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Abstract

Gestational Trophoblastic Disease (GTD) describes a spectrum of disorders arising from
the abnormal proliferation of trophoblastic tissue. Human chorionic gonadotrophin (hCG)
is an excellent biomarker for most forms of this disease as its concentration accurately
reflects trophoblastic activity. Hydatidiform mole (HM) or molar pregnancy is the most
common form of GTD which may be suspected on ultrasound but requires pathological
confirmation for diagnosis. Prognosis is generally excellent however close surveillance
with hCG monitoring is imperative to detect cases progressing to malignant disease,
referred to as gestational trophoblastic neoplasia (GTN). Clinical management and
treatment of women with GTN in specialist centres achieves cure rates approaching 100%,
emphasising the importance of accurate hCG monitoring for early detection of disease
persistence to ensure optimal outcome. This thesis aims to evaluate pathological, genetic,
and biochemical biomarkers used in the diagnosis, monitoring, and follow-up of women

with GTD.

In this thesis, a scoping review was performed to generate evidence and identify gaps in
the GTD knowledge base to inform areas for future research. Key findings were the need
to standardise hCG immunoassays for effective GTD surveillance, to improve diagnostic
reporting pathways and to establish more accurate incidence rates. In order to identify
patient priorities and inform initiatives to enhance the quality of care, a service evaluation
was performed with women enrolled in the National GTD Registry invited to participate.
Feedback revealed a knowledge gap regarding GTD amongst healthcare professionals
outside GTD centres. This study also revealed shortcomings in psychological support and

bereavement counselling offered to women after a molar pregnancy.

To enhance the diagnostic accuracy of HM reporting, an in-situ hybridisation ploidy assay
was developed with a customised scoring system to aid partial hydatidiform mole (PHM)
diagnosis. This innovative technique provides a reliable adjunct to morphological
assessment for PHM classification. The accuracy of this ploidy technique was confirmed
by evaluation with molecular short tandem repeat genotyping. A national pathology
questionnaire was performed to gather information on GTD diagnostic rates. Data
collected was cross-referenced with cases documented in the National GTD Registry. This

revealed a concerning under-enrolment of women with GTD (42%) onto the National GTD
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Registry by their clinicians. An audit of HM diagnostic rates over a 3-year period was
performed following the Implementation of the new ploidy technique to aid diagnosis .
This revealed a higher local PHM incidence rate (1 in 296 births) than reported nationally
in the pathology audit (1 in 484 births).

An electronic questionnaire was distributed to all European laboratories offering hCG for
GTD management to gather insights on 5 key areas: hCG methodology, quality
parameters, reporting and operational procedures, and use of hCG for non-GTD testing.
This revealed considerable inter- and intra-laboratory variability in practice, emphasising
the need to promote standardisation and harmonisation of immunoassays for GTD-
derived hCG. A review of five challenging cases managed at the Irish GTD centre was
conducted to evaluate the role of serum hCG and molecular genotyping in guiding
management decisions, treatment strategies, and risk stratification for women with molar
pregnancy, GTN and GTD mimics. These complex cases confirmed the pivotal role of
serum hCG and molecular genotyping in monitoring disease persistence, prognostic

stratification, and clinical management

Novel strategies to measure hCG were pursued to address the lack of centralised hCG
testing for GTD in Ireland. A proof-of-concept study for remote capillary blood collection
was performed to evaluate the clinical efficacy and user acceptability of this method of
collection for hCG monitoring in early pregnancy. The study confirmed the equivalence of
capillary and venous blood hCG testing, demonstrated complete clinical concordance,
thereby offering an alternative to venepuncture for hCG measurement. To explore the
accessibility of hCG testing in the community, a point-of-care testing (POCT) device was
evaluated for its suitability to triage women with pregnancy of unknown location (PUL) in
the early pregnancy unit. The Abbott iSTAT®1 POCT instrument was chosen for this
purpose and was clinically concordant with central laboratory hCG results facilitating the

use of clinical decision thresholds for PUL.

The research presented in this thesis provides valuable clinical insights through a series of
nine research studies and has broadened the knowledge base in GTD. The findings offer
an opportunity to positively impact diagnostic practices. The knowledge gap regarding
GTD amongst healthcare professionals revealed in the patient survey points to a need for

targeted educational initiatives in this area. Widespread integration of the HER2 ploidy
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technique to support morphology and standardise HM reporting could improve diagnostic
accuracy, addressing a suspected underdiagnosis of PHM nationally and possibly
internationally. It also suggests the need to re-evaluate incidence rates following the

introduction of advanced diagnostic techniques such as ploidy assessment and molecular

genotyping.

This thesis identified an under-registration of women with GTD in Ireland supporting the
need for initiatives such as mandatory registration or advocacy by professional
organisations to increase registration rates. The inter and intra-laboratory variation in
hCG immunoassays revealed in the European laboratory survey merits renewed
harmonisation efforts through pilot external quality assurance and sample exchange
programmes. The use of novel methods to enhance the accessibility of hCG monitoring
for GTD in the community, through capillary blood collection or use of point-of-care
analysis, warrants further study. The positive patient feedback indicated a preference for
this approach, suggesting better compliance with serial test monitoring, a priority for GTD

management.
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Chapter 1 - Introduction
1.1 Background

Gestational trophoblastic disease (GTD) represents a group of rare pregnancy-related
disorders associated with abnormal proliferation of the placental trophoblast. GTD spans
the premalignant conditions of complete and partial hydatidiform mole (or molar
pregnancy) to the malignant conditions collectively known as gestational trophoblastic
neoplasia (GTN). GTN encompasses four distinct entities: invasive mole, choriocarcinoma,
placental site trophoblastic tumour (PSTT) and epithelioid trophoblastic tumour (ETT).
GTN is the most curable of all gynaecological malignancies with most women maintaining
reproductive function and achieving 100% cure rates when clinical management is

provided in a specialist GTD centre.(1)

The first description of molar pregnancy as “dropsy of the uterus” is attributed to
Hippocrates around 400BC(2,3) In 1752, William Smelie coined the term “hydatidiform
mole” to describe it’s characteristic pathological appearance as a “bunch of grapes of
different sizes”.(4,5) Hydatidiform mole (HM) is derived from the Greek word “hydratis”
meaning a drop of water and the Latin word “moles” meaning a mass reflecting the fluid-

filled cystic mass found in the placenta of these conceptuses.(6)

GTN may occur after any pregnancy and its pathogenesis is unique in that a maternal
tumour develops from gestational rather than maternal tissue.(7) The precise mechanism
underlying hydatidiform mole (HM) formation is not yet fully elucidated. An error at
fertilisation gives rise to an excess of paternal chromosomes in the zygote which results

in trophoblastic proliferation and HM development.

The exact mechanism of progression from HM to GTN remains incompletely understood,
prompting ongoing research efforts to identify and evaluate prognostic markers in this
context. Collaborative efforts within the GTD scientific community have focused on
defining genetic composition, standardising biochemical measurement of the biomarker
human chorionic gonadotrophin (hCG) and harmonising pathological diagnostic criteria to

improve the accuracy of GTD incidence rates and classification of this rare condition.

The Republic of Ireland has a population of 5 million people and is served by a network of

19 maternity hospitals and eight designated cancer centres. Cork University Hospital
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(CUH) is one of the designated cancer centres. In 2017, the National Cancer Control
Programme (NCCP) established the National Gestational Trophoblastic Disease Registry,
Monitoring and Advisory Centre in Cork University Maternity Hospital (CUMH) which is
co-located with CUH.

This introductory chapter offers a comprehensive overview of the factors influencing the
development and management of this rare disease. It covers recent updates to GTD
classification (section 1.1), as well as advancements in diagnostics from genetic (section
1.2), pathological (section 1.3), and biochemical (section 1.4) perspectives. Additionally,
it addresses the challenges in clinical management (section 1.5) and the search for
prognostic biomarkers (section 1.6) aimed at early detection of disease persistence. The
scoping review in Chapter Two delves deeper into several of these subject areas, offering

further insights and updates in specific areas.

1.2 Overview of GTD

1.2.1 GTD classification

The World Health Organisation’s (WHO) 2020 Classification of Female Genital Tumours
divides GTD into HM, GTN, tumour-like (non-neoplastic) lesions and abnormal (non-
molar) villous lesions as shown in Figure 1.1(8) The HM category includes complete (CHM)
and partial moles (PHM). The GTN category has been expanded to include mixed
trophoblastic tumour which is a combination of two (or all three) of choriocarcinoma,

PSTT and ETT.

Two new tumour-like lesions were added to the WHO classification of GTD in 2020;
exaggerated placental site reaction (EPSR) and placental site nodule (PSN).(8) Larger PSNs
(5-10mm) with more cellularity and a higher mitotic index are classified as atypical
placental site nodule (APSN).(9) In a UK study of APSNs, 14% (3/21) were associated with
GTN within 16 months of APSN diagnosis.(10) A recent French study suggests that APSN
may not be a distinct clinical entity but represent a transitional stage between PSN and
ETT. In this study two distinguishing transcriptional features of APSNs were identified,
upregulation of CCL19 and downregulation of EPCAM which may serve to identify cases

requiring closer clinical surveillance.(11)
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The exact mechanism underlying the progression from molar pregnancy to GTN is unclear.
Choriocarcinoma is one of the most aggressive form of GTN with many having
metastasised at the time of diagnosis.(12) In addition to gestational choriocarcinomas,
which represent a form of GTN, there are also non-gestational choriocarcinomas and
differences in their genetic origin dictates the prognosis and treatment regimens.
Gestational choriocarcinoma may present after a term pregnancy (25%), a molar
pregnancy (50%), or any miscarriage and is usually associated with very high serum hCG
concentrations.(13) Gestational origin can be investigated by comparing DNA from the
choriocarcinoma tissue (or circulating tumour DNA, ctDNA) to DNA from the woman’s
living offspring (or stored miscarriage placental tissue), using short tandem repeat (STR)
genotyping. Gestational choriocarcinoma has frequently metastasised at the time of
diagnosis (50% metastases to the lungs, 12% to the CNS and 8.5% to the liver), mandating
chemotherapy but prognosis is generally favourable, with fertility preserved.(12,14) Non-
gestational choriocarcinoma may be somatic or part of a mixed germ cell tumour and is

associated with a poor prognosis given its high malignant potential.(15)

ETT and PSTT are extremely rare gestational neoplasms of intermediate trophoblastic
origin accounting for 1-2% of GTNs. Prognosis hinges on identifying the antecedent
pregnancy and a time interval of more than 48 months from the index pregnancy
demands intensive chemotherapy.(16) These tumours predominantly arise in female
pregnancies which suggests that the male derived X chromosome is not required for
tumorigenesis.(17) PSTT originates from the implantation site intermediate trophoblast
and the antecedent pregnancy may be latent from 2 weeks to 17 years with a prolonged
interval associated with a poor prognosis.(18,19) ETT patients with an interval of >48
months since antecedent pregnancy also have a poor outcome.(20) Given the low
production of serum hCG in these tumours, imaging is the preferred modality for tumour
monitoring. Checkpoint immunotherapies may provide a new salvage pathway for
women with recurrent or refractory PSTT/ETT following conventional treatment with

high-dose chemotherapy and surgical resection.(19)
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GTD

HM PSN EPSR GTN

| | | | | I | |
CHM PHM APSN I e cC PSTT ETT
Mole

Figure 1. 1: Gestational Trophoblastic Disease WHO 2020 Classification. Adapted from Eiriksson et al. 2021.(21)

Abbreviations: GTD, Gestational Trophoblastic Disease; HM, Hydatidiform Mole; CHM, Complete HM,; PHM, Partial HM,; PSN, Placental Site Nodule; APSN,
Atypical Placental Site Nodule; EPSR, Exaggerated Implantation Site Reaction;, GTN, Gestational Trophoblastic Neoplasia; IM, Invasive Mole; CC,
Choriocarcinoma, PSTT, Placental Site Trophoblastic Tumour, ETT, Epithelioid Trophoblastic Tumour.

Colour key: Green (non-neoplastic); Amber (tumour-like lesion); Red (neoplastic)
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1.2.2 Incidence and Aetiology of GTD

GTD incidence rates vary worldwide, and international comparisons are hampered by a
scarcity of centralised registries, use of inconsistent diagnostic criteria and lack of a
universal dominator.(22) The total number of conceptions would provide the ideal
denominator but this would be difficult to obtain.(23) The number of live births is often

used as a surrogate for the total number of pregnancies.(24)

GTD incidence displays a distinct geographical distribution with highest rates in Southern
Asia (10 per 1000 pregnancies) and lower rates in Europe and North America (1-2 per
1,000 pregnancies).(25,26) In the UK the calculated incidence of GTD is 1:714 live births
but this may be underestimated due to underreporting, particularly in relation to partial
moles.(27). Ireland has reported higher HM incidence rates of 1 in 521 pregnancies and 1
in 253 total births.(28,29) Moreover, the ratio of CHM:PHM of 1:3 in the UK is similar to
those quoted in Ireland (1:2.8 and 1:3.4).(28-30) Further research studies are required to
ascertain the true HM incidence rate in Ireland. The establishment of the Irish GTD
Registry, Monitoring and Advisory Centre in 2017 has facilitated the collection of national

GTD data to inform incidence rates and disease prevalence.

1.2.3 Risk Factors for the development of GTD

Risk factors for molar pregnancy include ethnicity (Asian descent) maternal age (<16 and
>40years) and prior history of a HM.(26,31,32) A prior history of HM increases the risk of
a second HM which is usually of the same type. The risk of a second CHM is 1% but this
rises to 25% after two consecutive CHMs.(33) Notably, this risk is independent of the male
partner which points to an underlying oocyte defect.(34) The risk of developing GTD has
also been related to a dietary deficiency of animal fat and carotene (vitamin A precursor)
which is also reported in countries with a high incidence of molar pregnancy. (35)(36)
Some of these risk factors for GTD are included in the International Federation of

Gynecology and Obstetrics (FIGO) prognostic scoring system for GTN.

The frequency of HM and prior miscarriage is higher than the frequency of two non-molar
miscarriages in the population. (10-20% vs 2-5%). There is also a higher risk of aneuploidy
in conceptuses of women with a HM and non-molar miscarriage than women with
sporadic or recurrent miscarriages.(37) A recent study reported a higher frequency of

aneuploidy in androgenetic dispermic CHMs.(38) This may be related to the extra pair of
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centrioles in dispermic conceptions which may disturb chromosome segregation and lead
to aneuploidy.(39) These data suggest a common germline genetic defect predisposing to

HM, miscarriages and aneuploidy in some women.(37)

1.3  Genetic classification of hydatidiform mole

1.3.1 Origin of GTD

A hydatidiform mole (HM) is an abnormal conceptus with an extra copy of the paternal
genome. HMs are classified as complete or partial based on their morphology and genetic
composition as shown in Table 1.1.(40,41) Most CHMs have a diploid androgenetic
genome and arise due to fertilisation of a single ovum devoid of nuclear DNA (enucleate)
with either two sperm (20-25%) or a single sperm (75-80%) in which the haploid genome
was duplicated. PHMs usually have a triploid monogynic diandric genome and usually
arise from dispermic (>95%) fertilisation of a haploid ovum.(42) On rare occasions,

tetraploid monogynic triandric PHMs are observed.(43)

The enucleate ovum in CHM could be explained by non-disjunction of chromosomes or
chromatids during meiosis | or Il which results in the expulsion of the maternal nuclear
genome into one of the polar bodies.(44) However, an alternative popular hypothesis put
forward by Golubovsky refutes the existence of an enucleate ovum and instead proposes
a complex postzygotic event which excludes the maternal genome and results in
diploidisation of triploids.(45) The postzygotic event could generate dispermic zygotes
and give rise to mosaicism/chimerism.(45) This hypothesis is supported by the finding of

rare CHMs with retained maternal chromosome 11.(46)

Heterozygous/dispermic complete moles are clinically more aggressive than homozygous
CHMs with a higher serum hCG level and a higher risk of progression to GTN.(47) The
increased risk may be related to a reduction in homozygosity of the paternal genome and
the potential unmasking of recessive pathogenic variants. However, the risk of developing
GTN after sporadic androgenetic CHM is not statistically different to the risk of developing
GTN after a biallelic inherited form of CHM (discussed later) which suggests that abnormal
imprinting rather than homozygosity for mutant alleles plays a more significant role in the

malignant potential of CHM.(48)
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1.3.2 Imprinting

Genomic imprinting plays a significant role in GTD, specifically in the development of HMs.
It refers to an epigenetic phenomenon whereby certain genes are imprinted (silenced)
resulting in a parent-of-origin specific gene expression. It supports the genetic conflict
hypothesis in pregnancy which facilitates sex-limited expression of certain genes involved
in fetal growth and development.(49) At gametogenesis, imprinted genes are modified
and receive a reversible mark that differentiates the maternal and paternally derived
alleles.(48) The finding of maternal alleles which have acquired paternal methylation
patterns in some biparental CHMs suggests the error is not in erasing parental imprinting
marks but in re-establishing the new maternal imprints during oogenesis or in their

postzygotic maintenance.(48,50)

1.3.3 Recurrent HM

Recurrent HM (RHM) defines two or more HMs occurring in the same woman. Sporadic
RHMs are generally androgenetic complete moles (AnCHM) but rare cases of recurrent
partial moles have been reported.(51,52) Women with sporadic RHM may achieve a
normal pregnancy and consideration of in-vitro fertilisation (IVF) using intracytoplasmic
sperm injection (ICSl) followed by preimplantation genetic diagnosis (PIGD) could
potentially avoid further HMs.(53,54) In women with recurrent AnCHMs, biallelic
pathogenic variants have been identified in genes (MEI1, TOP6BL,/C110rf80 and REC114)
associated with meiotic double-strand breaks formation which may provide an

explanation for androgenetic zygote formation.(55)

Familial recurrent hydatidiform mole (FRHM) is a rare autosomal recessive condition
which predisposes women to HM and accounts for 0.6-2.6% of all HMs.(56) FRHMs are
diploid biparental conceptuses with biallelic variants in maternal effect genes which are
likely to set the maternal imprint in the genome.(57) The majority of variants (75-80%)
occur in NLRP7 (58) with some (5-10%) in KHDC3L(59) and a minority in PAD16.(60)
Women with FHRM are unlikely to achieve a successful pregnancy and should be advised
to consider IVF with donor oocytes to help them achieve a viable pregnancy.(33) A review
of CHMs registered in a UK trophoblastic centre suggests that FHRM may be

underreported as 1 in 640 women registered with a pathologically confirmed CHM had
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FRHM.(33) The Irish GTD registry has no recorded cases of FHRM but a similar

underestimation of FHRM may exist in Ireland.

1.3.4 Mosaic/Chimeras

The increased use of genetic analysis to aid HM diagnosis has facilitated the increased
detection of mosaic/chimera placental tissue containing two diploid cell populations.
Androgenetic/biparental mosaic conceptions are present in up to 2% of suspected
HMs.(61) Different mechanisms have been proposed for these conceptions ranging from
the fusion of two distinct zygotes to placentas with chimeric cell populations originating
from a single tri-pronuclear zygote where parental genomes were not distributed equally

to daughter cells in the first cell division.(62)

1.4  Pathological diagnosis of GTD

1.4.1 Morphology

Histopathological examination of all pregnancy tissue following early pregnancy loss is
essential to detect all HMs, as ultrasound alone will miss a significant proportion, with
approximately one-third of CHMs and two thirds of PHMs reported to be undetected by
ultrasound.(63) Pathological diagnosis is required for confirmation of HM but is not
required for GTN diagnosis. A GTN diagnosis may be based on imaging and hCG
measurement as pathological tissue may be unavailable due to the risk of major

haemorrhage during biopsy of the neoplastic tissue.

The morphological and genetic criteria of Szulman and Surti are used to distinguish
between CHM and PHM as shown in Table 1.1.(40,41) Both HMs have two copies of the
paternal genomes and their presence drives trophoblastic hyperplasia which is
pathognomonic for this condition. There is significant inter-observer and intra-observer
disagreement amongst pathologists when histological examination of pregnancy tissue
alone is used for diagnosis.(64) HM must be distinguished from its mimics as villous
hydropic transformation may be associated with other chromosomal abnormalities
including monosomy X and trisomy 21.(65) In early CHM or PHM histological features are
often poorly developed, thus ancillary techniques may be required to establish an

accurate diagnosis.(66)
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Table 1. 1: Clinicopathological features of Hydatidiform Moles

Characteristic Complete Mole Partial Mole
Karyotype 46 XX, XY 69 XXY, XXX, XYY
Genome Diploid Triploid
Ploidy status Diandric Diandric Monogynic
Ultrasonography Enlarged uterus, Enlarged placenta,
diffuse villous hydrops focal cystic spaces
Clinical Vaginal bleeding, bilateral theca Incomplete or missed
lutein cysts miscarriage
Pathology Hydropic villi with cisterns, Focal hydropic
trophoblastic pseudo-inclusions changes, trophoblastic
stromal karyorrhexis proliferation
no fetal tissue scalloped outlines

fetal tissue may be

present

hCG IU/L Very high >100,000 U/L High <100,000 U/L

Adapted from Bartosch et al 2023.(66) U/L, units per litre

1.4.2 Ancillary techniques to aid Hydatidiform Mole diagnosis in Pathology

Ancillary techniques are often required to support a morphologically suspected HM
diagnosis particularly during early gestational stages when classical histological features
may be absent or poorly defined.(66) Immunohistochemistry (IHC) for the protein product
p57%P2(p57) of a paternally imprinted gene CDKN1C on chromosome 11 is frequently used
to confirm a morphologically suspected CHM.(67) Expression of p57 is lost in the
cytotrophoblast and villous stroma of a CHM confirming its diandric genome.(68) Rare
examples of challenges to interpretation of p57 IHC include reports of retention of

maternal chromosome 11 in a CHM and it’s loss in a PHM.(46,69)

The widespread use of p57 immunohistochemistry (IHC) to aid HM morphological

diagnosis has led to an increased detection of mosaic/chimera pregnancy tissue as

35



evidenced by irregular staining patterns.(70)Discordant and divergent p57 expression in

placental villi may also reveal a HM with a coexistent twin pregnancy.(61,71)

Ploidy analysis using cytogenetics, flow cytometry, or in-situ hybridisation (ISH) may be
used to confirm a triploid PHM and exclude PHM mimics (e.g. early CHM and miscarriage
tissue with hydropic villi). Molecular genotyping can infer ploidy and confirm its genetic
origin.(72) Given the diagnostic challenges associated with reporting HMs on morphology
alone due to HM mimics, it is possible that pathology laboratories lacking access to
ancillary techniques are under-reporting HMs. This situation poses a significant clinical

risk particularly for CHMs which have a high risk of progressing to GTN.

15 Biochemical monitoring of GTD

1.5.1 Human Chorionic Gonadotrophin structure and biological function

hCG belongs to the glycoprotein hormone family which includes luteinising hormone (LH),
follicle-stimulating hormone (FSH), and thyroid-stimulating hormone (TSH). These
hormones share an alpha (a) subunit but are distinguished by their beta (B) subunit. The
a and B subunits are non-covalently bound to form intact hCG which is produced by the
placental villous syncytiotrophoblasts.(73) hCG is degraded and cleared by the kidneys as

hCG B-core fragment.

