopic mimics of PHM: (a) Early com-
plete mole: The villous hydrops and trophoblastic hyper-
plasia is moderate, not yet fully developed. The villous

separates the two entities by identifying the
parental origin of haploid chromosomal sets in
the triploid genome.

A late gestational age mimic of partial mole,
termed placental mesenchymal dysplasia or
“pseudo-partial mole,” is a rare non-molar dis-
order characterized by stem villus and terminal

stroma is characteristically hypercellular and slightly
basophilic. (b) Hydropic abortion: Villous hydrops is
present, but it lacks significant trophoblastic hyperplasia

villous hydrops, aneurysmal stem villous ves-
sels and peripheral stem villous chorioangioma-
toid change [27, 61] (Fig. 5.9). The aneurysmal
vessels may suffer from thrombosis, which
could potentially explain the high rate of intra-
uterine fetal demise associated with these cases
[62]. In contrast to partial moles, trophoblastic
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Fig. 5.8 Digynic triploidy. This digynic triploid gestation demonstrates villous hydrops, mild trophoblast hyperplasia,
prominent syncytiotrophoblasts with intracytoplasmic lacunae, and irregular to oval trophoblastic pseudo-inclusions,
remarkably simulating a diandric partial mole. The diagnosis of digynic triploidy in this case was confirmed by molecu-

lar genotyping

hyperplasia and trophoblastic pseudo-inclusions
are absent [61]. The stem villi are enlarged,
hydropic with rare cistern formation and the vil-
lous stroma consists of myxofibroblastic prolif-
eration of spindle and stellate mesenchymal
cells without atypia. The fetus has a diploid
karyotype and may show evidence of IUGR or
Beckwith—Wiedemann syndrome (i.e., macroso-
mia, visceromegaly, hemihypertrophy, macro-
glossia, omphalocele, and adrenal cytomegaly)
in approximately 50 and 20% of cases, respec-
tively [27, 61, 62].

Clinicopathological Correlations

The preferred method of evacuation in suspected
molar pregnancies is suction curettage, which
has to be followed by careful hCG monitoring to
assure a clinical remission and to help an early
detection of persistent GTD [32, 63]. Persistent

GTD is a clinical term, encompassing invasive
mole, metastatic mole, and choriocarcinoma. Of
these, invasive mole, characterized by invasion
of molar villi into the myometrium without
intervening decidua, is the most common, occur-
ring in approximately 0.5-5% of partial moles
and in 15-20% of complete moles [11, 64, 65].
Rarely molar villi also invade intramyometrial
vessels and may spread to vagina, vulva, and the
broad ligament. Lung metastases can also
develop [66]. The risk of developing choriocar-
cinoma following a partial mole is very minimal
—only three cases have been reported recently in
the literature —, compared to the 2-3% risk asso-
ciated with CHMs [67]. Although certain clini-
cal features, as excessive uterine size, theca
lutein cysts, maternal age over 40 years and prior
molar pregnancy, have been identified as risk
factors for persistent GTD in complete moles,
no such associations were found in patients with
partial moles [68—70].
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Fig. 5.9 Placental mesenchymal dysplasia: Stem villous hydrops at 23+5/7 weeks of gestation. The fetus showed
multiple anomalies consistent with Beckwith—Wiedemann syndrome
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Introduction

Placental site trophoblastic tumor or PSTT is a
bona fide neoplastic proliferation of cells with
cytological features of the intermediate tropho-
blast present at the implantation site. The recog-
nition of the tumor was made in late 1970s,
although similar lesions had been documented in
the literature for over a century. The earliest pos-
sible description of the lesion was by Marchand
in 1895 as “atypical chorioepithelioma” [1].
Other names of the tumor were used including
“atypical choriocarcinoma”, “syncytioma”, a
term introduced by Ewing [2-5], and “chorioepi-
theliosis” [6-8]. Kurman, Scully, and Norris
firstly brought the lesion to attention as “tropho-
blastic pseudotumor” in 1976 based on 12 cases
of a trophoblastic lesion involving endomyome-
trium [9], regardless that some of the cases clearly
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caused uterine perforation as a result of the
lesional infiltrative growth [9, 10]. The term
“pseudotumor” was used mainly because of the
observed benign clinical course after hysterec-
tomy in this early study [9]. Other case reports in
English literature used the term to describe the
tumor [10-15], until 1981, when Scully and
Young eventually realized that the condition rep-
resented in fact a true neoplasm as 2 of their 14
cases had a fatal outcome as a result of metastasis
[16]. They then recommended that the term “pla-
cental site trophoblastic tumor” to replace “tro-
phoblastic pseudotumor”. The term “placental
site” was used simply because the proliferating
cells had morphological and biological features
of implantation site trophoblast. In the following
year, Young formally adopted the name in his
authoritative review of a total of 42 cases [17]
and it was later accepted by WHO [18]. Baergen
recently summarized 55 cases of PSTT in her
comprehensive review with an intent to identify
prognostic factors on the histological ground
[19]. To date, around 250 cases of PSTT have
been documented in English literature and they
represent roughly 3% of gestational trophoblastic
disease [20, 21].
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Clinical Presentation

Based on the three largest series in English litera-
ture, the patient age at presentation ranges from
20 to 63 years with a mean of 30 to 32 years [17,
19, 22]. The oldest patient documented was a
63-year-old who developed a PSTT 12 years after
menopause [23]. Gravidity ranged from 1 to 5.
The interval between the antecedent pregnancy
and the clinical manifestation of the tumor is
variable. An estimated 57-70% of the cases had
an uneventful full-term pregnancy with tumor
development 0.25-204 months (median latency
of 12-18 months) after delivery [19, 22, 24].
Antecedent complete hydatidiform mole and
abortion (missed or induced) were seen in
11-26% and 10-15% of the cases, respectively.
One reported PSTT arose in a background of
partial hydatidiform mole [25].

Most of the patients presented with vaginal
bleeding (several days to more than a year) and
uterine enlargement, clinically thought to be
pregnant. Less common symptoms were amenor-
rhea (months to over a year) and abdominal pain
[20, 21, 24]. The most serious complication was
uterine perforation, which occurred spontane-
ously in one reported patient and during curet-
tage in five others. Mild to moderate elevation of
serum hCG was seen in nearly 80% of the cases
with values ranging from 5 to 26,000 mIU/mL
(average 673-691 mlIU/mL and median of
74.5 mIU/mL) [19, 22]. Serum hCG was negative
at the initial presentation in about 20% of the
cases. Metastatic PSTTs had on average higher
serum hCG levels with a mean of 1,670 mIU/mL
and a median of 116.5 mIU/mL [22]. Nephrotic
syndrome was noted in the early studies as an
association with PSTT and the symptoms resolved
after hysterectomy removal of the tumor [26-28],
but was not confirmed by later studies [19, 29,
30]. Erythrocytosis was reported in association
with one PSTT [31].

Diagnostic imaging may identify two types of
vasculature patterns associated with PSTT: hyper-
vascular and hypovascular [32-34]. Tumors of
the hypervascular type show a mass lesion with
multiple cystic/vascular spaces by ultrasonogra-
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phy, and a mass lesion with multiple flow voids
by MRLI In contrast, PSTTs of the hypovascular
type may show no lesion, a solid mass without
cystic changes by ultrasonography or a solid mass
without prominent vasculature by MRI [32].

The tumor presented at stage I (FIGO) in about
84% of the cases, however tumors at stage III and
IV were seen in 5 and 9%, respectively[19]. FIGO
Stage II diseases commonly involve adnexa, pel-
vic lymph nodes, and parametrium. Distant
metastasis usually occurs after a second or third
local tumor recurrence.

Pathogenesis

PSTT is a true neoplastic proliferation of cells with
cytological and histological features recapitulating
the implantation site intermediate trophoblast.
PSTTs show rare genetic imbalances analyzed by
comparative genomic hybridization [35, 36], with
recurrent regional chromosomal gains have been
identified in a few cases [35]. Recent molecular
and genetic investigations have confirmed a pref-
erential requirement of paternal X chromosome,
i.e., female gestation, in the tumor genome. This
finding suggests that paternal X chromosome may
provide a growth advantage likely through altered
sex chromosome imprinting inactivation in tro-
phectoderm. A detailed discussion of this aspect
can be found in Chap. 3. Related to PSTT at a his-
tological level, exaggerated placental site (EPS)
reaction, a benign reactive condition associated
with concurrent pregnancy, consists of cells also
with features of the implantation site trophoblast.
It has been speculated that EPS reaction may be a
precursor lesion to PSTT [37]. However, a recent
genetic study did not find a genetic linkage between
the two conditions [38].

Pathology
Gross Pathology
The majority of the cases of PSTT involve uterine

endomyometrium with variable gross appear-
ances. Most tumors are circumscribed, nodular
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Fig. 6.1 Gross photograph of PSTT. A polypoid intra-

uterine mass with invasion of the underlying
endomyometrium
masses with good demarcation from the

surrounding endomyometrium. Some tumors
may be polypoid uterine growth with underlying
invasion into the myometrium (Fig. 6.1). The
tumor size ranges from less than 1.0 to 10.0 cm
(average of 5.0 cm). It may enlarge and distort the
entire uterine cavity. The cut surfaces of the tumor
are usually solid and fleshy with whitish tan to
light yellow color (Fig. 6.2). Focal areas of hem-
orrhage and necrosis are seen in nearly half of the
cases (Fig. 6.1). Deep myometrial involvement is
common (50%) and transmural invasion is seen in
about 10% of the reported cases. Perforation due
to deep myometrial invasion may occur with
extension into the broad ligament and adnexa in
rare cases [39].

Histological Pathology

Table 6.1 summarizes important histological
features of PSTT. Microscopic examination
usually reveals mass lesions infiltrating endomy-
ometrium (Fig. 6.3a). The tumor consists of sin-
gle, small aggregates or cords to large sheets of
tumor cells (Fig. 6.3b). At the tumor periphery,
the proliferating cells characteristically infiltrate
and split normal myometrial smooth muscle
cells (Fig. 6.4). The tumor cells are large, poly-
hedral to round, predominantly mononucleated
but binucleated and multinucleated forms —
resembling syncytiotrophoblasts — are also seen.

Table 6.1 Histological features of PSTT

1. Mass lesion involving endomyometrium

2. Proliferation of implantation site intermediate
trophoblasts (large mononuclear cells with occasional
multinuclear forms)

3. Infiltrative border with tumor cells splitting myome-
trial smooth muscle

4. Diftuse positivity for hPL

5. Ki-67 labeling in more than 5-10% of tumor cells

Fig. 6.2 Cross-section of PSTT. Note the solid whitish
tan cut surface with areas of hemorrhage [35].

The multinucleated tumor cells are generally
irregularly distributed. Occasionally, spindle-
shaped tumor cells may also exist particularly at
the tumor periphery. The cytoplasm is abundant
and amphophilic in nearly half of the cases
(Fig. 6.5a). Eosinophilic cytoplasm is present in
about 45% (Fig. 6.5b) and a clear cytoplasm is
seen in the remaining minority of the cases (5%)
(Fig. 6.5¢). The nuclei vary considerably in size,
shape, and staining patterns. Round small nuclei
with pale chromatin pattern are seen in some, but
large  convoluted nuclei with  marked
hyperchromasia, nuclear grooves and nuclear
pseudoinclusions are seen in most PSTTs.
Nucleoli are generally present and may be promi-
nent. There is a variable degree of nuclear atypia
(Fig. 6.6a) in some cases at an extreme level
(Fig. 6.6b). Mitotic activity ranges from 0 to
22/10 HPF, but most tumors have a mitotic count
between 2 and 4/10 HPF. High mitotic activity
(over 5 mitoses/10 HPF) has been found to be
associated with a worse prognosis. Microscopic
to large areas of hemorrhage are quite common
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Fig.6.3 Microscopic findings of PSTT. Note a deep myometrial invasive lesion at low magnification (a) and the pres-
ence of solid large sheets of trophoblastic cells within the tumor (b)

(Fig. 6.7a) and coagulative tumor cell necrosis
may be focal or even extensive in about 65% of
the cases (Fig. 6.7b).

Other important characteristic features of
PSTT include the presence of extracellular
fibrin material, similar to that seen at normal
implantation site (Fig. 6.7¢c), and the pattern of
vascular invasion of PSTT also recapitulates
normal implantation trophoblast with invasion

and replacement of the vascular wall (mainly
venous structures), while the overall vascular
architecture is maintained without collapsing
(Fig. 6.8a). Frequently, the replacement is
overtly complete by leaving only the original
endothelial cells in place (Fig. 6.8b). Concurrent
gestation or chorionic villi should be absent
by definition, although one case of PSTT
was documented arising in a concurrent molar
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Fig.6.4 Characteristic growth pattern at the tumor periphery with infiltrating tumor cells splitting the existing myome-

trial smooth muscle (lower power view, high power view)

gestation [40]. Adjacent endomyometrium may
show decidua-like reaction and/or the Arias-
Stella changes. In metastatic PSTT, the extra-
uterine tumors consist of mainly mononuclear
trophoblastic cells.

Some PSTTs may have focal mixed histologi-
cal and cytological features of other types of tro-
phoblastic tumors, most commonly epithelioid
trophoblastic tumor. In such tumors, a diagnosis
of mixed PSTT and ETT may be rendered.

Ancillary Studies

Tumor cells of PSTT generally show immunos-
taining patterns similar to those of implantation
site intermediate trophoblast, i.e. hPL, MUC-4,
HSD3B1,CD10,HLA-G and Mel-CAM (CD146),
and hCG [19, 37, 41, 42]. The staining of hPL is
generally strong, and diffuse (Fig. 6.9b) in over
2/3 of the cases. In contrast, protein expression of
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Fig.6.6 Cytological atypia of PSTT ranging from moderate (a) to marked (b)

hCG (Fig. 6.9c) and inhibin is only focal, and
present in multinucleated tumor cells. Epithelial
markers including cytokeratins AE1/3 cocktail
and CK18 are strongly expressed in PSTT
(Fig. 6.9d). Ki-67 is expressed in the range of
10-30% of the tumor cells and is a highly useful
marker in the differential diagnosis of PSTT from

its benign mimic, EPS reaction [42]. PSTT has no
expression of p63 epithelial marker [37, 42].
Most PSTT tumors analyzed by karyotype or
comparative genomic hybridization methods
showed generally undisturbed chromosomal pro-
files, except that a few recurrent regional
chromosomal gains have been identified [35].
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Fig. 6.8 Characteristic vascular invasion by PSTT (a), which is frequently complete except leaving the original

endothelial cells in place (b)

Differential Diagnoses

The differential diagnoses of PSTT include EPS
reaction, epithelioid trophoblastic tumor (ETT),
poorly differentiated carcinomas, and epithelioid
smooth muscle tumors.

EPS reaction may cause a significant diagnos-
tic problem, as it can closely resemble PSTT, par-

ticularly in a curettage specimen. It shares many
features of PSTT —including the infiltrative growth
pattern, vascular invasion by trophoblast, and
presence of extracellular fibrin material. However,
the time period between the antecedent pregnancy
and EPS reaction is mostly concurrent or much
shorter than that of PSTT. Moreover, unlike PSTT,
EPS reaction does not form a mass lesion and fre-
quently contains chorionic villi and evenly distrib-
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Fig. 6.9 Characteristic immunohistochemistry profiles of PSTT: (a) H.E. Stain; (b) hPL; (¢) hCG; and (d)

cytokeratin

uted, abundant multinucleated intermediate
trophoblasts. The mitotic activity is low and the
Ki-67 labeling index is less than 1%, as opposed
to a higher index (over 10%) in PSTT [43, 44].
Additional discussion can be found in Chap. 10.
Histological features separating ETT from
PSTT include a pushing growth margin, a fre-
quent localization in the cervix or lower uterine
segment, and the presence of eosinophilic kera-
tin-like material in ETT. Immunohistochemical
stains are also helpful: PSTT is diffusely positive
for hPL and Mel-CAM (CD146), while ETT is
negative or only focally positive for these mark-
ers [37, 45, 46]. P63 on the other hand, is strongly
positive in ETT and consistently negative in
PSTT [47]. Additional differential diagnosis
between PSTT and ETT is given in Chap. 7.
Separation of PSTT from poorly differentiated
endometrial carcinomas should not be difficult as

long as a due suspicion for the presence of tro-
phoblastic tumor is raised by a pathologist.
Clinically, a mild elevation of serum hCG sup-
ports a diagnosis of PSTT. Trophoblastic markers
such as hPL, HLA-G, and hCG should confirm
the trophoblastic nature of PSTT and rule out a
carcinoma, although focal hCG positive syncy-
tiotrophoblastic differentiation may be present in
rare poorly differentiated carcinomas. Recent
investigations suggested that the serum free beta-
subunit of hCG might be a reliable marker for
PSTT [48, 49].

Epithelioid smooth muscle tumors (leiomyoma
or leiomyosarcoma) may simulate PSTT due to
their infiltrative growth and an epithelioid cytol-
ogy. Expression of cytokeratin and hPL should
confirm a trophoblastic tumor, whereas positivity
of muscle markers (desmin and caldesmon)
assures a diagnosis of smooth muscle tumor.
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Clinicopathological Correlations

Despite its deep myometrial invasion or even
perforation at presentation, most PSTTs are
apparently cured by simple hysterectomy.
However, approximately 25-30% of the patients
with PSTT developed recurrent diseases, of
whom half died from the tumor and the remain-
ing survived with the disease [19-21, 24]. The
most common metastatic sites include the lung,
liver, and vagina. Distant metastasis usually
occurs after the second or third local tumor recur-
rence [24]. The overall and recurrence-free sur-
vival are 70 and 73%, respectively in patients ten
years after initial treatment [50].

Various clinical and pathological parameters
have been investigated in the past for prognostic
correlations. FIGO staging is the most important
predictor of patient survival [22, 24]. Patient age
older than 35 years is associated with unfavorable
prognosis. Prolonged intervals (over 2 years)
between the antecedent gestation and the diagno-
sis of PSTT have been reported as an independent
poor prognostic factor [19, 21, 24, 51-53] and a
cut-off of 48 months has been proposed [50].
Prior term pregnancy is also associated with a
worse prognosis [22, 24].

Among pathological findings, the presence of
tumor cells with clear cytoplasm is associated
with a worse prognosis [16, 19]. Other significant
histological parameters include the depth of myo-
metrial invasion, tumor necrosis, and size of the
tumor. High mitotic count (more than 5 per 10
HPF) is significantly related to tumor metastasis.
All five fatal cases of PSTT discussed by Young
had seven or more mitoses per HPF [17]. Mitosis
of five or more per HPF is significantly associ-
ated with a poor survival by other studies [19,
24]. Ki-67 labeling of more than 50% of tumor
cells has been suggested to be associated with a
malignant course [54]. However, lower mitotic
activity does not guarantee a benign clinical out-
come. Overall, only the FIGO stage and the pres-
ence of tumor cells with clear cytoplasm were
found as independent predictors of overall sur-
vival, while FIGO stage and the patient’s age are
the only independent predictors of time to recur-
rence or disease-free survival [16, 19].

101

Histological findings that are not correlated with
the outcome include cytological atypia, the pres-
ence of multinucleated tumor cells, the presence
of inflammatory cells, fibrin deposition, hemor-
rhage, lymphovascular invasion, and abnormal
mitotic figures, DNA ploidy, S-phase fraction
and expression of immunomarkers (hPL and
hCG) [54-56].

Surgery remains the primary treatment of
PSTT and patients with the above-mentioned risk
factors may benefit from immediate adjuvant
combined chemotherapy (see Chap. 12 for
details). Although PSTT produces only low lev-
els of hCG, it is still the best available serum
maker for monitoring the recurrence and residual
disease [57]. More recently, urinary or serum
beta-core subunit of hCG has been found to be a
better marker for monitoring the treatment effect
of PSTT due to its higher percentage in PSTT
than other GTDs or somatic malignancies with
trophoblastic differentiation [58].
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Introduction

Epithelioid trophoblastic tumor (ETT) is a rela-
tively recently described entity [1], distinct from
placental site trophoblastic tumor (PSTT) and
choriocarcinoma (CC), with a resemblance to
squamous cell carcinoma [2]. With slightly less
than 100 cases reported in the literature [1, 3-36],
ETT is a rare form of gestational trophoblastic
disease (GTD) arising from the chorionic-type
intermediate trophoblast. ETT was initially
thought to be a variant of choriocarcinoma [37,
38] and is also referred to as “atypical choriocar-
cinoma.” A report by Mazur [37] in 1989, describ-
ing persistent lung metastases after intensive
chemotherapy in patients with choriocarcinoma,
appears to be the first example of ETT in the lit-
erature. Similar tumors in the uterus found after
hydatidiform mole evacuation were reported in
1993 by Silva et al. [39] as “multiple nodules of
intermediate trophoblast.” The term “ETT” was
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first mentioned in the literature in 1994 by Mazur
and Kurman [40]. In 1998, Shih and Kurman [1]
described the clinicopathological features of 14
ETTs, the largest study of this tumor to date, and
suggested based on their findings that ETT is a
distinct entity of GTD and not just a treatment-
related finding.

ETT can occasionally be found as a component
of other gestational trophoblastic lesions. The
so-called mixed trophoblastic tumors [3, 11, 39,
41-45] reveal mixed morphologic and immuno-
histochemical features of ETT, PSTT [45], or cho-
riocarcinoma [21, 22, 46] within the same tumor.
Of interest, 5 of the 14 cases initially described as
ETT by Shih and Kurman [1] had foci of placental
site nodule (PSN), PSTT, or CC [22].

Pathogenesis and Molecular
Genetic Aspects

Models of Pathogenesis for GTD,
Including ETT

In 2007, Shih [47] proposed a novel model of
pathogenesis for GTD. Based on previous studies
[1, 2, 51-53] showing that the pattern of differen-
tiation recapitulates the stages of early placental
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development [47], he proposed that trophoblastic
stem cells, presumably cytotrophoblastic cells,
undergo neoplastic transformation. Subsequently, a
specific differentiation program dictates the type of
trophoblastic tumor that develops [47]. Variable
amounts of neoplastic cytotrophoblasts, syncytiotro-
phoblasts, and intermediate trophoblasts are the
components of CC, which resembles the previllous
blastocyst and contains a similar mixture of tropho-
blastic cells. In PSTT, the neoplastic cytotrophoblast
differentiates mainly toward implantation site inter-
mediate trophoblastic cells, whereas in ETT, the
neoplastic  cytotrophoblast ~ differentiates  into
chorionic-type intermediate trophoblastic cells in
the chorion laeve [47, 48]. According to Shih’s
model [47], ETT and PSTT would be more differen-
tiated than the most primitive trophoblastic tumor,
CC. This novel model also provides a potential
explanation for a finding described by Mazur [37]:
that ETT occurred after intensive chemotherapy for
pulmonary CC metastasis. Chemotherapy may
have allowed CC cells to differentiate into a sec-
ondary, more chemotherapy-refractory ETT pheno-
type [47].