Hyperglycosylated hCG (hCG-H) originally known as invasive trophoblast antigen (ITA)
contains sialylated O- and N-linked oligosaccharides and is produced by extravillous
cytotrophoblasts. Pituitary hCG, a sulphated variant of hCG, is also produced at low levels

during the menstrual cycle by the gonadotropic cells of the anterior pituitary. (74)

There are a variety of hCG isoforms in serum and urine and any one isoform can
predominate in GTD.(75)(76) The nomenclature for hCG-related molecules proposed by
the International Federation of Clinical Chemistry and Laboratory Medicine (IFCC) hCG
Working Group is illustrated in Figure 1.2.(77) These include intact hCG, free hCG B-
subunit (hCGB), free hCG a -subunit (hCG a ), nicked hCG (hCGn), nicked free hCG B
(hCGPBN) and hCG B-core fragment (hCGPcf). The partially degraded products, hCGn and
hCGBn, have polypeptide chain breaks between amino acids 44-45 and 47-48,
respectively. In contrast, the urinary degraded form, hCGpcf, consists of a hCGB fragment

comprising amino acids 6-40 and 55-92, linked by disulfide bonds. (78,79)
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The main function of hCG is the promotion of progesterone production by ovarian corpus
luteal cells to maintain a pregnancy. hCGB is produced by trophoblastic and non-
trophoblastic (germ cell) malignancies and promotes tumour growth and blocks
apoptosis.(80) hCGP is an excellent biomarker for GTD as it reflects tumour burden and is
highly sensitive to remnant trophoblastic activity indicating progression to GTN or disease
recurrence.(81) However, the recognition of hCGB by different commercial hCG
immunoassays can vary markedly which can impact the accuracy of hCG measurement

for trophoblastic disease management.(82)

hCG-H behaves in an autocrine manner similar to cytokines and promotes
cytotrophoblastic cell growth and invasion during pregnancy implantation during the first
trimester.(83) It also promotes trophoblastic invasion during choriocarcinoma and
provides an excellent tumour marker for trophoblastic disease.(83) hCG-H appears to
stimulate angiogenic activity through activation of the transforming growth factor-p
receptor complex on cytotrophoblasts, independent of the LH/hCG hormone receptor
pathway.(84)(85) Pituitary hCG mimics the actions of LH promoting follicular maturation,
ovulation and progesterone production during the menstrual cycle.(74) Low level
elevations of hCG may be a benign finding in perimenopausal and postmenopausal
women and should be interpreted with the FSH level (>20 IU/L) to determine menopausal

state.(86)
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Figure 1. 2: Structure and IFCC nomenclature of hCG and important hCG metabolites.
—S-S—, schematically depicted disulfide bonds;', N-linked carbohydrate antennae; U , O-
linked carbohydrate antennae; CTP, carboxyl-terminal peptide. Reproduced with
permission from Oxford University Press.(77)

1.5.2 Challenges associated with hCG measurement
There is huge inter-assay variation in hCG measurement due to the heterogenous nature
of hCG, use of different reagent antibody pairs and use of impure WHO international

standards all of which poses a major challenge for accurate hCG measurement.(82)

Commercial hCG immunoassays are two-site sandwich assays with monoclonal antibodies
to two conserved epitopes on the hCG B-subunit. These assays are validated solely for use
in early pregnancy and often require an intact c-terminal peptide which may be cleaved
in trophoblastic and non-trophoblastic disease.(87)(88) In contrast, competitive one-site

radioimmunoassays (RIAs) use a polyclonal antibody (e.g. CX895) to one conserved
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epitope. Although competitive RIAs are less specific, they are more likely to detect hCG

variants with post-translational modification (eg. glycosylation, sulfation).

Serum hCGP and its urinary degradation product hCGBcf are excellent tumour markers
for trophoblastic disease and it is essential that all hCG assays used for GTD measure both
total and free B-hCG.(88)(89) Ideally, the hCG assay used for GTD surveillance should

detect all hCG isoforms in equimolar amounts.(90)

1.5.3 Centralised hCG testing

The well-established GTD centres (UK and Holland) have centralised pathology review and
hCG testing with many countries including Ireland hoping to emulate their models. The
European Society of Medical Oncology (ESMO) clinical practice guidelines for GTD
recommend a centralised model of care to including centralised pathology review and

hCG monitoring to achieve optimum GTN management.(91)

Ireland does not have centralised hCG testing or broad access to a cancer-specific hCG
assay. In the absence of a centralised hCG monitoring service, harmonisation of laboratory
practice for hCG monitoring in women with GTD has become a priority. For instance, the
hCG upper limit of normal (ULN) is assay dependent but a threshold of <5 |U/L is generally
used to establish normality during HM follow-up monitoring.(92) However, the hCG cut-
offs used by some trophoblastic centres varies between <1 and <5 IU/L depending on their
hCG assay and whether their laboratory uses the 95" or 99'" percentile to establish their
confidence interval. Consequently, women with GTD monitored in a laboratory using an
ULN of <1 IU/L will have a longer follow-up period than women monitored in a laboratory

using a ULN of <5 IU/L.

To address the logistical challenges associated with transporting samples for centralised
hCG testing, especially in the absence of a centralised hCG testing service, home testing
alternatives such as capillary blood sampling, dried blood tests, and salivary sampling

could be considered as has been done in diabetes care.(93,94)
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1.5.4 Pitfalls in hCG measurement for GTD monitoring

The accurate measurement of hCG is subject to both analytical and biological
interference.(95) Analytical interference can arise due to the presence of heterophilic
antibodies or human anti-mouse antibodies (HAMA) in serum or urine giving rise to false
positive/negative results.(96) Laboratory investigations include checking for linear
dilution, precipitation of antibodies with polyethylene glycol (PEG), use of an alternative
immunoassay, correlation with urine hCG and use of antibody blocking tubes.(97)
Sandwich assays are also prone to a phenomenon known as the “high dose hook effect”
which results in falsely low hCG results (false negative). This occurs due to saturation of
the capture and/or detection antibody binding sites in the presence of very high hCG
concentrations.(98) The ability to accurately report high hCG levels is of paramount
importance as the pre-treatment hCG level is used to calculate the FIGO score which

dictates the treatment regimen for GTN.(74)

Biological interference from pituitary hCG can result in persistently low level hCG
elevations (false positive) in perimenopausal or post-menopausal women.(99) A trial of
the oral contraceptive pill should suppress pituitary hCG and so confirm its
interference.(100) In addition, a new pregnancy during the surveillance period after molar
pregnancy or chemotherapy for GTN can complicate hCG interpretation Therefore,
women are advised to use contraception and avoid pregnancy until hCG follow-up is

complete.(27)

Very rarely, a persistent low level hCG elevation is due to familial hCG syndrome. This rare
condition, first described by Cole in 2009, appears to show autosomal dominant
inheritance with an incidence of approximately 1 in 60,000 families within the United
States.(101) Affected individuals produce a mutated hCGB with an altered C-terminal
peptide (CTP) that can evade some hCG assays.(102) The hCG molecule produced is not
biologically active and the syndrome does not have clinical sequelae as women have
regular menstruation and apparently normal fertility.(102) Familial hCG syndrome is a
diagnosis of exclusion, typically confirmed only after other causes of elevated hCG
(intrauterine or ectopic pregnancy) have been fully investigated and supported by the

demonstration of elevated hCG levels in other family members.(103)
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1.6 Management of Molar Pregnancy

1.6.1 Clinical Management

Historically, molar pregnancy presented in the second trimester with vaginal bleeding, a
“larger for dates” uterus with occasional passage of vesicles, pre-eclampsia and
hyperthyroidism.(104) Advances in ultrasonography in pregnancy have resulted in earlier
diagnosis at 9-11 weeks gestation with 88% of CHMs and 56% of PHMs correctly
identified.(105,106) Vaginal bleeding is still one of the most common presenting features
of molar pregnancy and suction curettage is the method of choice for evacuation of the
retained products of conception (ERPC).(27) For women who have completed their
families, hysterectomy may be considered as an alternative to suction curettage given the
lower risk of subsequent GTN.(107) In Ireland, suction curettage is the main treatment

used.

After molar evacuation, trophoblastic activity is monitored by serial measurement of hCG
in serum and/or urine using the same hCG assay throughout the surveillance period
concordant with clinical practice guidelines.(27)(108) Women with CHM who normalise

their hCG level within 56 days (see Figure 1.3) have a lower GTN risk (<1%).(109)

Rarely, a twin pregnancy of a viable fetus and co-existent molar pregnancy may develop.
In the UK, a twin pregnancy of a CHM and a coexisting fetus occurs in 1 in 20,000-100,000
pregnancies.(110) This pregnancy can result in a livebirth if managed appropriately in a
tertiary unit by maternal fetal medicine specialists with ongoing surveillance and guidance
from an expert GTD centre.(27,111) Most twin pregnancies co-exist with a CHM and have
a higher risk of perinatal morbidity and progression to GTN.(111) Twin pregnancies with
a PHM and co-existent viable fetus are extremely rare but they may also go to full-term

and result in a livebirth.(112)
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Figure 1. 3: hCG surveillance protocol for hydatidiform mole as recommended by the Irish and UK Management of Gestational Trophoblastic Disease
Clinical Guidelines.(27)(108)
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1.6.2 Experience of women with molar pregnancy

Research has demonstrated that molar pregnancy has a major effect on the psychological
wellbeing of women and their partners during and after diagnosis.(113,114) In the
Netherlands, a prospective study using the Hospital Anxiety and Depression Scale (HADS)
reported a significantly higher HADS score in women with GTD than those with non-molar

miscarriage, highlighting a greater need for psychological support services.(115)

Molar pregnancy presents a unique set of challenges. After experiencing the bereavement
of pregnancy loss, women undergo a prolonged period of hCG surveillance, which can
delay family planning. Furthermore, individuals affected by molar pregnancy face the
possibility of developing a malignancy, in addition to grappling with concerns regarding
disease recurrence and fertility.(116) The use of patient reported outcome measures
(PROMs) in clinical practice could enable a better understanding of the impact of a GTD
diagnosis on women and their families and better inform their psychosocial needs. In the
UK, use of a bespoke GTD ePROM (ePAQ-GTD) programme in a nurse-led virtual clinic has
facilitated discussions around taboo subjects such as sexual dysfunction and mental
health issues. Feedback on use of ePROM showed benefits in relation to communication,

empowerment and decision making.(117)

In Ireland, psychosocial support services were identified as a priority for cancer survivors
with other malignancies.(118) In response, the National Cancer Control Programme
(NCCP) launched a Psycho-Oncology Model of Care to help people with cancer and their
families to improve access to psychological services and promote psychological wellbeing.
(119) Psychol-Oncology is a discipline which addresses the psychosocial challenges
(anxiety, depression, post-traumatic stress, fatigue and cognitive complaints) frequently
experienced by people with a cancer diagnosis.(119) Similar resources may be needed to
support women with GTN in Ireland. However, there is a knowledge gap in this area,
highlighting the need for further studies to explore the long-terms effects of GTD on
women and their partners in Ireland. Such research is essential to guarantee equitable

access to appropriate services for all women with GTD.
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1.6.3 Centralised registration

European clinical guidelines for GTD management recommend central registration with a
specialist GTD centre.(100) UK and Irish guidelines also state that registration represents
a minimum standard of care. (27,108) Although voluntary registration exists in most
countries, some countries with mandatory registration still experience difficulties with
compliance.(23) Since the establishment of the Swedish Cancer register in 1958, it has
been mandatory to report all primary and some “precancerous” lesions (such as HM).
Despite this, a number of studies have shown under-reporting of approximately 20% of
all HM cases to the register.(120,121) Centralised registration offers a valuable database
of patient information enabling research and clinical audit on various aspects such as
incidence rates, risk factors, diagnostic tests, pathology trends, chemoresistance and

patient outcomes.(122)

There is evidence that women managed by clinicians experienced in the management of
GTD have better survival outcomes.(123) The mortality risk associated with low and high-
risk GTN can be reduced when women are treated in a GTD reference centre or have their
clinical management directed by experts at the reference centre.(124) A retrospective
review of clinical outcomes in two Canadian GTD reference centres reported greater
adherence to clinical guidance, more efficient initiation of chemotherapy and better

surveillance completion.(125)

In the UK, GTD registration, pathology review, hCG monitoring and clinical management
have been centralised to three expert centres since 1973.(30) The Irish National GTD
Centre was established in 2017 and provides centralised management of care for all
women with GTD who are registered by their referring clinicians. The centre offers
supportive nursing care, disseminates patient information booklets, and maintains a
national GTD register. It operates with a fully integrated multidisciplinary team (MDT)
comprising of clinical nurse specialists, clinical biochemists, pathologists, radiologists and
medical oncologists.(126) Currently, the centre does not offer centralised pathology
review or centralised hCG testing as recommended in the ESMO Clinical Practice
Guidelines for GTD.(91) However, the Irish GTD centre actively participates in the

European reference network for rare gynaecological tumours (EURACAN) which enables
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international MDT discussion of complex cases and clinical collaborations to improve

treatment options for rare cancers.(127)

1.7 Management of Gestational Trophoblastic Neoplasia

1.7.1 Clinical management

GTN can develop in any pregnancy with approximately 50% occurring after molar
pregnancy, 25% after miscarriage or ectopic pregnancy and 25% after term or preterm
deliveries.(128) The risk of GTN is higher after CHM (15-20%) than PHM (0.5-1%).(129)(30)
A recent 20-year review of low-risk GTN in Australia found a GTN incidence of 11.35%
after CHM and 0.61% after PHM.(130) The risk of GTN developing after a live birth is even

lower, occurring in approximately 1 in 50,000 births.(27)

Women with GTN generally require chemotherapy to cure their trophoblastic disease but
a hysterectomy to reduce or eliminate tumour bulk may be an option in older women
with GTN, if disease is confined to the uterus and preserving fertility is not a priority.(131).
Women are risk assessed for chemotherapy regimens using the FIGO scoring system (see
Table 1.2) which classifies women into a low or high risk category based on their predicted
resistance to single agent chemotherapy.(132) Post-molar GTN is diagnosed based on the
FIGO definition for GTN (see Table 1.3). The Dutch Society for Obstetrics and Gynaecology
incorporate an additional criterion for GTN, based on their use of hCG regression curves
as 15% of women will normalise without chemotherapy. They stipulate that at least one
hCG measurement should be above the 95" percentile of a normal regression
curve.(133)(134) Choriocarcinoma and post-molar GTN are chemo-sensitive and cure
rates for this disease approach 100%.(132) Serum hCG monitoring is central to the
diagnosis and management of GTN with treatment often initiated solely on the basis of

trending hCG levels (see Table 1.4)
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Table 1.2: FIGO/WHO 2000 staging and prognostic scoring sytem for Gestational
Trophoblastic Neoplasia

FIGO stage Description

| Gestational trophoblastic tumours strictly confined to the
uterine corpus

| Gestational trophoblastic tumours extending to the adnexa or
to the vagina, but limited to the genital structures

1} Gestational trophoblastic tumours extending to the lungs
with or without genital tract involvement

v All other metastatic sites

Risk scores 0 1 2 4
Age (years) <40 >40 - i
Antecedent Mole Abortion Term

Pregnancy

Interval from index <4 4-6 7-12 >12

pregnancy, months

Pretreatment hCG <10’ >10°-10" >10-10° >10°
miU/ml

Largest tumour size - 3-4 >5 -

including uterusa, cm

Site of metastases Lung Spleen, Gastrointestinal  Brain, liver
including uterus Kidney tract

Number of - 1-4 5-8 >8
metastases identified

Previous failed - - Single drug Two or
chemotherapy more drugs

Low-risk score <6, High-risk score 27, ultra-high-risk score >12. Adapted from FIGO Committee on
Gynecologic Oncology and reprinted with permission.(135) ?Size of the tumour in the uterus. hCG,
human chorionic gonadotrophin IU, international unit. To stage and allot a risk factor score, a
patient’s diagnosis is allocated to a stage as represented by a Roman numeral |, II, lll and IV. This is
then separated by a colon from the sum of all the actual risk factor scores expressed in Arabic
numerals, e.g. Stage |:4, Stage IV:9. This stage and score will be allotted for each patient.
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In the UK and lIreland, intramuscular Methotrexate (MTX) is the preferred first-line

treatment for low-risk GTN with intravenous Actinomycin-D (Act-D) reserved for those

who develop MTX resistance (see Table 1.4) which is European GTD guideline concordant.

(27,100) The absence of sufficiently powered prospective randomised control trials

comparing MTX and Act-D has intensified the debate surrounding the optimal choice for

first-line single-agent chemotherapy.(136) A recent systematic review reported that Act-

D is probably more likely to achieve a primary cure than MTX in low-risk GTN.(137)

Table 1. 3: Definitions for GTN management

Category

Definition

Post-molar GTN

rise in hCG levels for 3 consecutive samples over a 2-week
period
plateau in hCG levels for 4 consecutive samples over a 3-

week period histological diagnosis of choriocarcinoma

GTN recurrencet

rise in hCG level after normalisation/consolidation
2 sequential rises in hCG above the reference level 1-week

apart

Primary MTX resistance

in low-risk disease

After initial two courses, if hCG is rising change treatment
If hCG plateau (<10% change), continue to third course

if hCG still plateaued, change treatment

Acquired MTX

resistance

After initial response, hCG plateau (<10% change) over two

courses (4 weeks) or rise over at least 2 weeks

GTN, Gestational Trophoblastic Neoplasia; hCG, human chorionic gonadotrophin; MTX,
methotrexate. T a new pregnancy is excluded. Adapted from FIGO criteria (132)(100)
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Table 1. 4: Low-risk post-molar GTN hCG thresholds

Serum hCG level Treatment offered

Pre-treatment hCG* Single-agent chemotherapy will cure 30% of women

>100,000 and <400,000 (138) and only prolongs treatment by 2 weeks if EMA/CO

needed.
MTX resistance with hCG* Act-D as second single-agent therapy can spare
<1000 1U/L (139) women EMA/CO without compromising 100% survival
outcome

*hCG values were derived using the Charing Cross hCG radioimmunoassay

Women with a high-risk FIGO score (27) are likely to be resistant to single agent
chemotherapy and require multi-agent chemotherapy regimens consisting of Etoposide,
Methotrexate, Actinomycin-D/Cyclophosphamide and Vincristine (EMA/CO) or EMA
alternating with Etoposide and Cisplatin (EMA/EP).(140) The presence of brain metastasis
continues to provide a poor prognosis for GTN with a median survival of 2.5 years
reported in some trophoblastic referral centres.(141) From 2016 onwards, the number of
consolidation cycles recommended following chemotherapy increased from two to three

cycles in some countries.(142)

1.7.2 FIGO scoring system

In 2000, a modified FIGO anatomical staging system was combined with a revised World
Health Organisation (WHO) prognostic scoring system to aid GTN risk classification and
clinical management. The FIGO/WHO 2000 scoring system incorporates eight risk factors
including maternal age, pre-treatment hCG level, obstetric history and diagnostic imaging
results as shown in Table 1.2. (135) The FIGO 2000 criteria is not used to manage PSTT or
ETT as these tumours behave differently to other types of GTN and are more

chemotherapy resistant.

In 1983, the Dutch Working Party on Trophoblastic Disease established their own risk
classification system for GTN.(143) This scoring system differs from FIGO in that
antecedent term pregnancy and previous failure to chemotherapy are incorporated into
absolute criteria. There is extensive overlap between both risk classification systems and

further refinements are necessary to both to prevent overtreatment. The Dutch clinical
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classification system was used until 2017, after which the FIGO/WHO scoring system was

adopted and implemented nationally.(143)

In Ireland, GTN is managed according to the FIGO recommendations.(132) The FIGO
scoring system is not perfect as 25-35% of women overall fail single agent therapy and
need multi-agent chemotherapy to cure their disease.(137) In women with a FIGO score
of 5-6, predictors of resistance include metastatic disease and choriocarcinoma
(regardless of pre-treatment hCG level) and women with this medical history should be
considered for primary multiagent chemotherapy.(144) However, approximately 60% of
women with a FIGO score of 5-6 achieve remission with single-agent therapy.(144)
Streamlining of the FIGO scoring system from eight to two factors (using pre-treatment
hCG and history of failed chemotherapy or metastasis) has produced a simplified scoring
model whose performance was acceptable when compared to FIGO in the PREDICT-GTN2

study.(145)

1.7.3 Immunotherapy

GTN cases with an ultra-high-risk FIGO score (>12) and rare tumours (PSTT/ETT) which are
chemotherapy resistant often require salvage therapy. Checkpoint immunotherapy (CPI)
targeting inhibitory T cell receptors including anti-programmed death 1 (PD-1) and its
ligand (PD-L1) has been effective in some of these cases. However, immunotherapy
resistance has been observed in some patients with high PD-L1 expression but low

tumour-infiltrating lymphocytes (TILs).(146)

In the TROPHIMMUN trial, avelumab (anti-PD-L1) cured half of the patients with single-
agent chemo-resistant GTN sparing them multi-agent chemotherapy.(147) Cheng et al
used Camrelizumab (anti-PD1) with Apatinib (tyrosine kinase inhibitor) in chemo-
resistant GTN and 55% of women achieved full remission showing the benefits of

combination chemo-immunotherapy.(148)

Pembrolizumab (anti-PD-1) is very effective in multi-drug resistant GTN and has low
toxicity therefore it has been incorporated into the National Comprehensive Cancer
Network (NCCN) guidelines.(149) In the future, immune checkpoint inhibitors may be

used as third line therapy for low-risk GTN or as first line therapy for high-risk GTN.(150)
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However, we don’t know the impact of immunotherapy on women'’s fertility as this area

lacks long-term data and further research is warranted.

1.7.4 Biomarkers

Biomarkers are measured as an indicator of normal biological processes, pathogenic
processes or reponses to an exposure or intervention (see figure 1.4).(151,152) An ideal
biomarker will guide diagnosis, staging, prognosis and be reliable, measurable, cost-
effective and show a response to treatment (see Figure 1.5).(153,154) The pregnancy
hormone hCG is an ideal biomarker for GTD as its concentration reflects trophoblastic

actibity and correlates with disease burden.(155)

Diagnostic

Types of
Biomarkers

Susceptibl Pharmaco-

e/Risk dynamic

Figure 1. 4: Types of Biomarkers
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Figure 1. 5: Characteristics of an ideal biomarker

The search for new biomarkers to identify women who will develop post-molar HM has
led to the development of novel approaches to recognise women at risk. In addition,
shortcomings in the FIGO scoring system have prompted a search for better ways to
predict which women will develop MTX resistance so they can be spared exposure to

ineffective chemotherapy.

1.7.4.1 Methotrexate resistance

Trophoblastic tumours like the placenta are highly vascularised. The uterine artery
pulsatility index (UAPI) measured using Doppler ultrasound, offers a non-invasive
estimate of tumour vascularity in GTN. Low UAPI values in low risk GTN is predictive of
MTX resistance independent of FIGO score.(156) However, the reproducibility of accurate
Dopler ultrasound in this setting is variable and not widely adopted. Further research into
the mediators of vascular changes in GTN associated elevated levels of the angiogenic
factor, bone morphogenetic protein-9 (BMP-9) with MTX resistance. Combined use of
elevated serum BMP-9 and low UAPI values could be used to improve the prediction of

MTX resistance in low-risk GTN.(157)
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Endoglin, another vascular mediator, is a co-receptor of the transforming growth factor-
B (TGF-B) family which modulates signalling between TGF-B co-factors ALK1 and ALKS5.
Worley et al successfully used anti-endoglin monoclonal antibody and bevacizumab to

treat refractory choriocarcinoma and this provides another therapeutic target.(158)

Targeting the ataxia telangiectasia and Rad3-related (ATR) signalling pathway genetically
or pharmacologically using CDK4 inhibition has been shown to re-sensitise MTX resistant
choriocarcinoma cell lines in vitro and in orthotopic mouse models in vivo, providing

therapeutic strategies which could be translated into the clinical setting.(159)

1.7.4.2 hCG regression curves
Recognising hCG as an excellent biomarker for GTD, given its correlation with tumour
volume, numerous endeavours have been made to develop predictive hCG models to

forecase the malignant potential of HMs and their resistance to MTX. (81,133,160-163)

hCG regression curves use the pattern of hCG fall after uterine evacuation of HM as a
useful indicator of progression to GTN and resistance to single-agent chemotherapy. A
serum hCG ratio at 5 weeks after uterine evacuation was found to identify 75% of patients
with persistent GTD.(164) In the Netherlands, a comparison of hCG regression in women
who achieved spontaneous remission to those who developed GTN facilitated the
construction of linear regression curves. Using a radioactive hCG assay, the slope of the
regression line gave an area under the curve (AUC) approaching 1 (0.906, 95% CI) and
predicted 52% of patients women with GTN with 97.5% specificity.(165)

Regression curves using hCG measurements before the fourth and sixth course of single-
agent chemotherapy have also provided excellent diagnostic accuracy (AUC 0.949, 0.975)
to identify single-agent chemoresistance.(166) A further Dutch study used a single serum
hCG measurement four weeks after ERPC in women with CHM to identify 66% who would
progress to post-molar GTN with 97.5% specificity.(162) Mathematic modelling of hCG
kinetics using weekly hCG results to measure residual hCG (hCGres) and predict MTX

resistance also shows promise but requires further validation in larger datasets.(163,167)

1.7.4.3 DNA markers
Specific circulating microRNAs (has-miR-520b, has-miR-520f, has-miR-520c-3p) have been

identified in a small cohort of women with CHM who either spontaneously resolved or
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developed GTN. Therefore, microRNAs may provide a useful adjunct to hCG testing to
monitor GTN response during treatment. A specific microRNA (mIR-21) which is
overexpressed in HM tissue also promotes invasion in choriocarcinoma.(168). CHMs that
progressed to GTN showed higher expression of miR-181 and lower expression of BCL2

and both may provide prognostic biomarkers for GTN risk.(169)

Circulating tumour DNA (ctDNA) can help confirm GTN in challenging cases.(170)(171)
Single nucleotide polymorphism (SNPs) genotyping using ctDNA distinguished between
gestational and non-gestational choriocarcinoma when biopsy was unavailable or
inappropriate.(172) Circulating gestational trophoblasts (cGTs) may be superior to ctDNA
in establishing the genetic constitution in HMs as it is not hampered by the presence of

maternal DNA.(173,174)

1.8 Summary

1.8.1 Current knowledge gaps and service needs

Despite significant research efforts, the aetiology of GTD remains unclear and the precise
role of genomic imprinting in the development of molar pregnancy has yet to be fully
elucidated. Given the rarity of GTD, pregnant women and their healthcare providers may
have limited awareness and understanding of molar pregnancy. Furthermore, the
optimum surveillance period for hCG monitoring in women following molar pregnancy
has yet to be determined. This could potentially result in unnecessary delay of future

pregnancies, which could have significant ramifications for older women.

While the emotional and psychological needs of women experiencing pregnancy loss are
widely acknowledged, the perspectives of women who have had a molar pregnancy have
traditionally not been included in pregnancy loss surveys. In Ireland, women with GTN
although integrated into cancer care pathways, are not included in cancer patient
experience surveys. Furthermore, since the establishment of a National GTD Registry,
Monitoring and Advisory Centre in Ireland in 2017, affected women on the register have
not had an opportunity to provide feedback on the services offered or to identify
resources lacking in their care experience. Additionally, there has been no audit

conducted to assess compliance with voluntary registration at the centre.
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The reliance on morphological criteria for diagnosing molar pregnancy is subjective, often
necessitating the use of ancillary techniques to support the diagnosis. However, limited
access to these additional techniques could impede the collection of accurate incidence
rates, providing an argument for centralised pathology review. It has been reported that
digynic triploidy shares some morphological features with PHM, raising concerns about
potentially over-diagnosing PHM solely based on morphology and ploidy analysis without

molecular genotyping.

The lack of a commercially available hCG assay for oncology has created uncertainty
regarding the optimal hCG assay for monitoring women with GTD. Given the central role
of serial hCG measurement in GTD management, the inherent analytical and biological
variability in certain hCG assays has emphasised the need for a centralised hCG testing
service dedicated to GTD monitoring in Ireland. Such a centralised service would not only
ensure consistency of hCG results but would also facilitate research into the use of hCG

mathematical models for predicting disease progression and chemotherapy resistance.

In the absence of a quantitative urine hCG assay for monitoring GTD in Ireland,
centralising serum hCG monitoring may pose logistical challenges related to inter-
laboratory sample transport. Exploring alternative blood collection methods, such as
capillary blood collection by women in their own homes, could offer a solution. For
example, capillary blood collection for HbA;C measurement in diabetes care
demonstrated good agreement with venous blood and reduced hospital visits during the
COVID-19 pandemic. This option may also offer a more convenient means of hCG

monitoring for women with GTD.

In my thesis, | will explore several areas for further study within the framework of the

following overarching objectives:

1 Knowledge of GTD
i Are there any additional services needed in the National GTD Registry,
Advisory and Monitoring centre to meet the needs of women with GTD?
ii.  What are the challenges encountered by women and their partners
following a molar pregnancy?

2 Under-reporting of GTD
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i What is the availability of ancillary techniques to assist the morphological
diagnosis of HMs in pathology laboratories in Ireland?
ii. Does digynic triploidy cause morphological confusion and generate false
positives in ploidy assays?
iii. Does morphology supported by ploidy analysis distinguish diandric
triploid from digynic triploid conceptions?
iv.  What s the true incidence rate of HMs in Ireland?
v.  What is the compliance rate for voluntary registration by their physicians
of women with GTD in Ireland?
3 Biomarker evaluation
i Can we standardise hCG measurement and harmonise hCG reporting in
women with GTD across Europe?

ii. Can trends in hCG levels be used to manage challenging GTD cases?

4 Novel methods for hCG analysis
a. Could capillary blood home sampling provide a means to centralise hCG
testing for GTD in Ireland?
b. Can point of care hCG testing be used to guide patient management in

the early pregnancy clinic?

1.9 Thesis aims and objectives

This thesis will address the knowledge gaps identified and questions posed in the last

section within the following chapters, as illustrated in Figure 1.6.

The introduction (Chapter One) will provide the background knowledge on GTD and will

serve to illustrate the rationale for some of the study questions.

In Chapter Two, a scoping review is presented which involves synthesising the evidence
and critically examining the literature to provide a robust foundation for the study’s main

objectives.
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Chapter Three provides feedback from the first survey of women on the National GTD
registry. This study explores the specific needs of women with molar pregnancy with a

view to informing future planning of GTD services.
Chapter Four introduces a novel scoring system for Her2 D-DISH ploidy determination

Chapter Five audits the accuracy of this the HER2 D-DISH ploidy procedure by comparison

to molecular genotyping

In Chapter Six, HM incidence rates are reappraised based on implementation of the HER2
D-DISH ploidy assay. This chapter also presents the results of a national pathology survey

to inform national incidence rates and registration rates with our national GTD registry.

Chapter Seven examines the measurement and reporting of hCG in women with GTD
across Europe. This study seeks to identify the challenges in hCG measurement and offer

perspectives on hCG harmonisation.

Chapter Eight recognises the input of a national GTD service on the clinical management
of five complex GTD cases. This study highlights the central role of biochemical hCG
measurement and molecular genotyping in ensuring successful outcomes for these

women.

Chapter Nine presents a proof-of-concept study on the use of capillary blood sampling for

hCG analysis in early pregnancy.

Chapter Ten assesses the performance of a hCG point-of-care analysers for use in a

remote early pregnancy unit.

In the discussion section (Chapter Eleven), the study outcomes are summarised and

avenues for future research are explored.
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Chapter 2 - Advances in the Diagnosis and Early Management of
Gestational Trophoblastic Disease

2.1 Abstract

Gestational trophoblastic disease (GTD) describes a group of rare pregnancy related
disorders which span a spectrum of pre-malignant and malignant conditions.
Hydatidiform mole (also termed molar pregnancy) is the most common form of GTD. It
describes an abnormal conceptus containing two copies of the paternal genome which is
classified as partial or complete depending on the presence or absence of the maternal
genome, respectively. It typically presents in the first trimester with irregular vaginal
bleeding and may be suspected on ultrasound, but confirmation requires
histopathological evaluation of the products of conception. Most molar pregnancies
resolve without treatment after uterine evacuation, but occasionally disease persistence
develops with progression to gestational trophoblastic neoplasia. Close monitoring of
women post-molar pregnancy with regular measurement of human chorionic
gonadotrophin levels allows early detection of malignancy. Given the rarity of the disease,
clinical management and treatment is best provided in specialist centres where very high
cure rates are achievable. Here we review advances in the diagnosis and management of
GTD and highlight updates to disease classification and clinical guidelines. We discuss the
use of molecular genotyping for improved diagnostic accuracy and risk stratification and

consider future biomarkers for the earlier detection of malignancy.
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2.2 Introduction

Gestational trophoblastic disease (GTD) describes a heterogenous group of disorders that
arise from abnormal proliferation of placental trophoblastic tissue. Diagnostic
classification spans the pre-malignant conditions of complete hydatidiform mole (CHM)
and partial hydatidiform mole (PHM) to the malignant conditions of invasive mole (IM),
choriocarcinoma (CC), placental site trophoblastic tumour (PSTT) and epithelioid
trophoblastic tumour (ETT), collectively known as gestational trophoblastic neoplasia
(GTN) (Figure 2.1). Both complete and partial moles have the potential for malignant
transformation but the risk of GTN is higher for CHM (15-20%) than PHM (0.5-1%) (Table
2.1).(30,129,175) Maternal age and history of a previous molar pregnancy are two
established risk factors for molar pregnancy. Hydatidiform moles (HMs) are classified as

complete or partial based on their morphology and genetic profile.

GTD
{ | 8 ] )
Hydatidiform mole PSN EPSR GTN
Partial mole Complete mole  Invasive mole  Choriocarcinoma BSTTj (i

Figure 2.1: GTD Classification according to the World Health Organisation (WHO) 2020
Classification of Female Genital Tumours.(8) GTD = Gestational Trophoblastic Disease;
PSN = Placental Site Nodule; EPSR = Exaggerated Placental Site Reaction; GTN =
Gestational Trophoblastic Neoplasia; PSTT = Placental Site Trophoblastic Tumour; ETT =
Epithelioid Trophoblastic Tumour.

Most cases of GTN occur after molar pregnancy but they can occur after any gestational
event including miscarriage, ectopic or term pregnancies. GTN is the most curative of all
gynaecological malignancies with cure rates approaching 100% even in the presence of
metastatic disease (30) This review focusses on the diagnosis and early management of
GTD and the reader is directed to other publications for expert opinion on the
chemotherapeutic management of GTN.(91,100,176—178) The increased use of ancillary
techniques has improved the accuracy of morphology-based GTD classification and risk
stratification. Here we review advances in the diagnosis and management of GTD over the

last decade.
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2.3 Sources and selection criteria

We searched PubMed, Medline and CINAHL (EBSCO) for articles written in English and
published from 2011 to 2021, using the search terms “gestational trophoblastic disease”,
“hydatidiform mole”, “molar pregnancy” and “gestational trophoblastic neoplasia”. We
considered articles in peer-reviewed journals and included articles based on study quality.
We predefined the priority of study selection according to the level of evidence (clinical
practice guidelines, systematic reviews and meta-analysis, cohort studies and expert
opinion). Clinical management guidelines and expert reviews on this topic were consulted
and highly cited studies and those of historical significance were included. Relevant
publications outside the specified time-period were considered based on a review of
bibliographies and expert opinion and the review bibliography was update to September

2022. In this article, we focus on the most common forms of GTD, hydatidiform mole and

choriocarcinoma.

2.4 Incidence

The lack of centralised registries worldwide, combined with an under-reporting of cases
to registries, variation in case definition and lack of a consensus-based denominator
makes international comparisons difficult.(22,24,179) Incidence rates are typically
derived from a mixture of live births, pregnancies, or deliveries but the total number of

conceptions, although difficult to acquire would be more inclusive.(23)

The incidence of GTD varies worldwide with rates of 1-2 per 1,000 deliveries in Europe
and North America compared to 10 per 1,000 pregnancies in India and Indonesia.(22,180)
The incidence of GTD in the United Kingdom (UK) is 1 in 714 live births but incidence varies
according to ethnicity with the highest incidence reported in women of Asian
descent.(26,27,181). Genetic, social, cultural and dietary factors may be relevant as there
is a higher frequency of GTD in regions of the world where malnutrition is
common.(25,182) In the UK, the incidence of molar pregnancy is ~1 in 600 conceptions
and the prevalence of PHM is higher than CHM with a ratio of 3:1.(31,129) However, the
prevalence of CHM is age dependent with higher frequencies at the extremes of maternal

age.(30,129)
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Choriocarcinoma is the most aggressive form of GTN with a reported incidence of 3 per
100,000 deliveries in Europe and North America compared to 23 per 100,000 in Southeast
Asia.(12,22) A systematic review of case reports revealed that 30% of choriocarcinomas
had metastasised at the time of diagnosis.(183) More recently, a UK study reported
metastasis in more than 50% of women with non-molar choriocarcinoma.(12) While most
invasive moles originate from a CHM, only 25% of choriocarcinoma and 25% PSTT/ETT
derive from a molar pregnancy.(60,184) The risk of developing choriocarcinoma post-
molar pregnancy is higher for CHM (2-3%) than PHM (<1%).(185)(186) Hence, gestational
choriocarcinoma should be considered in all premenopausal women with metastases of

unknown primary.(1)

PSTT is a very rare form of GTN with an incidence of 1 in 100,000 deliveries in the UK and
ETT is even rarer.(187-189) Owing to their rarity, PSTT/ETT are not discussed in detail in
this review and readers are directed to other resources for details of their diagnosis and

management.(13,18,19,190)

2.5 Clinical presentation

Women with molar pregnancy usually present with irregular vaginal bleeding in the first
trimester. Ultrasound can identify the majority of CHMs (88%) but only detects some
PHMs (56%) and this presents a diagnostic challenge.(106) Although ultrasound may be
suggestive of a molar pregnancy, histopathological examination of the products of
conception remains the gold standard for the diagnosis of molar pregnancy.(191) Human
chorionic gonadotrophin (hCG) may be inappropriately high and reach levels >100,000
U/Lin CHM (see Table 2.1). A review of cases presenting to the New England Trophoblastic
Disease Centre over a 20-year period showed a reduction in the age at diagnosis of CHM
from 12 to 9 weeks gestation.(105) Earlier diagnosis of GTD has led to changes in clinical
presentation with women now rarely presenting with anaemia, hyperemesis, pre-

eclampsia or hyperthyroidism.(16,192)

62



Table 2. 1: Typical Characteristics of Complete and Partial Moles

Characteristic

Complete Hydatidiform
Mole

Partial Hydatidiform Mole

Ploidy Diploid Triploid
Genome Diandric Diandric monogynic
Karyotype 46 XX/XY 69 XXX/XXY/XYY

Ultrasound Imaging

Enlarged uterus,
Bilateral theca lutein cysts
Diffuse villous hydrops

Enlarged Placenta
Focal cystic spaces
Growth restricted fetus

hCG (U/L)

>100,000

<100,000

Pathology

Fetal tissue usually absent.
Diffuse enlargement of villi.
Cisterns.

Diffuse trophoblast
hyperplasia.

Trophoblast
pseudoinclusions.

Bulbous, cauliflower-like
villous outlines in earlier
gestations.

Villous stromal karyorrhexis
in earlier gestations.

Abnormal fetus.

Mixed population of
enlarged and small villi.
Occasional cisterns.
Focal trophoblast
hyperplasia.
Trophoblast
pseudoinclusions.

Very irregular villi with
fijord-like invaginations.

p57 Immunohistochemistry

Loss of p57 staining in
cytotrophoblast and villous
stromal cells.

No loss of p57 staining.

Risk of GTN progression

15-20%

0.5-1%
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Obstetric management of molar pregnancy involves uterine evacuation and
histopathological examination of the products of conception (POC). Follow-up serum or
urine hCG monitoring is performed until hCG values return to normal. hCG is an ideal
biomarker for GTD surveillance as its concentration accurately reflects disease burden.
Most women with molar pregnancy are cured following uterine evacuation but some
women develop disease persistence and progress to malignant disease requiring

chemotherapy or further surgical intervention.

The diagnosis of GTN is largely based on a combination of obstetric history and elevated
hCG levels.(193) Following molar pregnancy, a plateaued or rising hCG level is indicative
of GTN. All forms of GTN (excluding PSTT and ETT) are highly vascular and biopsy is not
recommended due to the risk of life-threatening haemorrhage. Identifying the origin of
choriocarcinoma can be challenging and genetic profiling can help differentiate
gestational from non-gestational choriocarcinoma, with the latter having a worse

prognosis.

2.5.1 Twin Pregnancy

A twin pregnancy of a CHM with a co-existing viable fetus is rare occurring in 1 in 20,000-
100,000 pregnancies.(110) In these cases, the most common combination is a CHM and
normal fetus.(194) A UK study of 77 twin CHM pregnancies reported a livebirth rate of
40% and found that the risk of GTN did not increase beyond the first trimester obviating
the need for early termination of pregnancy.(110) A subsequent study at that centre
reported higher livebirth rates (51%) and a slightly higher malignancy risk in CHM twin
(20.3%) compared to CHM singleton (16%) pregnancies. (195) Another larger multicentre
study reported a higher malignancy risk (27%) in CHM twin pregnancies.(196,197) A
systematic review of obstetric outcomes in CHM twin pregnancies revealed a higher risk
of perinatal complications and low live birth weight with a third progressing to GTN.(111)
Multidisciplinary management of these pregnancies in specialist centres is recommended

to ensure early detection of pregnancy complications.(27)

2.5.2 “Risk factors” for the development of GTD
Potential risk factors for the development of molar pregnancy include ethnicity, maternal
age, and prior HM.(31,32,198) Molar pregnancy is more prevalent in women at the

extremes of reproductive age (<16 and >40 years). Adolescents have a slightly increased
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risk (1:450) of molar pregnancy which increases to 1:157 (aged 40 years) and rises sharply
to 1:8 (aged >50 years).(31,179,198) Most molar pregnancies are sporadic, but a prior
history of HM increases the risk of a subsequent mole which is often the same type as the
index mole.(33,199,200) Prior history of HM is associated with a ~1% risk of a further mole
and this risk is associated with CHM rather than PHM. The risk increases to 15-20% after
two HMs.(33,91) Of note, the risk is independent of male partner suggesting an underlying
defect in oocyte function.(34) Supporting this concept, some recurrent HMs have an
inherited methylation defect in a gene (NLRP7) associated with oocyte maturation and
placental development.(201,202) There is also evidence of oocyte defects in other
species. Female mice with an inherited meiotic abnormality in their oocytes (MEI1)
produce androgenetic zygotes by extruding all maternal chromosomes and their spindles

into the first polar body and a similar mechanism may exist in humans.(55)

Parity may be a potential risk factor for the development of post-molar GTN. Recent
evidence suggests that women who have early diagnosis of PHM as their first gestational
event are more likely to develop post molar GTN.(203) Studies have postulated a link
between deficiency of carotene (vitamin A precursor) and a higher incidence of CHM in
certain countries.(36,204) Animal studies have also shown that diet can reset the genetic
imprint.(205) Deficiency of vitamin A and/or folates in early gestation (18-21days) is
associated with absence of placental villous vascularity, as seen in CHM.(5) Hispanic
women have a significantly lower risk of developing GTN after CHM suggesting a role for

protective environmental or genetic factors.(206)

2.6  Genetic classification of hydatidiform mole

The genetic origin of HM is complex and is illustrated in Figure 2.2. CHMs have a purely
androgenetic genome. They contain 46 chromosomes (diploid) with two copies of the
paternal genome (diandric) and no contribution from the maternal genome.
Heterozygous dispermic CHM are clinically more aggressive then homozygous
monospermic CHM and have a significantly higher risk of neoplastic transformation.(47)
These moles have higher mean hCG levels and a 3-fold increased risk of progression to
GTN.(37,47,56) Rare cases of tetraploid CHM also exist and require the same close
surveillance as diploid CHM.(207) PHMs have 69 chromosomes (triploid) and contain two

paternal (diandric) and one maternal (monogynic) genome. Rare triandric tetraploid
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PHMs have been reported which appear to arise from fertilisation of an ovum by three

different sperm. (43)

2.6.1 Familial Recurrent Hydatidiform Mole

Familial recurrent hydatidiform mole (FRHM) is a rare autosomal recessive inherited
disorder associated with a predisposition to molar pregnancy.(208) These recurrent CHMs
have a diploid biparental origin with biallelic variants in maternal effect genes (NLRP7 and
KHDC3L) which disrupt genomic imprinting.(58,59). These genes are expressed in the
oocyte and support embryonic development until gene expression in the embryo
becomes active.(58) In Mexico, there is strong evidence of a founder effect in NLRP7
(L750V) with most cases occurring in consanguineous families.(209) Familial recurrent
CHM should be suspected in women presenting with two CHMs and genetic analysis
should be requested to determine recurrence risk. (210) Women with FRHM usually
require in-vitro fertilisation (IVF) with ovum donation to help them achieve a normal
pregnancy.(201) Notably, a recent UK study found that 1 in 640 women registered with a

complete mole had familial recurrent CHM.(33)

2.6.2 Origin of Hydatidiform Mole Formation

Genomic imprinting is a term used to describe the parental specific expression of certain
genes. Some genes are “imprinted” (suppressed) when paternally inherited and
expressed when maternally inherited and vice-versa. The “parental conflict hypothesis”
was put forward to explain genomic imprinting in the placenta, whereby placental specific
genes are paternally imprinted and maternally expressed.(211) Consistent with this
hypothesis, the lack of a maternal genome and overrepresentation of the paternal
genome in CHM results in impaired genomic imprinting and proliferation of the villous

trophoblast.(212)

Several theories have emerged to explain the origin of HMs. One theory is that complete
moles originate from an empty ovum which is fertilised by one or two sperm (Figure
2.2).(213) However, the finding of rare CHMs with retained maternal chromosome 11
suggests that the ovum is not completely devoid of all maternal DNA.(212) An alternative
theory proposed by Golubovsky postulates that all HMs originate from the fertilisation of

a normal ovum by two 2 sperm to create a triploid conceptus. A complex post-zygotic
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event then excludes the maternal genome and results in diploidisation to create a

CHM.(45,213)

Figure 2. 2: Genetic origin of Hydatidiform Moles

A) CHMs have a diploid genome. Most CHMs (80-90%) arise from fertilisation of an
“empty” ovum by a haploid sperm which undergoes endoreduplication to achieve
diploidy (homozygous monospermy). Some CHMs (10-20%) result from fertilisation of the
“empty” ovum by two sperm resulting in diploidy (heterozygous dispermy) B) PHMs have
a triploid genome. Most PHMs (>95%) arise from fertilisation of a single oocyte by two
different sperm (heterozygous dispermic). C) FRHM due to biallelic variants in maternal
effect genes (NLRP7 or KHDC3L) results in biparental recurrent CHM.

Note: Haploid sperm may be 23X or 23Y but are only shown as 23X in these Figures.

67



2.7 Pathological classification

According to the World Health Organisation (WHO) 2020 Classification of Female Genital
Tumours, GTD can be subdivided into molar pregnancies/hydatidiform moles, GTN,
tumour-like (non-neoplastic) lesions and abnormal (non-molar) villous lesions.(8) The
pathogenesis of GTD is unique as the maternal tumour arises from gestational tissue
rather than maternal tissue.(3) Histopathological classification of POCs into CHM, PHM
and non-molar gestations can be challenging based on morphology alone and ancillary
techniques (e.g. immunohistochemistry, ploidy analysis, molecular genotyping) are used

to aid diagnosis.

Placental site nodule (PSN) and exaggerated placental site reaction (EPSR) are classified
as benign tumour-like trophoblastic lesions. These lesions usually present as incidental
findings in tissue following hysterectomy or endometrial biopsy. PSN are placental
remnants left in the uterine wall which fail to fully regress and disappear following a
normal pregnancy.(193) Larger PSN-like lesions with atypical histopathological features
are described as atypical placental site nodule (APSN). A recent UK study recorded
neoplastic transformation in 14% of APSNs within 16 months of diagnosis.(10) As a result,
APSN cases are registered with GTD centres, have central pathology review, hCG

monitoring and women are offered a hysterectomy if deemed appropriate.(193)

Choriocarcinoma can be gestational or non-gestational and both have different routes of
metastasis and treatment regimens. Non-gestational choriocarcinoma can be somatic or
germ cell-derived and has a high propensity for metastasis.(214) Accurate classification of
non-gestational choriocarcinomas is achieved using molecular genotyping to confirm the

absence of paternal DNA.(215)

The diagnosis of CHM, PHM, PSN and APSN is made on the basis of histopathological
confirmation.(27) In contrast, diagnosis of GTN does not usually rely on histopathological
confirmation as biopsies are not always available. The treatment of invasive mole and
choriocarcinoma is often initiated on the basis of a rising hCG level even in the absence of

other clinical evidence of disease recurrence.(78)
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2.8 Pathological diagnosis

In the past, molar pregnancies presented later in gestation with full expression of their
various morphological features. Earlier clinical diagnosis of GTD due to improved
ultrasound sensitivity often makes pathological differentiation of early CHM and PHM
from non-molar gestations more challenging. The features of mole may be more subtle in
early molar and non-molar pregnancies, which are often both genetically abnormal, and
show morphological appearances that overlap to varying degrees. As a result, ancillary

techniques are often required to assist morphological diagnosis.