Another proposed pathogenesis model for the
development of ETT [23, 49] is the transforma-
tion of a benign PSN to an atypical PSN, with
subsequent progression to a malignant ETT.
Morphologic features distinguishing an atypical
PSN from a benign PSN include larger size [50],
higher cellularity, more cohesive nests and
enlarged atypical cells, and a higher mitotic index
[23]. Case reports of atypical PSN and cases of
observed coexistence of PSN and ETT suggest
that PSN has the biologic potential to progress to
ETT [1, 23, 44, 50]. Potentially, ETTs could
result de novo from neoplastic transformation of
PSN-embedded trophoblastic stem cells retained
in the uterus [23, 49].

DNA Genotyping
Molecular genetic analysis supports the tropho-

blastic nature of ETT by demonstrating that this
tumor contains new (paternal) alleles not present

K. Gwin

in adjacent healthy maternal uterine tissue [51].
In 13 informative ETTs, genotyping with micro-
satellite markers [51] revealed at least one novel,
presumably paternal, allele present only in the
tumor DNA and not in the adjacent maternal uter-
ine control tissue. Of these 13 ETTS, nine cases
revealed a loss of maternal alleles in at least one
single-nucleotide polymorphism (SNP) marker,
demonstrated by different homozygous alleles in
the tumor and the corresponding normal uterine
tissue. A certain level of genetic instability was
proposed [51] to be present in ETTs, as indicated
by their frequent loss of heterozygosity.

DNA genotyping (by short tandem repeat
(STR) multiplex polymerase chain reaction
(PCR) assay amplifying 15 different tetranucle-
otide repeat loci) demonstrated unique paternal
alleles in all four cases of informative ETTs [52],
further supporting their trophoblastic origin.

Additionally, immunohistochemical studies
[14, 53] showed that ETTs express the tropho-
blast-associated markers hydroxyl-8-5-steroid
dehydrogenase (HSD3B1) and human leukocyte
antigen G (HLA-G).

Y-Chromosomal Complements in ETT

Conflicting data [51, 54] exist regarding the
absence or the presence of Y-chromosomal loci
in ETT. If sex chromosomes have no role in the
development of GTD and ETT, a similar number
of GTD cases with and without a Y chromosome
would be expected [54]. In PSTT, however, it has
been observed that 85% of patients had a female
antecedent gestation [54].

A 2002 study by Oldt et al. [51] used PCR-
based identification of the human sex-determin-
ing region Y (SRY) to recognize a Y chromosome
genetic component, and an X-linked protein to
confirm an X-chromosome element. An SRY
amplicon was found in 11/19 (58%) ETTs, and
the SRY gene was confirmed by nucleotide
sequencing of representative PCR products. No
SRY amplicons were present in the adjacent nor-
mal uterine tissue.
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Another genotyping study specifically targeting
Y-chromosomal complements was performed by
Yap et al. [54] in 2010. They used three indepen-
dent sex chromosome markers (amelogenin, pro-
tein kinase, and zinc finger) with X and Y homologs
that are distinguishable by PCR product size. All
ETT cases contained an X-chromosomal comple-
ment, whereas Y- chromosomal signals were only
detected in 3/18 ETTs (18%), demonstrating the
absence of a Y chromosome [54] in the majority of
cases.

The authors proposed that it is likely that
Y-chromosomal deletions have no functional
effect on tumor progression [55]. The lack of a Y
chromosome may simply reflect that many gesta-
tional trophoblastic tumors develop from com-
plete hydatidiform moles. Because 90% of them
carry a 46,XX karyotype, due to the fertilization
of an anuclear ovum by a single haploid (23x)
sperm and subsequent haploid genome duplica-
tion [56, 57], the trophoblastic tumors that
develop from a complete hydatidiform mole
retain this chromosomal assignment and do not
harbor a Y chromosome. The fertilization of an
empty ovum with two sperms occurs in 10% of
complete hydatidiform moles; thus, half of the
moles arising from dispermy would be expected
to carry a Y chromosome. Subsequently, the pre-
dicted percentage of complete hydatidiform
moles carrying a Y chromosome would be
approximately 5%. This hypothesis does not take
into account, however, that the majority of ETTs
occur after a normal full-term pregnancy or spon-
taneous abortion, and only 16% of cases occur
after a hydatidiform mole [1].

Another possible explanation for the lack of a
Y chromosome [54] in the majority of ETTs is
the assumed noncompatibility of a Y chromo-
some with tumor initiation. This might be related
to growth-inhibitory effects caused by products
of Y-chromosomal located genes [51].

The second study by Yap et al. [54] comments
on the findings of a Y chromosome presence in
50% of ETTs observed in Oldt et al.’s study [51]
and provides the higher PCR amplification cycle
number, which raises the possibility of nonspe-
cific amplification from contaminants, as a likely
explanation for their findings.
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A recent study [52] screened the genomes of five
ETTs for numerical or unbalanced structural
chromosomal alterations and found no regional
chromosome gains or losses. The balanced chro-
mosomal profile in all three analyzed ETTs [52]
suggests that genetic alterations at chromosomal
levels are not features of this tumor entity.

Expression of the Transcription
Factor p63

The p63 gene is a transcription factor belonging
to the p53 family [58-60]. p63 reveals strong
homology in structure and function with p53. It
occurs in various isoforms, which are classified
based on the specific promoter usage in two major
groups [61, 62]: the transcription activation (TA)
forms and the AN isoforms of p63. The TA forms
have a p53-like suppressor function and use the
upstream (5') promoter, generating p63 proteins
with the TA domain [15]. The ANp63 isoforms
result from transcription of the downstream (3")
promoter; they lack the TA domain and exert an
oncogenic effect. In 2004, Shih and Kurman [15]
studied the expression of p63 isoforms in tropho-
blastic subpopulations and trophoblastic lesions,
using immunohistochemistry and reverse tran-
scription (RT)-PCR. Cytotrophoblasts expressed
the ANp63 isoforms, whereas extravillous (inter-
mediate) trophoblastic cells in the chorion laeve
and ETT expressed TAp63. An isoforms switch
from ANp63 to TAp63, therefore, may play an
important role in the transformation of the chori-
onic-type intermediate trophoblast from cytotro-
phoblasts [15]. Implantation site intermediate
trophoblasts, syncytiotrophoblasts, PSTT, and
exaggerated placental sites were devoid of p63
expression. A similar study [63] in 2009 revealed
results comparable to those of the 2004 study.

Expression of Cyclin E

An immunohistochemical study by Mao et al. [S0]
analyzed the expression of the protein cyclin E,
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which regulates the progression from the G1 to S
phase [64] in the cell cycle in ETT, PSN, and cer-
vical squamous cell carcinoma. Cyclin E expres-
sion was seen in ETT, but was not present in the
extravillous (intermediate) trophoblastic cells of
the chorion laeve [50]. Of interest, cyclin E was
also expressed in two atypical PSNs [44, 50] with
greater cellularity, size, and mitotic activity than
typical PSNs. Based on the oncogenic role of
cyclin E in other neoplastic diseases, it is possible
that cyclin E plays a role in the neoplastic trans-
formation of ETT [47, 50].

Epidermal Growth Factor Receptor
(EGFR) Expression

Epidermal growth factor receptor (EGFR), a
member of the ErbB-related family, is a trans-
membrane receptor tyrosine kinase that is over-
expressed in many epithelial tumors. High EGFR
expression has been observed by immunohis-
tochemistry in CC [65], PSTT [66], and ETT
[1, 12]. EGFR immunoreactivity levels in CC
and complete hydatidiform moles were signifi-
cantly higher than in normal placental tissue or
partial hydatidiform moles [65]. Additionally, a
correlation between strong EGFR expression in
the intermediate trophoblastic cells of a complete
hydatidiform mole and the development of per-
sistent postmolar gestational trophoblastic neo-
plasms was observed [65].

K-Ras Oncogene

An analysis of the K-ras oncogene mutational
status [51] in 19 ETTs showed no mutation in
either codon 12 or 13.

ETT of the Lung

A possible etiology for the development of extra-
uterine pulmonary ETT includes the de novo trans-
formation of trophoblastic cells that were transmitted
to the lung during pregnancy or the spontaneous
resolution of an antecedent uterine ETT [21].

K. Gwin

Clinical Presentation
Clinical features (Table 7.1)

ETT usually occurs in reproductive-aged women
from 15 to 48 years of age [1], with a reported
average age of 36.1 years [1]. However, a signifi-
cant percentage of ETT has also been observed in
perimenopausal [10] and postmenopausal women
with a distant history of pregnancy. The oldest
patient [5] reported in the literature is a 66-year-
old Filipino woman, gravida 10, para 8, abortus
1, with a history of hydatidiform mole 17 years
earlier that was treated with dilatation and curet-
tage only. She presented with postmenopausal
bleeding, a pelvic mass, and slightly elevated
B-HCG. The hysterectomy specimen revealed a
4-cm ETT located within the myometrial wall of
the left uterine fundus. Similar to other types of
GTD, ETT is usually associated with a preceding
gestation, but compared with CC, a greater pro-
portion of ETTs appear to develop from a normal
pregnancy or spontaneous abortion. Antecedent
gestational events of ETT [1, 6, 8] include full-
term delivery in 67% and spontaneous abortion
in 16% of patients, but hydatidiform moles in
only 16% of cases.

Clinically, ETT almost always causes vaginal
bleeding or menometrorrhagia, but occasionally,
amenorrhea [3] occurs. Patients typically present
with normal to slightly elevated (<2,500 mIU/mL)
[2, 35, 67] serum hCG, although some cases
of high-level serum hCG elevation have been
described [18], especially in ETT cases with extra-
uterine location [8, 12, 28, 68]. The time frame
between the antecedent gestation and the presen-
tation of ETT averages 6.2 years [3] but varies
tremendously, with reported intervals ranging
from 1 year [1] to as long as 25 years after a nor-
mal vaginal delivery [10]. Therefore, malignant
gestational trophoblastic tumors need to be con-
sidered in the work-up of patients with persistent
vaginal bleeding months or even years after a
gestation.

The uterus is the most common site for ETT.
In contrast with other types of GTD, approxi-
mately 50% of ETT arise from the uterine cervix
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Table 7.1 Clinical features of ETT

Age range 15-66 years (average: 36.1 years)

Menstrual status Mostly premenopausal

Peri- or postmenopausal possible
Full-term delivery (67%)
Spontaneous abortion (16%)
Hydatidiform mole (16%)

1-25 years (average: 6.2 years)

Antecedent gestation

Time frame from
antecedent gestation
to ETT

Clinical complaint Vaginal bleeding/
menometrorrhagia
Postmenopausal bleeding (rare)
Amenorrhea (rare)

Slightly elevated

(<2,500 mIU/mL)

Normal

Strongly elevated

(>2,500 mIU/mL) (rare)
Cervical mass

Uterine enlargement/mass

No abnormalities on pelvic exam
Atypical cells

Malignant cells

Normal

Serum hCG

Clinical exam

PAP smear

or lower uterine segment [1, 3]. The cervical
predilection of ETT and its histological resem-
blance to a carcinoma can cause a potential pitfall
in the differential diagnosis of ETT and keratiniz-
ing squamous cell carcinoma. Multiple cases of
ETT have been initially misdiagnosed as carci-
noma [13, 14, 16, 21] on cervical biopsies and
treated as cervical cancer. In addition, ETT can
exhibit focal replacement of the cervical glan-
dular epithelium with stratified neoplastic cells
[2, 3], which simulates squamous intraepithelial
neoplasia. The myometrial wall of the uterine
corpus is another common site of ETT. Common
clinical findings are summarized in Table 7.1.
Rarely, ETT can occur in isolated extrauterine
sites without evidence of cervical or uterine dis-
ease. To date, seven cases of isolated ETT of the
lung have been reported [1, 6, 21, 32]. Clinical
presentations included irregular vaginal bleeding
[21], incidentally discovered preoperative HCG
elevation [21], incidental lesions [6] found on a
chest X-ray, and hemoptysis and cough [6].
Distinguishing ETT of the lung from primary
pulmonary carcinoma is important because the
therapy and prognosis of the two diseases differ
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significantly [21]. Extrauterine ETT has also
presented as a tubal mass [12], most likely aris-
ing from an unidentified ectopic pregnancy, as an
ovarian mass [27] and as a well-circumscribed
mass in the broad ligament near the right ovary
[8]. Other extrauterine sites include the paracer-
vix, parametrium, periadnexal soft tissue [30],
small bowel [1], and gallbladder [28].

Metastases are seen in 25% of patients [35,
69] and can be present at the initial diagnosis.
Common sites of metastatic disease include the
lungs, liver, gallbladder, kidney, pancreas, spine
[26, 28], vagina [11], bladder surface [3], bladder
wall, and ureter [3]. Choroidal infiltration by
metastatic ETT [31] at the lower border of the
maculae caused a superior field defect in the left
eye of a 37-year-old woman.

Lymphovascular invasion [3] can be present in
ETT, and lymph node metastases have been
observed to pelvic [3, 23] and neck [27] lymph
nodes.

ETT is generally regarded as a gestational
tumor and has, therefore, only been reported in
women. Recently, however, a case of mixed met-
astatic ETT and teratoma in a paraaortic lymph
node was described in a 39-year-old male [70].
He had a history of a testicular malignant mixed
germ cell tumor with a CC component that had
been treated by orchiectomy and chemotherapy 2
years earlier. The morphology and immunohis-
tochemical profile [70] of the metastasis sup-
ported the diagnosis of ETT, and the authors
proposed that ETT can be one of the histologic
features of a recurrent testicular germ cell tumor.

Imaging Studies

On ultrasonography, ETT is visible as well-
circumscribed, solid, single hyperechogenic
[20, 71] lesions of variable size with heterogene-
ity, containing cystic components [71]. The differ-
ent patterns of myometrial invasion seen on
ultrasonography can be useful for the differential
diagnosis of ETT and PSTT [20]. ETT normally
reveals solitary nodules with a sharp tumor border,
deeply invading the cervix and myometrium in a
pushing, expansive manner that is well-defined
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Fig. 7.1 CT imaging study and gross pathological fea-
tures of ETT. (a) The coronal CT image shows an enlarged
and heterogeneous uterus with areas of low attenuation,
consistent with tumor necrosis of the ETT. Prior to hyster-
ectomy, this patient was treated with chemotherapy based
on an outside biopsy diagnosis of choriocarcinoma (which
was revised on review). Clinical response to chemother-

from the myometrium, whereas PSTT shows
infiltrating growth between individual muscle
fibers. Intratumoral blood flow assessment by
transvaginal color-pulsed Doppler sonography
[71], which shows a high-velocity, low-impedance
blood flow pattern in ETT, can also be of value.
On computed tomography (CT), ETT can exhibit
an enlarged and heterogeneous uterus with areas
of low attenuation consistent with necrosis
(Fig. 7.1a). Magnetic resonance imaging (MRI)
can also detect ETTs as well-circumscribed lesions
[20]. However, none of the image findings is diag-
nostic by itself; clinical correlation and pathologic
confirmation are required.

apy was minimal. (b) Gross image of the hysterectomy
specimen with a 3x1.6 cm ETT involving the lower uter-
ine segment and endometrial cavity. The tumor is a hem-
orrhagic solid and cystic mass. (¢) Solid and cystic
hemorrhagic tumor components are extending to the inked
serosa. (d) A sagittal image shows well-circumscribed tan
solid nodules invading deep into the myometrium

Pathology

Macroscopic Findings
(Figs.7.1 and 7.2)

Grossly, ETT forms solitary, circumscribed, dis-
crete nodules or cystic hemorrhagic mass deeply
invading the cervix or myometrial wall (Fig. 7.1).
The tumor can communicate with the uterine cav-
ity or be confined to the myometrium. In approxi-
mately half of the cases, ETT is located in the
lower uterine segment, endocervical canal [9] or
cervix [1, 3]. The tumor has a solid and cystic cut
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Table 7.2 Histopathological features of ETT

Macroscopic findings
Located in cervix (~50%), uterine corpus (~50%), or
extrauterine (rare)
Grossly solitary circumscribed nodules, usually
0.5-5 cm in size
Solid and cystic, brown-tan and hemorrhagic cut surface
Deep invasion of cervix or myometrium

Microscopic findings
Nodular, expansile growth pattern with pushing borders
Mononucleate intermediate trophoblastic cells
Moderate amount of fine granular pale or eosinophilic
cytoplasm
Medium to large oval tumor nuclei with distinct nucleoli
Tumor cells form nests, cords and solid masses
Nests of tumor cells surrounded by necrosis and
hyaline-like matrix
Tumor necrosis creates a geographic pattern
Small vessels in tumor cell nests surrounded by
hyalinized necrosis
Adjacent decidualized endocervical or endometrial
stromal cells
Neoplastic cells can focally replace endocervical
epithelium

surface. The solid component is tan-brown, with
varying amounts of hemorrhage and necrosis
(Fig. 7.2) and occasionally dystrophic calcifica-
tions [72]. Ulceration and fistulous tract formation
have been described in ETTs [3]. The tumor size
of cervical and uterine ETTs ranges from 0.5 to
5cm [1, 73]. An extrauterine ETT presented in the
broad ligament as an 8.5-cm, well-circumscribed,
spongy-looking, tanned to dark-brown mass [8].

Histologic Findings (Table 7.2, Fig. 7.3)

ETT displays a relatively uniform population of
mononucleate chorion laeve-type intermediate
trophoblastic cells with a moderate amount of
partially fine granular, eosinophilic, or clear cyto-
plasm. The tumor grows in a nodular, expansile
fashion with well-circumscribed pushing borders,
forming nests, cords, and solid masses [1, 74],
but infiltrative areas can be present in the periph-
ery [73]. Medium to large tumor cell nuclei are
oval-shaped to round, with slight nuclear mem-
brane irregularities and distinct nucleoli. Nuclear
pleomorphism [1] is mild to moderate. Scattered

Fig.7.2 Gross pathological features (cross-section) of an
ETT involving the lower uterine segment [3]

multinucleated giant cells [3] can be admixed
with the mononucleate intermediate trophoblas-
tic cells. Characteristic of ETT, nests of interme-
diate trophoblastic cells are surrounded by
extensive necrosis, hyaline-like matrix, or eosino-
philic debris, resembling the keratinous material
in squamous cell carcinoma [3]. The extensive
tumor necrosis of ETT surrounded by island of
viable cells creates the geographical pattern [1]
typical of ETT. Foci of dystrophic calcifications
may be seen [1, 72] in the tumor necrosis [5, 74].
Aggregates of decidualized endometrial [1] or
endocervical [3] stromal cells may be present in
the adjacent areas, along with peritumoral lym-
phoplasmacytic infiltrates [5, 18]. Mitotic activ-
ity [1, 18, 69, 73] usually ranges from O to 9/10
high-power fields, with a mean of 2/10 high-
power fields, but has been reported in a single
case at 48/10 high-power fields [3]. Small vessels
in tumor cell nests are often surrounded by
hyalinized necrosis [72], but in contrast to PSTT,
the vascular architecture is normally preserved.
The occasional vascular deposition of amorphous
fibrinoid material has been described [1]. In ETTs
with cervical/endocervical involvement, neoplas-
tic cells can focally replace the endocervical
glands with stratified neoplastic cells, thus simu-
lating high-grade squamous intraepithelial lesions
[2, 3]. Lymphovascular invasion can present in
ETT [3].
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Fig. 7.3 Histological features of ETT. (a) Nodular,
expansile growth pattern with pushing borders.
(b) Mononucleate intermediate trophoblast cells sur-
rounded by hyaline-like matrix and eosinophilic debris
resembling the keratinous material in squamous cell carci-
noma. (¢) Extensive tumor necrosis surrounded by island
of viable cells, causing the geographical pattern typical

ETT may be deeply invasive and can extend
into adjacent anatomic structures including
vagina and bladder and ureter (Fig. 7.4). Common

for ETT. (d) Infiltrative area at the periphery of the tumor.
Tumor cell cords and small nests are present <1 mm from
the inked uterine serosa. (e) Endocervical involvement by
ETT. (f) Focal replacement of endocervical gland epithe-
lium with stratified neoplastic cells resembling squamous
intraepithelial neoplasia ((f) Courtesy of Pei Hui, MD,
PhD, Yale University, New Haven, CT)

sites of metastatic disease include the lungs
(Fig. 7.5), liver, gallbladder, kidney, pancreas,
spine [26, 28], and vagina [11].
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Cytological Findings

Cytologic features of ETT are only described in
two case reports [7, 16]. One patient [16] was
initially diagnosed with squamous cell carci-
noma of the cervix, until the hysterectomy speci-
men was available for examination. In the other
case [7], the cells were originally interpreted as
regenerative or metaplastic changes. In a 35-year-
old female with a clinical history of 2 months of
vaginal bleeding, a preoperative conventional
cervical Papanicolaou (PAP) smear [16] reveled
a few scattered, solitary or small clusters of
polygonal, atypical giant cells in a background
of inflammation. The large polygonal cells had
abundant, thin cytoplasm with a distinct cell
membrane, and occasionally, eosinophilic gran-
ules or cytoplasmic vacuolation was present.
Most cells were mononucleate and exhibited
ovoid, hyperchromatic and irregularly enlarged
nuclei with one or more conspicuous nucleoli.
Multinucleated giant cells, necrosis, or hyaline
material was not observed. Preoperative PAP
smears [7] from a 36-year-old female with com-
plaints of heavy menstruation and lower abdom-
inal pain showed no abnormalities of the
ecto- and endocervix, but the endometrial brush-
ings revealed atypical giant cells scattered alone
or in clusters in the background of a secretory
endometrium.

The cells revealed abundant thick cytoplasm
with occasional vacuolation and ill-defined cyto-
plasmic borders. The majority of the cells were
mononucleate, with irregularly enlarged and
hyperchromatic nuclei and one or two inconspic-
uous nucleoli.

Especially, in cervical or uterine lesions with
an unusual clinical appearance, the presence of
large, polygonal cells with abundant cytoplasm
in cervical [16] or endometrial [7] cytology spec-
imens should raise concern about a possible
intermediate trophoblastic lesion, such as ETT.
However, it is not possible to differentiate
between ETT, PSTT, and PSN [7, 16] on the basis
of cytologic features alone.
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Ancillary Studies
Electron Microscopy

Ultrastructurally [6, 11, 32, 75], ETTs reveal
mononuclear cells with one or two conspicuous
nucleoli, abundant euchromatin, moderate to
abundant cytoplasm, and polygonal outlines.
The cells are joined by multiple well-formed
desmosomes. Perinuclearly, abundant organella
(numerous mitochondria, free ribosomes, and
rough endoplasmic reticulum), bundles of inter-
mediate-type filament and glycogen granules
can be found.