Morphologically, CHM is characterised by the presence of a diffuse population of
enlarged, hydropic villi with cistern formation. Fetal tissue is generally absent. Villi are
irregular with formation of trophoblast pseudoinclusions. There is prominent non-polar
or circumferential proliferation of villous trophoblast and the included extravillous
trophoblast shows cytological atypia (Figure 2.3). In CHM presenting earlier in gestation
the hydropic changes, villous enlargement and trophoblast proliferation may be less
developed and, in these cases, useful diagnostic features include the presence of villi with
bulbous, “cauliflower-like” or “knuckle-like” outlines. These villi often have abnormal

dense, blueish, myxoid stroma with prominent karyorrhectic nuclear debris.(69,212)
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Figure 2. 3: Complete Hydatidiform Mole.

A) In this gross image of a POC, extensive formation of vesicles is evident giving a bunch
of grapes effect. B) The villous population is diffusely abnormal with numerous enlarged
hydropic villi. C) The villi in this view are highly irregular and most show non-polar or
circumferential trophoblast hyperplasia. D) In this early CHM the central villous shows the
typical cauliflower-like outline with bulbous, knuckle-like projections. E) On high power of
this early CHM the abnormal, dense, myxoid stroma is evident with prominent stromal
karyorrhexis. F) p57 immunohistochemistry shows loss of staining in villous
cytotrophoblast and stromal cells with preservation of staining in extravillous trophoblast
(upper left).
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In contrast to CHM, PHM is characterised by a mixed population of enlarged hydropic villi
with some cisterns and small more normal appearing or fibriotic villi. An abnormal fetus
may be present. Villous outlines are irregular and scalloped with “fjord-like” indentations
and formation of trophoblast pseudoinclusions (Figure 2.4). Villous trophoblast
abnormalities, in contrast to CHM, are less prominent with focal non-polar or

circumferential trophoblast hyperplasia.(69,212)

Figure 2. 4: Partial Hydatidiform Mole.

A) In this gross image of a PHM, focal vesicle formation is evident with some vesicles separating
from the specimen at bottom right. B) This low power view shows a mixture of villous types with a
group of hydropic villi seen on the right and smaller, more normal sized villi on the left. C) The villus
with a star has a trophoblast pseudoinclusion. D) The PHM villi are markedly irregular with fjord-
like indentations. E) There is focal non-polar trophoblast hyperplasia affecting the villus with the
star while the surrounding villi show little or no hyperplasia. F) p57 immunohistochemistry is
normal.
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Mimics of molar pregnancy show one or more of the above features and thus need to be
distinguished from hydatidiform mole based on their more limited morphological features
of mole or use of ancillary techniques. Hydropic abortions are characterised by a diffuse
population of hydropic villi but they are generally regular in outline and show no
significant trophoblast hyperplasia. Non-molar POCs that show morphological
abnormalities termed “abnormal villous morphology” (AVM) may mimic molar pregnancy
and may have some of the features of a mole such as small trophoblast pseudoinclusions
or irregular villous outlines or focal abnormal villous trophoblast hyperplasia. Some
specimens with AVM may result from genetic abnormalities such as aneuploidy (Figure

2.5).(216)
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Figure 2. 5: Abnormal villous morphology.

A) This second trimester placenta has a number of clear vesicles becoming detached from the
specimen. B) On microscopy of this placenta there was abnormal villous morphology with villous
enlargement, some irregularity in villous outlines and small pseudoinclusions. This case was
confirmed on microarray of fresh tissue to be an example of mosaicism for monosomy X (Turner
syndrome).
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Immunohistochemistry (IHC), ploidy analysis using cytogenetics, flow cytometry, or
fluorescent in-situ hybridisation (FISH) and molecular genotyping can help to distinguish
moles from the above mimics and improve the accuracy of GTD diagnosis. Ploidy analysis
using cytogenetics may also identify aneuploidies which can help explain a particular

pregnancy loss.

2.8.1 p57 Immunohistochemistry

The protein p57 is a cyclin-dependent kinase inhibitor encoded by the gene CDKN1C
(p57%P?) on chromosome 11p15.5. This gene is paternally imprinted and maternally
expressed. When the maternal genome is present (non-molar POC or PHM), p57 is
expressed in placental villi and stromal cells and cytotrophoblast stain positively. In
complete moles (diploid diandric), p57 is not expressed in cytotrophoblast and villous
stroma and staining in these cells is lost. Staining is however preserved in the decidua and
extravillous trophoblast which act as internal controls for p57 IHC. (57) As a readily
available test, p57 immunostaining can support the morphological diagnosis of CHM in

routine practice.

Rarely other challenges in the interpretation of p57 IHC arise (e.g. when a maternal
chromosome 11 is retained in a CHM and it continues to expresses p57 or a maternal
chromosome 11 is lost in a PHM and p57 immunostaining is lost.(46,69) Further ancillary
testing and close correlation with morphology is required to prevent misdiagnosisin these

cases.

One category of morphologically abnormal POC in the differential diagnosis of molar
pregnancy results from androgenetic/biparental mosaicism which may be recognised by
their unusual patterns of p57 staining.(61,71) In p57 discordant villi the villous stroma
cells are p57 negative but the cytotrophoblast are p57 positive (Figure 2.6). Inverted p57
discordant villi have the reverse pattern where the cytotrophoblast are negative and
stromal cells are positive. Staining may also be divergent where two or more populations

of villi exist with different staining patterns.(71)
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Figure 2. 6: p57 discordant villa

A) The low power view shows abnormal villous morphology with enlarged, hypercellular villi and a
trophoblast pseudoinclusion but no trophoblast hyperplasia. B) Immunohistochemistry for p57
shows a discordant pattern with positive cytotrophoblast and negative stromal cells. C) Careful
examination of the specimen identified a small focus of villi with trophoblast hyperplasia (star). D)
This focus of villi showed absence of P57 staining in stroma and cytotrophoblast in keeping with a
component of CHM.

While they are uncommon, it is important to be aware of these types of POC as they may
harbour a component villous population that is purely androgenetic and therefore a CHM
and thus require the appropriate clinical follow-up.(71) In addition to their representation
in early pregnancy POC samples, these patterns may be seen in the second and third
trimester in placental mesenchymal dysplasia (p57 discordant villi)(217,218) and as a focal
finding in otherwise normal placentas (inverted p57 discordant villi).(219)

While p57 assists in the differential diagnosis of CHM, ploidy analysis is frequently used
to support morphology and confirm or exclude a triploid conceptus in the differential
diagnosis of PHM. However, it will not distinguish between triploidy with two paternal
(diandric) or two maternal (digynic) contributions to the genome and thus must be used

in combination with morphological assessment.
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2.8.2 Molecular Genotyping

Molecular genotyping is considered the gold standard for HM as it can establish ploidy
and identify the parental origin of the molar tissue. It can also help differentiate complete
and partial moles from GTD mimics. Analysis of polymorphic short tandem repeat (STR)
DNA sequences on multiple chromosomes in the human genome are used to determine
genotype.(60) The STR profiles of the molar tissue are compared to those obtained from
the maternal DNA from decidua to classify the mole. The clinical accuracy of STR
genotyping to refine the diagnosis of GTD has been confirmed by a number of
studies.(220,221) Some pitfalls in the use of molecular genotyping include the analysis of
FRHMs which have a diploid biparental genome and may be misinterpreted as a non-
molar gestation. In addition, an egg donor pregnancy which does not carry alleles from
the recipient mother may be misinterpreted as a diandric complete mole. Close
correlation of morphology, p57 immunostaining and genotyping is required to ensure the

correct diagnosis is reached in all cases.(56)

2.9 Biochemical diagnosis

hCG is a member of the glycoprotein hormone family which includes three pituitary
hormones: luteinizing hormone (LH), follicle-stimulating hormone (FSH) and thyroid-
stimulating hormone (TSH). These hormones are heterodimers which share a common
alpha (a) subunit but have a unique hormone-specific beta (B) subunit. hCG is a
heterogenous molecule with many different isoforms produced by complex post-
translational modification. In early pregnancy, hyperglycosylated hCG is produced by the
syncytiotrophoblasts of the placenta to promote growth and differentiation.(222) The
hCG variants found in serum or urine include intact hCG (a and B) along with fragments
of nicked hCG (hCGn), nicked hCGB (hCGnB) and hCG beta core fragment (hCGpcf).(96)
These five biologically active hCG isoforms are clinically relevant in gestational

trophoblastic disease.(90)

2.9.1 hCG assays

Most commercial immunoassays were developed for the detection of hCG in early
pregnancy. Total hCG assays detect intact and free B-subunit (B-hCG) but will not
necessarily detect all isoforms secreted in GTD.(75,79) There is no international

standardised hCG assay approved for GTD. Ideally hCG should be monitored with an assay
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that detects all hCG isoforms in equimolar amounts.(77,82) GTD reference centres should
have access to at least two hCG assays, one for primary analysis and another for
confirmatory diagnosis. Several factors contribute to the variability in hCG assays
including assay calibration, analyte specificity and antibody heterogeneity. In the absence
of centralised hCG monitoring, hCG should be measured using the same assay and

analytical platform throughout follow-up to avoid inter-assay variability.(79)

In molar pregnancy, hCG is monitored post-operatively until normalization is achieved.
Despite EOTTD consensus on what constitutes “normalization”, the decision thresholds
used to define normality are assay dependent and influenced by the functional sensitivity
of the assay and confidence intervals applied.(100) Thus, the surveillance period may be
prolonged in women monitored in a centre using a cut-off <1 IU/L as opposed to the

commonly quoted cut-off <5 IU/L for pre-menopausal (non-pregnant) women.

2.9.2 Immunoassay Interference

All tumour markers measured by immunoassays are subject to false positive and false
negative results from analytical or biological interference. Analytical interference due to
the presence of heterophilic antibodies (e.g., anti-mouse antibodies) in serum usually
produces false positive results. A paired urine hCG measurement will not be subject to
interference as heterophilic antibodies are retained in the kidney. Non-linear dilution of
serum samples may also confirm antibody interference.(155) Heterophilic blocking tubes
or polyethylene glycol (PEG) precipitation may be used to remove antibody interference
in serum.(98,223) Another common phenomenon in immunoassays called the “high dose
hook effect” occurs when very high levels of hCG (>500,000 IU/L) generate a falsely low
result.(224) This occurs when excess analyte (hCG) saturates the assay antibodies and
results in underestimation of analyte concentration. Dilution of the patient’s serum will
bring the analyte concentration back into the measuring range of the assay and allow
accurate quantitation. Clinicians and scientists need to be aware of the limitations of their
hCG assay and ensure that suspicious results not fitting the clinical picture are discussed.
Further investigations may involve using an alternate assay or sending the sample for

reanalysis to a GTD reference centre.
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2.9.3 Persistent low-level elevated hCG

Persistent low levels of elevated hCG may indicate disease recurrence or lack of response
to treatment. In addition, some women with quiescent GTD have persistently low levels
of hCG without clinical or radiological evidence of disease.(99) Diagnostic interpretation
may also be complicated by a pregnancy or the presence of pituitary derived-hCG in post-
menopausal women. hCG may be normally elevated up to 14 U/L in women >55 years of
age.(225) Snyder et al. provide an algorithm for investigating pituitary-derived hCG and
the European Organisation for the Treatment of Trophoblastic Disease (EOTTD) practical
clinical guidelines suggest further ways to investigate persistent low level hCG
elevations.(86,100) Familial hCG, a rare inherited form of persistent elevated non-

functional hCG may also complicate hCG monitoring.(101)

Inaccurate serum hCG results can have serious adverse consequences for patient
management. Cole et al. reported a series of twelve women diagnosed with gestational
choriocarcinoma due to false positive hCG results.(226) Seven of these women had either
major surgery or chemotherapy and five had procedures which resulted in loss of fertility.
Concurrent testing of serum and urine hCG in a GTD reference centre resolved all cases

with false positives results due to circulating heterophilic antibodies.(226)

2.10 Clinical guidelines

In the absence of randomised controlled trial data for this rare disease, systematic reviews
and consensus expert opinion have informed the development of international clinical
GTD guidelines.(122,137) Clinical practice guidelines have been generated by a number of
organisations including the Royal College of Obstetrics and Gynaecologists (RCOG),
European Society for Medical Oncology (ESMO) and EOTTD.(27,91,100)

The EOTTD clinical working party recently published practical clinical guidelines for GTD
in an effort to harmonise practice across Europe.(100) This guideline advises when women
should be referred to specialist GTD centres and where expert advice is available. They
recommend a centralised model of care with central hCG monitoring and pathology
review as there is evidence that centralised pathology review alters the diagnosis in 40%
of cases.(227) Management of women with GTD by physicians experienced in

trophoblastic disease has also resulted in better survival outcomes.(123,228)
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A recent update to the RCOG clinical guidelines for GTD recommends registration of all
affected women with a GTD centre as a minimum standard of care.(27) The Irish clinical
guidelines endorse this recommendation and advise centralisation of hCG measurement
in a quality assured laboratory using an oncology approved assay.(108) All guidelines
recommend hCG monitoring of women post-molar pregnancy to enable early detection

of disease persistence.

A large retrospective UK study of 20,000 women who had hCG monitoring post-molar
pregnancy found the risk of GTN after hCG normalisation was 0.25% for CHM and 0.03%
for PHM.(109) A systematic review reported a slightly higher risk of GTN (0.35%) following
hCG normalisation in CHM.(229) Another study found that prolonged hCG surveillance
particularly after PHM is not cost-effective given the rarity of GTN.(230) Consequently,
the RCOG guidelines recommend a shorter hCG surveillance period after PHM with
monitoring complete once two normal hCG values are obtained, one-month apart.
Complete moles have a longer surveillance period reflecting their higher risk of GTN. In
CHM cases where hCG normalisation occurs within 56 days (8 weeks), women have hCG
monitoring for a total of 6 months post uterine evacuation. However, when hCG
normalisation occurs beyond 56 days, women have hCG monitoring for 6 months post
normalisation. (Figure 2.7).(27,108,109) Another update in the RCOG guideline concerns
women who did not require chemotherapy post-molar pregnancy. These women no
longer require a post-pregnancy hCG test or histopathological examination of their

placental tissue after future normal pregnancies.(231)

Women with invasive mole or choriocarcinoma are stratified into low or high risk GTN
based on the Federation of Gynaecology and Obstetrics (FIGO) staging and modified WHO

prognostic scoring system (Table 2.2).
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Evacuation of retained products of conception

A
{ )

Complete hydatidiform mole Partial hydatidiform mole
Monitor serum hCG* weekly Monitor serum hCG* weekly
until normalisation for 3 weeks until normalisation
{ g ) l
hCG* normalisation hCG* normalisation One confirmatory
<8 weeks >8 weeks hCG* 4 weeks later
Monitor hCG* for Monitor hCG* for
6 months after 6 months after
evacuation normalisation

Figure 2. 7: hCG Monitoring Protocol for Complete and Partial Hydatidiform Moles.
*hCG monitoring is performed on the same analytical platform throughout follow-up. Adapted
from RCOG guidelines.(27) Reproduced with permission.(232)

80



Table 2.2: FIGO staging and WHO modified prognostic scoring system for GTN

FIGO stage Description

| Gestational trophoblastic tumours strictly confined to the
uterine corpus

| Gestational trophoblastic tumours extending to the adnexa or
to the vagina, but limited to the genital structures

1} Gestational trophoblastic tumours extending to the lungs
with or without genital tract involvement

v All other metastatic sites

Risk scores 0 1 2 4
Age (years) <40 >40 - _
Antecedent Mole Abortion Term

Pregnancy

Interval from index <4 4-6 7-12 >12

pregnancy, months

Pretreatment hCG <10’ >10°-10" >10"-10° >10°
miU/ml
Largest tumour size - 3-4 >5 -

- - a
including uterus , cm

Site of metastases Lung Spleen, Gastrointestinal  Brain, liver
including uterus Kidney tract
Number of - 1-4 5-8 >8

metastases identified

Previous failed - - Single drug Two or
chemotherapy more drugs

To stage and allot a risk factor score, a patient’s diagnosis is allocated to a stage as represented by
a Roman numeral I, Il, Il and IV. This is then separated by a colon from the sum of all the actual
risk factor scores expressed in Arabic numerals, e.g. Stage |:4, Stage IV:9. This stage and score will
be allotted for each patient. 2Size of the tumour in the uterus. Reproduced with permission(233)

The FIGO scoring system is endorsed by all international GTD guidelines and revolves
around three main measures: post-evacuation hCG concentration, presence of metastatic
disease and histopathological diagnosis. A doppler pelvic ultrasound should be performed

to confirm the absence of a pregnancy and ascertain the size of any intrauterine tumour.
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Chest X-ray (CXR) as opposed to computed tomography (CT) is the preferred imaging
modality for detection of pulmonary metastases.(91) Some centres consider a hCG
concentration 20,000 U/L four weeks after uterine evacuation as an indication for
immediate chemotherapy but this has not been adopted by FIGO.(234) Genomics may
also be incorporated into future updates to the FIGO scoring system to reflect its critical

role in identifying the antecedent pregnancy for GTN.

Women with low-risk disease (score <6) without metastatic disease are offered single
agent chemotherapy or hysterectomy. While those with high-risk disease (score >7) are
offered multi-agent chemotherapy, ideally under the supervision of an expert in GTD
management. In the event of drug resistance or disease-related complications, surgery
may be considered. Women with ultra-high-risk disease (score >12) generally present
with liver or brain metastases and require specialist multidisciplinary care. An adjustment
to the FIGO scoring system is required to identify “low risk” women who become resistant
to single-agent chemotherapy to enable them be treated at the outset with multi-agent

chemotherapy.(177)

Women treated with chemotherapy post-molar pregnancy are advised to avoid
pregnancy for at least a year when the risk of relapse is greatest (3%) and a rising hCG
may prevent early detection of disease recurrence.(235) Advice on safe contraception
after a molar pregnancy can be found in national fertility guidelines.(236) A systematic
review found no evidence for an association between oral contraceptive use during post-
molar follow up and the incidence of GTN. (237) Moreover, a Brazilian study found no
association between hormonal contraception use during molar pregnancy follow-up or
GTN treatment and the risk or severity of GTN, nor did it postpone the normalisation of
hCG levels.(238) In a retrospective review of 1,532 women treated with chemotherapy,
230 became pregnant within 12-months of finishing chemotherapy and 5 of these
relapsed. However, the relapse rate in women post-chemotherapy was not higher in
women who became pregnant. The study also reported that single-agent chemotherapy
had no effect on fetal outcomes but that multi-agent chemotherapy may have a transient

effect on fertility and increase the risk of miscarriage.(239)
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Importantly, all guidelines recommend that GTN be considered in the differential
diagnosis of women who present with irregular vaginal bleeding post pregnancy and that

serum hCG be performed as part of the diagnostic work-up.(16)

2.11 Advances in diagnostics and therapeutics

Molecular genotyping now plays a central role in establishing the genomic origin of
trophoblastic tumours and informs prognosis and treatment options. When tumour tissue
is inaccessible, liquid biopsy can provide a non-invasive method of analysing circulating
tumour DNA (ctDNA) in maternal blood to confirm the genetic origin of
choriocarcinoma.(172) In a study of 20 women with GTN, STR analysis of ctDNA provided
a genetic diagnosis in all but three cases. The cases without a diagnosis had low levels of
ctDNA and concurrent low hCG levels reflecting a low tumour burden. Digital droplet PCR
combined with single nucleotide polymorphism (SNP) analysis may provide a more

sensitive technique for such cases.(170)

The use of circulating gestational trophoblasts (cGTs) to establish the genetic origin of
trophoblastic disease shows promise. A comparative study of ctDNA with cGTs found the
latter superior in confirming a diploid androgenetic conceptus.(173) Use of cGTs has the
advantage of using single cells to allow better discrimination of mosaicism and lacks

maternal DNA which simplifies result interpretation.

There is evidence that matrix metalloproteinases (MMPs) which facilitate extra-cellular
matrix degradation may allow malignant trophoblast cells invade the maternal
uterus.(240) The high expression of MMPs and low expression of their inhibitors in
choriocarcinoma may explain its invasiveness and malignant potential.(7,241) Similarly,
the wingless (Wnt) signalling pathway which regulates placental cell migration may be
implicated in trophoblastic disease. Methylation-based silencing of Wnt signalling
inhibitors could enable Wnt hyperactivation and facilitate trophoblast invasion seen in
CHM and choriocarcinoma.(242) Drugs that inhibit MMP or downregulate Wnt signalling

may provide useful future therapeutic options.

High levels of the angiogenic factor BMP-9 (bone morphogenetic Protein-9) have been
associated with chemoresistance to primary methotrexate therapy. The combined use of

serum BMP-9 levels with an ultrasound biomarker for tumour vascularity (uterine
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pulsatile index) shows promise in helping predict which women will develop
methotrexate resistance.(157) Algorithms using hCG regression nomograms to predict
early chemoresistance may prove useful but they are assay specific and not widely

adopted.(162)

In recent years, use of checkpoint inhibitor immunotherapy (e.g. Pembrolizumab) for
chemo-resistant ultra-high risk GTN has had some success.(243) Immunotherapy targets
the T-cell receptor, PD-L1 which is highly expressed on normal trophoblasts and all forms
of GTN.(177,243) The presence of tumour infiltrating lymphocytes (TILs) may serve as a
biomarker to select women who may respond to Pembrolizumab.(201) Another PD-L1
inhibitor, Avelumab is safe and effective in GTN cases resistant to single-agent
chemotherapy.(244) An alternative salvage therapy for chemo resistant GTN involves use
of Camrelizumab plus apatinib.(148) Current clinical trials are evaluating the use of
checkpoint inhibitors alone or in combination with chemotherapy to target

choriocarcinoma.(122)

Women with low-risk GTN (FIGO score 5-6) who have a high chance of resistance to first
line therapy (Methotrexate or Actinomycin-D) could be risk stratified to combination
therapy based on prognostic factors (pre-treatment hCG, metastatic disease status and
choriocarcinoma histopathology).(144) In vitro and animal studies in methotrexate
resistant choriocarcinoma cell lines identified cell cycle (CDK4) and DNA damage repair
(ATR) pathways which could be targeted in women with methotrexate resistance using

ATR or CDK4/6 inhibitors.(159)

2.12 Impact of diagnosis on women and their families

Despite excellent cure rates, the psychosocial consequences of GTD are complex and
clinicians need to be mindful of the need for counselling and psychological support for
these women. Cancer-specific distress, future fertility fears, mood and sexual
disturbances can persist for years in affected women.(7,245) A systematic review of
health-related quality of life outcomes in women with GTD found clinically significant
levels of anxiety, depression, sexual dysfunction and fertility-related distress, especially in
women treated for GTN.(116) In a recent prospective study of the psychological impact

of GTD on women, 47% reported feeling anxious and 70% reported feeling distressed
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during the surveillance period.(115) Unfortunately, this study did not record prior mental
health status of the participants.(246,247) A survey of women on the Irish national GTD
registry found that women experienced feelings of intense sadness at the time of
diagnosis and needed psychological support to help them deal with the pregnancy loss.
The need for information leaflets, psychological counselling, bereavement care guidance
and peer support was greatest in the first year after diagnosis.(232) A fear of disease
recurrence and concerns about future pregnancies accounted for some of the
psychological distress experienced by these women.(116,248,249). Healthcare
professionals treating affected women need to be mindful of the psychological wellbeing
of women and their partners as a consequence of GTD and be alert to their need for

supportive services.

2.13 Conclusion

The prognosis for women following molar pregnancy is excellent but there is still some
uncertainty around the aetiology of GTD, risk factors that cause malignant transformation
and the optimum period of surveillance monitoring. The increased use of molecular
genotyping has improved the diagnostic accuracy of GTD classification which is critical for
prognostic stratification. Further work is needed to standardise hCG assays and identify
those most appropriate for use in oncology. At this time, there is no effective prognostic
biomarker to specifically identify those few women who will develop malignancy after

molar pregnancy and require chemotherapy.

There have been significant improvements in the treatment options for GTN over the last
decade with most women now cured and salvage treatment pathways available for those
who develop chemoresistance. As our understanding of GTD evolves, we may identify
more sensitive biomarkers to detect disease progression earlier and reduce the current
lengthy surveillance period which impacts future pregnancy planning. Early identification

of women with GTD remains of paramount importance as this disorder is highly curable.
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Chapter 3 - Experience of women on the Irish National Gestational
Trophoblastic Disease Registry

3.1 Abstract

Objective: Gestational trophoblastic disease (GTD) is a rare pregnancy related disorder
and the most curable of all gynaecological malignancies. GTD comprises the premalignant
conditions of complete or partial hydatidiform mole known as molar pregnancy and a
spectrum of malignant disorders termed gestational trophoblastic neoplasia. Clinical
management and treatment in specialist centres is essential to achieve high cure rates
and clinical guidelines recommend registration with a GTD centre as a minimum standard
of care. National GTD registries are valuable repositories of epidemiological data and
facilitate clinical audit, centralised pathology review and human chorionic gonadotropin
(hCG) monitoring. This study sought the opinion of women enrolled on the Irish National
GTD registry to inform future service development and establish a knowledge base for

molar pregnancy in Ireland.

Study Design: A cross-sectional survey using an anonymised questionnaire was distributed
by post to all women on the GTD registry. The questionnaire was designed by a
multidisciplinary team and consisted of twenty-five closed-ended questions and two
open-ended questions to facilitate feedback. Data collected in the survey included
information on the patient experience of registration, knowledge of molar pregnancy,

diagnosis at their local hospital, hCG monitoring and overall satisfaction with the service.

Results: The survey had a successful participation rate of 42.6% (215/504). Forty-nine
percent (n=106) of respondents rated a rapid hCG result as their top priority. Forty
percent (n=84) of women had concerns about future pregnancies but acknowledged that
these were largely addressed by the GTD specialist nurses. A quarter of respondents
reported that other medical professionals with whom they interacted during follow-up
treatment did not understand their condition. Many women commented on the
emotional stress of attending their local maternity unit for phlebotomy while dealing with

pregnancy loss.

Conclusion: This study is unique in being the first survey of women on the Irish National
GTD registry. It highlights the specific needs of women with molar pregnancy in terms of

psychological support, bereavement counselling and peer support groups. It reveals a
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knowledge gap in molar pregnancy amongst healthcare professionals which should be

considered in future planning of medical and nursing curricula.

Keywords: Pregnancy loss, Gestational Trophoblastic Disease, Molar Pregnancy, Human

Chorionic Gonadotrophin
3.2 Introduction

Gestational Trophoblastic Disease (GTD) describes a group of rare gynaecological
disorders characterised by abnormal proliferation of placental trophoblasts. GTD
comprises the premalignant partial (PHM) and complete hydatidiform mole (CHM)
known as molar pregnancy and a group of malignant disorders consisting of invasive mole,
choriocarcinoma, placental site trophoblastic tumours (PSTT) and epithelioid
trophoblastic tumours (ETT) termed gestational trophoblastic neoplasia (GTN). Incidence
of GTD varies worldwide with a higher incidence in women of Asian descent.(181) The
United Kingdom (UK) incidence of GTD is 1:714 live births.(22,27) In Ireland, the incidence
of hydatidiform mole is 1:512 pregnancies (CHM 1:1945; PHM 1:695).(28) GTD affects
women at the extremes of their reproductive age (<20 and >40 years) but reproductive

function can be preserved with specialist care.(16,180,250,251)

A molar pregnancy often presents with vaginal bleeding in early pregnancy and is
frequently suspected on ultrasound and supported by abnormally high concentrations of
human chorionic gonadotrophin (hCG).(95) Following miscarriage or surgical removal of
the products of conception, a molar pregnancy is confirmed by histological examination
of the placenta.(27) Disease surveillance is performed using the biomarker hCG and a
raised or persistently elevated hCG concentration can indicate progression to GTN.(252)
During follow-up treatment, women attend scheduled phlebotomy to monitor hCG levels
until normalisation is achieved as outlined in the International Federation of Gynaecology

and Obstetrics (FIGO) Cancer Report 2018 (Figure 3.1).(100,253)
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Figure 3. 1: hCG monitoring protocol for complete and partial hydatidiform mole,
adapted from the FIGO guidelines.

*hCG monitoring is performed on the same analytical platform throughout follow-up.
hCG = Human Chorionic Gonadotrophin; FIGO = International Federation of Gynaecology
and Obstetrics

GTN is a rare malignancy requiring expert care to ensure optimal clinical management and
maximum cure rates.(16,124) Studies have shown that outcomes are better for women
receiving clinical care from GTD centres.(27) Research shows that countries without
centralised care have lower survival rates.(123) Clinical guidelines further support patient
management in specialised centres with epidemiological data collected in registries to
facilitate clinical audit.(21) The Royal College of Obstetricians and Gynaecologists (RCOG)
clinical guideline for GTD management recommends registration of all affected women

with a GTD centre, as a minimum standard of care.(27) The UK National GTD service
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provides a central registry with multidisciplinary care, pathology review and hCG
monitoring services spread across three designated centres: Dundee, Sheffield and
Charing Cross.(254) In Ireland, the national clinical guideline for GTD recommends
registration of affected women with a GTD centre.(255) The Irish National GTD Registry
was established in 2017 as a monitoring and advisory centre. It co-ordinates patient care
along with local clinicians and was notified of 130 molar pregnancies in 2020.(256) The
GTD nurses organise regular hCG follow-up at local hospitals and contact patients with

their results.

In the area of pregnancy loss, there is a paucity of information on the experiences of
women with molar pregnancy. Previous surveys typically focused on the experience of
women with miscarriage (257,258) and ectopic pregnancies.(259) This study evaluated
the experience of Irish women enrolled on the national GTD registry to identify their

specific needs and guide service development.

33 Materials and Methods

3.3.1 Questionnaire design

A 27-item questionnaire was developed by a multidisciplinary team consisting of a clinical
biochemist, an obstetrician gynaecologist, a GTD specialist nurse, and the clinical director
of the national GTD centre. Closed- ended questions containing checkboxes, rated, ranked
and multiple-choice questions were provided with two open-ended questions for patient
feedback (Appendix I). Registrants on the GTD centre are from different educational and
socioeconomic backgrounds so questions were designed to be readily understood with
minimum use of medical terminology. A patient representative from the national GTD
guideline development group evaluated and advised on the questionnaire prior to
finalisation which added further clarity. The questionnaire sought information on the

following issues:

Registration with a GTD centre
Prior knowledge of Molar Pregnancy
Diagnosis of GTD at local hospital

Monitoring hCG levels

m o 0o = P

Patient experience
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3.3.2 Study Participants

A letter from the clinical director was sent to all women on the GTD registry inviting them
to partake and explaining the purpose of the study. Participation in the survey was
voluntary and women consented to participate by completing the questionnaire and

returning it in a stamped addressed envelope within six weeks of receipt.

3.3.3 Data Collection
Data from the questionnaire was recorded anonymously. A total of 429 questionnaires
were distributed in November 2020 with a further 75 distributed to new registrants in July

2021 providing 504 potential respondents.

3.3.4 Statistical Analysis

Data was recorded and analysed using SPSS Statistics v28 (IBM Corp, Armonk, NY, USA).
Descriptive analysis was performed using counts and percentages. “Valid percent”
recorded in SPSS excluded missing data from unanswered questions in percentage
calculations. Patient feedback in the open-ended questions was reviewed for content and

responses were grouped into categories.

34 Results

3.4.1 Study Population
Characteristics of the study population are presented in Table 3.1. Over a ten-month study
period, 504 questionnaires were successfully distributed by post and completed by 215

women giving a response rate of 42.6%.
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Table 3. 1: Characteristics of the study population

Study characteristics n %

Questionnaires

Distributed (undelivered) 518 (14)
Delivered 504
Completed 215 42.6

Age of women on GTD registry

<20y 2 0.4
20-40y 366 70.6
>40y 150 28.9

Length of time since diagnosis

<1vyear 92 42.9
1-3 year 95 444
>3 years 27 12.6
Partial Hydatidiform Mole 351 67.7
Complete Hydatidiform Mole 157 30.3
Choriocarcinoma 5 1.0
Atypical Placental nodule 2 0.4
Placental site nodule 3 0.6

n= numbers; % = percent; y=years

3.4.2 Questionnaire Response

A. Registration with GTD centre
Study participants were largely informed about the national GTD centre by their attending
clinician (90%, n=193) or midwife (7.9%, n=17) while others accessed information on the
HSE website or social media. Most women were enrolled by their clinician with 3.8% (n=8)
instigating registration themselves. Almost half of the study participants (43%, n=92) were
diagnosed with GTD in the preceding twelve months and 93% (n=196) were registered

with the GTD centre within a year of their diagnosis.
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B. Prior Knowledge of Molar Pregnancy
Many participants 78% (n=165) were unaware of molar pregnancy prior to their diagnosis
and received a patient information leaflet upon registration. One fifth of study
participants (21.6%, n=45) were not aware of the name of the clinician responsible for
their care at the local hospital. Some participants (40%, n=81) had concerns about the
management of future pregnancies and acknowledged that these were addressed by staff

at the GTD centre.

C. Diagnosis of GTD at local hospital
Participants scored three statements relating to their diagnosis at the local hospital on a
rating scale (Figure 3.2). Most women were satisfied with how they received their
diagnosis and had adequate time to ask questions. Over a fifth of respondents (23.6%,
n=48) did not agree that other medical professionals with whom they interacted
throughout their treatment understood GTD and 14% (n=30) were unsure. In a later
question on factors impacting phlebotomy attendance, 26.5% (n=57) of participants

reported having to explain to healthcare professionals why they needed hCG monitoring.

B Stongly disagree W Disagree M Unsure Agree M Strongly Agree

Other medical professionals with whom |
interacted throughout my treatment understood
my condition

| was given sufficient time to ask questions
about my diagnosis

i

My clinician clearly explained my diagnosis

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%100%

Percentages

Figure 3. 2: Diagnosis of GTD at local hospital



D. Monitoring hCG levels
Many women (59.6%, n=127) attended the early pregnancy clinic (EPC) at their local
hospital for phlebotomy (Figure 3.3). While most respondents (80%, n=167) agreed that
hCG measurement should be performed by experienced scientists in a centralised quality
assured laboratory, all women reported timely communication of hCG results. Study
participants were impacted by multiple factors when providing blood samples for hCG
monitoring (Figure 3.4). A significant number of respondents (34%, n=67) would opt for
urine hCG monitoring if this were available. Reflecting a move to virtual clinics and digital
communication during the SARS-COV-2 pandemic, participants were asked their
preferred mode of result communication. Participants favoured multimedia formats of

communication with a preference for telephone and text message as opposed to emails

and letters.
Where did you provide blood samples for hCG
measurment?
60%

E
-]
=}
£
=
£ :

L

|
Early Pregnancy Clinic  Phlebotomy unit at GP surgery Other
ocal hospita

Figure 3. 3: Provision of blood samples for hCG measurement
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Figure 3. 4: Factors impacting attendance for phlebotomy
GP = general practitioner; EPU = Early Pregnancy Unit

E. Patient experience

Study participants ranked their priorities for services from the GTD centre (Figure 3.5).
Most respondents (49%, n=106) ranked a rapid hCG result as the top priority with some

women giving equal priority to all options provided.
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Figure 3. 5: Patient priorities based on their experience on the GTD Registry

All participants were satisfied with the quality of care provided by the National GTD
Centre and this is reflected in the illustrative quotes in Table 3.2. In the open-ended
questions, respondents requested psychological counselling for woman and their

partners, as well as peer support groups.
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Table 3. 2: lllustrative quotes from “other” options and open-ended questions

Section of Quotes
Questionnaire
Registration “Cannot compliment the GTD registry highly enough. | felt in good

hands in world class care at all times.”

Diagnosis at local  “Wasn't explained as clearly as | needed it to be, more brushed over.
hospital Contacted by the GTD nurses who are very good.”

Factors impacting  “/ had to travel 40mins to hospital every Monday for 6 months.”
Phlebotomy

“I had to leave work to attend appointments.”

“EPC is a difficult place to be. | have been there too many times over
the last number of years to count. It is difficult when you have had a
miscarriage to keep going back there for blood tests and sitting with
people who are having positive scans and making their next
appointments at the desk of the very small waiting room.... It
certainly adds to the trauma of being there in the first place.”

Additional “Mental health support/counselling services due to the uncertainty
Resources: of the illness and the fact that it is often following a pregnancy loss.”

“Options for peer support. Perhaps an online support group”

3.5 Discussion

This study evaluated the experience of women with molar pregnancy at diagnosis and
during follow-up management at a national GTD centre. Most survey respondents were
satisfied with how they received their diagnosis at the local hospital, but some had
insufficient time to question their diagnosis. This emphasises the importance of medical
professionals allocating appropriate time for women to ask questions, discuss their
concerns and comprehend their diagnosis. One fifth of study participants did not know
the name of the local clinician responsible for their care. A recall bias may contribute to
this finding as almost half of the respondents were diagnosed more than 12 months prior

to completing the questionnaire.

The study highlights a knowledge gap in molar pregnancy amongst healthcare
professionals. Approximately one-third of study participants were not confident that

other medical professionals with whom they interacted throughout their treatment
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understood their medical condition. This emphasises a need for further education on
molar pregnancy which could be addressed in undergraduate medical and
nursing/midwifery curricula and by promoting its inclusion at international conferences,

national study days and postgraduate modules.

Currently, registration with the national GTD centre is voluntary and this study found that
3.8% of respondents had to instigate registration themselves. Our findings suggest
consideration be given to mandatory registration of women with GTD to ensure optimal
clinical management and maximum cure rates for this rare disorder. Overall, there was a
high level of satisfaction with services provided by the national GTD centre with many

women commenting on the excellent care received from the specialist nurses.

The top priority for women was a rapid hCG result and all participants received their hCG
results in a timely manner. Most women favoured use of multimedia formats to receive
their hCG results. Some women elected to receive results initially by telephone
particularly when a critical result was awaited and by text messages at all other times. A
few participants reported receiving telephone calls informing them of their hCG result or
histological diagnosis at an inappropriate time during their working day which added to
their distress. These women voiced a preference for an advance text message to arrange
an appropriate time for a follow up telephone call. This feedback will help inform service

development and improve communication with users.

Multiple factors impacted women attending phlebotomy for weekly hCG monitoring
Predominant among these was childcare, travel time and charges for appointments with
a general practitioner (GP). An extension of the Irish maternity and infant care scheme to
include free GP care for women with molar pregnancy could help eliminate phlebotomy
costs and travel time. Some participants remarked on the emotional stress of attending
their maternity unit on a weekly basis while dealing with pregnancy loss and some
reported feeling “in the way”. A common thread in feedback received was the need for a
separate phlebotomy service for women with molar pregnancy. This could be addressed
by offering early morning appointments at the EPC or providing a separate phlebotomy

pathway through use of a pregnancy loss alert symbol sticker on the patient chart.

Some women experienced feelings of intense sadness on receiving a diagnosis of molar

pregnancy and many reported a need for psychological support at the time of pregnancy
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loss. A recent study on the psychological impact of GTD reported similar levels of distress
at diagnosis.(115) Healthcare professionals interacting with these women need
bereavement care training to ensure all aspects of care are provided. Appropriate time is
required during clinic visits to acknowledge the woman'’s loss and provide psychological
support. Previous studies identified a fear of disease recurrence and concerns about
future pregnancies as a cause of psychological distress.(116,248,249) Women with GTN
are known to have higher depression scores than women with hydatidiform mole.(249)
Knowledge of the patient experience has become a key factor in optimising outcome in
medicine.(260) A study examining the concepts of empathy, knowledge and kindness to
women during their reproductive life found that healthcare professionals with an
emotional awareness of the woman’s situation, can contribute greatly towards the
woman’s recovery and satisfaction with care.(261) An appointment for a follow up call by
the GTD nurse specialist could provide an opportunity for support and referral for
counselling as needed and aid greatly in the patient’s recovery.(262) The model of
psychosocial care for patients with cancer and their families recently launched by the Irish
national cancer control programme could be a useful model to explore for women with

GTD.(119)

Participants in this study highlighted the need for information leaflets for partners and
family members. Women had difficulty coping with the diagnosis themselves and did not
feel able to share their diagnosis with others or explain it to family members. Provision of
additional information leaflets for family members deserves consideration by GTD

centres.

The desire for “real” or “virtual” patient support groups was expressed by many
participants. The internet provides opportunities for individuals living with rare disease to
communicate with each other via online support groups. These groups offer many unique
advantages, such as convenience, anonymity, and access to a diverse range of group
members.(263) Recounting personal experiences in the confines of a closed social media
support group may help other women and this shared understanding between patients
may be difficult to replicate in information leaflets and website testimonials.(255)
Healthcare professionals should consider the formation of new partnerships of

collaboration and advocacy with these groups. This approach is best exemplified in the
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Brazilian Facebook GTD page, led by a network of expert physicians working in GTD
reference centres. Online forums provide an opportunity for medical professionals to
respond to patient queries, correct misinformation and provide a valuable resource for

medical education.(264)

Our study results should be viewed in the context of some limitations. The survey provides
the view of responders and assumes that non-responders will have a similar view. A recent
review of 717 annual patient satisfaction surveys provided response rates ranging from
16-80% (pooled average 49.8%).(265) This survey had a response rate of 42.6% which is
close to the expected average. However, the response rate may have been influenced by
the sensitivity of the subject area and the ability of the survey to provoke unpleasant
memories. Our findings may also be impacted by completion bias and might not represent
the majority view of women on the GTD registry. Previous studies have shown that the
most satisfied patients and to a lesser extent, the least satisfied patients are most likely
to participate in a hospital satisfaction survey.(265) Furthermore, the questionnaire was
only produced in English which may have deterred non-nationals from completing the
survey. As with all surveys, the study findings are limited by the questions asked and
feedback from the open-ended questions suggested additional questions of relevance to
these women. Finally, the views of the partners of women experiencing a molar
pregnancy were not included in this survey but their views are important and should be

included in future surveys.

Despite these limitations, this study is the first of its kind to evaluate the experience of
women on the lIrish national GTD registry. The anonymous survey gave women an
opportunity to provide unbiased feedback and provides valuable information for

optimising the care of women with molar pregnancy.

3.6 Conclusion

This study is the first survey of women on the Irish national GTD Registry. Women with
molar pregnancy have not been included in previous pregnancy loss surveys but deserve
inclusion as their experience of pregnancy loss is equally relevant. The survey highlights
the educational needs of healthcare professions caring for women with rare disease. It
informs the service needs and psychological challenges of women with GTD and

establishes a knowledge base for future service development.
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Chapter 4 — A novel scoring system provides high separation of
diploidy and triploidy to aid partial hydatidiform mole diagnosis: an
adaption of HER2 D-DISH for ploidy analysis

4.1 Abstract

Aims: Diagnosis of hydatidiform mole or molar pregnancy based on morphology alone
can be challenging, particularly in early gestation, necessitating the use of ancillary
techniques for accurate diagnosis. This study aimed to adapt the VENTANA® HER2 dual-
colour dual-hapten in-situ hybridisation (D-DISH) assay by using the internal chromosome

17 enumeration probe (CEP-17) to determine ploidy status.

Methods: We selected twenty-five products of conception (POCs), consisting of molar
and non-molar cases to validate the HER2 D-DISH assay. These cases had prior
morphological assessment by a perinatal pathologist and ploidy analysis using molecular
cytogenetics. Three independent observers, blinded to the original histopathological and
genetic diagnosis, scored 10 representative areas on each slide. Interobserver variability
was assessed by comparing the total scores assigned by each observer using analysis of

variance (ANOVA).

Results: Our ploidy scoring system accurately determined the correct number of diploid
and triploid conceptuses, demonstrating complete concordance with pre-existing ploidy
status and the initial diagnosis. ANOVA analysis revealed robust inter-observer agreement
between the three independent scorers (p=0.36). We achieved clear separation of
average nuclear signals for diploid and triploid conceptuses, which was statistically
significant (p<0.05) using the Wilcoxon test. Employing our innovative scoring system,

known as the “rule of 5”, we established ploidy decision thresholds for all 25 cases.

Conclusions: Our modified HER2 D-DISH ploidy assay simplifies the process of ploidy
determination and improves the accuracy of morphological diagnosis of molar pregnancy.
The HER2 D-DISH assay was selected for ploidy analysis due to the widespread availability

of in-situ hybridisation in pathology laboratories.
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= The HER2 D-DISH assay is used extensively in pathology laboratories to

determine HER2 amplification status, primarily in breast and gastric cancers.

WHAT THIS STUDY ADDS

= This study demonstrates how an adaption of the HER2 D-DISH assay, which
focuses on nuclei with the highest numbers of nuclear signals from
chromosome 17 centromeric probes, facilitates ploidy assessment. This
adapted HER2 D-DISH assay offers an accurate, reliable adjunct to morphology

for partial hydatidiform mole diagnosis.

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR POLICY

= The HER2 D-DISH ploidy scoring system achieves high separation between
diploidy and triploidy, helping pathologists achieve more accurate
hydatidiform mole diagnosis. This will decrease diagnostic errors, reduce
patient anxiety and lower hCG surveillance costs. Furthermore, it will facilitate
the collection of more reliable incidence data, influencing future research,

clinical practice and service development.
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4.2 Introduction

Gestational trophoblastic disease (GTD) covers a wide spectrum of disorders from the pre-
malignant conditions of hydatidiform mole (HM) to the malignant disorders of
choriocarcinoma, invasive hydatidiform mole, placental site trophoblastic tumour (PSTT)
and epithelioid trophoblastic tumour (ETT). HMs may be further classified into complete
(CHM) or partial (PHM) based on their characteristic morphological features and genome
complement.(266). CHMs mostly have a diploid (2n) androgenetic genome whereas PHMs

mostly have a triploid (3n) diandric monogynic genome.

Diagnosis of PHM and CHM can often be made on morphology alone when the
characteristic morphological features of HM are present. It is important to accurately
classify HMs as the risk of progression to gestational trophoblastic neoplasia (GTN) is
lower for PHM (0.5-1%) than for CHM (13-16%).(129) However, there are some reported
cases of PHM progressing to GTN.(185,267,268)

Advances in ultrasonography have resulted in earlier detection of HMs when typical
morphological features may be subtle or absent making the pathological diagnosis more
challenging.(105) Early pregnancy loss tissue specimens may exhibit atypical villous
morphology (AVM), sometimes due to aneuploidy, which can mimic HM, making it
difficult to distinguish PHM from hydropic non-molar miscarriage.(66,212) Diagnosis of
PHM on morphology alone has an error rate of at least 20%.(220) Consequently, ancillary
techniques have diagnostic utility in differential diagnosis when morphology is subtle or
atypical and can help distinguish triploid PHM from diploid and aneuploid gestations. This
can allow women with confirmed non-molar miscarriage avoid human chorionic

gonadotrophin (hCG) monitoring and attempt a new pregnancy without delay.

p57 immunohistochemistry is frequently used as a diagnostic tool to confirm CHMs as in
these cases abnormal absence of staining for p57 in stromal and cytotrophoblast cell
nuclei supports the diagnosis.(68) When p57 staining is normal, (i.e. cytotrophoblast and
stromal nuclear staining is maintained), and/or where morphology assessment raises a
differential diagnosis of PHM, ploidy analysis can identify a diploid or triploid conceptus
and help distinguish PHM from non-molar miscarriage. Ploidy analysis can be determined
using flow cytometry, fluorescent in-situ hybridisation (FISH) or chromogenic in-situ

hybridisation (CISH). Galea and colleagues have used silver in-situ hybridisation (SISH) for
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the determination of ploidy in suspected molar pregnancy and others have adapted HER2
chromogenic in-situ hybridisation assays to determine DNA ploidy.(269-271) The HER2
dual colour dual hapten ISH (D-DISH) assay is readily available in many pathology
laboratories for determining HER2 gene amplification status in women with breast cancer.
This assay incorporates a chromosome 17 enumeration probe (CEP17) which can be used

to provide ploidy status.