Cells at the periphery of the nests can be
focally invested by a thick basement membrane
[6], and rarely, cells may present a few short
microvilli at the surface [6]. Multinucleated giant
cells with increased cytoplasmic electron density,
pleomorphic nuclei, abundant heterochromatin
and inconspicuous nucleoli, have been described
as a second cell type mixed with the mononuclear
cells [6] forming desmosomes between the two
tumor cell types. The multinucleated giant cells
contain abundant cytoplasmic organella and ves-
icles [6] and, if they face an open space, exhibit
abundant microvilli [6].

Ultrastructural findings of ETT in cases with
[6, 75] and without prior chemotherapy for gesta-
tional choriocarcinoma or an invasive mole were
compatible [11]. ETT cannot be distinguished
from PSTT [41] by electron microscopy, as they
exhibit similar features.

Immunohistochemistry Fig. 7.6

The trophoblastic cells of ETT generally express
various  trophoblastic  markers including
H3D3B1, HLA-G, hPL, Inhibin-alpha, and Mel-
CAM. Cytokeratin proteins are also expressed in
the tumor cells, including CK18, CK, AE1/AE3,
and p63.
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Fig. 7.6 Immunohistochemistry features of ETT. (a) The
majority of tumor cells exhibit diffuse nuclear expression
of p63. (b) Strong diffuse immunoreactivity for inhibin-a

Hydroxyl-6-5-Steroid Dehydrogenase
(HSD3B1) (Diagram 7.1)

The enzyme hydroxyl-5-5-steroid dehydrogenase
(HSD3B1) is involved in steroid hormone syn-
thesis [76] by catalyzing the oxidative conversion
of 8-5-3 B hydroxy steroids into the §-4-3-keto
configuration. A review [53] of HSD3B1 expres-
sion in silica by serial analysis of gene expression
(SAGE) revealed no HSD3B1 expression in 159
libraries of lung, colorectal, pancreatic and ovar-
ian carcinomas, and other types of adult and
fetal tissue. Immunohistochemistry results [53]
from a commercially available monoclonal anti-
HSD3B1 antibody (clone 3C11-D4) show that
HSD3Bl1 is intensively and diffusely expressed
in intermediate and syncytiotrophoblasts from
normal placental tissue, hydatidiform moles, tro-
phoblastic tumors, and tumor-like lesions, with

ARG,

in the tumor cells. (¢) hPL expression in ETT is typically
limited to individual cells. (d) The Ki-67 proliferation
index is >10% in ETT

the exemption of a few CCs. In <1% [53] of non-
trophoblastic carcinomas, HSD3B1 shows weak
and focal expression. HSD3B1 is therefore
accepted as a specific and sensitive trophoblastic
marker [53].

Human Leukocyte Antigen G
(Diagram 7.1)

HLA-G is a nonclassical, major histocompatibility
complex (MHC) Class I antigen that appears to
contribute to maternal tolerance of fetal tissue
[14]. Isoforms of HLA-G have been identified
[77-79] in the intermediate trophoblasts of normal
placenta samples and hydatidiform moles, as well
as in the CC cell line JEG-3. HLA-G immunoreac-
tivity [14], assessed with a commercially available
antibody (clone 4H84), is present in at least 70%
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Trophoblastic or
Nontrophoblastic
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depending on
clinic/morphology

Diagram 7.1 Immunohistochemical approach for potential trophoblastic lesions [14, 22, 53, 82]. CC choriocarci-

noma; /T intermediate trophoblast; ST syncytiotrophoblast

of intermediate trophoblastic cells from normal
placentas, hydatidiform moles, trophoblastic
tumors, and tumor-like lesions. HLA-G is not
expressed in uterine neoplasms [14]. Rare expres-
sion in cervical carcinoma has been observed [22]
using a different, possibly less specific [22] anti-
body (clone 3H2680). HLA-G appears to be a spe-
cific marker for intermediate trophoblasts and is
useful in the differential diagnosis of nontropho-
blastic lesions.

Inhibin-o (Diagram 7.1)

Another valuable marker, which is less specific
but more widely available even in a smaller labo-
ratory setting, is inhibin-a, the a-subunit of the
heterodimeric gonadal peptide hormone inhibin.
Inhibin-a is expressed in the intermediate tropho-
blast and the syncytiotrophoblast of all types of
GTD [80]. In normal placental tissue, the expres-
sion pattern depends on gestational age [80].
Inhibin-a is not expressed by uterine tumors [80],
but by sex-cord stromal tumors of the ovary [81].
Therefore, inhibin-a is a useful and generally
readily available marker for identifying tropho-
blastic lesions.

IT lesion

p63 — P63 ++/+++
hPL ++/+++ hPL —/+
Mel-CAM +++ Mel-CAM —/+
PSTT EPS ETT PSN
neoplastic benign neoplastic benign

Diagram 7.2 Immunohistochemical differentiation of
intermediate trophoblastic lesions [15, 22, 69, 82]. IT
intermediate trophoblast; PSTT placental site trophoblas-
tic tumor; EPS exaggerated implantation site; E7T epithe-
lioid trophoblastic tumor; PSN placental site nodule

P63 (Diagram 7.2)

The analysis of p63 gene expression, a transcrip-
tion factor belonging to the p53 family [58—60],
is useful in discriminating p63-negative interme-
diate trophoblastic lesion from p63-positive cho-
rion-type intermediate trophoblastic lesions. In
ETT, p63 usually exhibits a highly specific, dif-
fuse nuclear staining [3]. It is important, however,
to select an antibody that recognizes TAp63 (see
also Fig. 7.6a), like 4A4, because the ANp63
form will not stain ETT or PSN [15].
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Human Placental Lactogen
(Diagram 7.2)

Human placental lactogen (hPL), a polypeptide
placental hormone normally produced in syncy-
tiotrophoblasts and intermediate trophoblasts at
the implantation site of the placenta, is another
highly valuable marker in the differential diagno-
sis of implantation site and chorionic-type inter-
mediate trophoblast-related lesions [82]. PSTT
and EPS diffusely express hPL in the majority of
trophoblastic cells [3, 83], whereas hPL expres-
sion in ETTs is normally limited to individual
cells (<5%) [1, 3, 69, 82].

Melanoma Cell Adhesion Molecule
(Diagram 7.2)

The melanoma cell adhesion molecule (Mel-CAM,
also known as CD146) is a membrane glycoprotein
belonging to the immunoglobulin supergene
family that is involved in cell adhesions [84].
Immunohistochemistry results show that Mel-CAM
(monoclonal mouse antibody MN-4 [85]) is
strongly expressed in implantation site intermediate
trophoblasts, but is expressed in only a few cells of
chorionic-type intermediate trophoblasts of ETT.

Other Inmunohistochemical Marker

Other markers expressed in ETTs, mostly
reported in case reports, include CKAE1/AE3

Table 7.3 Immunohis-
tochemical expression of
cervical lesions resembling
ETT (2, 3, 14, 28, 53, 82]

Stain
HSD3B1
HLA-G
Mel-Cam
hPL
Inhibin-o

CK 18

Cyclin E

CK AEI/AE7
P63

Desmin
Smooth muscle actin
Caldesmon

Epithelioid
trophoblastic tumor

+
+

+ (individual cells)
+ (individual cells)

+

+ 4|+ |+
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[3], CK18 [18], placental alkaline phosphatase
(PLAP), CK7 [12], and CD117 (c-kit) (nuclear).
No staining was found for CK20, CK 5/6, TTF-1
[21], S100, CA-125, or calretinin. Variable stain-
ing patterns for epithelial membrane antigen
(EMA) [2, 12] have been observed.

Differential Diagnosis

ETT vs. Squamous Cell Carcinoma
Table 7.3

The most common diagnostic pitfall in the
differential diagnosis of ETT is keratinizing
squamous cell carcinoma of the cervix [13, 14,
16, 21], especially if the ETT arises from the
cervix or lower uterine segment [2, 3]. A typi-
cal clinical history (women of reproductive
age with an antecedent gestation and slightly
elevated serum hCG) can be extremely help-
ful; however, it is important to consider ETT
generally as a differential diagnosis for
squamous cell carcinoma of the cervix, as ETT
can occur many years after a remote gestation
and even in peri- [10] and postmenopausal [5]
women. Morphological features supporting ETT
include the absence of definitive squamous
intraepithelial neoplasia, lack of cell bridges,
the presence of decidualized stromal cells, and
nodular proliferation with hyalinizing matrix
as opposed to true squamous carcinoma nests
with keratin [3].

Squamous cell
carcinoma

Epithelioid
leiomyosarcoma
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Immunohistochemical panel (Table 7.3):
HSD3BI, HLA-G, inhibin-a, CK18 (all expressed
in ETT); p16[50] (expressed in squamous cell
carcinoma).

ETT vs. PSTT (Table 7.4)

ETT reveals a nodular growth pattern with a
pushing tumor border and central hyalinization,
which is usually not seen in PSTT. The tumor
cells in ETT display less nuclear pleomorphism
than in PSTT. ETT and PSTT also reveal a differ-
ent vascular morphology [72]; in ETT, small ves-
sels located in tumor cell nests preserve their
regular architecture and are surrounded by
hyalinized necrosis, whereas in PSTT, tumor cells
invade, migrate through, or replace vessel walls.

Immunohistochemical panel: p63 (expressed
in ETT); hPL, Mel-CAM (expressed in PSTT;
only single cells in ETT).

ETT vs. Choriocarcinoma

ETT does not reveal the bilaminar growth pattern
of CC and usually presents clinically only with
mild serum hCG elevation. The presence of
B-hCG-expressing syncytiotrophoblasts confirms
the diagnosis of CC and distinguishes it from

Table 7.4 Differential
diagnosis of ETT vs. PSTT

[1-3. 82] Uterine location

Growth
Circumscription
Material

Necrosis
Nuclear pleomorphism
Multinucleated cells

Relationship of TC to vessel

Type of IT
p63 IHC
hPL IHC
Mel-CAM
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other types of intermediate trophoblastic tumors,
including ETT.

Immunohistochemical panel: B-hCG (expres-
sion in syncytiotrophoblast of CC).

Caveat: Multinucleated intermediate tropho-
blastic B-hCG expressing cells can be present in
ETT and should not be confused with syncytiotro-
phoblastic cells.

ETT vs. PSN

It has been proposed that PSN could be the pre-
cursor lesion of ETT by transforming into an
atypical PSN and subsequently ETT [23, 50].
Although certain histologic features (hypercellu-
larity, geographic necrosis, and proliferation) can
be useful in the differential diagnosis, distin-
guishing a PSN from an ETT can be difficult in a
biopsy or curettage specimen [50]. A PSN repre-
sents the remnants of the intermediate tropho-
blast from a prior gestation that has failed to
completely involute. It is typically an incidental
finding in a biopsy or hysterectomy specimen
[86, 87]. Most PSNs are solitary, small (<5 mm)
nodules within the uterine cavity; however, mul-
tiple lesions and cervical, ovarian, fallopian tube
and broad ligament involvement have been
reported [44, 88]. Microscopically, PSNs repre-
sent hyalinized nodules containing regressed,

ETT

Cervix (50%)

Uterine corpus (50%)
Nodular growth pattern
Pushing borders

Hyalinized material
Eosinophilic debris

PSTT
Uterine corpus

Between muscle bundles
Myometrial infiltration
Usually not present

Geographic necrosis Focal necrosis
Mild-moderate

Rare

Moderate-severe
Common

TC invade vessels
TC replace vessels

TC around vessels

Chorion-type IT Implantation-site IT

Diffusely positive Negative
Only individual cells Diffusely positive
Only individual cells Diffusely positive

TC tumor cells; IT intermediate trophoblast; /HC immunohistochemistry
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degenerated chorionic-type intermediate tropho-
blasts [82] with a noninvasive growth pattern.
PSNs exhibit low cellularity and minimal prolif-
eration. Based on these features, PSN can nor-
mally be distinguished from ETT; however, some
rare cases exhibit size, cellularity, and prolifera-
tion [23, 44, 50] that fall between those of typical
PSN and ETT. These cases have been termed
“atypical PSN.” Especially for a small specimen,
immunohistochemical stains for cyclin E and
Ki-67 may be of value. Cyclin E is involved in
cell cycle regulation and is diffusely expressed in
ETT and in atypical PSN, but usually not in PSN
[50]. Additionally, the proliferation marker Ki-67
(Mibl) is useful for discriminating between
PSN and ETT:

Cyclin E (expressed in ETT and atypical PSN),
Ki-67 (labeling index >10% in ETT and <8% in
PSN [82]). Importantly, normal inflammatory
cells may be present in the endomyometrium and
label for Ki-67; however, these cells may not be
included in the tumor proliferation count [82].

Further differential diagnosis can be found in
Chap. 10.

ETT vs. Epithelioid Leiomyosarcoma
Table 7.3

The distinction of epithelioid leiomyosarcoma
[28] and other smooth muscle neoplasms from
ETT can easily be made by immunohistochemis-
try on the basis of a lack of smooth muscle marker
expression.

Immunohistochemical panel (Table 7.3):
HSD3BI, HLA-G, inhibin-a, CK18 (all expressed
in ETT); desmin, smooth muscle actin, caldes-
mon (all expressed smooth muscle neoplasms).

Rare Differential Diagnosis of ETT

A rare, differential diagnosis for ETT is lymphoe-
pithelioma-like carcinoma of the cervix (LELC)
[89] with ectopic B-human chorionic gonadotro-
pin production [90], a subtype of squamous cell
carcinoma. Intense lymphoplasmacytic infiltrates

K. Gwin

surrounding sheets, islands, and nests of tumor
cells can provide diagnostic clues.

Immunohistochemical panel (based on a case
report [90]) : inhibin-a, CKI8 (expressed in
ETT); hPL (individual cells in ETT, negative in
LELC); B-hCG (focal reactivity in LELC).

Another rare, differential diagnosis for ETT is
poorly differentiated endometrioid carcinoma
with focal syncytiotrophoblastic cell differentia-
tion [2]. An appropriate immunohistochemical
panel is necessary to confirm this diagnosis. As a
first step, it should include markers to distinguish
a trophoblastic from a nontrophoblastic lesion.

Metastatic Disease and Extrauterine
ETT, Especially Lung Lesions

The first and most important step in accurately
diagnosing metastatic or extrauterine ETT is
actually a high level of suspicion to initiate a
work-up for GTD. In the lung, ETT can resem-
ble pulmonary non-small cell carcinoma [6],
such as squamous cell carcinoma or pleomor-
phic carcinoma [21], as well as primary or meta-
static germ cell tumors with trophoblastic
differentiation or CC.

The patient’s age, smoking status, a clinical
history of B-hCG elevation, and imaging findings
all contribute to the differential diagnosis. Like
cervical and uterine ETTs, trophoblastic lesions
can be disguised from nontrophoblastic lesions by
applying the immunohistochemical panel [82] of
HSD3B1, HLA-G, and inhibin-o. If the lesion is
of trophoblastic origin, CC can be excluded by the
absence of B-hCG staining syncytiotrophoblastic
cells, and ETT can be distinguished from PSTT
with p63, hPL, and Mel-CAM. If the lesion is not
of trophoblastic origin, other markers are needed
for further classification. Squamous cell carci-
noma reveals immunoreactivity for CK5/6, which
is not seen in ETT, whereas pleomorphic carci-
noma of the lung usually expresses TTF-1 [21],
which is not expressed in ETT. In the differential
diagnosis of potential germ cell neoplasms, it is
important to consider that ETTs can express
PLAP, certain cytokeratins, and CD117 (c-kit).
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Clinicopathological Correlations
Clinical Staging

ETT is staged according to the FIGO staging sys-
tem for GTD [91]. The WHO scoring system
cannot be used for ETT [91] (see also Chap. 11).

Clinical Management

In contrast to CC, ETT shows relative resistance
to chemotherapy [92] and is therefore primarily
treated surgically. The recommended procedure is
a hysterectomy with pelvic lymph node dissection
[92] due to possible lymphatic spread and lymph
node metastasis [3, 23]. Chemotherapy is sug-
gested [92] in patients with metastatic disease and
in cases of nonmetastatic disease with unfavor-
able prognostic factors, which include the follow-
ing: interval from last known antecedent gestation
to diagnosis >2 years; deep invasion of the myo-
metrium; tumor necrosis; and >6 mitoses/10 high-
pointpowerfields. Currently,aplatinum-containing
regimen, such as EMA-EP or a paclitaxel/cispla-
tin—paclitaxel/etoposide doublet, is recommended
[92] (see also Table 11.8).

Successful treatment of a relapsed ETT with a
focal CC component by a high-dose chemotherapy
regimen and autologous stem cell support has been
reported [93]. After ETT treatment and subsequent
hCG regression to normal, serum hCG levels
should be monitored monthly for 1 year [92].

Prognosis and Prognostic Markers

Although the majority of patients with ETT have
a favorable outcome, metastases occur in 25% of
cases [35, 69], and 10% of patients [35, 69] die of
ETT. The survival rate for ETT appears to be
similar to that of PSTT; in nonmetastatic disease,
itis estimated as near 100% and in metastatic dis-
ease as approximately 50-60% [92, 94-96].

So far, however, neither the analysis of mor-
phologic features nor evaluation for specific
molecular characteristics has provided any reliable
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markers to predict long-term clinical behavior
[47]. High mitotic activity has been proposed as
an adverse prognostic factor [3, 5], but a well-
defined cut-off has yet to be established. A mitotic
index of >6/10 high point-power fields is consid-
ered unfavorable in decisions about possible
adjuvant chemotherapy [92].

Future Molecular Targets

In CC and PSTT, several molecular markers, such
as ¢-MYC proto-oncogene, mitogen-activated
protein kinase (MAPK), mammalian target of
rapamycin (mTOR), and matrix metalloprotei-
nase (MMP), have been identified [47] as poten-
tial future treatment options. The only therapeutic
target for ETT that has been demonstrated to date
is the transmembrane receptor tyrosine kinase
EGFR, which is expressed [1, 12] by immunohis-
tochemistry. Hypothetically, patients might ben-
efit from treatment with EGFR tyrosine inhibitors
[47, 65, 66] including cetuximab, gefitinib, and
erlotinib [47]; however, a major problem is the
absence of definitive predictive markers for the
response to EGFR inhibition. EGFR-activating
mutations in exons 18, 19, and 21, which can
predict gefitinib response in non-small cell carci-
noma of the lung [97, 98], have not yet been
demonstrated in ETTs.
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Introduction

Gestational choriocarcinoma is the most aggres-
sive form of trophoblastic disease with tumor
cells morphologically recapitulating the tropho-
blast of developing placenta at its previllous stage.
The tumor has a high propensity for hematoge-
nous spread, and in fact, is one of the most malig-
nant tumors in humans if untreated. Being a
disease of long historical recognition (see Chap. 1),
various names were used in the past including
sarcoma uteri deciduocellulare as a malignant
tumor derived from the decidua of pregnancy [1],
“deciduoma malignum” or ‘“chorio-deciduo-
cellular sarcoma,” “sarcoma of the chorial villi,”
and “chorioepithelioma” [1, 2]. The term “chori-
ocarcinoma” was eventually introduced by Ewing
[3, 4]. The inception of chemotherapy manage-
ment in late 1950s marked the beginning of the
era of dramatic decrease in mortality of patients
with gestational choriocarcinoma [5]. Once an
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invariably fatal malignancy, the tumor can be
treated with over 90% survival or cure rate by
methotrexate-based chemotherapy [5, 6].

Clinical Presentation

Vaginal bleeding is the most common symptom,
and extrauterine hemorrhagic events may be the
first presentation in those with extrauterine spread:
lung (60-75%), liver (15-20%), central nerve sys-
tem (15-20%), and gastrointestinal tract (10-20%)
[7-11]. The tumor may arise from any types of
prior gestational events: normal pregnancy, spon-
taneous abortion, but more frequently complete
hydatidiform mole, regardless of its intrauterine
or ectopic location (see an example in Chap. 12,
Fig. 12.2). The age range of the presentation is
wide but mainly in the reproductive years with a
mean of 29-31 years. Gestational choriocarci-
noma may develop after menopause [12—14]. The
oldest patient was a 73-year-old woman who
developed a choriocarcinoma 38 years after her
last pregnancy and 23 years after her last men-
strual period [15]. The tumor occurs after a CHM
in approximately 50% of cases and after an abor-
tion, a normal gestation or an ectopic pregnancy in
25, 22.5, and 2.5% of the cases, respectively [16].
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The risk of developing choriocarcinoma following
CHM is approximately 2-3%. There is a very low
but definitive risk of developing choriocarcinoma
from a partial mole. In general, less than 0.5% of
partial moles were complicated with choriocarci-
noma [17] with inclusion of patients with current
or recent diagnosis of partial moles [18, 19].
Possible partial moles with a coexisting choriocar-
cinoma were reported and confirmed by the pres-
ence of triploidy in the molar tissue [20-22].
However, triploid non-molar gestations cannot be
ruled out in these cases. One case of subsequent
possible choriocarcinoma was reported in a true
partial mole that was confirmed to have one mater-
nal and two paternal chromosome complements
by chromosomal heteromorphisms analysis, but
the genetic makeup of the choriocarcinoma was
not analyzed [23]. Up to now, the only well-
documented cases of gestational choriocarcinoma
arising from a true partial mole were reported by
Seckl et al. [24], in which among 3,000 cases of
partial mole, three patients developed choriocarci-
noma in subsequent uterine biopsies. DNA micro-
satellite genotyping comparison between the
moles and subsequent choriocarcinomas con-
firmed the presence of identical dispermic monog-
ynic genetic profiles in both, confirming a direct
malignant transformation [24].

The latency period between the antecedent
pregnancy and choriocarcinoma may be several
months to as long as 14 years in rare cases [9, 25].
In most patients with choriocarcinoma following
term delivery, the pathology diagnosis is made by
evaluation of uterine curettage specimens 1-3
months after delivery [9]. Postmolar choriocarci-
noma is diagnosed by histology in an average of
13 months (1-48 months) after the evacuation of
hydatidiform mole [9]. Gestational choriocarci-
noma transmission to organ recipients has been
reported [26-30], the most recent of which was
documented in a 26-year-old pregnant woman
who died of metastatic gestational choriocarci-
noma and the donor organs developed chorio-
carcinoma in all four recipients. All were treated
with chemotherapy. Two patients had a com-
plete remission. Another two organ recipients
developed metastasis, one of the two died of the
tumor [28].