Molecular genotyping can infer ploidy while also elucidating the genetic origin of the
additional chromosomal complement in the triploid conceptus. It can also inform the
differential diagnosis of a twin pregnancy with HM, mosaics and discordant p57
immunohistochemistry.(61,66,69) Furthermore, it can help identify familial recurrent
hydatidiform mole (FRHM), a rare autosomal recessive disorder due to pathogenic

variants in various genes (NLRP7, KHDC3L and PAD16).(186,208,272)

Triploidy is a common chromosome anomaly occurring in 1-2% of all
conceptions.(273,274) In our clinical practice, we routinely send samples of all placentas
from second-trimester pregnancy loss and selected recurrent first trimester pregnancy
loss products of conception (POC), for genetic analysis to identify aneuploidies and
genomic imbalances. The impetus for this study arose from an incidental finding of
triploidy in some POCs following cytogenetic analysis, where subtle morphological
features of PHM had led to the initial underdiagnosis of PHM. This led to the search for
an ancillary technique that would be accessible in our pathology laboratory to aid

diagnosis in POCs with features suspicious for PHM.

In this study, we sought to adapt the VENTANA® HER2 dual-colour dual-hapten ISH (D-
DISH) assay by using the internal chromosome 17 enumeration probes (CEP-17) for ploidy

analysis.
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4.3 Materials and methods

4.3.1 Study design

Twenty-five atypical POCs whose cytogenetic results were available, were randomly
selected for verification of the HER2 D-DISH assay. These POCs consisted of a mixture of
CHMs, PHMs and non-molar pregnancies. All cases had morphological assessment by a
perinatal pathologist and confirmation of ploidy status by prior genetic analysis. The HER-
2 D-DISH assay was adapted for ploidy analysis by using the internal chromosome 17
enumeration probe to determine ploidy status. Misinterpreting trisomy 17 as triploidy
was considered, and deemed highly improbable given the rarity of trisomy 17 in
pregnancy loss specimens (1 in 1,000 miscarriages).(275,276) The study formed part of a
quality assurance activity in our pathology laboratory and ethical approval was not

required.

4.3.2 Confirmatory genetic analysis

We send POCs from selected first and second-trimester pregnancy loss to an external
laboratory for comprehensive genetic analysis. During this process, evaluation of
aneuploidy was conducted by quantitative fluorescent polymerase chain reaction (QF-
PCR) targeting chromosomes 13,15,16,18,21,22, and the sex chromosomes. Genotyping
of 42 polymorphic genetic markers known as short tandem repeats (strs), and two non-
polymorphic sex chromosome markers, namely SRY and Amelogenin was performed using
the Devyser Extend kit v2 (Devyser AB, Sweden). Genomic imbalances, including deletions
and duplications were detected through multiplex ligation-dependent probe

amplification (MLPA) analysis, using the sub-telomeric kit SALSA P036-E1 (MRC Holland).

4.3.3 Chromosome 17 HER2 D-DISH analysis

The VENTANA® HER2 D-DISH assay was performed using 4um tissue sections from
selected formalin-fixed paraffin-embedded (FFPE) blocks derived from the 25 POC cases.
This analysis was performed on the Benchmark Ultra-Advanced automated staining
system (Roche™ Diagnostics). The HER2 D-DISH assay is a closed system incorporating two
DNA probes, each employing distinct chromogenic detection systems. The silver ISH
dinitrophenyl (DNP) probe detects HER2 while the red ISH digoxigenin (DIG) probe binds
to the centromeric region of chromosome 17, as illustrated in Figure 4.1. The procedure

was performed according to manufacturer instructions and slides were counterstained
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with haemotoxylin for interpretation by conventional bright-field light microscopy.(277)
The HER2 D-DISH-stained slides were reviewed for staining adequacy and the staining
quality was monitored by internal quality assessment. The study was performed in a
pathology laboratory accredited to 1ISO15189 international standards which participates
in external quality assurance for HER2 and ISH (UKNEQAS and Nordic).

A B

Naphthol
Fast Red
CEP17
HER2 Ant.i-NP AP-labelled @ Red ISH Signal
antibody &
NP-labelled
anti-DIG antibody
DIG Chr 17 DIG
labelled
DNA Probe

Chromosome 17 Centromere Region

Figure 4. 1: Red ISH DIG-labelled Chromosome 17 detection system.

(A) Ideogram of chromosome 17 showing the HER2 locus and Chromosome 17 centromeric locus
which binds the enumeration probe (CEP17). (B) Illustration of the Red ISH DIG detection system.
A chromosome 17 DNA probe labelled with digoxigenin (DIG) targets the centromeric region to
provide information on ploidy. An anti-DIG antibody labelled with Nitro Pyrazole (NP) is detected
by a secondary antibody conjugated with alkaline phosphatase (AP) which cleaves the substrate
(Naphthol Fast Red) to produce a red signal. Adapted from the Roche VENTANA™ HER2 Dual ISH
Method Sheet (2020-07-27, Rev A)

A ploidy score was derived by counting the red ISH signals within the nucleus of villous
stromal cells. For the nuclei to be eligible for scoring, they had to meet specific criteria:
nuclei must not overlap, and red signals must be contained within the nucleus and must
be separate from one another. During the signal counting process, we deliberately chose

villi that met certain criteria: villi were selected to avoid excessive cellularity that could
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lead to nuclei overlapping, and highly hydropic villi were excluded as the stroma would be
too paucicellular. Consequently, villi with an intermediate level of cellularity were

selected for assessment in each POC.

Scoring was performed by three independent observers: a perinatal pathologist, a
gynaecological pathologist and a medical scientist. An average of the three scores was
taken for each case. All observers were blinded to the original histological and genetic
diagnosis. Before formal scoring, a preliminary evaluation of the slides was performed to
identify areas of the slide with the cleanest CEP17 signals (x400 magnification) to facilitate

accurate analysis.

4.3.4 Development of a Ploidy Scoring System

When we initially adapted the HER2 D-DISH method for counting the CEP17 signals, it
became evident that a considerable number of nuclei within a field of view exhibited
either zero or just one signal. This reduced the average nuclear signals in both diploid and
triploid POCs, blurring the distinction between diploidy and triploidy. For instance, using
this counting method, a triploid mole (Figure 4.2A) with 54 nuclei (whole or partial) and
86 red signals resulted in an average nuclear signal of 1.59. In contrast, a diploid tissue
(Figure 4.2B) with 53 nuclei (whole or partial) and 58 red signals resulted in an average
nuclear signal of 0.91. This counting method did not intuitively reflect the number of
genomes present. One would expect diploid (2n) and triploid (3n) conceptuses to yield
scores closer to 2 and 3, respectively. As a result, we decided to establish our own scoring

system.
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Figure 4. 2: HER2/CEP17 D-DISH immunostaining with black arrows showing.

(A) three red signals in some but not all villous stromal nuclei in a triploid conceptus and
(B) two red signals in some but not all villous stromal nuclei in a diploid conceptus (nuclei
with three signals are rare in this situation). In B the inset shows an example of a nucleus
with three red signals in a genetically confirmed diploid conceptus. As 4 black Her2 signals
are present this example likely represents two overlapping nuclei that could not be
recognised as separate (these black signals although present are not used in the ploidy
counting methodology)
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We hypothesised that by focusing on a subset of nuclei with the highest nuclear signal
counts within the high-power fields (hpf) under evaluation, we would consistently identify
and count nuclei with two CEP17 signals in diploid POCs and three CEP17 signals in triploid
POCs. To validate this approach, we obtained the average of the highest nuclear signal
count obtained from 5 nuclei, in 5 adjacent high-power fields in 5 different areas — the
“rule of 5” (Figures 4.3 and 4.4). To ensure this total number of nuclei was sufficient for
scoring, we initially compared this method across 10 and 5 representative areas. Applying
our newly established system to the HER2 D-DISH example illustrated in Figure 4.2, we
found that a triploid mole (2A) had 5 nuclei with three signals, resulting in an average
nuclear signal of three. In contrast, a diploid POC (2B) had 5 nuclei with two signals,
resulting in an average nuclear signal of two. Hence, this scoring system aligns more

intuitively with the evaluation of diploid and triploid status.
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HER2 D-DISH
assay

Adequate
staining?

Scan the slide and select
e 5 areas with the highest
nuclear signals

Repeat D-DISH staining

Count the Red signals (CEP17) in
5 nuclei, from 5 adjacent hpfs

in 5 areas of the slide

Report the average nuclear signal
from 25 nuclei

Figure 4. 3: Flow diagram illustrating steps in the performance of the adapted HER2 D-
DISH assay for ploidy analysis and “Rule of 5” scoring system. CEP17: chromosome

enumeration probe 17, hpf: high power field
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Figure 4. 4: “Rule of 5” scoring system.

The figure shows how the highest nuclear signals are selected. In each area, comprising
5 high power fields (hpfs) the 5 nuclei with the highest number of CEP17 signals are
identified and the average nuclear signal is recorded. This process is then repeated in 5
different areas of the slide to give an average across 25 hpfs. The average nuclear signal

for diploidy is close to 2 and for triploidy is close to 3. X: average nuclear signal
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4.3.5 Statistical analysis

The “rule of 3” was used to estimate the power provided by our study sample size of 25
POCs. Applying this rule, we would have 95% confidence that the probability of an event
occurring which is not seen in the validation cohort (i.e. Misclassification of diploidy or
triploidy) is 12% (3/25) providing an estimated 88% power to determine study
accuracy.(278)

The CEP17 nuclear signal counts were recorded in a scoring spreadsheet. Statistical
analysis was performed using Microsoft Excel 2021 and Analyse-IT software. Average
nuclear signals were counted in 10 representative areas on each slide. The total scores
assigned by three independent observers were compared using analysis of variance
(ANOVA). The Kappa statistic was used to assess inter-rater agreement across the three

raters.

To determine the minimum number of areas required for scoring, a comparison was made
between the average nuclear signal counts obtained from counting 5 versus 10
representative areas. Normality was assessed using the Shapiro-Wilk test. Parametric
data were represented by mean (standard deviation) and non-parametric data by median

(interquartile range) and a p value of <0.05 was deemed statistically significant.

4.3.6 Ploidy implementation audit

Application of the diagnostic threshold values established for ploidy status was audited
for a 2-year period after implementation to assess its impact on diagnostics, its ease of
implementation, clinical practice points and to determine the equivocal rates for PHM

diagnoses.

4.4 Results

In this study, the 25 cases selected had prior ploidy status established by molecular
cytogenetics which reported 17 cases of diploidy (15 NM and 2 CHM) and 8 cases of
triploidy (PHM).

Using our HER2 D-DISH ploidy scoring system, we demonstrated complete concordance
with the original genetic diagnosis. We successfully identified the correct number of

diploid and triploid conceptuses yielding a 95% Cl for a maximum sensitivity of >88%.
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Notably, the two diploid CHM cases identified by genetic analysis were diagnosed in our

laboratory through morphological examination and ancillary p57 immunohistochemistry.

There was robust inter-observer agreement between the three independent raters, A
(mean 2.27, SD 0.45), B (mean 2.28, SD 0.47) and C (mean 2.25, SD 0.48), as assessed by
ANOVA (p=0.36). The inter-rater agreement across the three raters, as measured by the
Kappa statistic was 0.812 (p-value<0.001). If we exclude the two cases categorised as
equivocal due to suboptimal staining, the Kappa statistic is 0.927 (p-value<0.001). In
keeping with Landis and Koch (1977) Kappa values of 0.81 or more may be interpreted as
almost perfect agreement.(279) This highlights the need for good quality staining to
ensure more accurate counts and better precision when applying this novel scoring

system.

Average nuclear signal counts for diploid and triploid cases remained constant when we
reduced the count from 10 to 5 representative areas, as depicted in Table 4.1. This
consistency held true when we analysed all cases collectively, and when we excluded the
two equivocal cases from our analysis. Consequently, we can confidently adopt a scoring
system that relies on just 5 areas characterised by high signal intensity. This finding

emphasises the reliability and robustness of our scoring system.

Table 4. 1: Average nuclear signal counts from 5 versus 10 representative areas

Cases Xs SD X0 SD P value
Total 2.27 0.39 2.26 0.39 0.4524
(n=25)

Total 2.27 0.40 2.26 0.40 0.3048
(n=23)*

Diploid (n=17) 2.03 0.05 2.04 0.06 0.2334
Triploid (n=8) 2.78 0.28 2.77 0.26 0.9453

*Equivocal cases excluded, (Xs) mean average nuclear signal count for 5 areas on each

slide (X10) = mean average nuclear signal count for 10 areas on each slide, SD: standard
deviation. P value: statistical significance (p<0.05).
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4.4.1 Establishing decision thresholds

Ploidy decision cut-off values were determined by considering all 25 cases collectively and
then reevaluating with the exclusion of the 2 cases ultimately deemed “equivocal”.
Notably, there was a statistically significant separation between the average nuclear
signal counts for diploid and triploid conceptuses, as demonstrated using the Wilcoxon
test (p<0.05). This held true even when equivocal cases were included and validated the

application of our innovative “Rule of 5” scoring system (Figure 4.5).

The differentiation between diploid from triploid conceptuses is visually depicted through
box and whisker plots, illustrating the average nuclear signal counts for both groups
(Figure 4.5). Final decision thresholds were established based on the analysis of 23 cases
(Table 4.2). A conceptus was categorised as diploid (2n) if it exhibited an average nuclear
signal < 2.2 and triploid (3n) if it displayed an average nuclear signal of > 2.8. Cases falling

within the range of scores > 2.2 and < 2.8 were categorised as equivocal.
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Figure 4. 5: Box and whisker plots

The graph is showing the average nuclear signal based on the “Rule of 5” scoring system.
Scores are divided into diploid and triploid conceptuses to enable the establishment of
ploidy decision thresholds. Figure (a) shows all 25 cases and (b) shows 23 cases
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(equivocal cases excluded). The box portion of the plot includes 50% of the data, the
lower, median (represented by a solid line) and upper quartile. The whiskers extend to
the maximum and minimum values. Disconnected points are potential outliers. Grey
lines show statistical significance (p<0.05) between diploid and triploid medians.

|II

It's worth noting that two cases ultimately designated as having "equivocal” scores (cases
14 and 19) were indeed triploid but displayed scores slightly lower than the other triploid
conceptuses, with scores of 2.29 and 2.40, respectively. Upon review, it became apparent
that both cases had suboptimal staining quality, which likely accounted for the lower
average nuclear signals observed. Importantly, neither of these cases exhibited
characteristic morphological features of PHM and required ploidy analysis to establish the
diagnosis. While their scores clearly distinguished them from the diploid cases (all of
which had scores less than 2.15), it was decided to place these two cases in an equivocal

category to maximise diagnostic confidence. This approach ensured a substantial gap

between diploid and triploid categories (Figure 4.5b).

Table 4. 2: Ploidy decision thresholds for diploid and triploid genomes

Ploidy status Genome “Rule of 5” based
Number (n) Average nuclear signal

Diploid 2n 2.2

Equivocal 2n-3n >2.2and< 2.8

Triploid 3n >2.8

4.4.2 Implementation Audit results

Following the implementation of our ploidy determination method with established
decision thresholds, an audit of all POCs received in our pathology department over a 2-
year period revealed that 7.7% (98/1264) of POCs underwent HER2 D-DISH analysis to aid
in the diagnosis or exclusion of PHM. Among those cases, 47% (46/98) were confirmed as
triploid PHMs, with an equivocal rate of 1.02% (1/98). In collaboration with clinicians on
the GTD steering committee, it was decided that all equivocal cases would be registered
with the GTD centre for further clinical follow-up and hCG monitoring as potential PHMs.
This decision was made due to the lack of molecular genotyping services nationally, which
could have resolved the equivocal diagnoses, and the short surveillance period required

for most PHMs.
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During the practical implementation of this method, pathologists found that the scanning
process, aimed at identifying nuclei with the highest signal count in each hpf, effectively
evolved into a search for nuclei with three or more signals. This approach allowed for the
rapid evaluation of a substantial number of nuclei within the villus stromal population,
spanning a total of 25 hpfs. As a result, it enabled a more comprehensive assessment of

the tissue than initially appreciated.

4.5 Discussion

Our validation study has demonstrated the accuracy of HER2 D-DISH ploidy analysis in
effectively distinguishing between diploid and triploid gestations. While the initial
validation study identified two out of 25 cases (8%) as equivocal, continuous experience
gained in morphological assessment and HER2 D-DISH staining has substantially reduced
the occurrence of equivocal cases over time. This reduction is exemplified by the lower
equivocal rate (1.02%) observed in our implementation audit of the “Rule of 5” scoring

system, confirming the diagnostic utility of this technique.

We established the sensitivity and specificity of our novel scoring system in a follow up
evaluation audit using molecular genotyping. This audit aimed to assess the accuracy of
the HER2 D-DISH ploidy assay in identifying triploid PHM conceptuses (sensitivity) and
diploid non-molar conceptuses (specificity) in a cohort of samples with equal numbers of
diploid and triploid conceptuses. Application of the scoring system to determine ploidy
did not yield any false positive or false negative triploid PHMs results. This audit achieved
100% sensitivity and specificity (95% Cl:> 92%, n=36) confirming the accuracy of our novel

scoring system.(275)

It is important to note that ploidy analysis, while valuable in distinguishing diploid from
triploid conceptuses, does not identify the genomic origin of the additional chromosomal
complement in a triploid conceptus. This raises concerns about the potential over-
diagnosis of PHM based on ploidy alone, as there is a risk of mistakenly including digynic
triploid conceptuses. Additionally, there are documented cases where digynic triploid
non-molar pregnancies exhibit morphological features similar to PHM.(220) However,
recent auditing of our service using molecular genotyping demonstrated that HER2 D-
DISH ploidy analysis did not lead to misdiagnosing PHM due to digynic triploidy.(275)

This suggests that, from a practical viewpoint, laboratories using morphological
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assessment supported by an accessible ploidy assay may (a) accurately exclude PHM by
confirming diploid conceptus status and (b) confirm triploid status in suspected PHM
cases without a substantial risk of over-diagnosis by miscategorising digynic triploid

conceptuses.

Use of molecular genotyping for ploidy analysis has certain challenges, primarily due to
the low quantity and quality of DNA extracted from FFPE tissue, which in turn, impacts
the success rate of the analysis. The potential for contamination of trophoblastic villi with
maternal decidua further complicates the interpretation of genotyping results.
Furthermore, it's important to recognise that genotyping represents a more expensive
approach when compared to HER2 D-DISH (approximately €250 per test), principally due
to the requirement for specialist equipment and the need for scientists proficient in

interpreting genotyping data.

In our laboratory, we have a low threshold for requesting ploidy analysis to support PHM
diagnosis. The key enabler of this approach is the ready availability of HER2 D-DISH
analysis, which has proven to be highly effective in our setting. We have successfully
identified triploidy in approximately 47% of atypical conceptuses selected for testing,
coupled with a low equivocal rate of 1.02%. The adapted HER2 D-DISH assay offers many
advantages, most notably it’s speed, convenience, ready accessibility and compatibility
with FFPE tissue. It has many benefits over molecular genotyping including the potential
for a quicker turnaround time, broader accessibility within pathology laboratories and the

absence of a requirement for specialist training in molecular genetics.

In laboratories that lack access to ancillary techniques for aiding PHM diagnosis, especially
in cases where a definitive diagnosis cannot be reached and PHM cannot be excluded,
adherence to national clinical guidelines is advisable. In Ireland, these guidelines
recommend registering such cases with the National GTD centre for hCG surveillance, as

hCG levels generally normalise within a two-month period.(108)

The finding that a relatively high proportion (7.7%) of POC received by our laboratory
required the application of HER2 D-DISH ploidy analysis to aid in PHM diagnosis or
exclusion is noteworthy. Equally striking is the almost equal distribution between the

identification of triploid (47%) and diploid (52%) cases. This collectively underscores the
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complexity of HM diagnosis, emphasising the importance of having an accessible solution

to address these challenges in clinical practice.

4.5.1 Limitation and Strengths

Future prospective larger studies are needed to validate this innovative scoring system
before it can be recommended for routine use and especially as it extends to other
pathology centres. Given the broader availability of in-situ hybridization (ISH) in pathology
laboratories, this makes the integration of ISH into routine practice more feasible than
molecular genotyping. Going forward, implementation of HER2 D-DISH ploidy analysis
holds the promise of reducing the number of cases with uncertain diagnoses, thereby
alleviating emotional distress for patients and eliminating the costs associated with clinic
attendance and hCG surveillance. Moreover, it has the potential to address an unmet

clinical need by providing more accurate estimates of HM incidence rates.

4.6 Conclusion

Use of the adapted HER2 D-DISH assay, using the innovative "rule of 5" scoring system,
provides a reliable adjunct to morphological assessment for partial hydatidiform mole
diagnosis. This ploidy assay offers a potentially more accessible alternative to molecular

genotyping, particularly in pathology laboratories where resources are limited.
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Chapter 5 - Morphology combined with HER2 D-DISH ploidy analysis
to diagnose partial hydatidiform mole: an evaluation audit using
molecular genotyping

51 Abstract

Aims: A hydatidiform mole (HM) is classified as complete (CHM) or partial (PHM) based
on its morphology and genomic composition. Ancillary techniques are often required to
confirm a morphologically suspected PHM diagnosis. This study sought to evaluate the
clinical accuracy of PHM diagnosis using morphological assessment supported by HER2

dual-colour dual-hapten in-situ hybridisation (D-DISH) ploidy determination.

Methods: Over a 2-year period, out unit examined 1265 products of conception (POCs)
from which 103 atypical POCs were diagnosed as PHM or non-molar conceptuses with the
assistance of HER2 D-DISH ploidy analysis. We retrospectively audited a sample of forty
of these atypical POCs using short tandem repeat (STR) genotyping. DNA extracted from
formalin-fixed paraffin-embedded tissue was genotyped using twenty-four polymorphic
loci. Parental alleles in placental villi were identified by comparison to those in maternal
decidua. To identify triploid PHM cases, we sought three alleles of equal peak height or

two alleles with one allele peak twice the height of the other at each locus.

Results: Thirty-six of the forty cases (19 PHM and 17 non-molar) were successfully
genotyped and demonstrated complete concordance with the original diagnosis. All PHMs
were diandric triploid of dispermic origin. In two non-molar diploid cases, we identified
suspected trisomies (13 and 18), which potentially explains the pregnancy loss in these

cases.

Conclusions: This study validates the use of HER2 D-DISH ploidy analysis to support the

diagnosis of a morphologically suspected PHM in our practice.
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Diagnosis of partial hydatidiform mole on morphology alone can be challenging
and is prone to high error rates, often necessitating the use of ancillary

techniques to supplement the morphological assessment.

WHAT THIS STUDY ADDS

= Ploidy determination using an adapted HER2 D-DISH assay assists in the

diagnosis of partial hydatidiform moles in our practice.

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR POLICY

= HER2 D-DISH ploidy analysis could if correctly implemented improve the
accuracy of HM diagnosis and reduce the reliance on centralised HM review.
This approach will ensure timely access for all women to a correct diagnosis

and ultimately provide more accurate HM incidence rates.