P. Hui

Pathogenesis

Genotyping studies demonstrated various
genomic compositions of gestational choriocar-
cinomas, some being androgenetic while others
being biparental, consistent with different forms
of antecedent gestations [31]. Similar to PSTT,
the majority of gestational choriocarcinomas
have been found to have an XX genome [32],
suggesting a growth advantage provided by the
paternal X chromosome according to placental
imprinting theory (see Chap. 3). In addition,
cytogenetic studies revealed highly complex
karyotypical changes irrespective of the associ-
ated prior term pregnancy, hydatidiform mole, or
spontaneous abortion [33-36]. Chromosomal 7p
amplification and 8p deletion were observed in a
series of gestational choriocarcinomas, suggest-
ing a causal relationship involving possible
oncogene(s) and tumor suppressor gene(s) in
these chromosomal regions [37]. NECCI, a can-
didate tumor suppressor gene on chromosome
4q11-q12, was specifically silenced in choriocar-
cinoma cell lines and transfection—expression of
NECCI into these cell lines inhibited the cell
growth along with an altered cell morphology,
suggesting a loss of NECC1 expression may be
involved in malignant transformation of placen-
tal trophoblast [38]. Studies of H19 and IGF2
imprinting expression in choriocarcinoma have
indicated that deregulation/relaxation of imprint-
ing of these genes may play a significant role in
the development of the tumor, particularly for
those following a hydatidiform mole [39, 40].
Additional discussion of imprinting alterations in
the pathogenesis of choriocarcinoma can be
found in Chap. 3.

Rare cases of intraplacental choriocarcinoma
with coexisting intrauterine pregnancy have
been reported, with implication as the origin of
choriocarcinoma occurring after a term pregnancy
[41-44]. In those after a term pregnancy, fetal sex
distribution showed no sex preference [9]. No sig-
nificant difference in risk was found by comparing
the number of pregnancies following hydatidiform
mole with the number of pregnancies following
term delivery or non-molar abortion [9].
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Pathology
Gross Pathology

Choriocarcinoma has a characteristic gross pre-
sentation as bulky, destructive masses that are dark
red, shaggy, extensively hemorrhagic with variable
amount of necrosis [8, 9, 45, 46]. There may be
single to multiple nodules involving the endomyo-
metrium. The tumor may deeply invade the myo-
metrium, leading to uterine perforation. Primary
gestational choriocarcinoma may arise from the
cervix [47], fallopian tube in association with a
tubal pregnancy [48-50], or sites involved by ecto-
pic pregnancy (ovary, cornu of the uterus, or other
extrauterine sites) [51-55]. In some cases, the
tumor may consist of predominantly blood or
blood clots with only viable tumor tissue at the
periphery [46]. Similar findings may be seen in a
metastatic lesion. Occasionally, a curettage speci-
men may contain only blood, and the tumor cells
can only be found after submitting the remaining
specimen for histological evaluation.

Histological Pathology

Table 8.1 summarizes histological features of ges-
tational choriocarcinoma. Microscopically, gesta-
tional choriocarcinomas present either as a diffusely
infiltrative or a solid mass involving the endomyo-
metrium with histological features resembling pro-
liferation of the previllous trophoblast during early
implantation. The tumor displays a biphasic growth
pattern of sheets or cords of mononuclear tumor
cells rimmed by layers of multinuclear syncytiotro-
phoblastic cells (Fig. 8.1 and Fig. 8.2), but some-
times more haphazard arrangements of the
components may be seen. Although traditionally

Table 8.1 Histological features of choriocarcinoma
Destructive mass lesion with marked hemorrhage and
necrosis

Bilamellar growth pattern: inner mononuclear cells
rimmed by multinuclear syncytiotrophoblastic cells

Marked cytological atypia
Absence of chorionic villi

Diffuse staining for hCG

Fig.8.1 Gestational choriocarcinoma at low magnification. Note the characteristic destructive mass with the presence

of marked hemorrhage
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Fig.8.2 Gestational choriocarcinoma with characteristic bilamellar growth pattern consisting of mononuclear interme-
diate trophoblastic cells in sheets or cords surrounded by multinuclear syncytiotrophoblastic tumor cells
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Fig.8.3 Gestational choriocarcinoma with marked cytological atypia present in both mononuclear and syncytiotropho-

blastic cells (a) and high mitotic activity (b)

considered as neoplastic cytotrophoblasts, the
nature of the mononuclear cells in choriocarcinoma
is now considered to be neoplastic cells resembling
intermediate trophoblast at either the trophoblastic
column or implantation site [56] (Fig. 8.2). These
cells are large with abundant amphophilic to
eosinophilic cytoplasm. Relatively smaller mono-
nuclear cells may be of cytotrophoblastic nature,
and they represent a minor proportion in chorio-
carcinoma [56]. Choriocarcinoma cells generally

demonstrate  significant  cytological  atypia.
Cytological pleomorphism and nuclear atypia may
be extreme, often bizarre in shape (Fig. 8.3a), and
mitoses are numerous with frequent atypical forms
(Fig. 8.3b). Unlike all other types of epithelial
malignancies, choriocarcinoma does not have
intrinsic stromal and vascular elements. Extensive
tumor necrosis and hemorrhage are characteristic
(Fig. 8.4). Frequently, central areas of hemorrhage
and necrosis are rimmed by viable tumor cells at
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Fig.8.4 Gestational choriocarcinoma with extensive tumor necrosis

the periphery. At the junction between tumor and
myometrium, tumor nests or sheets may surround
bundles of smooth muscle. Lymphovascular inva-
sion with tumor thrombi is generally abundant.
Chorionic villi are not present in a fully developed
choriocarcinoma. Lymphocytic infiltration at vari-
ous degrees may be present as well.

The background endometrium is usually
associated with some degrees of decidual reaction
and Aria-Stella reaction. Ectopic decidua may be
seen in the cervix, ovary, and peritoneum. Bilateral
ovarian enlargement by theca-lutein cysts is com-
monly seen in over 50% of the cases.

In Situ or Intraplacental
Choriocarcinoma

In situ or intraplacental choriocarcinoma has
been documented to occur in a full-term pla-
centa [44, 57-64]. Most reported patients had
pregnancy history and clinical evidence of meta-
static disease [60]. In those who presented
initially with metastatic choriocarcinoma, revisit
to the corresponding placentas often revealed an
intraplacental primary lesion. The involved term

placentas had lesions resembling hemorrhagic
infarcts upon gross inspection [61]. Friable,
papillary to solid lesions may also be seen [62].
It is conceivable that many of these in situ
lesions, particularly those of less than 1 cm, may
be missed without reporting; yet the patient may
present with endomyometrial invasive chorio-
carcinoma sometime after a seemingly “normal
pregnancy.” Therefore, some investigators rec-
ommend a thorough examination of a term pla-
centa with 5 mm interval sectioning of the entire
organ [61].

Ancillary Studies

Most gestational choriocarcinomas are diploid
[65]. Molecular DNA genotyping of gestational
choriocarcinomas may be used to confirm their
various gestational origins (term pregnancy, com-
plete, and partial mole). More importantly, it can
be used to separate gestational choriocarcinoma
from its nongestational counterpart (see differen-
tial diagnosis and Chap. 11) [24, 33, 45, 66-72],
particularly when the tumor is found at an unusual
location [72].
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The neoplastic syncytiotrophoblastic cells
of choriocarcinoma are diffusely and strongly
positive for hCG, hPL, and HSD3B1 [56, 73].
The neoplastic intermediate trophoblastic cells
are positive for HLA-G, MUC-4, Mel-CAM
(CD146), and hPL. Typically all tumor cells are
cytokeratin (AE1/3) and CEA positive and PLAP
negative [73, 74]. The neoplastic cells show a
high Ki-67 (>90%) labeling, nuclear staining of
beta-catenin, and positivity for MUC-4, p63, and
cyclin E.

Although rarely used, ultrastructural features
of choriocarcinoma are well known with tumor
cells characterized by their simplicity with elec-
tron lucent cytoplasm, multiple free ribosomes,
and aggregates of particulate glycogen. Nuclei
have smooth contours and contain a prominent
nucleolus. Syncytiotrophoblastic cells have mul-
tiple nuclei, highly complex electron dense cyto-
plasm with multiple organelles and cell membrane
structures with thick bundles of tonofilaments.
The cell surface is covered by multiple microvilli
bordering intracytoplasmic lumens.

Differential Diagnosis
Complete Hydatidiform Mole

Choriocarcinoma should be distinguished from
the residual atypical trophoblastic hyperplasia
of a complete mole. Absence of molar villi is
generally used to separate an invasive mole from
a choriocarcinoma. Pathological examination of
curettage specimens obtained sometime after
evacuation of a complete mole can be problem-
atic when aggregates of atypical trophoblasts
are present without chorionic villi. Submitting
the remaining tissue and thorough sectioning
are important to rule out recurrent mole before a
diagnosis of choriocarcinoma is made. However,
a diagnostic separation between the two is not
absolutely required under the WHO’s “gesta-
tional trophoblastic neoplasia — GTN” classifi-
cation, as all patients with GTN will receive
chemotherapy [75, 76]. Conceivably, many cho-
riocarcinomas, particular early ones, are treated
nowadays without a tissue diagnosis. Therefore,
when a diagnostic separation of residual molar
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proliferation from choriocarcinoma cannot be
reached and additional tissue confirmation is
not available, a diagnosis of “atypical tropho-
blast proliferation” is appropriate (see Chap. 9:
Persistent Trophoblastic Disease, for additional
information) and sufficient for clinical
management.

Early Gestational Villous Trophoblast

Early gestational villous trophoblasts may show
aggregates of highly proliferative cells of both
mononuclear and syncytiotrophoblastic nature.
When present in curettage specimens, the asso-
ciated villi may be not obvious, therefore mim-
icking choriocarcinoma. However, trophoblastic
tissue in an early gestation is limited in amount,
and although a certain degree of cytological
atypia may exist, marked atypia seen in chorio-
carcinoma should be not present. In contrast,
the finding of voluminous, highly atypical tro-
phoblast with an absence of villous structures
strongly suggests the  presence of
choriocarcinoma.

Exaggerated Placental Site Reaction

Exaggerated placental site reaction may become a
differential diagnosis with choriocarcinoma, par-
ticularly in limited curettage specimens. However,
the lesion occurs almost always in association
with chorionic villi of either normal pregnancy or
hydatidiform mole. The absence of a mass lesion,
absence of marked hemorrhage and necrosis, and
a low Ki-67 index should easily separate it from
choriocarcinoma. When in doubt, the absence of
relevant clinical history of the patient and abnor-
mal serum hCG level are important clues to avoid
an over-diagnosis.

Intermediate Trophoblastic Tumors
(PSTT and ETT)

It is important to separate an intermediate tropho-
blastic tumor (PSTT and ETT) from a choriocarci-
noma as their clinical managements are markedly
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different. Unlike choriocarcinoma, PSTT and ETT
are not chemosensitive and usually require hyster-
ectomy [77, 78]. Clinical presentation, serum beta-
hCG level, and histological findings are important
for the differential diagnosis. HCG immunostain
may be useful as it is only focally positive in PSTT
in contrast to a more diffuse staining in choriocar-
cinoma [77]. Diffuse human placental lactogen
(hPL) immunoreactivity, on the other hand, is
more in favor of PSTT [79]. Comprehensive dif-
ferential diagnoses can be found in Chaps. 6 and 7.
It should be noted that an otherwise typical chorio-
carcinoma may contain minor foci of PSTT or
ETT differentiation, and a diagnosis of mixed
gestational trophoblastic tumor may be given.

Nongestational Choriocarcinoma

Gestational choriocarcinoma must be separated
from its nongestational counterpart of germ cell
or somatic cell origins [80—83]. Nongestational
choriocarcinoma occurs in children and young
adults before their 40s. A choriocarcinoma in nul-
ligravidae is nongestational by default [9]. Most
nongestational choriocarcinomas are of germ cell

origin, and young patients with the tumor often
present with an adnexal mass, lower abdominal
pain mimicking an ectopic pregnancy and, rarely,
a hemoperitoneum. In children, an elevated hCG
may cause isosexual precocity.

In the past, an extrauterine pure choriocarci-
noma in a young woman was usually assumed
to be of gestational origin in which the index
pregnancy was not known, and the patients
were treated accordingly. However, this simple
approach to the problem should be abandoned.
Nongestational choriocarcinomas have a higher
malignant potential and more aggressive inva-
sion into adjacent structures than their gesta-
tional counterparts. They have a higher capacity
to metastasize via lymphatic vessels while
gestational choriocarcinomas mostly spread
hematogenously. Moreover, nongestational
choriocarcinomas are more resistant to tradi-
tional chemotherapy for GTD. However, a
histological separation of nongestational cho-
riocarcinoma from its gestational counterpart
can be very difficult when the tumor is pure in
histology, encountered at extrauterine locations,
in a postmenopausal woman, and even more so
as a metastatic lesion (Fig. 8.5). Tissue DNA

Fig.8.5 Nongestational choriocarcinoma in a 22-year-old female who presented with a bulky mass involving the broad
ligament and mesovarium. The tumor was confirmed nongestational by DNA genotyping
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genotyping offers an ultimate separation between
the two lesions, see additional discussion in
Chap. 11 [72, 84-89].

Poorly Differentiated Uterine
Carcinomas

Separation of a choriocarcinoma from a uterine
carcinoma is not difficult. Occasionally, however,
a poorly differentiated carcinoma may have focal
trophoblastic differentiation with syncytiotropho-
blastic cells or mononuclear trophoblastic cells.
Clinical history of molar pregnancy and high lev-
els of serum hCG are features of gestational cho-
riocarcinoma. Conventionalimmunohistochemical
methods may be used to distinguish a poorly dif-
ferentiated carcinoma from a choriocarcinoma.
Diffuse positivity of hCG, hPL, and inhibin alpha
along with the typical biphasic growth pattern
attest to the presence of choriocarcinoma. In con-
trast, a poorly differentiated carcinoma with focal
trophoblastic ~ differentiation usually shows
trophoblastic marker positivity only in a few
syncytiotrophoblastic giant cells [90, 91].

Clinicopathological Correlations

The traditional sequence of events in choriocarci-
noma is a prior gestation (normal or abnormal)
followed by abnormal vaginal bleeding, then a
curettage for diagnosis, and a confirmed diagno-
sis leading to hysterectomy usually with bilateral
salpingo-oophorectomy. The successful introduc-
tion of chemotherapy has drastically changed this
clinicopathological sequence. An office curettage
generally suffices the diagnostic need. The patient
receives appropriate chemotherapy thereafter.
Even without a definite pathology diagnosis, an
interpretation of atypical trophoblastic prolifera-
tion usually prompts a similar clinical manage-
ment of the patient, under the clinical “persistent
trophoblastic neoplasia - GTN” category.
Although uterine perforation may occur lead-
ing to massive intraabdominal bleeding, hemo-
peritoneum is more commonly a sequela of
ruptured hepatic metastasis [9]. Metastasis is,
however, rarely seen nowadays. If not treated or

P. Hui

resistant to treatment, choriocarcinoma may
metastasize in more than 50% of the cases.
Vaginal metastases develop from retrograde
spread of tumor cell emboli from the uterus in the
paravaginal venous plexus [92], and in some
cases, tumor may grow out of the vascular space
into the vaginal soft tissue. Lung, liver, brain,
kidney, and abdomen are also common organs
of distant metastases [9, 77]. An intraplacental
choriocarcinoma may present with extrauterine
metastasis (brainandlung) [93,94]. Exceptionally,
metastases to the concurrent fetus from an intra-
placental choriocarcinoma [58] or transplanted
donor organs have been described [28]. Deaths
usually occur from pulmonary insufficiency or
hemorrhage or complications from irradiation
and chemotherapy.
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Introduction

In 2002, FIGO introduced the term “persistent
trophoblastic neoplasia” or gestational tropho-
blastic neoplasia (GTN) to include persistent
mole, invasive mole, metastatic mole, choriocar-
cinoma, and trophoblastic tumors under one clin-
ical term for management purposes [1], because
all patients with such a diagnosis require chemo-
therapy [2]. The criteria include serial hCG level
that does not return to normal after evacuation (4
or more hCG levels that show a plateau for more
than 3 weeks; an increase of 10% or more in three
or more measurements for at least 2 weeks, or
persistence of detectable hCG 6 months after
evacuation; evidence of metastasis; and a tissue
diagnosis of gestational choriocarcinoma). This
is a rather important development resulting in a
clinical treatment decision based on clinical
and serum hCG marker evaluation without a
need of tissue diagnosis. Therefore, precise
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histological diagnosis of GTN has become
uncertain in some patients.

Pathology
Persistent Mole

Persistent mole generally represents incompletely
evacuated molar tissue that continues to grow and
causes a persistent or increased elevation of serum
hCG. Persistent complete mole occurs in 17-20%
of the cases after the initial evacuation [3]. Although
persistent disease after a partial mole is well docu-
mented [4—6], misclassification as a complete mole
likely explains some cases of postmolar disease
after the initial evacuation [6—10]. Follow-up uter-
ine curettage generally removes additional molar
tissue.

Invasive Mole Including Metastatic
Mole

Invasive mole is an aggressive trophoblastic lesion
with myometrial and/or vascular invasion. It is the
most common pathological entity under PTN. It is
seen in about 10—15% of patients after treatment
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Fig. 9.1 Hysterectomy specimen of invasive complete
mole. Note the gross invasiveness of the lesion (Courtesy
of Dr. Peter Schwartz, Yale University)

of a complete hydatidiform mole [11] and in
3—4% after a partial mole [9, 12, 13]. Patients gen-
erally present with bleeding and persistent eleva-
tion of serum beta-hCG after the primary
evacuation. Imaging studies may identify an inva-
sive lesion involving uterine myometrium.
Metastatic mole likely represents a passive depor-
tation of molar villous tissue upon vascular inva-
sion and can be seen in about 10% of complete
moles in the past [14-16]. Cough, difficulty
breathing or chest pain, headache, and seizure
may signify the presence of metastatic mole,
although metastatic choriocarcinoma is also
possible.

Grossly, invasive mole appears as an invading
hemorrhagic lesion extending from the endome-
trial surface into the myometrium (Fig. 9.1).
Hydropic molar villi may be seen grossly. The
lesion is usually limited to the uterus, but trans-
mural invasion with uterine perforation or involv-
ing the broad ligament is possible. Invasive mole
can only be diagnosed by a histological evidence
of direct invasion of molar tissue into the myome-
trium without intervening decidualized endome-
trium (Fig. 9.2). Such microscopic confirmation
generally requires a hysterectomy specimen.
Invasive complete moles generally have diffuse
hydropic changes and trophoblastic hyperplasia
similar to those of a noninvasive complete mole.
Sometimes, the specimen may contain predomi-
nantly hyperplastic trophoblasts with marked

P. Hui

cytological atypia, simulating choriocarcinoma,
and only careful search after submitting addi-
tional tissue samples will reveal the presence of
chorionic villous structures (Fig. 9.3). Such a
lesion may be considered as an emerging chorio-
carcinoma or an on-going transformation into
choriocarcinoma (Fig. 9.3). Distant spread (meta-
static mole) commonly involves the lungs, vagina,
vulva, and broad ligament in about 20-40% of the
cases [17]. Again, a demonstration of the molar
villi is also required for the diagnosis of meta-
static mole.

In the presence of characteristic clinical, imag-
ing, and serological findings, histological confir-
mation of the diagnosis of invasive mole is
seldom pursued nowadays. In fact, a patient with
persistent trophoblastic neoplasia is presumed to
have an invasive mole until proven otherwise,
and a diagnosis of persistent trophoblastic neo-
plasia is adequate for further patient management
[18, 19]. Hysterectomy for invasive mole may be
required if the patient is considered to be at risk
for uterine perforation, but this occurs in only a
minority of the cases.

The differential diagnoses of invasive mole
include gestational choriocarcinoma and placenta
increta or percreta. Increase or plateau of hCG
may be present in both invasive mole and chorio-
carcinoma. Both lesions are invasive by imaging
studies. Adequate tissue sampling or hysterec-
tomy usually separates an invasive mole from a
choriocarcinoma by the presence of chorionic
villi. When a curettage specimen is scant and
without villous element, a diagnosis of atypical
trophoblast proliferation is usually sufficient for
clinical management of the patient (Fig. 9.4). The
presence of nonhydropic villi, and absence of tro-
phoblastic hyperplasia are features of placenta
increta or percreta.

Gestational Trophoblastic Tumors

Gestational trophoblastic tumors may develop
following a molar pregnancy, including gestational
choriocarcinoma, placental site trophoblastic tumor
(PSTT), and epithelioid trophoblast tumor (ETT).
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Fig.9.2 Hysterectomy specimen of invasive complete mole. Note the presence of molar villous structure that directly
invades uterine myometrium without intervening decidua ((a) low magnification; (b) high magnification)

Over 50% of gestational choriocarcinomas arise
from a molar gestation (see Chaps. 8 and 12,
Fig. 12.2). Such malignant transformation is gen-
erally detectable by the molar surveillance pro-
gram. A marked elevation of serum hCG may
correspond to a developing choriocarcinoma,
and the patient is treated with chemotherapy,

frequently without tissue documentation. Persistent
or invasive complete mole may have histological
evidence of transformation into gestational
choriocarcinoma (Fig. 9.5). In contrast, PSTT
and ETT mostly develop long after a pregnancy
or a molar episode is over, sometimes after
many years. Therefore, patients with these tumors
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Fig. 9.3 Invasive complete mole with exuberant hyperplasia of the trophoblasts. Note the presence of rare molar

villous structure

generally present with “missed abortion” because
of mild elevation of serum hCG. A uterine curettage
is then performed for an ultimate diagnosis of a
trophoblastic tumor (see Chaps. 7 and 8).

The risk factors for choriocarcinoma and other
gestational trophoblastic tumors after evacuation
of a hydatidiform mole include the patient’s age,
ethnic group, and prior history of molar gestation.
Detailed discussion of the epidemiology and risk
factors is given in Chap. 1.

Prognosis

Chemotherapy is highly effective in the treatment
of GTN (both invasive and metastatic) with a cure
rate of 80-100% depending on the extent of the
disease [20]. Even with a wide spread disease,
most patients can be cured. Comprehensive dis-
cussions of the clinical management and progno-
sis of PTN can be found in Chap. 12.
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Fig.9.4 Atypical trophoblast proliferation diagnosed ina  choriocarcinoma in such a case ((a) low magnification;
curettage specimen. Without analyzing the entire lesional  (b) high magnification)
tissue, it is impossible to separate invasive mole from
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Fig. 9.5 Possible emerging gestational choriocarcinoma arising from an invasive complete mole ((a) low magnifica-
tion; (b) high magnification). This is the same case shown in Fig. 9.3, but in a different area of the lesion.
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Introduction

Two well-defined reactive conditions of interme-
diate trophoblast are placental site nodule (PSN)
and exaggerated placental site (EPS) reaction
(see Table 1.1 from Chap. 1). PSN is a prolifera-
tive lesion of the intermediate trophoblast at the
chorionic laeve whereas EPS is a reactive process
consisting of the intermediate trophoblast at the
implantation site. Clinicopathologically, both
lesions are incidental findings and are associated
with either a prior pregnancy or a concurrent ges-
tation. They are microscopic and generally not
detectable by imaging studies. Histologically and
immunohistochemically, PSN and EPS have
histological and cytological features simulating
their neoplastic counterparts, that is, epithelioid
trophoblastic tumor (ETT) and placental site tro-
phoblastic tumor (PSTT), respectively [1].
Recognition by pathologists of both lesions is
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important as they may simulate trophoblastic
tumors and even non-trophoblastic neoplasms,
such as squamous cell carcinoma.

Placental Site Nodule/Plaque
Clinical Features

The term placental site nodule was originally used
by Carinelli in a study of 17 cases of the condition
in an abstract publication [2]. The official use of
the name of placental site nodule or plaque was
introduced by Young and Lee [3, 4], although the
lesion was documented under various names
much earlier [5, 6]. PSN occurs in patients 18—49
years of age (average 31.5-34.5 years) and usu-
ally is encountered in endometrial curettage spec-
imens of patients with menorrhagia or irregular
uterine bleeding. Many cases, however, are found
as an incidental finding in a curettage or hysterec-
tomy specimen [3, 7-9]. PSN is not uncommonly
found in the cervix [3, 7]. Other rare sites of
involvement include fallopian tube [3, 7, 10, 11]
and ovary [12], all of which are related to a prior
ectopic pregnancy. The interval from the prior
pregnancy to the diagnosis ranges from 2 to 96
months (average 21-36 months) [3, 7, 9].
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Pathogenesis

PSN has morphological and immunohistochemi-
cal features of intermediate trophoblast at the
chorionic laeve (Chap. 2, Fig. 2.6) [7]. It is gener-
ally considered to be a remnant of persistent pla-
cental tissue [3, 9].

Pathology

The lesion is nodular and embedded within the
endometrial or cervical mucosa. The size of the
lesion ranges from 4 to 10 mm in maximum dimen-
sion [9]. Plaque-like lesions may reach a larger size
up to 2.5 cm [3]. The lesion has a solid cut surface
with color ranging from tan-yellow to hemorrhagic.

Microscopically, PSN consists of single to
multiple, well-circumscribed, oval nodules or
plaques, with variable cellularity (Fig. 10.1).
The extracellular matrix is abundant and
hyalinized. The hyalinization is generally uni-
form in most cases but some cases may
show zonal distribution that is more pronounced
toward the center of the lesion with a more cel-
lular periphery (Fig. 10.2a, b). Some cases may
show irregular to poorly defined margins,
however. The lesional trophoblastic cells are
typically haphazardly distributed in singles or
cords. The cells have sharp to ill-defined cell
borders, abundant amphophilic, eosinophilic, or
clear cytoplasm (Fig. 10.3a). Most are mononu-
clear, but multinucleation is not uncommon
(Fig. 10.3b). Nuclear pleomorphism and even
bizarre nuclei with nuclear pseudoinclusions can
be seen. The nuclear membrane is irregular or
folded. The chromatin is pale granular, vesicu-
lar, or coarse, and scattered hyperchromatic
nuclei are common, often with a degenerative
appearance (Fig. 10.3¢). Nucleoli are small to
inconspicuous, but some may be enlarged and
prominent. Mitotic figures are absent or rare.
Inflammatory cells of both acute and chronic
nature are present in the majority of the cases.
Rare cases may show necrosis at the center of
the hyalinization. PSN involving the fallopian
tube is a result of remote ectopic gestation with
demise of the embryo and persistence of extrae-
mbryonic tissue (Fig. 10.4).

P. Hui

Ancillary Studies

Immunohistochemically, PSN consists of inter-
mediate trophoblasts that express human placen-
tal lactogen (hPL) in 78% of the cases and human
chorionic gonadotropin (hCG) in 42% of the
cases, although their expression is weak and
focal. There is strong staining for placental alka-
line phosphatase (PLAP) (100%), cytokeratins
(CAMS5.2, AE1/3, and 34BE12; 96%), and epi-
thelial membrane antigen (EMA) (84%) [1, 9].
Vimentin is strongly positive in most of the cases
as well. However, vimentin-positive cells within
the lesions are fewer in number and in a different
distribution than those expressing PLAP, CK, and
EMA [9]. HLA-G is also positive. Ki-67 staining
for proliferative index is less than 8% [7].
Ultrastructural study showed the presence of ker-
atin intermediate filaments that were interpreted
as Mallory’s bodies in a previous study [13].

Differential Diagnosis

Differential diagnoses of PSN include hyalinized
decidua, EPS, ETT, and invasive squamous cell
carcinoma.

PSN is separated from ETT by its microscopic
size, mucosal location, sharp border, extensive
hyalinization, and few mitoses. PSN should have
a very low level of Ki-67 labeling (<10%) and
weak cyclin E expression in comparison with
ETT, which has >10% Ki-67 and diffuse strong
staining of cyclin E [14]. Table 10.1 summarizes
the histological and immunohistochemical fea-
tures of PSN in comparison with ETT.

Hyalinized decidua contains decidual cells that
have pale to somewhat basophilic cytoplasm, dis-
tinct cell border, small but uniform cells. They are
negative for cytokeratin, PLAP, hPL, hCG, and
HLA-G. Hyalinized squamous cell carcinoma may
be confused with PSN. However, the invasive mass
lesion, dysplastic tumor cells with focal keratin
formation, marked cytological atypia and mitoses
are features of squamous cell carcinoma. EPS reac-
tion differs from PSN in that the former is poorly
circumscribed and infiltrative, involving underly-
ing myometrial smooth muscle and associated with
a concurrent pregnancy or a hydatidiform mole.



Fig.10.1 PSN consists of single or multiple, well-circumscribed, oval nodules or plaques with variable cellularity. The
lesion is generally admixed with background normal endometrium or cervical mucosa (a and b)
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Fig.10.2 PSN with stromal hyalinization. Note the zonal distribution of hyalinization that is more pronounced toward

the center of the lesion with a more cellular periphery (a, b)

Clinicopathological Correlations

All patients with PSN who have been reported
with follow-up data have had a benign clinical
course with no recurrence. Atypical PSN was
described in a few studies and has been suggested
as a possible precursor lesion to ETT [14, 15].
Atypical PNS shows morphologic features that

place it in an intermediate position between typ-
ical PSN and ETT. A PSN transformed into a
malignant ETT was recently documented in a
20-year-old patient, who presented with vaginal
bleeding and elevated hCG. The curettage
specimen showed a invasive ETT arising in an
atypical PSN. After the curettage, her serum
hCG continued climbing and she rapidly devel-
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Fig.10.4 PSN involving the fallopian tube as result of a remote ectopic gestation following the demise of the embryo.

Note the presence of old hemorrhage

oped pulmonary metastatic lesions [16]. The
patient responded to the subsequent five courses
of EMACO treatment, followed by staging sur-
gery and postoperative consolidation chemo-
therapy. Hysterectomy and staging specimens
showed necrotic mass lesions involving uterine
cavity and pelvic lymph nodes [16]. The patient
was well after 47 months of follow-up.

Exaggerated Placental Site Reaction
Clinical Features

The earliest description of the lesion was made by
Ewing in 1910 as syncytial endometritis [17].
The term was frequently used in discussions with
other trophoblastic lesions, particularly gestational
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Table 10.1 Differential diagnosis between PSN and ETT (contributed by Dr. Katja Gwin, University of Chicago)

PSN ETT
Clinical Incidental Bleeding, elevated hCG, etc.
Gross No mass lesion Invasive mass lesion
Cytology Uniform and nonatypical Atypical and pleomorphic
Growth pattern singles, cords or nests Sheet, large nests and cords
Hemorrhage Absent May be present
Necrosis/fibrinoid debris Absent Present
Stromal hyalinization Extensive Focal
Mitosis Absent or very rare Present
Cyclin E Negative Positive
Ki-67 <8% >10%

choriocarcinoma due to some overlapping patho-
logical features [18-21] in the past, and confusion
with its neoplastic counterpart — PSTT in recent
times [22, 23]. Indeed, it has been proposed that
EPS may be a precursor lesion of PSTT [24]. The
term EPS was accepted by the World Health
Organization because it is not an inflammatory
process and the constituent cells are not syncytial
trophoblast [25]. Occurring in women of the
reproductive age, EPS is a benign condition con-
sisting of an increased number of intermediate
trophoblastic cells that infiltrate the underlying
endomyometrium at the implantation site [25].
EPS reaction may occur following normal or ecto-
pic pregnancy, abortion, or hydatidiform mole.
The estimated incidence of EPS is 1.6% among
first-trimester spontaneous and elective abortions

[1].

Pathogenesis

EPS likely represents the upper end of the normal
implantation site change, not a pathological pro-
cess [1, 26]. In fact, a distinction between normal
implantation site and EPS is quite arbitrary, and
reliable quantitative criteria have not been estab-
lished. Since sometimes it can be histologically
alarming, WHO recognizes its existence as a his-
tological alteration that needs to be separated
from neoplastic trophoblastic tumors, particu-
larly PSTT [27].

Pathology

EPS reaction is generally not visible on gross
examination. The lesion is also poorly defined
microscopically due to its infiltrative border. EPS
involves the endometrium and superficial myome-
trium and consists of implantation site intermedi-
ate trophoblast. These cells are pleomorphic and
large with abundant eosinophilic cytoplasm, grow-
ing largely in a mononuclear cell fashion. Variable
numbers of multinucleated intermediate tropho-
blasts are characteristically present and generally
distributed evenly within the lesion (Fig. 10.5a, b).
The cells are arranged singly, or in cords and nests
to small confluent sheets. They may show marked
cytological atypia (Fig. 10.6a, b). The trophoblas-
tic infiltration of EPS is characteristic: individual
smooth muscle cells are separated by intermediate
trophoblast, remarkably simulating that seen in
PSTT. However, despite the exuberant infiltration
by the intermediate trophoblast, the architecture of
the endomyometrium is not altered (Fig. 10.7).
Tissue necrosis and hemorrhage are generally
not associated with EPS. However, focal degener-
ative changes may be seen in the form of fibrin or
hyalinization (Fig. 10.8). Recapitulating the biol-
ogy of the implantation site trophoblast, the cells
of EPS typically invade and replace the walls of
blood vessels. The associated decidua may dem-
onstrate degenerative regression oOr necrosis.
Depending on the type of gestational conditions,
chorionic villi are usually present. In a missed
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Fig. 10.5 EPS involves the endometrium and superficial myometrium. Note the variable amount of multinucleated
intermediate trophoblasts (low power view; high power view)

abortion, hyalinized vasculature and fibrotic villi
may be present.

Ancillary Studies

EPS shares a similar immunohistochemical pro-
file with that of intermediate trophoblast at the
implantation site and the tumor cells of PSTT:
strong immunoreactivity to cytokeratin, hPL, CD
146 (Mel-CAM), HLA-G, E-cadherin, but nega-

tive for EMA, and Ber-EP4 [1, 28, 29]. Ki-67
proliferative index of EPS is very low (<1%).

Differential Diagnosis

The most challenging differential diagnosis is
the separation of EPS from PSTT (Table 10.2).
The pathologist may be frequently alarmed by
the remarkable number of intermediate tropho-
blast and the infiltrative histology in EPS, and a
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Fig.10.6 Cytological features of EPS. Note the presence of intermediate trophoblastic cells in singles, cords to small
confluent sheet (a) and the presence of multinucleation and cytological atypia (b)

suspicion for PSTT is frequently raised. Even
clinically an EPS may be mistaken as PSTT
[30]. Clinical and histological features in favor
of a diagnosis of EPS include concurrent preg-
nancy, absence of a mass lesion, presence of
chorionic villi, and the presence of evenly dis-
tributed multinucleated trophoblast. Mitotic
activity is very low or absent in EPS in contrast
to the presence of frequent mitoses in PSTT. In
a difficult case, Ki-67 immunostaining can be

very helpful in separating EPS from PSTT, as a
low level of the labeling (<1%) is characteristic
for the former. PSTT is a space-occupying
lesion involving myometrium, and usually pres-
ents months or years after a full-term pregnancy
or an abortion. Patients may have uterine bleed-
ing or amenorrhea along with a mild elevation
of serum hCG. Histologically, most of the neo-
plastic cells of PSTT are mononuclear, and
multinucleated cells are usually present in a
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Fig.10.7 EPS with
characteristic infiltrative
growth involving myometrial
smooth muscle

Fig.10.8 EPS with focal degenerative changes in the format of fibrin deposition or hyalinization

Table 10.2 Differential diagnosis between EPS and PSTT

EPS PSTT

Clinical Concurrent gestation or molar pregnancy Amenorrhea, vaginal bleeding, elevated hCG

Gross No mass lesion Invasive mass lesion

Cytology Mononuclear intermediate trophoblasts, Atypical mononuclear intermediate
generally without atypia trophoblasts

Growth pattern Infiltrative with many evenly distributed Confluent sheets with infiltrative periphery
multinucleated trophoblasts with occasional multinucleated trophoblasts

Mitosis Absent Present

Chorionic villi Present Absent

Ki-67 <1% >10%
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Fig.10.9 Atypical EPS. Note the presence of more extensive intermediate trophoblastic infiltration (a) and moderate

to marked cytological atypia (b), simulating a PSTT

scattered fashion. Ki-67 immunostaining typi-
cally demonstrates a higher level of the labeling
(>5 or 14%+6.9%) [31]. In curettage speci-
mens, based on which a diagnostic separation of
EPS from PSTT cannot be decided [30], imag-
ing studies or close follow-up of the patient with
serum hCG monitoring should be recommended.
Rare cases of EPS may show more extensive

trophoblastic proliferation and infiltration into
the underlying myometrium along with moder-
ate to marked cytological atypia, even the pres-
ence of mitoses (Fig. 10.9), simulating a PSTT.
Such EPS may be interpreted as atypical EPS
reaction, and additional studies are required to
ascertain the biology of such intermediate
lesions.
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Rarely, EPS may mimic choriocarcinoma
[21]. Diagnostic features separating a choriocar-
cinoma from an EPS include absence of bilamel-
lar growth pattern, no necrosis or hemorrhage,
absence of mitosis, and minimal to zero Ki-67
activity [32, 33].

Clinicopathological Correlations

EPS is a benign process and simple curettage
results in a cure. It has been suggested that EPS is
a non-neoplastic counterpart of PSTT. EPS and
PSTT share many cytological and histological
features, and indeed, separation of the two can be
difficult in some cases at the microscopic level
[1]. Immunophenotypically, EPS and PSTT also
share similar profiles to that of the intermediate
trophoblastic cells: strong immunoreactivity to
cytokeratin, hPL, CD 146 (Mel-CAM), HLA-G,
E-cadherin and negative for EMA, and Ber-EP4
[1, 28, 29]. Therefore, it has been speculated that
EPS may be a precursor lesion to PSTT, although
a recent study failed to support such a hypothesis
[34].

Conventional EPS without an association
of molar pregnancy has no increased risk for per-
sistent trophoblastic disease. However, EPS in
association with complete mole may have a dif-
ferent biology, because of its inherited androge-
netic nature. Some authors believe that an EPS
should not be diagnosed in association with hyda-
tidiform mole [35]. In complete mole, the implan-
tation site may have even more exuberant
trophoblastic proliferation. The trophoblasts may
show significant cytological atypia as well.
Mitotic activity and increased Ki-67 labeling are
generally enhanced, compared with no mitosis
and minimal Ki-67 staining in a conventional
EPS. As near 50% of gestational choriocarcino-
mas develop following primary evacuation of
complete mole, it can be speculated that chorio-
carcinoma may develop from a malignant trans-
formation of EPS in assocation with complete
mole. In fact, EPS may greatly mimic choriocar-
cinoma in a curettage specimen in some rare
cases [21].

P. Hui
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Introduction

Among gestational trophoblastic disorders, hyda-
tidiform moles are the most common in the daily
practice of gynecological pathology and frequently
diagnostically challenging. While histological
diagnosis of well-developed complete hydatidi-
form mole is generally reliable (see Chaps. 5 and
6), an early evacuated complete mole often pres-
ents with minimal histological abnormalities and
is easily mistaken as a hydropic abortus or a nor-
mal pregnancy by both clinicians and pathologists
[1]. Partial hydatidiform moles have been proven
the most diagnostically difficult. At present time
and even with available ancillary studies, patholo-
gists cannot reliably classify a partial mole from its
many mimics with both under- and over-diagnosis
in a significant percentage of the cases. Yet, it is
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clinically important to distinguish a hydatidiform
mole from a non-molar hydropic abortus, primar-
ily because of the associated risk of development
of post-molar gestational trophoblastic neoplasia
[1-4]. Accurate subclassification of hydatidiform
moles is also important as a complete mole has a
much higher risk of progression to gestational
trophoblastic neoplasia (18-29%) [2] than a par-
tial mole (1.0-5.6%) [2, 4]. On the other hand,
over-diagnosis of non-molar pregnancy as partial
mole is not without clinical consequence, as all
such patients will enter many months of the tro-
phoblastic disease surveillance program, leading
to unnecessary treatment and psychological bur-
dens to the patients [2]. While data on complete
moles were relatively reliable in the past, tradi-
tional epidemiological studies and risk factor
assessment have long been suffering from an
inaccurate classification of partial moles; there-
fore, statistical data on partial moles are at best
unclear. Thus, reliable diagnosis of molar preg-
nancy with improved sensitivity and specificity is
highly desirable. In difficult cases, the use of
ancillary studies such as ploidy analysis and
p57%™®2 immunohistochemistry may be helpful
(see Chapters 4 and 5). However, interpretations
of these studies can be difficult with certain diag-
nostic pitfalls and limitations [5-7].
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It has been well established that the pathogenesis
of hydatidiform moles requires specific abnormal
genetic compositions present in conception, see
Chap. 3 [8]. Such molecular/genetic signatures are
considered the “gold standard” for an ultimate diag-
nosis of hydatidiform moles and were not explored
fully for clinical diagnostic applications until very
recently [9, 10]. In the past, molecular and genetic
evaluations such as DNA ploidy analysis, chromo-
somal karyotyping, or enumeration by FISH and
protein enzyme polymorphism studies have been
shown to offer some diagnostic value. However,
they all suffer significant limitations in diagnostic
sensitivity/specificity and cost-effectiveness [11].
Genotyping by short tandem repeat (STR) poly-
morphism analysis has been recently validated as a
highly accurate and practical method in the diagno-
sis and subclassification of hydatidiform moles
[9, 11-13].

The majority of gestational trophoblastic
tumors can be accurately diagnosed by routine
histology and immunohistochemistry. However,
in rare cases, when a trophoblastic tumor arises
or presents at an atypical anatomic location or as
a metastatic lesion, a differential diagnosis from
a nongestational neoplasm may become very dif-
ficult and its gestational nature may not be
resolved by conventional histological examina-
tion. Since gestational trophoblastic tumors are
proliferative lesions arising from the haploid pla-
cental trophoblastic cells, molecular detection of
the unique paternal genomic elements in the
tumor offers an ultimate diagnostic separation of
gestational trophoblastic tumors (choriocarci-
noma and intermediate trophoblastic tumors)
from their maternal mimics (nongestational cho-
riocarcinoma and various carcinomas of the
maternal uterus, respectively) [11].

Genetic Basis of Molecular Diagnosis

Molar pregnancies are defined at the genetic level
by their specific parental chromosomal comple-
ments (Fig. 11.1). The genetic basis for the
pathogenesis of hydatidiform moles has been
well established in the past 40 years [8, 14—17],
as has been extensively discussed in Chap. 2. In
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contrast to a normal diploid gestation of monog-
ynic and monoandric parental compliment (46,
XX or XY), essentially all complete hydatidi-
form moles have a diandric, paternal-only
genome, with either 46, XX diploid karyotype
arising from the fertilization of an enucleated egg
by one spermatozoon followed by duplication
(monospermic or homozygous, 80%), or 46, XX
or XY karyotype arising from the fertilization of
an enucleated egg by two spermatozoa simulta-
neously (dispermic or heterozygous, 20%) [12].
Tetraploid complete mole also exists and harbors
paternal-only genome. An important exception
to the established genetic requirement by the
complete mole is the existence of rather rare
biparental (monogynic and monoandric genome)
complete moles [18, 19]. Biparental complete
mole is frequently recurrent with strong familial
tendency. Although it has a normal biparental
chromosomal compliment, abnormal epigenetic
regulation of imprinting genes appears to render
silencing of maternal genes leading to an overall
gene expression pattern similar to that of a con-
ventional complete mole [20-22]. The morphol-
ogy and biology of biparental complete mole are
however similar to those of the classic diandric
complete mole.

Early studies suggested that a complete mole
with dispermic/heterozygous genome has more
tendency toward malignant transformation than
a monospermic/homozygous one [23-26], but
disputed by others [27]. However, a recent study
has confirmed a more aggressive behavior of a
heterozygous complete mole than the one with
homozygous genome [28]. Therefore, genotyp-
ing of every complete mole offers important
prognostic and therapeutic guidance.

The genetic profile of partial hydatidiform
moles is triploid with a diandric, monogynic
genome arising from the fertilization of a haploid
egg by either two spermatozoa (dispermic or
heterozygous, 90%) or one spermatozoon with
duplication (monospermic or homozygous, 10%)
[12]. The resulting conception is triploid with
diandric and monogynic haploid genomes, 69,
XXX or XXY karyotype. Diploid partial moles
were reported in the past but likely represented a
misclassification of either a complete mole or a
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Fig. 11.1 Genetic basis of hydatidiform moles. (a)
Complete hydatidiform moles have diandric, paternal-
only genome, with diploid karyotypes arising either from
fertilization of an enucleated egg by one spermatozoon
followed by duplication (monospermic or homozygous)
or from simultaneous fertilization of an enucleated egg by

non-molar gestation [29]. It is important to note
that one-third of triploid early missed abortions
have digynic and monoandric chromosomal com-
position and are not partial hydatidiform moles
on clinical and pathological grounds [3, 30, 31].
Therefore, determination of the parental source
of the haploid sets in a triploid conception is

Diandric monogynic
Triploid genome

two spermatozoa (dispermic or heterozygous). (b) The
genetic profile of partial hydatidiform moles is triploid
with a diandric, monogynic genome arising from the fer-
tilization of a haploid egg by either two heterozygous
spermatozoa (dispermic or heterozygous) or one sperma-
tozoon with duplication (monospermic or homozygous)

important for the diagnosis of partial molar
pregnancies.

Gestational trophoblastic tumors are malig-
nant transformations of various trophoblastic
cells in the placenta. Therefore, they harbor the
paternal haploid genome that is not present in
maternal tissue. A demonstration of the paternal
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genome in such a trophoblastic tumor allows a
definitive diagnostic separation from a tumor
arising from the maternal source.