5.2 Introduction

Gestational trophoblastic disease (GTD) is a gynaecological condition associated with both
benign and malignant entities. The most common form of GTD is a hydatidiform mole
(HM) which can be a complete diploid diandric mole (CHM) or a partial triploid diandric
monogynic mole (PHM). Malignant forms of GTD include invasive mole, choriocarcinoma,
placental site trophoblastic tumour and epithelioid trophoblastic tumour, collectively
known as gestational trophoblastic neoplasia (GTN). GTN may develop after any
pregnancy, but the risk is greater after CHM than PHM with both HMs having a higher
malignancy risk than a non-molar pregnancy. Use of ultrasound in early pregnancy has led
to an earlier diagnosis of HM which has been shown to correctly diagnose 88% of
complete moles but only 56% of partial moles.(106) The confirmation of HM diagnosis is
made upon histopathological examination of the products of conception (POCs). Early
HMs can be confused with non-molar pregnancies on ultrasound and under pathological
examination due to similarities in their features.(280) It is important to establish the
correct diagnosis (CHM, PHM or non-molar) as this will inform clinical management, the
need for follow-up serum human chorionic gonadotrophin (hCG) monitoring and the risk

of progression to GTN.(30)
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Hydatidiform moles are characterised by excessive proliferation of syncytiotrophoblast
and cytotrophoblast cells and stromal oedema.(281) The confirmatory diagnosis of
complete and partial HM is made on the basis of morphology assessment aided by
ancillary techniques, where required. A complete hydatidiform mole (CHM) is a diploid
conceptus consisting solely of a paternal genome (i.e., androgenetic). In CHM, the
absence of a maternal genome arrests embryonic development and allows paternally
expressed genes to drive trophoblastic proliferation.(282) A diagnosis of CHM may be
confirmed, if required, by the absence of immunostaining for p57, the product of a
paternally imprinted gene (CDKN1C).(42) Although useful for CHMs, p57 immunostaining
is not informative when distinguishing partial mole from non-molar conceptuses. A partial
hydatidiform moles (PHM) is usually a triploid conceptus consisting of one maternal
genome (monogynic) and two paternal genomes (diandric) but may rarely occur as a
tetraploid conceptus. The excess paternal contribution increases trophoblastic
proliferation and the presence of the maternal genome allows embryonic development
to proceed, often to the second trimester.(273) It is important to classify HMs correctly
as the risk of developing GTN is higher for CHM (15-20%) than for PHM (<1%) which leads
to a longer hCG surveillance period for CHMs.(129,185,267,283,284) Conversely, the risk
of developing GTN after a histologically confirmed non-molar pregnancy is very low (1 in
50,000) and hCG surveillance is not required so these women can start planning a new

pregnancy immediately.(285)

Diagnosis of PHM in the first trimester can be challenging when classical morphological
features are subtle or absent and ancillary techniques may be required to aid
diagnosis.(66) The majority of PHMs are misdiagnosed on ultrasound as an incomplete or
missed miscarriage in the first trimester.(191,286) Diagnosis of PHM on morphology alone
has reported error rates of at least 20%.(220) Abnormal villous morphology from a
hydropic non-molar placenta or conceptus with aneuploidy may mimic PHM
microscopically.(216) Karyotyping can help identify numerical and structural
abnormalities, but it cannot be used on fixed tissue. In such cases, ploidy analysis using
flow cytometry or in-situ-hybridisation (ISH) can help distinguish a diploid (aneuploid or

hydropic) conceptus from a triploid conceptus (PHM).(287-289) However, ploidy analysis
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will not distinguish between a triploid conceptus with two paternal genomes (diandric
PHM) and those with two maternal genomes (digynic non-molar pregnancy).

The distribution of diandric and digynic triploidy has been reported differently depending
on gestational age.(274,290,291) Typically, digynic triploid conceptions do not display
morphological features of molar pregnancy but on occasion can exhibit some focal
dysmorphic features suggestive of a PHM.(273,292) A digynic triploid conceptus may
manifest on ultrasound with a growth restricted fetus, with relative macrocephaly and a
non-cystic placenta but these abnormalities can be subtle and may be missed in the first
trimester.(291,293) In contrast, diandric triploid PHMs generally have an enlarged
placenta with focal cystic spaces and may have an abnormal fetus.(266) Digynic triploids
have been reported to have some overlapping morphological features with PHM and as
such there is a theoretical risk of over-diagnosing PHM using morphology with ploidy
analysis alone; consequently molecular genotyping has been recommended for definitive
diagnosis.(269,294,295) Evidence for the potential overlap between the morphological
appearance of placental tissue from diandric and digynic triploidy is however sparse.
Unlike PHM, digynic triploid miscarriages do not require hCG monitoring, hence the

importance of obtaining an accurate diagnosis.

Molecular analysis using STR genotyping can infer ploidy in PHMs and also identify the
additional chromosomal complement.(296) However, genotyping is not routinely
available in most pathology laboratories. In this study, we sought to evaluate the accuracy
of PHM diagnosis using morphology assessment aided by an adapted HER2 D-DISH based

ploidy determination technique by evaluation with molecular genotyping.(297)

127



5.3 Materials and methods

5.3.1 Study design

We performed a retrospective review of a sample of forty atypical POCs diagnosed over a
two-year period (2018-2019) in our pathology laboratory at Cork University hospital (CUH)
which is co-located with a large tertiary maternity hospital, Cork University Maternity
Hospital (CUMH). The audit evaluated the clinical accuracy of a combination of
morphological assessment supported by HER2 D-DISH ploidy analysis by subjecting a
sample cohort of our previously diagnosed cases to STR genotyping. As we did not have
access to molecular genotyping technology locally, we collaborated with colleagues in the
United Kingdom (UK) and performed tissue microdissection, DNA extraction and
microsatellite DNA genotyping in the Trophoblastic Tumour Screening and Treatment

Centre in Imperial College London.

In our study period, 1265 POCs were received for pathological examination. Following
initial morphological assessment, HER2 D-DISH ploidy analysis was requested on 103
cases to assist with PHM diagnosis. Use of this technique helped diagnose almost equal
numbers of triploid PHMs (50.5%, 52/103) and diploid non-molar conceptuses (49.5%,
51/103). Six PHMs were diagnosed without the assistance of ploidy determination. From
these 103 atypical cases we selected 40 POCs, spread across both years, to include equal
numbers of cases determined to be triploid PHM or diploid non-molar conceptuses with
the support of the HER2 D-DISH ploidy analysis technique (Figure 5.1).(297) Our sample
cohort contained approximately one third (38.5%, 20/52) of the triploid PHMs diagnosed
with morphology and ploidy analysis during the study period thus adequately
representing the study period. Formalin-fixed paraffin-embedded (FFPE) blocks were
retrieved for each case and haemotoxylin and eosin (H&E) stained (3 micron) section and
five consecutive unstained (5 micron) sections were prepared on non-coated slides. All

cases were anonymised in line with institutional ethical approval (ECM 4 (k) 09/03/2021).
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40 Atypical POC

Morphology

Cohort 2

20 Diploid NM
HER2 D-DISH ploidy

Cohort 1

20 Triploid PHM
HER2 D-DISH ploidy

STR genotyping STR genotyping

Figure 5. 1: Study Design, POCs: products of conception,
PHM: partial hydatidiform mole, NM: non-molar

5.3.1.1 HER2 D-DISH ploidy analysis

The VENTANA™ HER2 dual ISH assay is a closed two probe system used to determine HER2
gene amplification status in breast and gastric carcinoma. This assay uses two-colour
chromogenic ISH to enable enumeration of the ratio of HER2 to chromosome 17 nuclear
signals. We adapted this method for ploidy analysis by using the chromosome 17

enumeration probe (CEP17) to help classify diploid and triploid conceptuses.(297)
5.3.1.2 Tissue Microdissection and DNA extraction

Tissue micro-dissection was performed using a Leica KL300 LED microscope
(leicabiosystems.com) which filters out heat-generating infrared light and reduces the
damage to heat sensitive specimens. Single-use sterile disposable surgical scalpels, blade
No.21 (Swann-Morton Ltd) were used to separately dissect one area of trophoblastic villi
and one area of maternal decidua from unstained slides. An adjacent H&E-stained slide
pre-marked by a perinatal pathologist was used to guide the microdissection for each case
(Figure 5.2). The dissected tissue was placed in a pre-labelled sterile eppendorf.

Histochoice® clearing agent (Sigma-Aldrich, UK) was added to remove wax from the
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micro-dissected tissue and DNA was extracted using the QlAamp® DNA FFPE Tissue kit
(Qiagen, UK) according to the manufacturer’s instructions.(298) DNA quantity was
measured using the Qubit® Fluorometer (Thermo Fisher) as described in the product

literature.(299)

Guide H&E slide
pre-marked by

Perinatal ) .
Pathologist Stained Section Unstained Section
o o
oo ¥ ¢
[y N P

Placental villi and maternal decidua micro-dissected from
unstained FFPE tissue section

!

DNA extraction and PCR amplification of 21 autosomal polymorphic
STRs and 3 sex chromosome markers using the Globalfiler™ kit

!

PCR products separated by Capillary Electrophoresis and
alleles at each locus assigned using Genemapper™ v4.0

Figure 5. 2: Tissue microdissection and DNA genotyping of fixed tissue from products
of conception to establish the genetic origin of hydatidiform moles.

H&E, Haemotoxylin and Eosin stain; FFPE, Formalin Fixed Paraffin-Embedded; PCR,
Polymerase Chain Reaction, STR, Short Tandem Repeat.

5.3.1.3 Microsatellite DNA Genotyping

Following DNA extraction from villi and decidua, polymorphic microsatellites known as
short tandem repeats (strs) were amplified from DNA (1-4 ng/ul) using the Globalfiler™
Multiplex PCR amplification kit (Applied Biosystems, UK) according to the manufacturer’s
protocol.(300) This microsatellite assay detects 21 autosomal short tandem repeat (STR)
loci (D3S1358, vwa, D16S539, CSF1PO, TPOX, D8S1179, D21S11, D18S51, D25441,
D19S433, THO1, FGA, D2251045, D55818, D13S317, D75820, SE33, D10S1248, D1S1656,
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D12S391, D251338). It also detects three STR’s on the sex chromsomes; DYS391, an
insertion/deletion polymorphic marker on the Y chromosome (Y indel) and Amelogenin

(a sex determination marker) on both the X and Y chromosomes.

PCR amplicons generated from villi and decidua DNA were resolved by capillary gel
electrophoresis using an ABI Prism 3500 Genetic Analyser (Applied Biosystems, UK). STR
alleles were sized by comparison to a DNA ladder run adjacent to the PCR products during
electrophoresis. STR alleles were assigned using genemapper™ Software v4.0 (Applied
Biosystems, UK) according to the manufacturer’s protocol. Non-maternal (paternal)
alleles were identified in trophoblastic villi by comparison to maternal alleles in decidua.
Parental allele number and/or peak height ratio in the villi were used to determine ploidy
for each case. Triploid conceptuses were expected to have three alleles of equal height at
informative loci or two alleles with one allele peak approximately twice the height of the
other (2:1 ratio).(301,302) Diploid conceptuses were expected to have two biparental
peaks of almost equal height at a locus. Preferential amplification of the shorter length
allele is a feature of microsatellite genotyping and was considered when calculating allele
dosage and biallelic ratios.(303) The STR genotyping analyst was blinded to the original

histopathological diagnosis.

Where low level maternal DNA contamination was present in the villi, the genotype was
inferred by adjusting peak heights to compensate for the additional maternal alleles. In
such cases, the peak height of the smaller maternal allele provided a measure of the
background contamination, and this was subtracted from the larger maternal peak in the

contaminated sample.
5.3.2 Statistical analysis

The “rule of 3” power calculation was used to determine the minimum sample size
required for the validation study to achieve an acceptable level of confidence in the
accuracy of the results.(278) A cohort of 40 POCs were chosen consisting of equal
numbers of triploid PHM and diploid non-molar cases to yield equal power estimates of
sensitivity and specificity. The sample order for POC analysis was randomised to remove

any potential bias in reporting.
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The accuracy of the HER2 D-DISH ploidy assay in identifying triploid PHM conceptuses
(sensitivity) and diploid non-molar conceptuses (specificity) was determined by
comparison to the reference standard, molecular genotyping. A confidence interval was
provided based on the number of successfully genotyped diploid and triploid
conceptuses. The overall test accuracy was calculated according to the validation of

qualitative tests, by Mattocks et al.(278)

5.4 Results

In our study cohort of women with first trimester pregnancy loss, the median maternal
age was 34 years (interquartile range, 31-39), and the median gestational age (confirmed
by sonography) was 7.3 weeks (interquartile range, 6.4-8.2) (Table 5.1). The average DNA

yield for the maternal decidua and trophoblastic villi was 4.0 and 3.5 ng/pl, respectively.

Table 5. 1: Clinical and pathological characteristics of the study population

Clinicopathological Age Cohort 1 Cohort 2 Total
parameters (n=20) (n=20) reported

Maternal aget/ years 34 (31-39)

Gestational aget/ weeks 7.3 (6.4-8.2)

Histological Diagnosis: PHM Non-Molar 40
Morphology + HER2 D- (n=20) (n=20)

DISH

Genetic Diagnosis PHM Non-Molar 36
STR genotyping (n=19) (n=17)

Genotype P1P2M1 PM

Inferred Ploidy Triploid Diploid

Tt Median (interquartile range), STR: short tandem repeat, D-DISH: dual hapten dual probe
in-situ hybridisation, P: paternal, M: maternal, n: number, P1P2: Diandric heterozygous,
M1: Monogynic

Genotypes from placental villi were compared to genotypes from matched maternal
decidua, for all POCs. Allele nomenclature was determined by DNA fragment size with the
smallest sized fragment assigned the lowest allele number. Non-molar diploid POCs had

biparental alleles at all informative loci. PHM triploid POCs had three alleles at some loci
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and alleles in a 2:1 ratio of (inferred) paternal to maternal peak height at other loci (Figure

5.3).
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Figure 5. 3: Short tandem repeat (STR) genotyping

showing electropherograms for four loci in POCs. Genotypes from placental villi are shown in the
top panel with genotypes from matched maternal decidua in the lower panel. (A) Case 38 showing
a non-molar diploid POC with biparental alleles for three loci and one non-informative locus. (B)
Case 18 showing a Triploid PHM containing three alleles at two loci (D55818 and D13S317) and
alleles in a 2:1 ratio of (inferred) paternal to maternal peak height for two loci, (D2251045 and
D75820). A blue arrowhead is used to indicate paternal alleles and a red arrowhead is used to
indicate maternal alleles for informative loci. Allele nomenclature is determined by DNA fragment
size on the X-axis. The Y axis represents arbitrary units of fluorescence.
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We successfully genotyped 36 of the 40 POCs with an STR genotype failure rate of 10%
(4/40) (Figure 5.4). STR genotypes, showed complete concordance with the initial
diagnosis (Table 5.2). All 19 PHM cases were diandric triploid of dispermic origin. Two non-
molar diploid cases had three alleles at a single locus which was suspicious for trisomy 13

in case 1 (D13S317) and trisomy 18 in case 5 (D18S51).

40 atypical POC

cases

36 cases 4 cases
reported unreportable

17 diploid

NM (mophology +
DDISH)

| |

17 diploid
biparental NM

(STR genotyping)

J

19 triploid

PHM (morphology
+ DDISH)

5

19 triploid
dispermic PHM
(STR genotyping)

J

Figure 5. 4: Study results showing 100% concordance between D-DISH and STR

genotyping.
NM: non-molar, PHM: partial hydatidiform mole, STR: short tandem repeats

Genotype failure occurred due to scanty villi or maternal decidua in the tissue sections
provided. In this study, 5% of the POCs (2/40) had limited chorionic villi (cases 32 and 33)
and 2.5% (1/40) had limited maternal decidua (case 20). The case with insufficient
maternal tissue had villi with a triploid genotype (3 alleles at 3 loci) supporting a PHM
classification. Additional tissue blocks were not available for these cases (following
anonymisation) to allow repeat microdissection and DNA extraction. A fourth case (case
13) had very few informative markers and no marker with three alleles so DNA ploidy
could not be accurately determined. The laboratory did not have access to an expanded

STR genotyping assay which may have provided additional informative loci.
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Our STR genotyping did not identify any false positive or false negative triploid PHM
results. Accuracy and confidence intervals (Cl) were calculated using the “rule of 3”
estimate of statistical power for qualitative tests according to sample size.(278) Our HER2
D-DISH ploidy assay analysed equal numbers of diploid and triploid conceptuses, resulting

in 100% sensitivity and specificity (Cl: 92%, n=36).
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Table 5. 2: STR genotyping results for 40 atypical products of conception

Case

Parental Genotype Original

Specific Loci information

& Inferred Ploidy Diagnosis
2 Diandric Triploid TRIPLOID PHM  Dispermy: D18S51, D12S91
4 Diandric Triploid TRIPLOID PHM  Dispermy: FGA, D1051248
8 Diandric Triploid TRIPLOID PHM Dispermy: D18S51, D55818
9 Diandric Triploidt TRIPLOID PHM Dispermy: D185S51, D125391
15  Diandric Triploid TRIPLOID PHM  Dispermy: D21S11, D10S1248, D151656
16  Diandric Triploid TRIPLOID PHM  Dispermy: D21S11, D2251045
17  Diandric Triploidt TRIPLOID PHM  Dispermy: D18S51, D2251045
18  Diandric Triploid TRIPLOID PHM Dispermy: vwa, D851179, D55818,
D13S317, D10S1248, D1S1656
20  ? Diandric Triploid*  TRIPLOID PHM 3 alleles at 3 loci but M1 fail
22 Diandric Triploid TRIPLOID PHM  Dispermy: vwa, D12S391
23 Diandric Triploid TRIPLOID PHM  Dispermy: D25441, D16S539
24 Diandric Triploid TRIPLOID PHM Dispermy: DS21S11, FGA
26  Diandric Triploid TRIPLOID PHM Dispermy: DS21511, D151656
28  Diandric Triploid TRIPLOID PHM Dispermy: D851179
29  Diandric Triploid TRIPLOID PHM  Dispermy: FGA, D13S317
34  Diandric Triploid TRIPLOID PHM  Dispermic: D25441
35  Diandric Triploid TRIPLOID PHM  Dispermy: vwa, CSF1PO, D2251045
37  Diandric Triploid TRIPLOID PHM  Dispermy: FGA, D13S317, D1S1656
39  Diandric Triploid TRIPLOID PHM  Dispermy: D10S1248
40  Diandric Triploid TRIPLOID PHM  Dispermy: D18S51, FGA, D1S1656
1 Biparental Diploid DIPLOID NM D13S317 (query Trisomy 13)
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3 Biparental Diploid DIPLOID NM

5 Biparental Diploid* DIPLOID NM D18S51 (query Trisomy 18)

6 Biparental Diploid DIPLOID NM

7 Biparental Diploid DIPLOID NM

10  Biparental Diploidt DIPLOID NM

11  Biparental Diploid DIPLOID NM

12  Biparental Diploid DIPLOID NM

13  ? Biparental Diploidt DIPLOID NM Very few informative loci

14  Biparental Diploid DIPLOID NM

19  Biparental Diploid DIPLOID NM

21  Biparental Diploid DIPLOID NM

25  Biparental Diploid* DIPLOID NM

27  Biparental Diploid DIPLOID NM

30 Biparental Diploid DIPLOID NM

31 Biparental Diploid Diploid NM

32 Failed Villi* DIPLOID NM

33  Failed Villi* DIPLOID NM

36  Biparental Diploid DIPLOID NM

38 Biparental Diploid DIPLOID NM

NM: non-molar, M1: maternal decidua, *Insufficient tissue/DNA, TGenotype results post-
subtraction of maternal contamination.
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5.5 Discussion

Accurate classification of hydatidiform moles is required for appropriate clinical
management and hCG monitoring. It also dictates treatment pathways and helps predict
the risk of malignant disease. Despite the availability of specific morphological criteria to
guide GTD diagnosis, there is still up to 35% discordance in GTD reporting by both expert
and non-expert pathologists. In a centralised pathology review, almost 95% of complete
moles were confirmed but only 61% of partial moles, which highlights the need for
ancillary techniques to aid diagnosis.(66,304) Fukunaga et al. 2005 found significant inter-
observer and intra-observer variability amongst placental pathologists when histology
alone was used for diagnosis with consensus reached in only 60% (30/50) of cases.(64)
The differentiation of PHM from hydropic non-molar tissue proved the most challenging.
The integration of ploidy analysis (flow cytometry) improved concordance amongst
pathologists by 10% with consensus reached in 5 additional PHM cases. This review
identified a need for more specific histological criteria, particularly for early HM lesions
and highlights the importance of integrated ancillary techniques to improve the accuracy
of HM diagnosis.(64,305—307) This leads to improved GTD detection rates which provides

more accurate incidence rates.(308-310)

Ploidy analysis using our adapted HER2 D-DISH assay will not identify the genetic origin of
PHMs, therefore there was a slight theoretical risk that a digynic triploid non-molar
miscarriage could be misdiagnosed as diandric triploid PHM. In a study of 251 cases
referred to the gestational trophoblastic centre in Charing Cross, the authors found that
in the triploid cases, the parental contribution was paternal in 84 and maternal in only a
single case, suggesting that the pathology of digynic triploidy is sufficiently different from
PHM that they are recognised as non-molar by experienced pathologists. (311)
Additionally, our audit has shown that digynic triploid cases were not represented in our
atypical POCs, originally diagnosed by perinatal pathologists as PHM (using morphology
and ploidy analysis) and so this is not likely to be a practical concern for laboratories
reporting routine specimens. Our finding of dispermy in all PHMs analysed confirmed
their diandric origin and is consistent with the reported frequency of dispermic PHMs

(98%) in the published literature.(69,312)
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Although the risk of developing GTN after a triploid PHM is low, there have been reports
of choriocarcinoma and metastatic trophoblastic disease arising after PHM.(185,267)
Some earlier studies on the risk of GTN following PHM (0.5-1%) were based on
morphology with and without ploidy analysis but these studies lacked confirmatory
genotyping.(283,284,306,313,314) Recent publications using STR genotyping to confirm
PHM suggest the risk of progression to malignancy may be much lower.(185,267,315)
Scholz et al. Provide an extremely low risk (0%) of progression from PHM to GTN based
on four cohort studies with 265 patients.(316) Clinical guidelines for GTD management
therefore recommend a shorter hCG surveillance period after PHM.(100) Given the lack
of consensus on the exact risk of GTN after PHM, patient preference should be considered
when choosing chemotherapy, as some PHM cases with persistent disease have

normalised without treatment.(317)

In our study of first trimester pregnancy loss POCs, the median gestational age was 7.3
weeks. At this early stage in gestation, some of the classical morphological features of
PHM may be subtle or absent on pathology and use of adjunct tools to determine ploidy
can greatly assist the diagnosis of PHM. Due to the widespread use of in-situ hybridisation
in pathology laboratories, there should be easy access to ancillary techniques such as

HER2 D-DISH for atypical/early PHMs to confirm triploidy and exclude PHM mimics.

Given that HER2 D-DISH nuclear count signals are quantified from chromosome 17
centromeric probes, there is a possibility that trisomy 17, although rarely encountered in
pregnancy loss (318—320), could be mis-interpreted as triploidy if HER2 D-DISH was used
in isolation. Our study was limited by the fact that the STR amplification kit used did not
include strs on chromosome 17.While, we were unable to exclude the presence of trisomy
17 in our study cohort, PHM were confirmed as triploid based on genotyping of other
chromosomes, excluding the possibility of isolated trisomy 17. Trisomy 17 has never been
observed in livebirths and is only found in 1 in 1,000 miscarriages.(276) Also, there is a
lack of evidence that trisomy 17 may mimic PHM during initial morphological assessment.
Given both of these latter factors, the theoretical risk of misinterpreting trisomy 17 as a

PHM during routine practice would seem to be extremely low.

Another limitation of the study is that in-situ hybridisation may be affected by weak

staining, potentially leading to under-counting of nuclear signals, and resulting in a missed

139



triploid conceptus. In our practice, cases with equivocal scores due to poor staining are
re-stained to achieve better staining and are often then scored successfully.(297) Some
centres use genotyping when weak or equivocal staining is encountered and this practice
could be adopted in laboratories with access to STR genotyping. In our audit, all cases
initially determined to be diploid based on HER2 D-DISH were confirmed diploid by

molecular genotyping yielding no false negatives in our study cohort.