Methods of Molecular Diagnosis

A variety of molecular methods targeting the
genetic alterations of hydatidiform moles have
been explored to improve diagnostic accuracy.
These include conventional cytogenetic analysis
(karyotyping), DNA ploidy flow cytometry, and
chromosomal enumeration by fluorescent in situ
hybridization and molecular genotyping. Ploidy
analysis is the determination of the number of
complete haploid sets of chromosomes present in
a particular cell population (23 chromosomes/
haploid sets in a human diploid cell). Flow cytom-
etry is the most common platform for ploidy
analysis using tissue specimens [32-35]. DNA
ploidy analysis is frequently used for the separa-
tion of a partial mole from a complete mole or a
diploid non-molar hydropic abortus by a demon-
stration of triploidy. However, it is not useful in
the distinction between a complete mole and a
non-molar hydropic abortus. Several studies indi-
cated that only 66% of triploid abortions were
true diandric-monogynic partial moles while the
remainders were digynic—monoandric non-molar
gestations [3, 30, 36]. Therefore, the presence of
triploidy by flow cytometry offers helpful, but
not diagnostic evidence of partial hydatidiform
mole. In addition, ploidy analysis using paraffin-
embedded tissue is frequently plagued with tech-
nical difficulties and interpretation errors resulting
in a significant misclassification of ploidy, and
misdiagnosis of hydatidiform mole. This is
because the ploidy histograms produced from
paraffin-embedded material tend to have increased
cellular debris and broader peaks with a high
coefficient of variation. Effects of various fixa-
tives and fixation conditions may significantly
affect DNA ploidy analysis as well [37].
Conventional karyotyping is the most accu-
rate chromosomal enumeration method that may
be used to confirm the presence of triploidy in a
partial mole or diploidy in a complete mole.
Interphase FISH can be used for the determina-
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Fig. 11.2 Chromosomal enumeration of a partial hyda-
tidiform mole by FISH. Conventional interphase fluores-
cence in situ hybridization demonstrates the presence
of three hybridization signals of chromosome 3 (large
red dots), 7 (green dots), 17 (blue dots), and 9 (small
reddish-gold dots) probes within nuclei

tion of the number of haploid chromosome
sets using both fresh and paraffin-embedded
tissue samples [38—41]. However, similar to
ploidy analysis, chromosomal enumeration has
significant limitations in the diagnosis of molar
pregnancies in that it cannot specifically ascer-
tain the parental origin of chromosomal contri-
bution to the gestational tissue (Fig. 11.2).
Therefore, it cannot distinguish a diploid com-
plete mole from a much more common non-
molar hydropic abortus and is unable to separate
a true diandric-monogynic partial mole from a
digynic-monoandric  non-molar  gestation.
Cytogenetic studies based on analysis of peri-
centromeric chromosome heteromorphisms can
be used to identify the parental source of chro-
mosomes and may specifically diagnose and
subtype hydatidiform moles [8, 16] [42-44].
However, similar to conventional karyotyping, it
requires fresh chorionic villous samples and
in vitro cell culture.

STR Genotyping Diagnosis
of Hydatidiform Moles

Genotyping provides a measurement of the
genetic variation between members of a species
and, therefore, can be used to identify parental
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source of genomic haploid set(s) in a hydatidi-
form mole. Various molecular targets have been
explored for the genotypic diagnosis of hydatidi-
form moles, including DNA restriction fragment
length polymorphism, enzyme polymorphism,
single-nucleotide ~polymorphism, and STR
polymorphism.

Restriction fragment length polymorphisms
(RFLP) was used in the past to diagnose molar
gestations by demonstration of the abnormal
paternal genome [45, 46] and the maternal mito-
chondrial DNA [47]. Enzyme polymorphism
using tissue culture was also attempted for sepa-
ration of hydatidiform moles from non-molar
abortuses [42, 48]. In addition to the labor inten-
siveness, RFLP and enzyme polymorphism are
limited by analyzing usually only one genetic tar-
get and therefore do not provide sufficient resolv-
ing power for molar genotyping diagnosis. Single
nucleotide polymorphism analysis has been
explored recently for diagnostic confirmation of
complete moles using the whole genome microar-
ray approach [49]. Recently laboratory and clini-
cal validation of STR genotyping has become the
most accurate and reliable method for tissue
genotyping and will be the main focus of discus-
sion in this chapter.

STRs are repetitive DNA sequences of 2-7
nucleotides. They are highly prevalent in the non-
coding regions of the human genome and geneti-
cally stable [50]. A STR polymorphism denotes
that a STR locus differs in the number of repeats
between individuals. By identification of the
number of the STR at specific loci, a genetic pro-
file of an individual or a cell can be ascertained to
distinguish one from another. STR polymorphism
analysis has become the most proficient method
for determining an individual identity in the
forensic field. By the same principle, STR poly-
morphism analysis of gestational tissue in com-
parison with corresponding maternal tissue offers
a genotypic identification of the parental genomic
contribution in a hydatidiform mole. There are
number of robust commercial STR genotyping
kits with various multiplex primer sets, including
AmpFISTR® Identifiler™ PCR Amplification
(Applied Biosystem, Inc), AmpFISTR® Profiler™
PCR Amplification (Applied Biosystem, Inc),
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and PowerPlex® ©16 System (Promega US,
Madison, WI, USA). The AmpFISTR®
Identifiler™ assay is a highly commercialized
STR assay that amplifies 15 tetranucleotide STR
loci and the amelogenin gender-determining
locus in a single multiplex PCR amplification. All
13 of the required loci for the Combined DNA
Index System (CODIS) loci are included with
two additional loci, D2S1338 and D19S433. The
combination of these loci offers a powerful
genomic polymorphism analysis (Fig. 11.3) [51].
The amplicons range from 100 to 350 bp making
it particularly suitable for the analysis of DNA
extracted from paraffin-embedded formalin-fixed
tissue samples. This multiplex PCR has a high
efficiency of analyzing small amount of template
DNA (as little as 1.5-2.5 ng, equivalent to 150-250
diploid cells). As a commercialized test kit, the
validity of AmpFISTR® Identifiler™ has been
well established both in forensic practice for
human identity testing and in clinical testing for
transplant chimerism analysis. The assay resem-
bles a conventional diagnostic molecular proce-
dure, involving manual tissue dissection, DNA
extraction, one PCR, and capillary electrophore-
sis. The cost of AmpFISTR® Identifiler™ assay
kit itself (excluding PCR reagents and those of
capillary electrophoresis) is approximately 40 US
dollars per case in a diagnostic work-up of molar
pregnancy. Moreover, the reagent stability,
requirement of expertise and turn-around time
fall within the realm of a standard PCR diagnostic
test. STR genotyping using AmpFISTR®
Identifiler™ or an equivalent kit has been shown
recently to be as an accurate and cost-effective
method in the diagnosis and subclassification of
hydatidiform moles (see the following).

Previous proof-of-concept studies demon-
strated the usefulness of DNA genotyping in
distinguishing a hydropic abortion from a hyda-
tidiform mole [52-56]. Using DNA extracted
from formalin-fixed, paraffin-embedded tissue
samples and PCR amplification of eight poly-
morphic STR loci, one study analyzed 17 cases
of products of conception [53]. The authors iden-
tified eight cases of complete moles, of which
five had not been previously recognized, and con-
firmed all five partial mole diagnoses. Another



166

P. Hui

LOCUS

D2S1338

TPOX (2p23-2per)
D3S1358

FGA (4q28)
D5S818

CSF1PI (5q33.3-34)
D7S820

D8S1179
THO01(11p15.5)
vWA (12p12-pter)
D138317

D16S539

D18S51

D195433

D21811

Amelogenin

SIZE (#ALLELE)
307-359(14)
222-250(8)
112-140(8)
215-355(28)
134-172(10)
304-341(10)
255-291 (10)
120-170(12)
169-202(10)
145-207(14)
217-245(8)
253-293(9)
262-345(23)
102-195(15)
185-240(24)

107/113(X/Y)

Fig.11.3 Microsatellite loci included in the AmpFISTR Genotyping Analysis

study used genotyping to confirm the sensitivity
and specificity of pS7 immunohistochemistry in
the diagnosis of complete mole [57]. However,
the clinical application was limited in these early
studies likely by technical complexity and/or
relatively small number of STR markers. With
commercial availability and improved cost-effec-
tiveness of multiplex STR analysis, we recently
validated DNA genotyping using the AmpFISTR
Identifiler PCR Amplification system (Applied
Biosystems, Inc) for the diagnosis and subtyping
of hydatidiform moles [9]. The diagnostic power
and clinical applicability of DNA genotyping for
routine practice are further confirmed by other
studies [10-12, 58].

Interpretation of STR PCR data

STR genotyping for molar pregnancy requires a
comparative evaluation of the genetic profiles
of gestational tissue, that is, chorionic villi and
maternal tissue, that is, gestational endome-
trium. The key is to identify the paternal allele
and its copy number at each STR locus. The
first step is to look for informative STR loci,
that is, the unique paternal alleles by comparing
allelic positions at each STR locus. Although a
complete mole should have all alleles derived
from the father in either homozygous or
heterozygous fashion, shared alleles by the
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Fig.11.4 STR genotyping of complete hydatidiform moles
(4 of 15 STR loci of AmpFISTR Identifiler are shown:
CSF1PO, D7S820,D8S1179, and D21S11). Ahomozygous
complete mole (a) harbors exclusively paternal alleles in

father and the mother are common due to a
limited number of alleles at each locus in
human. Partial moles and non-molar abortuses
share at least one allele with the maternal tissue
at all loci, and some paternal alleles may also
be shared by the mother. However, given mul-
tiple polymorphic loci, the likelihood of identi-
cal allele(s) at some but not all STR loci is high,
and there should be a sufficient number of
informative loci for interpretation. A molecular
diagnosis of complete mole is made if the geno-
typic profile of the villous tissue consists of
exclusively paternal alleles of either homozy-
gous (Fig. 11.4a) or heterozygous (Fig. 11.4b)
pattern in at least two informative loci. The
presence of one maternaland two paternal

the villous tissue at all loci. A heterozygous complete mole
(b) shows exclusively paternal alleles in the villous tissue at
all loci with identifiable two distinct paternal alleles at some
loci. The unique paternal alleles are indicated by asterisk

alleles at each STR locus leads to a diagnosis
of partial mole (Fig. 11.5). A dispermic or
heterozygous partial mole harbors two unique
paternal alleles in addition to one maternal
allele in at least two loci (Fig. 11.5a). A mono-
spermic or homozygous partial mole shows
one paternal allele with duplicate quantity in
addition to one copy of maternal allele at every
locus (Fig. 11.5b). Non-molar gestation shows
a balanced biallelic profile of both paternal
and maternal contributions (Fig. 11.6). It should
be noted that genotyping is not affected by
the presence of tetraploidy in a complete mole
as all such cases contain paternal-only genomes.
The most important advantage of genotyp-
ing diagnosis over the traditional ploidy and
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Fig. 11.5 STR genotyping of partial hydatidiform
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distinct paternal alleles at some loci. A homozygous par-
tial mole (b) contains diandric homozygous paternal
alleles in addition to one maternal allele. Homozygosity is
evidenced by one paternal allele with duplicate copy
number at all loci. The unique paternal alleles are indi-
cated by asterisk
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Fig.11.6 STR genotyping of a non-molar hydropic abortion. A normal balanced parental genome is illustrated (upper

panel - maternal endometrium, lower panel - chorionic villi)
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karyotyping is its ability to clearly separate a
triploid digynic non-molar gestation from a true
triploid diandric partial mole. In contrast to the
presence of two paternal alleles and one mater-
nal allele at every STR locus, triploid non-molar
gestation will have one paternal allele and two
maternal alleles at each locus (Fig. 11.7).

As discussed earlier, not all STR loci in a
given hydatidiform mole are informative with
regard to the presence of identifiable paternal
allele(s). This is due to the limited number of
alleles in a population. When no unique paternal
allele is present at a locus, the copy number/
quantitation represented by the height of the
PCR product in comparison with the adjacent
allele can still be used for haploid assessment.
This quantitative information is particularly use-
ful when dealing with triploid partial hydatidi-
form mole. Analysis of more than one locus
ensures an independent confirmation of presence
or absence of paternal allele(s) and the copy
number. Although quantitative evaluation of
copy number of a particular locus by mathemati-
cal formula is possible [59, 60], visual inspec-
tion of the chromatogram is essentially diagnostic
in all cases of molar pregnancy as long as tissue
cross-contamination is minimized (see the fol-
lowing). It is also possible to genotype the pater-
nal tissue (the patient’s partner) to confirm the
informative alleles in the molar tissue. However,
this is neither necessary nor practical in most
cases.

It is emphasized that there should be concor-
dant genetic alterations at all loci for the diagno-
sis of hydatidiform moles. Inconsistency at an
isolated locus requires careful evaluation of the
entire STR profile. In case of a chromosomal
aberration leading to a loss or gain of one allele,
the analysis of the remaining 14 STR loci easily
recognizes such isolated chromosomal aberra-
tion, thereby avoiding an interpretation error.
For example, rare complete hydatidiform moles
have been reported to have a retained maternal
chromosome as trisomy [61, 62], which may
present as three alleles at the locus. However, the
presence of only androgenic alleles in the rest of
STR loci points to the correct diagnosis of com-
plete mole.

169

Target Tissue Selection
and Processing

Tissue specimen preparation requires selection
and verification of the target tissue for down-
stream DNA extraction and genotyping. Since
genotyping comparison of the villous and the
maternal tissue is the key for molar diagnosis,
isolation of pure tissue types is important, par-
ticularly when dealing with a partial mole. In
most tissue samples of product of conception,
well-defined areas of chorionic villi and mater-
nal endometrium are easily recognized in serial
tissue sections and can be safely dissected from
each other into separate test tubes. However, an
absolutely pure isolation of villous tissue is gen-
erally impossible due to the mixed nature of the
specimen unless laser microdissection is used.
Maternal blood and endometrial tissue or cells
may be intimately admixed with chorionic vil-
lous tissue. Initial inspection of the STR geno-
typing chromatograph should assess the extent
of tissue cross-contamination. Minor degrees of
contamination generally do not pose interpreta-
tion problems for a complete mole as the con-
taminating allelic products can be visually
subtracted. However, tissue cross-contamination
may easily jeopardize an interpretation of a par-
tial mole as both the presence of abnormal pater-
nal alleles and the quantitative information of
each allele are important, particularly when
dealing with a homozygous partial mole.
Although mathematical ratio calculation may be
used in cases with significant cross-contamina-
tion [58], repeat tissue and DNA preparation,
particularly using laser microdissection to obtain
pure tissue samples, should resolve the problem
(Fig. 11.8) [12]. Occasionally, a specimen may
contain only gestational tissue without maternal
endometrium. A search of the patient file for her
prior tissue specimen(s) or request for a new
blood or buccal swab sample may be necessary.

Since most cases of genotyping evaluation are
performed on formalin-fixed paraffin-embedded
tissue samples after a routine histological exami-
nation, the types of fixative and the duration of
fixation may affect the DNA quality and quantity.
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Fig. 11.7 Triploid non-molar gestation. Two representa-
tive cases (a, b) show histological features overlapping
with a partial mole. The presence of triploidy is demon-
strated by karyotyping analysis of the chorionic villi (c)
(Courtesy of Dr. Peining Li, Yale University). The nature

of a non-molar (digynic—-monoandric) triploid gestation
can only be revealed by DNA genotyping (d). Note, at
each of the four STR loci two of the three alleles of the
villi (lower) match the two maternal alleles of the gesta-
tional endometrium (upper)
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Fig. 11.8 Improved STR analysis by laser microdissec-
tion. Normal maternal endometrium shows a balanced
biparental allelic pattern at three of the four STR loci (a, ).
Significant cross-contamination by the maternal tissue

Fixatives containing heavy metals generally
retard DNA extraction and/or ruin its quality.
Long-term storage of paraffin-embedded tissue
may result in severe degradation of DNA leading
to uneven amplification, particularly of the larger
PCR amplicons. Inefficient PCR amplification
can be easily recognized as the amount of the
product (peak height) is low. Concurrent amplifi-
cation of paired maternal tissue from the same
specimen may help to recognize the inefficiently
amplified loci. Since multiple STR loci are
included in the assay, single or a few large unin-
terpretable amplicons may be overcome by the
remaining informative loci. Again, a careful
inspection of entire STR chromatograms is essen-
tial to identify these problems to avoid an inter-
pretation error.

generates a pseudotriploid allelic pattern in the chorionic
villi (b). After laser microdissection of pure villous tissue,
an allelic pattern of monospermic/homozygous complete
mole becomes evident (d)

Diagnostic Pitfalls of STR
Genotyping

A potential pitfall for the genotypic diagnosis of
hydatidiform mole is the presence of a small
subset of complete mole of biparental origin,
histologically indistinguishable from the dian-
dric uniparental complete mole [18, 19]. In view
of this phenomenon, DNA genotyping is not
helpful in such a case as both the paternal and
the maternal genomes are present. Clinical
investigation, careful histological and immuno-
histochemical studies are important for the diag-
nosis. Hydatidiform moles arising from a twin
gestation may also potentially complicate the
analysis [63—66]. Since uterine curettage gener-
ally results in an admixture of gestational



172

P. Hui

olad LY, A
¥ e ] i
]
00 00 300 a0
1200
00,
09,
okl s A AL A
a [ E7le

Fig. 11.9 Chorionic villi of Trisomy 18 syndrome. Note the overlapping histological feature with PHM (a) and the
presence of three alleles at D18S51 locus as the only abnormal finding by DNA genotyping (b) lower panel, compared

with two alleles in the endometrium in the upper panel

tissues, genetically abnormal molar tissue may
be intimately associated with non-molar tissue
of the counterpart twin. The genotyping result
may be misleading or impossible to interpret
depending on the extent of tissue mixing and the
type of hydatidiform mole. Clinical information
of twin gestation, careful morphological assess-
ment of the tissue followed by isolation of pure
hydropic villi, and genotypic comparison with
nonhydropic villi may resolve such a difficult
situation.

Single allelic gain due to various trisomy syn-
dromes is relatively common among cases

undergoing STR genotype work-up of hydatidi-
form moles, among which trisomy 16, 21, and 18
are frequently encountered [12]. It is worth not-
ing that some of these trisomy syndromes may
present villous tissue with morphological changes
remarkably overlapping with those of a typical
partial mole (Fig. 11.9) [3, 12]. However, a uni-
form allelic gain at all STR loci easily separates a
partial mole from a trisomy syndrome [12]. Rare
mosaicism and chimerism in hydatidiform mole
may present complex STR profiles that are diffi-
cult to interpret [67]. Clinical presentation, care-
ful histological examination, interphase FISH,
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Fig.11.10 Proposed STR genotyping algorithm for the diagnosis of hydatidiform moles

and immunohistochemistry of p57¥%®? may help
to identify the villous/cell population of the molar
lineage. Occasionally, a missed abortion may
have non-molar complex chromosomal altera-
tions involving multiple STR loci. In such a situ-
ation, a genotyping report of complex genetic
alteration inconsistent with molar gestation is
acceptable.

An algorithmic approach is presented in
Fig. 11.10 to guide the molecular evaluation for
the diagnosis and differential diagnosis of hyda-
tidiform moles.

STR Genotyping Diagnosis
of Gestational Trophoblastic Tumors

Most gestational trophoblastic tumors do not
pose diagnostic problems when they present as
an intrauterine lesion along with appropriate clin-

ical history. However, rare tumors may develop at
an unusual location [68]. For example, a tropho-
blastic tumor may arise from the fallopian tube
[69], broad ligament [70], or even peritoneum
[71]. Without due suspicion, a nongestational
tumor (frequently carcinoma) may be diagnosed.
Frequently arising from the endocervix, epithe-
lioid trophoblastic tumor may have remarkable
histological and cytological overlaps (Fig. 11.11a)
with a keratinizing invasive squamous cell
carcinoma, the most common malignancy of the
uterine cervix. Clinical history of pregnancy, ele-
vated serum hCG, and immunohistochemical
markers are usually helpful in making a correct
diagnosis. However, in rare cases, when these tra-
ditional means are inconclusive, STR genotyping
can provide an ultimate confirmation of the ges-
tational origin of the tumor (Fig. 11.11) [72].
Gestational choriocarcinoma at an unusual
site, for example, extrauterine locations, must be
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Fig. 11.11 STR genotyping diagnosis of trophoblastic
tumor involving unusual anatomic locations. (a) Histo-
logical features of an epithelioid trophoblastic tumor
involving the cervix. The tumor shows a nodular expan-
sile lesion consisting of epithelioid intermediate tropho-
blastic tumor cells, simulating an invasive squamous cell

separated from its nongestational counterpart of
germ cell or somatic cell origin, primarily
because of the drastically different clinical
behaviors and management. Such separation can
be very difficult, particularly when the chorio-
carcinoma presents with pure histology
(Fig. 11.12a). Tissue DNA genotyping will
definitively separate a gestational choriocarci-
noma from its somatic or germ cell mimics by
identifying the unique paternal allele(s) in the
tumor (Fig. 11.12b) [73].

carcinoma. (b) DNA genotyping analysis by AmpFISTR®
Identifiler™ PCR. The tumor cells (upper panel) harbor
unique paternal alleles at two SRT loci, indicated by aster-
isk, in addition to the presence of maternal alleles, com-
pared with the allelic pattern of the paired endometrium
(lower panel)

Prospective

It is important to understand that although hyda-
tidiform moles are evacuated at a much earlier
gestational age in modern medicine, their associ-
ated risks for post-molar gestational trophoblas-
tic neoplasia have not changed [2]. Pathologists
need to have a high index of suspicion for early
complete hydatidiform moles, which are easily
misinterpreted as hydropic abortions or even
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Fig 11.12 STR genotyping diagnosis of nongestational
choriocarcinoma. (a) Histological features of a pure cho-
riocarcinoma involving extrauterine sites (broad ligament
and mesovarium). (b) DNA genotyping analysis by

normal pregnancies. When in doubt, ancillary
studies including immunohistochemistry and/or
STR genotyping should be used to rule out a
molar gestation. Recently, it has been confirmed
that heterozygous (dispermic) complete moles
are more aggressive than the homozygous (mono-
spermic) ones in the development of post-molar
gestational trophoblastic neoplasia [24, 25, 28].
Therefore, a precise genotyping of each complete
mole may be clinically important for patient
management and prognosis. In the presence of

AmpFISTR® Identifiler™ PCR. The tumor cells (upper)
harbor identical alleles to the normal tissue of the patient
(lower) at all four SRT loci, confirming a nongestational
nature of the tumor

current ubiquitous diagnostic problems of partial
molar pregnancies, adaptation of more precise
diagnostic methods is essential for clinical diag-
nosis, epidemiology studies, and biological inves-
tigations. STR genotyping appears to be the best
available method to resolve these issues.

P57%P2 jmmunohistochemistry and DNA
ploidy analysis are likely to remain as ancillary
tests in a traditional pathology lab for some time
to come. However, as described earlier, there
are important confounding issues in the current
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diagnostic practice by these traditional means.
With the increased cost-effectiveness and the
diagnostic precision of STR genotyping, a “one-
stop shopping” DNA genotyping approach has
been advocated [12]. Whether community hos-
pitals will be able to adapt this molecular power
in the work-up of hydatidiform mole is depend
on how rapidly the entire molecular medicine
can be phased into clinical practice. Although a
majority of early complete moles may be diag-
nosed with good accuracy by traditional meth-
ods  (histological = examination,  p57XF?
immunostain, and ploidy analysis), it is recom-
mended that most of the partial mole cases
should be diagnosed or confirmed by DNA
genotyping for patient triage and clinical fol-
low-up. Since an estimated 1/3 of partial mole
diagnoses in current practice are in fact non-
molar hydropic abortions [3], the money saved
by avoiding over-treating non-molar patients
should easily offset the overall cost of the
molecular testing.

Conclusions

With the advent of closer monitoring of serum
hCG and early ultrasound exams, most patients
nowadays with hydatidiform moles present in
their first trimester before the classic symptoms
and ultrasound appearance develop. In the
absence of typical clinical and imaging features,
the role of the pathologist has become even more
crucial in the diagnosis of molar pregnancy.
However, histological evaluation continues to
suffer  significant  diagnostic  inaccuracy.
Unacceptable inter- and intraobserver variability
exists, even among expert pathologists. PCR-
based STR DNA genotyping provides a powerful
discriminatory capability to precisely diagnose
and genetically subtype hydatidiform moles. This
emerging molecular application is superior to the
traditional ploidy flow cytometry and immuno-
histochemistry. With increasing acquirement of
molecular diagnostic capabilities at most medical
centers, STR DNA genotyping should become an
integral part in the routine diagnostic algorithm
of hydatidiform moles and beyond.

P. Hui
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Introduction

Gestational trophoblastic disease (GTD) is a rare
entity including hydatidiform moles, invasive
moles, choriocarcinomas, placental site tropho-
blastic tumors (PSTTs), and epithelioid tropho-
blastic tumors (ETTs) [1-3]. All these conditions
arise from the placental villous trophoblast [4].
Choriocarcinomas, PSTT, and ETT are also
referred to as gestational trophoblastic neoplasia
(GTN) because they can be associated with pro-
gressive or invasive disease [4].

GTD is primarily a disease of reproductive-
aged women [3, 5, 6] and is associated with a
prior gestational event [4]. There is a potential
association between GTN and hormonal factors
since women with menarche after age 12, light
menstrual flow and prior oral contraceptive use
have an increased risk of GTN in some studies [7, 8].
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The cure rate of GTN is >90%, even if wide-
spread disease is present, making it one of the
most curable solid tumors [9, 10]. This high cure
rate can be attributed to the presence of a sensi-
tive tumor marker (human chorionic gonadotro-
pin, hCG) for the initial detection, management,
and early detection of recurrences; the high sen-
sitivity of the tumors to chemotherapy, as well as
the treatment and surveillance of patients in spe-
cialized centers [4, 6]. The treatment of PSTT
and ETT remains more challenging than the other
GTD conditions [11].

The incidence of GTD varies with geographic
locations with a higher incidence in Asia com-
pared to Europe or North America [4-6, 12]. In all
populations, however, the incidence of hydatidi-
form moles and choriocarcinomas has decreased
over the last three decades [4]. Clinical features
of the various forms of GTD are presented in
Table 12.1.

HCG, the marker for GTD, is a glycoprotein
hormone composed of two non-covalently joined
subunits, the alpha- and the beta-subunit [13, 14].
HCG is a diverse molecule with three distinct
biological variants with different functions: regu-
lar hCG, hyperglycosylated hCG, and free beta-
subunit of hyperglycosylated hCG [13].
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Table 12.1 Clinical features of gestational trophoblastic
disease

Gestational

trophoblastic disease  Clinical features
Complete

hydatidiform mole

15-20% trophoblastic sequelae
hCG> 100,000 mIU/mL
Medical complications

<5% trophoblastic sequelae
hCG< 100,000 mIU/mL

Rare medical complications

Partial
hydatidiform mole
Invasive mole 15% metastatic (lung/vagina)
Usually clinical diagnosis
Hematogenous spread (lung,
brain, liver)

Malignant disease

Choriocarcinoma

PSTT Very rare

hCG levels less reliable
Relatively chemotherapy resistant
Mainly surgical treatment

ETT Very rare

Mainly surgical treatments

Modified from Lurain [4]

Regular hCG is produced by the villous syn-
cytiotrophoblast throughout most of the normal
pregnancy. It helps maintain efficient placenta-
tion via angiogenesis in the myometrial spiral
arteries [13]. It is also the predominant hCG vari-
ant in cases of complete and partial moles [15].

Hyperglycosylated hCG (hCG-H), a carbohy-
drate variant of hCG with double-size sugar side
chains, is an autocrine factor produced by the
extravillous invasive cytotrophoblast cells [13,
16]. HCG-H not only plays a role in implantation
during normal pregnancy, but is also detectable
in GTD where it seems to promote invasion,
growth, and malignancy [13]. The proportion of
hCG-H significantly rises as the total hCG rises
in patients with GTD [17]. Assaying for hCG-H
can help to differentiate invasive from non-inva-
sive hydatidiform moles [13, 15].

The hyperglycosylated free beta-subunit of
hCG (hCG free beta) acts as an anti-apoptotic
factor in non-trophoblastic malignancies and is
produced by PSTTs, a malignancy of non-villous
trophoblast. HCG free beta may help distinguish
PSTT from choriocarcinoma [15, 18]. In one
series of 13 patients with PSTT, 60% of the total
hCG immunoreactivity was due to hCG free beta

C.E. Richter and P.E. Schwartz

with minimal or no hyperglycosylated hCG found
in nine cases and 5-37% hyperglycosylated hCG
found in the remaining four patients [18].

There are two conditions that are characterized
by a low proportion of hyperglycosylated hCG:
quiescent GTD and minimally invasive GTD [18].
Quiescent GTD is considered benign and inactive.
It is defined by low persistent hCG levels with no
increasing trend over a period of 3 or more months
in the absence of disease by clinical evaluation or
diagnostic imaging [16]. No hyperglycosylated
hCG was identified in 127 of 133 women with
quiescent GTD [17]. Minimally invasive GTD is
usually slow growing and resistant to chemother-
apy [17]. Hyperglycosylated hCG levels range
from <1 to 39% in the latter condition [17].

Diagnosis

If there is clinical suspicion for the diagnosis of a
GTD, a thorough history and physical exam
should be performed [4]. This evaluation should
include a complete blood count, coagulation stud-
ies, serum chemistries including renal and hepatic
function tests, blood type with antibody screening
and serum hCG levels [4]. As part of the work-up
for metastatic disease, a chest X-ray should be
performed [4]. CT scans of the abdomen and pel-
vis as well as the brain should be obtained if the
chest radiograph shows evidence of metastatic
disease [19, 20]. The risk of metastases outside of
the lung with a normal physical examination and
normal chest X-ray is low [4]. If the chest X-ray
is normal, some experts recommend a chest CT
scan as 40% of patients have pulmonary micro-
metastases undetectable on chest radiograph but
detectable on chest CT scan [4]. These metastases
do not affect outcome [19, 20].

When heterophilic antibodies cross-react with
hCG assays and cause false-positive results, this
is referred to as phantom hCG [21]. A urine preg-
nancy test can help differentiate a phantom hCG
from a true hCG elevation since the large hetero-
philic antibodies do not cross the renal glomeru-
lar boundary and are therefore not detectable in
the urine [21].
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Hydatidiform Mole
Epidemiology Hydatidiform Moles

Hydatidiform moles are the most common form
of GTD [22]. The incidence of GTD shows geo-
graphic variations [12, 23, 24]. In North America,
Europe, Australia, and New Zealand, the inci-
dence of hydatidiform moles ranges from 0.57 to
1.1/1,000 pregnancies, whereas the incidence in
Southeast Asia and Japan has been reported to be
as high as 2.0/1,000 pregnancies [4, 12].
Additionally, the incidence of hydatidiform moles
is higher in American Indians, Eskimos, African
Americans, and Hispanics [4]. The only environ-
mental association that has been established in
the etiology of molar pregnancies is an inverse
relationship between P-carotene and animal fat
dietary intake [25, 26].

Hydatidiform moles occur primarily in the
reproductive age group, but molar pregnancies
have been described in postmenopausal women
[27]. Pregnancies at the extremes of maternal age
and a history of a prior molar pregnancy are risk
factors for complete hydatidiform moles [4]. The
risk for women <21 years of age or >35 years of
age of a hydatidiform mole is 1.9 times higher
compared to women aged 21-35 [4]. The risk of
a prior molar pregnancy increases the risk of a
repeat molar pregnancy to 1-2%, 10-20 times
that of the general population [28-30]. The risk
of a third molar pregnancy after two molar preg-
nancies is as high as 15-20% [28-30]. Patients
who have a hydatidiform mole must be made
aware of this risk. Clinicians caring for a patient
with a history of a hydatidiform mole should
promptly evaluate the patient for a recurrence if
she develops symptoms such as irregular vaginal
bleeding. There are case reports of partial moles
in ectopic pregnancies [31].

Partial vs. Complete Hydatidiform
Moles

Based on their histology, karyotype, and natural
history, hydatidiform moles can be complete or
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partial [5]. Partial moles have a triploid genome
(usually 69,XXY), a result of the fertilization of
a normal egg by two spermatozoa or the fertil-
ization of one spermatozoa with duplication
[32-34]. Complete moles are entirely paternal
and arise from the fertilization of an empty egg by
one spermatozoon with duplication or by the fer-
tilization of an empty egg by two spermatozoa
[5, 34-36]. The majority (90%) originate from
the duplication of chromosomes after fertiliza-
tion by a spermatozoa, resulting in a karyotype
of 46,XX [35, 36]. The remainder of the com-
plete moles arise from the fertilization by two
spermatozoa and show a 46,XY or 46,XX karyo-
type [35, 36].

Clinical Presentation and Diagnosis
of Hydatidiform Moles

The most common presentation of patients with a
complete mole is vaginal bleeding in early preg-
nancy [4]. Partial moles tend to present later in
the first or even second trimester since they grow
slowly and can present as a missed or incomplete
abortion [25, 37]. Today, the classic clinical find-
ings of uterine enlargement, preeclampsia, hype-
remesis, hyperthyroidism, and respiratory distress
are rare because of the routine use of ultrasonog-
raphy [38]. On ultrasound, complete moles show
a “snowstorm” pattern representing a heteroge-
neous mass without a fetus present [39].
Ultrasound is associated with high false-positive
and false-negative results, and molar pregnancies
need to be differentiated from hydropic abortions
(Fig. 12.1a, b) [40].

Treatment of Hydatidiform Moles

Patients with a suspected molar pregnancy who
desire fertility preservation should undergo a suc-
tion dilation and curettage (D&C) (Fig. 12.2a)
[41]. When performing the D&C, it is important
to delay administering uterotonic agents until tis-
sue is visualized in the suction D&C tubing.
Molar tissue embolization to the lungs may oth-
erwise occur. Rhesus-negative patients should
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Fig.12.1 (a) A power Doppler sagittal image of the uterus
reveals an endometrial mass with numerous cystic areas
consistent with the classic appearance of GTN. Note
numerous blood vessels. (b) A spectral Doppler image
demonstrates an increased peak systolic velocity (PSV)
and end diastolic velocity (EDV) of patient in Fig. 11.1a
with a low resistance index (RI) suggesting trophoblastic
arterial flow. (¢) Gray scale ultrasound image demonstrates
an echogenic mass (asterisk) within the endometrial canal
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consistent with placental tissue in this pregnant patient.
Note adjacent, more hypoechoic mass with numerous
small cystic areas. Findings are most consistent with ges-
tational trophoblastic tissue in a patient with a partial
hydatidiform mole. (d) Color Doppler image of patient in
(c) demonstrates a complex mass with numerous small
cystic areas distending the endometrial canal. No blood
flow is detected

Fig. 12.2 (a) A complete hydatidiform mole. Molar tis-
sue was obtained at the time of a D&C. Grossly visible
vesicles are present. The patient’s 3-hCG levels normal-
ized following the D&C. No malignant sequelae occurred
in this patient following this procedure. (b) A 4 cm mass

of choriocarcinoma excised from the patient’s pelvis
found by diagnostic imaging as a result of persistent hCG
elevations despite the use of combination chemotherapy.
Extensive hemorrhage is present
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Fig. 12.3 B-hCG curves in different GTD conditions. (a)
This 22-year-old woman underwent a suction D&C for a
complete molar pregnancy. Her B-hCG titers returned to
normal without any further intervention. (b) A 25-year-old
woman underwent a suction D&C for management of a
complete molar pregnancy. Her B-hCG titers initially
decreased from 592,000 to about 500 mIU/mL and then
rose to 4,000 mIU/mL. Diagnostic imaging revealed an
isolated pulmonary metastasis. The patient received meth-
otrexate and actinomycin-D in an alternate sequential fash-
ion and rapidly normalized her titers. (¢) An 18-year-old
women was diagnosed to have high-risk metastatic chorio-
carcinoma. She was treated successfully with EMA-CO
chemotherapy and preserved her fertility. (d) A 24-year-old

be given Rhesus prophylaxis at the time of the
procedure [6]. Uterine evacuation leads to cure in
about 80% of women with hydatidiform moles
(Fig. 12.3a) [42].

In women who have completed childbearing
or in cases of life-threatening hemorrhage, a hys-
terectomy may be indicated [42].

In 1 per 20,000-100,000 pregnancies, a
healthy twin can develop along with the hydropic
pregnancy [6]. Forty percent of these pregnan-
cies lead to the delivery of a healthy infant [43].
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nulliparous women presenting with menorrhagia was found
to have a positive hCG (20 mIU/mL). An extensive work-
up failed to reveal the presence of trophoblastic disease.
The patient was given two treatments with methotrexate
without any change in the hCG level. The patient was then
referred to another institution where the hCG was 100 mIU/
mL but the work-up was unremarkable. The patient was
referred to Yale where the persistent mildly elevated level
of hCG was confirmed, including a high level of urine beta-
core fragment of hCG, but no lesions could be identified by
diagnostic imaging. She has been followed more than 10
years, has had two full-term pregnancies during the obser-
vation period, and continues to have hCG levels in the
20 mIU/mL without receiving additional therapy

There are no data supporting a higher risk of
malignancy with later evacuation of the hydropic
tissue [43].

Follow-Up After Hydatidiform Moles

Follow-up after the diagnosis of a molar preg-
nancy is important as it can result in persistent
GTD in 3-4% of the patients with a partial and
20% of the patients with a complete mole
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(Fig. 12.3b, ¢) [22]. Choriocarcinoma has never
been reported after a partial mole [4].
Approximately 95% of patients with hydatidi-
form mole who develop GTN are diagnosed with
low-risk GTN [6].

Gestational Trophoblastic Neoplasia

Choriocarcinoma, PSTT, and ETT are included
in the group of GTN.

Diagnosis of GTN

At least one of the following factors needs to
be present in order to diagnose postmolar GTN
[4, 6, 44]:
* hCG plateau for four consecutive values over
3 weeks
e hCG rise of >10% for three values over
2 weeks
* hCG persistence 6 months after molar evacuation
¢ Histopathologic diagnosis of choriocarcinoma
¢ Presence of metastatic disease
While the majority of GTD are associated
with elevations in hyperglycosylated hCG, the
proportion of hyperglycosylated hCG levels can
be very low in quiescent GTD, which is usually
considered as clinically benign (Fig. 12.3d) [15].
Minimally invasive GTD is characterized by a
very slow increase in hCG levels [15].

Staging of GTN

The International Federation of Gynecology and
Obstetrics (FIGO) adopted a staging system for
postmolar GTN in 2002 (Table 12.2) that com-
bines anatomical staging and a modified World
Health Organization (WHO) risk factor scoring
system [45].

The stage of the disease consists of the FIGO
stage in Roman numerals followed by the modi-
fied WHO score in Arabic numerals (Tables 11.3
and 12.2) [45]. PSTT and ETT are staged accord-
ing to the FIGO staging system for GTD [46].
The WHO scoring system cannot be used for
PSTT and ETT [46].

C.E. Richter and P.E. Schwartz

Table 12.2 FIGO staging for GTN

Stage Description

I Disease confined to uterus

II Disease extends beyond uterus, but limited to
genital structures (adnexal, vagina, broad ligament)

I Disease extends to lungs with or without genital

tract involvement
v Disease involves other metastatic sites

Reproduced with permission from Lurain [4]

Clinical Presentation GTN

The symptoms of patients with high-risk disease
depend on the location of the metastases and can
vary from seizures, headaches, or hemiparesis
with brain metastases to hemoptysis, chest pain,
and shortness of breath with lung metastases
[47]. The work-up of patients with suspected
high-risk GTD should include body CT, brain
MRI, pelvic MRI, and Doppler ultrasonography
[48]. Biopsies of any metastases should be
avoided unless the lesions are easily accessible
for control of bleeding since the lesions are highly
vascularized [6].

With PSTT, most patients present with abnor-
mal vaginal bleeding [11].

Choriocarcinoma

Just like hydatidiform moles, the incidence of
choriocarcinomas (Fig. 12.2b) also varies based
on the geographic location. In Europe and North
America, choriocarcinomas are diagnosed in 1 in
40,000 pregnancies and 1 in 40 hydatidiform
moles, while Southeast Asia and Japan show
rates of 3.2/40,000 pregnancies, respectively
[49]. The risk of choriocarcinoma is increased
with a prior complete molar pregnancy (1,000
times more likely than after normal pregnancy),
ethnicity, and advanced maternal age [4]. Women
with the blood group A and a long-term use of
contraceptives also seem to be at higher risk [4].

Choriocarcinoma originates from the villous
trophoblast and secretes hCG [50]. It is chemother-
apy-sensitive and highly curable [20]. Most young
women diagnosed with choriocarcinoma and other
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Table 12.3 FIGO scoring system GTN

Score
Risk factor 0
Age, years <39
Antecedent pregnancy Mole
Pregnancy event to treatment interval, mo <4
Pretreatment hCG, mIU/mL <10°
Largest tumor mass, including uterus, cm <3

Site of metastases -
Number of metastases -
Previous failed chemotherapy -

Reproduced with permission from Lurain [4]

GTDs can achieve a complete remission while
preserving their fertility, even with metastatic dis-
ease (Table 12.4) [1, 3, 12, 22, 41].

PSTT

PSTT is extremely rare and originates from the
intermediate-type trophoblast [51-54]. In the
majority of patients, disease is confined to the
uterus [52]. A literature review of 286 PSTT
patients revealed that 17 (5.9%) were associated
with retroperitoneal lymph node metastases [55].
Hematogenous dissemination to the brain, lung,
liver, and conjunctiva has been reported [56].
However, in 10% of the patients with PSTT, met-
astatic disease is present at presentation [52, 53].
PSTTs secrete human placental lactogen (hPL)
and hCG [51, 54].

An age >35 years, a pregnancy interval >24
months, an hCG> 1,000 IU/L, deep myometrial
invasion and pathologic characteristics of the
PSTT such as a high mitotic index, necrosis, and
clear cytoplasm are associated with a worse
survival [56].

In PSTT, the tumor load does not always cor-
relate with the hCG levels. PSTT can present
years after the last known pregnancy event [57].

ETT

ETT is very rare and is derived from the inter-
mediate trophoblast [46, 58]. Available data are
extremely limited, but metastases are reported
to occur in 25% and death in 10% of patients

185
1 2 4
>39 - -
Abortion Term -
4-6 7-12 >12
10*-10* 10*-10° >10°
34 >5 -
Spleen, kidney GI tract Brain, liver
1-4 5-8 >8
- Single drug >2 drugs

diagnosed with ETT [58]. ETT may be found in
the uterine cervix, and such lesions need to be
distinguished from invasive squamous cell can-
cers [59].

Treatment of GTN

GTN is the most curable gynecologic malignancy
[1] and is based on the stage of the disease accord-
ing to the FIGO stage and the WHO scoring sys-
tem [4].

Patients with stage I disease and low-risk meta-
static GTN (FIGO stages II and III, WHO risk score
<7) are treated with single-agent chemotherapy
(Figs. 12.3b and 12.4) [4]. Survival rates for this
group of patients approach 100%, and most patients
can preserve their fertility [4]. Patients with high-
risk metastatic disease (FIGO stage IV and stages II
and III, WHO risk score >7) are treated with multi-
agent chemotherapy with or without radiation and
surgery [4]. Cure rates for patients with high-risk
disease range from 80 to 90% (Figs. 12.3d and
12.4) [4]. Indications for chemotherapy in the man-
agement of GTD are presented in Table 12.5.

Quiescent GTD does not require therapy, and
minimally invasive GTD tends to be chemother-
apy resistant [15].

Treatment of Low-Risk Disease

The data regarding the treatment of patients with
GTN after hydatidiform mole with a second dila-
tion and curettage are controversial, with some
authors recommending a repeat curettage and
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Fig. 12.4 A 32-year-old G4, PO woman underwent a
spontaneous abortion in January 2006. The patient was
placed on oral contraceptives. The patient continued
to have menometrorrhagia. A B-hCG in March 2006
was 858,966 mIU/mL. The patient underwent a suction
D&C and was placed on actinomycin-D after her titers
plateaued and then elevated. She developed severe facial

Table 12.5 Indications for chemotherapy

Indications for chemotherapy for GTD

Plateaued or rising hCG concentrations after hydatidi-
form mole evacuation

Heavy vaginal bleeding or evidence of gastrointestinal
or intraperitoneal hemorrhage

Histologic evidence of choriocarcinoma

Evidence of metastases in brain, liver, or gastrointesti-
nal tract, or radiological opacities greater than 2 cm on
chest radiograph

Serum hCG concentrations of 20,000 IU/L or more, 4
weeks or more after hydatidiform mole evacuation,
because of the risk of uterine perforation

Raised hCG concentrations 6 months after evacuation,
even when still decreasing

Modified from Seckl et al. [6]

others recommending chemotherapy [60-63].
Classically, the treatment for patients with low-
risk GTN is single-agent methotrexate or actino-
mycin-D (Table 12.6) [64].

There are multiple different regimens of sin-
gle-agent methotrexate or actinomycin-D

187

Etoposide

A Methot

Actino

acne with the first cycle of actinomycin-D. She was
then successfully treated with methotrexate. The patient
delivered a healthy child in July 2008. The patient experi-
enced “constant bleeding” thereafter. A B-hCG titer was
obtained in October 2009, which was 303,174 mIU/mL.
She was then treated with EMA-CO, followed by a
hysterectomy

(Table 12.6). Overall, the treatment regimens
consisting of weekly IM or intermittent I'V injec-
tions of methotrexate or the biweekly actinomy-
cin-D injections are associated with a higher
response rate [4]. In randomized studies compar-
ing weekly IM methotrexate with biweekly actin-
omycin-D, however, there was a higher complete
response rates with actinomycin-D (69-90 vs.
49-53%) [65-6T7].

The data regarding an improved efficacy of
the 5-day IM methotrexate protocol compared to
the 8-day methotrexate—folinic acid protocol for
low-risk nonmetastatic disease is conflicting, and
the few randomized studies are underpowered
[68—70]. Kohorn described a higher remission
rate with pulsed actinomycin-D compared to
5-day actinomycin [71].

Bone marrow suppression is associated with
the use of methotrexate and with actinomycin-D.
Stomatitis is the most common side effect of the
treatment [4]. When comparing single-agent
methotrexate or actinomycin-D regimens to
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Table 12.6 Treatment of low-risk GTN

Chemotherapy regimen

MTX 0.4 mg/kg (max 25 mg)/day IV or IM for 5 days, repeat every 14 days

MTX 30-50 mg/m? IM weekly

MTX 1 mg/kg IM dl, 3, 5, 7; folinic acid 0.1 mg/kg IM d2, 4, 6, 8; repeat every 1518

days, or as needed

MTX 100 mg/m? IVP, then 200 mg/m? in 500 mL D5W over 12 h; folinic acid 15 mg

C.E. Richter and P.E. Schwartz

Primary remission rate (%)
87-93
49-74
74-90

69-90

IM or po q 12 h or 4 doses beginning 24 h after start of MTX; repeat every 18 days

or as needed

Act-D 10-13 pg/kg IV qd for 5 days; repeat every 14 days
Act-D 1.25 mg/m? IV every 2 weeks

Alternating MTX/Act-D regimens 1 and 5

Reproduced with permission from Lurain [4]

combination regimens of the two drugs, efficiency
remains unchanged, but side effects increase [72].
In general, in the setting of the high cure rates, the
patient should be treated with the least toxic regi-
men first [6]. One advantage of methotrexate
when compared to actinomycin is that it does not
cause hair loss [73]. Two percent of women
develop mouth ulcers, sore eyes, and very rarely
serositis [74]. Severe acneiform rashes have been
associated with actinomycin-D.

Increased chemotherapy resistance is detected
in patients aged >35 years, patients with higher
hCG levels >100,000 U/mL, a nonmolar anteced-
ent pregnancy, large vaginal metastases, and a
histopathological diagnosis of choriocarcinoma
[75-77]. In total, 1-14% of the patients need
multiagent chemotherapy after failed single-
agent chemotherapy [73]. Based on the experi-
ence from three specialized centers in the United
States, all patients who failed single-agent che-
motherapy resistance were eventually cured
(Figs. 12.3b, c and 12.5) [4].

Chemotherapy is continued until hCG values
have returned to normal, and at least one course
of chemotherapy has been administered after the
first normal hCG [4]. Changing chemotherapy to
another single agent is indicated if the hCG levels
plateau above normal or if toxicity requires a
change of agent [73].

Multi-agent chemotherapy is indicated in
patients with hCG elevations, development of
metastases, or resistance to sequential chemo-
therapy [78]. In persistent disease, a hysterec-
tomy may be necessary [4].

77-94
69-90
100

Treatment of High-Risk Metastatic
Disease

Patients with FIGO stage I'V and stages II-I1I with
WHO scores 27 should be considered high-risk
GTN [4]. Because the risk of drug resistance is
high and the chance of cure with monotherapy is
low, the initial treatment for this group of patients
is multiagent chemotherapy (Fig. 12.4) [79].

The primary regimen used today consists of
etoposide, high-dose methotrexate with folinic
acid, actinomycin-D, cyclophosphamide, and
vincristine (EMA-CO) (Table 12.7) [80].
Complete response rates on that regimen range
from 71 to 78%, and long-term survival rates
range from 85 to 94% [81-87]. Metastases in the
lung and the vagina tend to show a good response
to chemotherapy [44].

Unlike in low-risk disease, the chemotherapy
for high-risk disease is continued for two to three
cycles after the first normal hCG level [49].
Reimaging is recommended after completion of
treatment to assess the posttreatment disease sta-
tus for future comparison [6]. There is no role for
the removal of residual masses since it does not
affect the risk of disease recurrence after treat-
ment [88]. Overall, the recurrence risk is <3%
[88]. According to a report from the John Brewer
Trophoblastic Disease Center, the mortality rate
of patients with high-risk disease ranges from 10
to 20% [44]. The survival of GTN patients with
cerebral metastases is 26-44% [1].

Whole brain irradiation (3,000 cGy in 200-
cGy fractions) is administered for central nervous



12 Clinical Aspects of Gestational Trophoblastic Disease

Table 12.7 Chemotherapy for high-risk disease
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Day Drug Dosing
1 Etoposide 100 mg/m? IV over 30 min
MTX 100 mg/m? IVP, then 200 mg/m? in 500 mL D5W over 12 h
Actinomycin-D 0.5 mg IVP
2 Etoposide 100 mg/m? IV over 30 min
Actinomycin-D 0.5 mg IVP
Folinic acid 25 mg IM or PO every 12 h for 4 doses starting 24 h after start of MTX
8 Cyclophosphamide 600 mg/m? IV

Vincristine

Reproduced with permission from Lurain[4]
1V intravenous; /VP intravenous push

system metastases [4]. Alternatively, surgical
excision with stereotactic irradiation or intrathe-
cal methotrexate infusions can be offered [4].
The cure rates for patients with brain metastases
range from 50 to 80% [4]. Survival depends on
the number and size of metastases and their loca-
tion in the brain [4]. Surgical resection of other
metastatic disease may be necessary in about
50% of high-risk patients [4].

Thirty percent of patients only show an incom-
plete response after the initial multiagent chemo-
therapy or will relapse [73]. Patients with multiple
metastatic sites are at particular risk for initial
treatment failure [88]. In this group of patients,
salvage chemotherapy with platinum or etopo-
side or surgical excision may be necessary [4].
These interventions will then cure the majority of
resistant patients [4].

Treatment of PSTT and ETT

Compared to the other gestational trophoblastic
tumors, PSTT and ETT grow more slowly, metas-
tasize later and are chemotherapy resistant
[51, 54]. They also produce less hCG than the
other GTDs [89].

Hysterectomy with pelvic lymph node dissec-
tion is the treatment of choice for PSTT and ETT
since these tumors may demonstrate lymphatic
spread [51, 55]. Unless the patient is postmeno-
pausal or has a family history of breast or ovarian
cancer, the ovaries can be preserved [6]. In young
women who want to preserve fertility, uterus-
sparing treatment may be possible in select cases;
however, only after careful counseling since

1.0 mg/m* IVP

multifocal uterine disease has been reported
[51, 52, 54, 90]. The mortality rate of patients
with PSTT is 10-20% [52, 54].

For patients with PSTT, conservative treatment
can only be considered in a patient without evi-
dence of extrauterine spread [52]. Patients >35
years of age with a pregnancy interval >24 months,
an hCG> 1,000 IU/L, deep myometrial invasion,
extensive necrosis, and the presence of cells with
clear cytoplasm are poor candidates for success-
ful conservative treatment. There are no data on
fertility preservation in patients with ETT.

The role of adjuvant chemotherapy for PSTT
and ETT has not been established [51]. PSTT
seems to be more chemotherapy resistant than
other GTN [57]. Chemotherapy is indicated in
the presence of metastatic disease, deep myome-
trial invasion, tumor necrosis, and a mitotic count
>6/10 high power field and if the interval from
the last pregnancy exceeds 2 years [4, 44]. The
chemotherapy regimens that are most commonly
used are EMA-EP, and paclitaxel/cisplatin alter-
nating with paclitaxel/etoposide (Table 12.8) [11].
Some authors, however, recommend the use of
adjuvant chemotherapy even in patients with
stage I disease [57]. The chemotherapy should be
continued until the hCG levels have been nega-
tive for 8 weeks [11].

For patients with nonmetastatic PSTT, the sur-
vival is 90-100% compared to a survival of
50-60% in patients with metastatic disease [11, 44,
53, 54, 91]. In a study by Schmid et al. [11], only
time from previous pregnancy to first treatment
was predictive for survival in patients with PSTT,
with significantly better survival if the time inter-
val was <48 months, regardless of the stage of the
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Table 12.8 Chemotherapy for PSTT and ETT

Regimen Drug

TP-TE Paclitaxel
Cisplatin
Alternating with paclitaxel
Etoposide

EP-EMA Etoposide
Cisplatin
Alternating every week with etoposide
Dactinomycin
Methotrexate

Modified from Lurain [4]

1V intravenous

disease. Recurrence of PSTT after chemotherapy
has been reported [54]. Immunohistochemical
studies have demonstrated the presence of epider-
mal growth factor receptor (EGFR) and vascular
endothelial growth factor (VEGF) to be present
PSTT, suggesting a role for molecularly targeted
therapy in the treatment of recurrent disease [55].

Treatment Failure GTN

Lurain et al. [90] reviewed the patients with treat-
ment failure from 1979 until 2006 prior to their
presentation at the Brewer Trophoblastic Disease
Center. The group identified use of single-agent
chemotherapy in patients with high-risk disease
and inappropriate use of weekly intramuscular
methotrexate in patients with metastatic disease,
FIGO scores 27, and/or non-postmolar choriocar-
cinoma as the main reasons for treatment failures
[90]. With the appropriate secondary chemother-
apy, survival of these patients was 100% with
low-risk disease and 84% with high-risk disease
[92]. This is due to the early detection of disease
progression or relapse by rising hCG levels or
imaging [93]. HCG has a short half-life of 48 h
after complete surgical removal of the lesions
[94]. A combination of paclitaxel-etoposide alter-
nating with paclitaxel—cisplatin every 2 weeks
seems to be well-tolerated and effective in the set-
ting of drug-resistant disease [95]. A randomized
trial comparing paclitaxel-etoposide alternating
with paclitaxel-cisplatin and etoposide—cisplatin
alternating with EMA has been proposed by the

C.E. Richter and P.E. Schwartz

Dosing

135 mg/m* IV over 3 h

60 mg/m* IV over 3 h

135 mg/m? IV over 3 h

150 mg/m? IV over 3 h every 2x 8 weeks

150 mg/m? IV over 3 h

60 mg/m* IV over 3 h

100 mg/m? IV over 30 min
0.5 mg IV bolus

300 mg/m* IV over 12 h

International Society of Trophoblastic Diseases
(ISSTD) [95].

Follow-Up GTN

The treatment and surveillance of patients with
GTD or neoplasia should take place in special-
ized centers [80].

After the treatment of GTN, hCG levels should
be monitored until their return to normal [96].
After regression to normal, the hCG levels should
be monitored weekly on a monthly basis for 12
months [96]. The risk of relapse in the first year
after completion of chemotherapy is 3%, and
contraception for 1 year is highly recommended
[97]. The patients should undergo routine physi-
cal exams at intervals of 6—12 months [97]. Most
chemotherapy side effects regress in a matter of
weeks or months [97].

Many of the patients with GTD and GTN are
of reproductive age, and fertility is an important
concern. EMA-CO has been shown to advance
the age of the onset of menopause by 3 years
[1, 3, 98]. The pregnancy rate following treat-
ment is 83% [99]. The data on congenital abnor-
malities with chemotherapy is conflicting, with
some studies reporting no increase in the rate of
congenital malformations [99, 100] and others
quoting a higher rate of congenital heart abnor-
malities in the offspring of women previously
treated with combination chemotherapy [3].

Effective contraception for 1 year after the
completion of treatment and normalization of
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hCG levels also allows for regular hCG follow-up
and the elimination of mature ova that may have
been damaged by exposure to cytotoxic drugs
[96, 99, 100]. Even if a pregnancy occurs within
the first year after completion of treatment, most
women have a favorable pregnancy outcome [97].
A pregnancy during the first 12 months after treat-
ment should be monitored by ultrasonography,
and hCG levels should be checked 6 and 10 weeks
after delivery to ensure that there is no disease
recurrence [97].

In subsequent pregnancies, the risk of GTD is
1-2% [97]. In any subsequent pregnancy, a pelvic
ultrasound should be performed in the first tri-
mester to confirm the presence of a normal gesta-
tion, and the hCG level should be checked 6
weeks after the completion of any pregnancy [4].

The risk of secondary malignancies has not
been shown to be increased with methotrexate
monotherapy, but Rustin et al. [101] reported a
significant increase with etoposide-containing
combination chemotherapies.
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STATIONAL TROPHOBLASTIC TUMORS STAGING FORM

CLINICAL PATHOLOGIC
Extent of disease before STAGE CATEGORY DEFINITIONS Extent of disease through
any treatment completion of definitive surgery
3 y clinical - staging completed LATERALITY: 3 y pathologic - staging completed
after neoadjuvant therapy but ~ TumoR SIZE: . . after neoadjuvant therapy AND
before subsequent surgery Oleft Oright O bilateral subsequent surgery
TNM FIGO PRIMARY TUMOR (T) TNM FIGO
CATEGORY ~ STAGE CATEGORY  STAGE
[ Primary tumor cannot be assessed a TX
aTo No evidence of primary tumor a To
aTmn | Tumor confined to uterus amn |
[ . ) I Tumor extends to other genital structures (ovary, tube, vagina, broad ligaments) [ T2 1]
by metastasis or direct extension
REGIONAL LYMPH NODES (N)

There is no regional nodal designation in the staging of these tumors. Nodal
metastases should be classified as metastatic (M1) disease.

TNM FIGO DISTANT METASTASIS (M) TNM FIGO
CATEGORY STAGE CATEGORY STAGE
Qa wmo No distant metastasis (no pathologic MO; use clinical M to complete stage group)

a Distant metastasis o m

Q ma Lung metastasis Q Ma

Q Mmib v All other distant metastasis Q Mib v

ANATOMIC STAGE + PROGNOSTIC GROUPS

CLINICAL PATHOLOGIC
GROUP T N M RISK SCORE GROUP T N M RISK SCORE

a |l T MO Unknown a i T MO Unknown

a A T1 Mo Low risk a A T MO Low risk

a B T MO High risk a B T1 MO High risk

a i T2 Mo Unknown a T2 MO Unknown

a A T2 Mo Low risk a A T2 MO Low risk

QB T2 Mo High risk a B T2 MO High risk

a Any T Mia Unknown Q Any T Mia Unknown

a A Any T Mia Low risk a A Any T Mia Low risk

a B Any T Mia High risk a B Any T Mia High risk

aw Any T Mib Unknown aw Any T M1b Unknown

a VA Any T M1b Low risk a VA Any T M1b Low risk

a IvB Any T M1b High risk a IvB Any T M1b High risk

QO Stage unknown O Stage unknown

HosPITAL NAME/ADDRESS PATIENT NAME/INFORMATION

(continued on next page)

American Joint Committee on Cancer * 2010 39-1

Used with the permission of the American Joint Committee on Cancer (AJCC), Chicago, lllinois. The original
source for this material is the AJCC Cancer Staging Manual, Seventh Edition (2010) published by Springer
Science and Business Media LLC, HYPERLINK “http://www.springerlink.com” www.springer.com.
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GESTATIONAL TROPHOBLASTIC TUMORS STAGING FORM ‘

PROGNOSTIC FACTORS (SITE-SPECIFIC FACTORS)
REQUIRED FOR STAGING: Prognostic Risk Scoring Index

Risk Score
Prognostic Factor 0 1 2 4
Age <40 >40
Hydatidiform '
antecedent pregnancy e Abortion :Term pregnancy
Interval months from index pregnancy <4 4-6 7-12 >12
Pretreatment hCG (IU/ml) <103 10°-10* 104-10° >105
Largest tumor size, including uterus <3cm 3-5cm >5cm
Site of metastases Lung Spleen, Gastrointestinal Brain, liver
kidney tract
Number of metastases identified 1-4 5-8 >8
Previous failed chemotherapy Single drug Tw%or more
rugs
Total score
Low risk is a score of 6 or less. High risk is a score of 7 or greater.
CLINICALLY SIGNIFICANT:
FIGO stage:
Histologic Grade (G) (also known as overall grade)
Grading system Grade

O 2 grade system O Gradelor1

O 3 grade system O Gradellor2

O 4 grade system O Gradelllor3

O No2, 3, or4 grade system is available O GradelVor4

ADDITIONAL DESCRIPTORS

Lymphatic Vessel Invasion (L) and Venous Invasion (V) have been combined into Lymph-Vascular
Invasion (LVI) for collection by cancer registrars. The College of American Pathologists’ (CAP) Checklist
should be used as the primary source. Other sources may be used in the absence of a Checklist. Priority
is given to positive results.

O Lymph-Vascular Invasion Not Present (absent)/Not Identified
O Lymph-Vascular Invasion Present/Identified

O Not Applicable

O Unknown/Indeterminate

General Notes:

For identification of special cases of
TNM or pTNM classifications, the "m"
suffix and "y," "r," and "a" prefixes are
used. Although they do not affect the
stage grouping, they indicate cases
needing separate analysis.

m suffix indicates the presence of
multiple primary tumors in a single
site and is recorded in parentheses:
pT(m)NM.

y prefix indicates those cases in
which classification is performed
during or following initial multimodality
therapy. The cTNM or pTNM
category is identified by a "y" prefix.
The ycTNM or ypTNM categorizes
the extent of tumor actually present at
the time of that examination. The "y"
categorization is not an estimate of
tumor prior to multimodality therapy.

r prefix indicates a recurrent tumor
when staged after a disease-free
interval, and is identified by the "r"
prefix: rTNM.

a prefix designates the stage
determined at autopsy: aTNM.

surgical margins is data field
recorded by registrars describing the
surgical margins of the resected
primary site specimen as determined
only by the pathology report.

neoadjuvant treatment is radiation
therapy or systemic therapy
(consisting of chemotherapy,
hormone therapy, or immunotherapy)
administered prior to a definitive
surgical procedure. If the surgical
procedure is not performed, the
administered therapy no longer meets
the definition of neoadjuvant therapy.

Residual Tumor (R)

The absence or presence of residual tumor after treatment. In some cases treated with surgery and/or
with neoadjuvant therapy there will be residual tumor at the primary site after treatment because of
incomplete resection or local and regional disease that extends beyond the limit of ability of resection.

0 RX Presence of residual tumor cannot be assessed
0 RO No residual tumor

O R1 Microscopic residual tumor

0 R2 Macroscopic residual tumor

HosPITAL NAME/ADDRESS PATIENT NAME/INFORMATION

(continued from previous page)

39'2 American Joint Committee on Cancer * 2010
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GESTATIONAL TROPHOBLASTIC TUMORS STAGING FORM

O Clinical stage was used in treatment planning (describe):

U National guidelines were used in treatment planning L NCCN [ Other (describe):

Physician signature

Date/Time

HosPITAL NAME/ADDRESS

PATIENT NAME/INFORMATION

(continued on next page)

American Joint Committee on Cancer * 2010
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GESTATIONAL TROPHOBLASTIC TUMORS STAGING FORM
lllustration

Indicate on diagram primary
tumor and regional nodes
involved.

HosPITAL NAME/ADDRESS PATIENT NAME/INFORMATION
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Persistent trophoblastic neoplasia (PTN)

gestational trophoblastic tumors, 140-142
invasive mole
atypical trophoblast proliferation, 140, 143
choriocarcinoma, 140, 144
chorionic villous structures, 140, 142
hydropic molar villi, 140
hysterectomy, 140
myometrial/vascular invasion, 139
uterine myometrium, 140, 141
persistent mole, 139
prognosis, 142

Placenta

formation
32-cell blastocyst, 15
16-cell morula, 15
cotyledons, 18
diameter, 18
early villous stage, 16, 17
embryogenesis and implantation, 15, 16
fetal-maternal circulation, 18
inner cytotrophoblastic layer, 16
intermediate trophoblast, 16, 19
Nitabuch’s fibrin, 16, 19
outer overlying syncytiotrophoblastic layer, 16
previllous stage, 16, 17
primitive chorionic villi, 16, 17
protective chaperone, 15
solid trophoblastic columns, 16, 18
thickness, 18
zona pellucida, 15

genomic imprinting, 32-33
co-evolution, 28, 31
exaptation, 28
H3-K9 and K27 methylation, 31, 32
human PHLDA?2 gene, 28
imprinted genes, 28-30
molecular regulations, 28
non-DNA methylation mechanisms, 28
“Parental Conflict of Interest” theory, 33-34
P57kipl, 28

implantation stages
apposition, 20
attachment/adhesion, 20-21
cell-cell interactions, 20
endometrium, predecidualization and decidualiza-

tion, 18, 20

invasion, 21-22

imprinted X chromosome inactivation, 31-33
placental trophoblastic cells
CD31 immunohistochemical stain, 23
chorionic villi, 22
embryonic implantation, 22
extraembryonic trophoblastic cells, 22
fetal-maternal circulation, 24
functional syncytiotrophoblasts, 23
HCG expression, 23
immunohistochemical marker expression, 24, 27
intermediate trophoblasts, 23, 24
maternal vasculature, 24, 25
myometrium, 24, 25
placenta-maternal interactions, 22
strong cytokeratin expression, 23
villous intermediate trophoblast, 24

Placental mesenchymal dysplasia, 85, 88
Placental site nodule (PSN)

ancillary study, 148
clinical features, 147
clinicopathological correlations, 150, 152
differential diagnosis, 148, 153
pathogenesis, 148
pathology
cytological features, 148, 151
ectopic gestation, 148, 152
oval nodules/plaques, 148, 149
stromal hyalinization, 148, 150

Placental site trophoblastic tumor (PSTT), 41. See also

Exaggerated placental site
amelogenin locus, 48, 49
AmpFISTR® Identifiler™ PCR amplification assay, 48
ancillary studies, 95, 97, 100
antecedent gestations, 46
autosomal RFLP markers, 47
clinical presentation, 46, 92
clinicopathological correlations, 101
differential diagnoses, 99-100
epigenetic imprinting, 49-51
female antecedent pregnancy, 47
genomic hybridization profile, 46, 47
gross pathology, 92-93
GTN, 185
histological pathology
characteristic growth pattern, 93, 95
coagulative tumor cell necrosis, 94, 98
cytological features, 93, 96
degree of nuclear atypia, 93, 97
extracellular fibrin material, 94, 98
histological features, 93
microscopic findings, 93, 94
vascular invasion, 94, 99
microsatellite genotyping method, 4748
neoplastic proliferation, 46
pathogenesis, 92
polymorphism analysis, 48
pseudotumor, 91
semi-nested PCR analysis, 47, 48
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treatment, 189-190

uterine perforation, 91
Poorly differentiated uterine carcinomas, 134
Pseudotumor, 91

R
Restriction fragment length polymorphisms (RFLP), 165

S
Sanger’s theory, 3
Sarcoma uterideciduocellulare, 2

Syncytioma, 4
Syncytiotrophoblasts, 1

T

Trisomy 18 syndrome, 172

Tumor-like trophoblastic conditions. See Exaggerated
placental site reaction; Placental site nodule

v
Very early complete hydatidiform mole
(VECM), 60, 62, 63
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