Adoption of molecular genotyping in suspected cases of PHM to infer ploidy may also
detect clinically relevant aneuploidy in non-molar pregnancies and thus provide an
additional explanation for the pregnancy loss.(216,321) In our study, two non-molar
diploid cases were identified with suspected trisomy (13 and 18). Trisomy 13 has some
common features with HM on ultrasound and three cases mimicking PHM have been

reported.(65,322,323)

While STR genotyping is an extremely valuable technique, there are some challenges to
its application in pathology. Occasionally, scant villous tissue in the first trimester may
preclude the use of genotyping to aid PHM diagnosis. Another challenge is the possibility
of maternal DNA contamination in trophoblastic villi and vice versa. Dissection of villi for
genotyping is technically difficult and contamination of villi with maternal decidua can
complicate the interpretation of genotyping results. Clinical practice guidelines
recommend dissecting two or more villous regions for each POC to exclude mosaicism
(i.e. Two diploid cell lines) and improve the accuracy of genotype interpretation.(66,303)
Another limiting factor is the quality of DNA from FFPE tissue which is often degraded due
to chemical fixation and this can produce a low DNA yield as occurred in two of our cases.
A further limitation is the lack of sufficient informative loci in a conceptus to establish
parental origin. In practice, at least one fully informative locus (three different parental
alleles) with other loci supporting a finding of triploidy (2:1 ratio of paternal to maternal

peak heights) is desirable.(303)

While the financial costs of reagent purchase for in-situ hybridisation and molecular
genotyping equipment are comparable, the need for additional scientific expertise to
interpret genotyping data may restrict the adoption of genotyping in smaller pathology
laboratories. In contrast, many laboratories have access to in-situ hybridisation.

Therefore, implementation of the adapted HER2 D-DISH assay and bespoke “rule of 5”
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scoring system for ploidy analysis should not necessitate additional investment.(297) The
integration of ploidy analysis into PHM diagnosis will help to improve the accuracy of
diagnosis and reduce the reliance on centralised HM review. This approach will provide
equity of access for all women to reliable diagnostic services and eliminate delays in the

diagnosis of GTD, a highly curable gynaecological disorder.

5.6 Conclusion

It is sometimes stated that morphology with ploidy analysis alone will not definitively
differentiate PHM. This is because ploidy determination does not identify the parental
origin of the additional genome leading to a theoretical risk of over diagnosing digynic
triploidy as PHM. In our practice, morphological assessment by an experienced perinatal
pathologist supported by HER2 D-DISH ploidy analysis does not yield false positive results
due to digynic triploidy. Instead, it proves to be a reliable adjunct to HM morphological
diagnosis, potentially contributing to more accurate incidence rates. Larger prospective
studies from other units would be useful, to determine whether digynic triploidy causes
morphological confusion with PHM in others’ practice or whether this risk is mostly
theoretical. Our study emphasises the importance of the initial morphological
interpretation by the pathologist. Although morphological interpretation in HM diagnosis
can be challenging, it is still the starting point for nearly all routine tissue diagnostics. In
our practice such morphological assessment appears to screen out cases of digynic
triploidy. Appropriate use of ploidy determination as an adjunct tool then provides an
efficient method of assistance in confirming or excluding PHM. Such an approach should
be achievable in many laboratories where it should serve to improve diagnostic

confidence, particularly where access to molecular genotyping is limited.
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Chapter 6 - An appraisal of hydatidiform mole incidence and
registration rates in the Republic of Ireland following the
establishment of a National Gestational Trophoblastic Disease
Registry

6.1 Abstract

Aims: This study aimed to reevaluate the incidence of hydatidiform mole (HM) and
determine gestational trophoblastic disease (GTD) registration rates in the Republic of

Ireland following the establishment of the National GTD Registry in 2017.

Methods: We performed a 3-year retrospective audit of HM cases (January 2017 to
December 2019) reported in our centre. In 2019, we surveyed Irish pathology laboratories
to determine the number of HMs diagnosed nationally and compared this data to that
recorded in the National GTD Registry. Additionally, we compared both local and national

HM incidence rates to those reported internationally.

Results: In the 3-year local audit, we identified 87 HMs among 1,865 products of
conception (POCs) providing a local HM incidence rate of 3.92 per 1000 births. The 1-year
pathology survey recorded 170 HMs in 6008 POCs, yielding a national incidence rate of
2.86 per 1000 births. Importantly, the local HM incidence rate exceeded the national
incidence rate by 37% and the local partial hydatidiform mole incidence (1 in 296 births)
was 64% higher than the nationally incidence rate (1 in 484 births). Notably, 42% of the
HM and atypical POCs diagnosed nationally were not reported to the National GTD

registry.

Conclusions: Our study reveals increased HM incidence rates both locally and nationally
compared to previous Irish studies. The higher local PHM incidence may reflect more
limited access to ploidy analysis in other pathology laboratories nationally. Significantly,
almost half of the women with diagnosed or suspected HM were not registered with the

National GTD centre.
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Access to accurate Hydatidiform Mole (HM) incidence rates is hindered by lack
of standardised data collection, the absence of a universal denominator and
limited national registration centres worldwide which makes comparative

analysis of disease prevalence and treatment outcomes more challenging.

WHAT THIS STUDY ADDS

= This study demonstrates how advances in pathological techniques have
improved HM diagnosis, resulting in higher incidence rates in centres with
access to ancillary diagnostic techniques. It also highlights the issue of low
registration rates with our National Gestational Trophoblastic Disease centre,

which compromises the reliability of registry data.

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR POLICY

= This study emphasises the need to reevaluate HM incidence rates given recent
advances in pathological diagnosis. It highlights the importance of adopting a
universally accepted denominator for accurate HM incidence rates and
advocates for mandatory registration to ensure equitable access for all women

to expert clinical management of trophoblastic disease.
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6.2 Introduction

Gestational trophoblastic disease (GTD) encompasses a range of conditions occurring
during or after pregnancy. It is classified by the World Health Organisation (WHO) into
two pre-malignant (complete hydatidiform mole, CHM and partial hydatidiform mole,
PHM) and four malignant disorders (invasive hydatidiform mole, choriocarcinoma,
placental site trophoblastic tumour, PSTT and epithelioid trophoblastic tumour, ETT).(8)
A recently proposed trophoblastic lesion, atypical placental site nodule (APSN) is
considered a precursor to ETT.(10,11) Accurate subclassification hinges on the
identification of distinct pathological and genetic profiles, often necessitating
histopathological examination complemented by ancillary techniques.(296) Early
detection and accurate diagnosis of GTD coupled with effective, low toxicity

chemotherapy affords cure rates approaching 100%.(324)

Hydatidiform mole (HM) represents the most common GTD manifestation and is classified
into two genetically distinct entities: CHM characterised by two haploid sets of paternally
derived genes (androgenetic diploid) and PHM characterised by one excess haploid set of
paternal genes (diandric triploidy). (266,325,326) Ultrasonography in early pregnancy
facilitates HM detection, often before 10 weeks gestation when classical histological
features are less apparent.(105) In rare instances, a woman may experience more than
one CHM due to familial recurrent CHM which is associated with a diploid biparental
molar conceptus.(57) Following molar pregnancy, the risk of developing persistent GTD is
estimated at 15-20% for CHM and 0.5-5% for PHM.(129) While most cases of persistent
GTD occur within 12 weeks of diagnosis, exceptionally longer latency periods have been

documented.(327)

Historically, GTD epidemiological data has been limited by inconsistencies in the
application of diagnostic criteria, lack of access to specialist diagnostic services, the
increasing availability of medical termination and non-standardized reporting of incidence
rates.(22) Established risk factors include extreme maternal age and prior molar
pregnancies, with additional risk factors potentially linked to diet and low socioeconomic
status.(251) A distinct geographical distribution is observed, with the highest incidence in
Southeast Asia (10 per 1,000 pregnancies) and lower rates in Western Europe and North

America (1-2 per 1,000 pregnancies).(25,26)
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Accurate subclassification of molar and non-molar specimens is essential for risk
stratification and clinical management.(1,193) Even within specialist referral centers with
experienced pathologists using consensus morphological diagnostic criteria, up to 20% of
HMs are misclassified.(64) These diagnostic challenges likely influence the HM incidence
rates reported. Use of ancillary techniques such as p57 immunohistochemistry (IHC),
ploidy analysis (in situ hybridization, flow cytometry) and molecular genotyping, in

conjunction with morphological assessment, has improved HM diagnostic accuracy.(220)

Use of p57 immunohistochemistry (IHC), an inexpensive and reproducible adjunct
diagnostic test has greatly improved the histological discrimination of CHM from its
mimics.(68) In androgenetic CHMs staining for p57 is lost in villous trophoblast and
stromal cells. Rarely a mixed pattern of positive and negative staining is observed in villous
trophoblasts and stromal cells in a phenomenon termed p57 discordant villi, typically
associated with androgenetic/mosaic conceptions.(71) In addition, DNA ploidy analysis
using in situ hybridization (ISH) or flow cytometry is integrated with morphological
assessment to differentiate diploid (CHM or non-molar) from triploid (PHM) conceptions.
Ploidy analysis will not differentiate between diandric PHM triploidy and digynic non-
molar triploidy; however, this may not be a practical issue that leads to overdiagnosis of
PHM.(275,328) Molecular genotyping using short tandem repeats (STR) will identify the
parental genetic contribution and can infer ploidy allowing accurate classification of molar
and non-molar pregnancies. Nevertheless, the cost and scientific experience required for

genomic analysis has largely limited its widespread adoption in pathology laboratories.

While GTD is the most curable of all gynaecologic malignancies, its comparative rarity has
led to inconsistencies in clinical management.(108) For low risk, non-metastatic cases,
nearly all patients can expect to be cured and many with advanced disease can achieve
remission with appropriate regimens without negatively affecting their reproductive
status.(16) Studies have shown that once serum hCG levels normalize, the risk of
developing gestational trophoblastic neoplasia (GTN) is very low.(329-331) International
experience, most notably that of the UK, has shown that outcomes can be significantly
improved with centralized disease registration and hCG monitoring.(27) This allows early
specialist input, early detection of disease progression and enables use of effective, low

toxicity chemotherapy regimens.(122-124)

147



In Ireland, the National Cancer Control Programme (NCCP) established a National GTD
Registry, Monitoring and Advisory Centre in 2017 to provide multidisciplinary care for this
rare disease.(232,332) Women with confirmed or suspected GTD are voluntarily
registered with the centre for monitoring and follow-up care based on national clinical

guidelines.(27,108)

This study aims to establish local rates of HM diagnosis, determine the number of GTD
cases reported nationally, evaluate access to ancillary diagnostic techniques in Irish
pathology laboratories, determine registration rates with the National GTD Centre and

derive Irish national HM incidence rates.

6.3 Materials and methods

6.3.1 Study design

Two pathology studies were carried out to assess the incidence of HM in Ireland. The first
was a local pathology audit at Cork University Hospital (CUH) from 2017-2019, and the
second was a national pathology survey involving all 33 pathology laboratories in Ireland,
focusing on cases diagnosed in 2019. The clinical audit formed part of a laboratory service
evaluation and did not require ethical approval. In addition, the national pathology survey
did not collect personal identifiable information, only aggregated laboratory data and was

exempt from ethical approval.

6.3.1.1 Local Pathology Audit

We conducted a retrospective review of GTD cases reported in the pathology laboratory
at Cork University Hospital (CUH) from January 2017 to December 2019. Study data was
collected by interrogating the laboratory database to identify POCs examined, and HM
cases reported during the study period. The pathology laboratory at CUH is co-located
with a large tertiary maternity hospital (Cork University Maternity Hospital, CUMH)
handling approximately 8,000 births annually. The laboratory has access to p57
immunohistochemistry and an adapted HER2 DDISH assay for ploidy analysis, to aid in HM
diagnosis.(297) The pathology laboratory at CUH is accredited to 1ISO15189 international

standards by the Irish National Accreditation Board. During the study period, HER2 DDISH
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staining quality was monitored by internal quality assessment and by participation in two
external quality assurance schemes (UK NEQAS and Nordic) and assay performance was

deemed satisfactory in both.

6.3.1.2 National Pathology Survey

The national pathology survey was conducted using a questionnaire designed by a multi-
disciplinary team comprising members of the Steering Committee of the National GTD
Centre. The questionnaire contained 21 questions which sought to determine the number
of POCs examined and GTD cases reported in 2019 (Appendix II). Distribution of the
survey to laboratory managers in the 33 Irish pathology laboratories was co-ordinated by
the NCCP. The survey sought information on POC case volume and rates of GTD diagnoses.
Additionally, it sought information on indeterminate cases, where a pathology report
indicated that a “hydatidiform mole could not be excluded” or where cases were
“suspicious for hydatidiform mole” without a conclusive diagnosis of partial or complete
mole. These cases are recorded as “Atypical POCs” in data collection spreadsheets. The

survey also collected data on the number of cases with p57 discordant villi.

Respondents were asked to provide details of access to ancillary techniques (p57
immunostaining, DNA ploidy and STR genotyping) within their laboratories. Laboratories
were also questioned about their adherence to guidance from the Faculty of Pathology of
the Royal College of Physicians of Ireland (RCPI) on reporting GTD cases. The Faculty of
Pathology recommends inclusion of the following comment on all GTD reports, “Patient
registration with the National Gestational Trophoblastic Centre is recommended”. This
latter comment aims to promote patient registration in accordance with the National GTD

clinical guidelines.(108)

6.3.1.3 GTD Registration and HM Incidence Rates.

Data provided in the questionnaire responses from Irish pathology laboratories was cross-
referenced with cases reported to the National GTD Registry in 2019. This allowed us
determine registration rates and identify potential gaps in the registration process. The
data collected from our local pathology audit and the national pathology survey was
compared to previously published Irish and International incidence rates to identify

worldwide trends in the prevalence of GTD.
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6.3.2 Statistical analysis:

Incidence rates in the local audit and national pathology survey were calculated per 1,000
births. We used “total births” as our denominator and define this as the number of
livebirths and stillbirths per annum.(333) We referenced the South/Southwest Hospital
Group Annual Reports to establish the total births in CUMH from 2017-2019.(334-336)
The national Irish birthrate was taken from the Healthcare Pricing House report for

2019.(333) All data analyses were performed using Microsoft Excel 2021.

6.4 Results

6.4.1 Local Pathology Audit

The local CUH 3-year pathology audit identified 87 HMs in 1,856 POCs (Figure 6.1).
This provided an incidence rate of 3.92/1000 births. In total, we identified 12 CHMs
and 75 PHMs equating to 1/1,847 and 1/296 births, respectively. This gives a
CHM:PHM ratio of 1:6.3 (Figure 6.2) In the local Cork audit (2017-2019), HER2 D-DISH
was requested on 151 POCs which confirmed triploidy in 66 (43.7%) and diploidy in 81
(53.6%) . Four cases were equivocal (2.6%) and nine PHMs were reported without HER2

DDISH ploidy analysis, giving a total of 75 PHMs.

Local Audit National Survey

2017-2019 2019
(22,167 births) (59,536 births)

6,008
POC

‘. N 87 HMs
.~ | 1in 255 births

170 HMs
1in 350 births

| Incidence Rate

2.86in 1000
births

Incidence Rate

| 392in1000

births

Figure 6. 1: Local and National hydatidiform mole incidence rates.

National birthrate data was sourced from the Healthcare Pricing Office. Local birthrate data was
sourced from the South/Southwest Hospital Group annual reports 2017-2019. POC: product of
conception, HM: hydatidiform mole, Births: total births (livebirth and stillbirth)
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Local Audit
2017-2019

87 HM
1in 255 births

12 CHM
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/

National Survey
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75 PHM
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47 CHM
1in 1,266 births

123 PHM
1in 484 births

1in 296 births

CHM:PHM CHM:PHM
1:6.3 1:2.6

>

Figure 6. 2: Ratio of complete to partial hydatidiform mole in the local audit and
national survey.
HM: hydatidiform mole, CHM: complete HM, PHM: partial HM

6.4.2 National Pathology Survey

The 2019 national pathology survey identified 170 HMs in 6,008 POCs. This provided a HM
incidence rate of 2.86/1000 births. There were 47 CHMs and 123 PHM s identified during
this period giving incidence rates of 1/1,266 and 1/484 births, respectively. This yielded a
CHM to PHM ratio of 1:2.6 (Figure 6.2). Most laboratories (58%, 11/19) analysing POCs
had access to p57 immunostaining, two laboratories had access to ploidy analysis (SISH &
DDISH) and there was no laboratory with access to molecular genotyping (Table 6.1). Five
hospital laboratories handled 62% (n= 3,705) of the workload and four of these hospitals
had perinatal pathologists examining and reporting POCs. From the survey responses and
follow-up phone calls, we determined that all histopathology laboratories who process

POCs, responded to the survey giving a 100% response rate (19/19).
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Table 6. 1: Results from the National Pathology Survey 2019

Classification /n (%)

GTD Diagnosis (Total POC = 6008)

HM & atypical POCs 197 (3.3%)

CMH 47 (0.8%)

PHM 123 (2.0%)

Atypical POCs (suspicious of HM) 27 (0.4%)
APSN 1 (0.02%)
p57 Discordant villi 1 (0.02%)
Gestational Choriocarcinoma 3 (0.05%)

PSTT/ETT 0 (0%)

Access to Ancillary Techniques' Yes /n (%) No /n (%)
p57 IHC 11 (58%) 8 (42%)
Ploidy analysis 2 (11%) 17 (89%)

STR genotyping 0 (0%) 19 (100%)

Faculty of Pathology recommendation

on reports'’ 3 (16%) 16 (84%)

fResponses from the 19 pathology laboratories who processed products of conception (POC).
Faculty of Pathology recommended comment on GTD reports, “patient registration with the
National GTD Centre is recommended”.

n: number, %: percentage, CMH: complete hydatidiform mole, PHM: partial hydatidiform mole,
APSN: atypical placental site nodule, PSTT: placental site trophoblastic tumour, ETT: epithelioid
trophoblastic tumour, STR: short tandem repeat, IHC: immunohistochemistry.

6.4.3 GTD Registration and HM Incidence Rates

A comparison of GTD cases reported in the national pathology survey to those registered
with the National GTD Registry in 2019, revealed that 42% of diagnosed/suspected HM
cases (83/197) were unregistered. All choriocarcinoma cases reported were registered
but 34% of women with CHM (16/47) were unregistered. In addition, 34% of women with
PHM (42/123) and 93% of women with “atypical” POCs (25/27) were unregistered (Figure
6.3 and Figure 6.4). A review of the GTD cases registered in 2019, found that 6.5% (2/31)

of the CHMs and none of the PHMs required follow-up chemotherapy.

The local HM incidence rate is 33% higher (3.92/1000) than the rate reported in the

national pathology survey (2.86/1000). While, the CHM incidence is consistent across
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both studies, the local PHM incidence (1 in 296) surpasses the national rate (1 in 484). For

a comprehensive comparison of incidence rates from this study with previous lIrish

studies, please refer to Table 6.2. Additionally, a comparison with international studies is

detailed in Table 6.3.

A)
All HM Cases
Unregistered,
83,42%
114,58%
m Unregistered = Registered
B)
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HM classification
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25
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Figure 6. 3: Hydatidiform mole registration rates with the National GTD Registry in

2019

(A) Pie chart showing the total number of HM cases registered and (B) Bar chart showing the

subcategories of hydatidiform mole registered and unregistered.
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Table 6. 2: Comparison of all Irish HM Incidence Rates

Parameter Dublin 3-yr Cork 3-yr Dublin 10-yr National
audit* audit audit’ Pathology
1988-1990 2017-2019 1997-2006 Survey 2019
19,457 22,167 66,296 59,536

Denominator Pregnancies Total births Total births Total births

POC 2,251 1,856 N/A 6008

HM 38 87 262 170

HM Incidence 1.95in 1000 3.92in1000 3.95in 1000  2.86in 1000
1in521 1in 255 1in 253 1in 350

CHM 10 12 60 47

CHM Incidence 1in 1,945 1in 1,846 1in 1,105 1in 1,266

PHM 28 75 202 123

PHM Incidence 1in 695 1in 296 1in 328 1in 484

CHM: PHM Ratio 1:2.8 1:6.3 1:34 1:2.6

POC, products of conception HM, hydatidiform mole CHM, complete HM PHM, partial HM yr, year,
N/A, not available. *Jeffers et al. (28), "Purandare et al. (29)
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Table 6. 3: Recent studies on HM Incidence Rates

Author Country Period Incidence Denominator CHM:PHM
[/years per 1000 ratio
Present study Ireland 2019 2.86 Total Births 1:2.6
Present study Cork 2017- 3.92 Total Births 1:6.3
2019
Eysbouts(22)  Netherlands 1994- 1.67 Deliveries 1:1.37
2013
Colgan(308) Canada 2013- 3.3 Deliveries 1:1.7
2015
Lund(24) Denmark 2007- 1.79 Deliveries
2014 1.23 Pregnancies 1:1
Tham(26) North England 1991- 1.33 Livebirths 1:1.6
North Wales 1999
Savage(129) England and 2000- 1.65 Viable 1:1.3"
Wales 2009 conceptions
Joneborg(23)  Stockholm 1991- 2.08 Deliveries 1:0.8"
County Sweden 2010 1.48 Viable
conceptions
Matsui(337) Japan 1985- 1.5 Viable 1:0.8
2002 conceptions
Yuk(338) South Korea 2009- 1.10 Pregnancies Not
2015 available

Adapted from Lund et al. 2020(24). "CHM:PHM ratio calculated from the study data provided in
the research study.
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6.5 Discussion

This is the first study to gather data on national HM incidence rates and GTD reporting

practices following the establishment of the Irish National GTD Registry in 2017.

Our local 3-year pathology audit in Cork revealed an incidence rate of 1 in 255 births (3.92
in 1000) which is nearly double the rate reported in a similar 3-year Irish study in Dublin
(1 in 512 pregnancies).(28) While both studies reported similar CHM rates, our study
found a significantly higher PHM incidence rate at 1 in 296 births, almost 60% higher than
the Dublin study. Both studies employed ploidy techniques to assist PHM diagnosis (flow
cytometry in Dublin and HER2 D-DISH analysis in Cork). However, the Dublin study used
“pregnancy” as denominator without defining “pregnancy”, which limits an accurate

comparison between both studies.

Another 10-year Dublin-based study reported a HM incidence rate of 1 in 253 live births,
which closely resembles our local rate (1 in 255 births) although denominators differed.
In terms of CHM incidence rates, the Dublin study reported higher rates (1 in 1105 live
births) compared to our local audit, but PHM incidence rates were similar (1 in 328 live
births). Ancillary techniques (p57 IHC and flow cytometry in Dublin) were used to aid
morphological diagnosis in both studies.(29) Our local audit reported a CHM:PHM ratio of
1:6.3, indicating a higher prevalence of PHM (relative to CHM). This is consistent with
higher PHM rates reported in similar Irish and UK studies although at a lower proportion

(Table 6.3).(26,28-30,198,339).

The National Pathology Survey yielded a HM incidence rate of 1 in 350 births (2.85 in
1,000), at least a third lower than our local incidence (1 in 255 births). In addition, the
local incidence showed a higher prevalence of PHM (CHM:PHM ratio of 1:6.3) compared
to the national survey (CHM:PHM ratio of 1:2.6). This discrepancy may reflect local
reporting practice whereby experienced perinatal pathologists have access to HER2
DDISH ploidy to aid PHM diagnosis.(297) The liberal use of ploidy analysis locally, where
it was applied in the examination of 151 of 1856 (8.1%) of POCs and the lack of access to
ploidy in all but one centre outside of Cork may contribute to the identification of a higher
incidence of PHM in Cork. In the Cork audit (2017-2019) when the HER2 DDISH assay was
used to assist with PHM diagnosis, not too dissimilar numbers of diploid (53.6%, 81/151)

and triploid (43.7%, 66/151) conceptuses were identified. This finding reflects and
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emphasises the difficulty that exists when trying to diagnose PHM with morphology alone.
Information on the pattern of use of ploidy analysis in the only other centre with access
to it nationally was not available. Questions raised by variations in diagnostic rates in the
survey suggest that data should be collected in future national surveys not just on
technique availability but on patterns of use (such as numbers of tests performed as a
percentage of POCs received or as an expression relative to the number of HM diagnosed).
27 cases of “atypical POC” were recorded in the national survey in comparison to 170
conclusive HM diagnoses. The National GTD centre can use this information, together
with survey data on variation in reported incidence rates nationally, to inform discussions

on how diagnostics can be improved and increasingly standardised nationally.

Variations in diagnostic rates may reflect differences in the application of morphologic
criteria, access to adjunct diagnostic techniques, and the considerable morphological
overlap in early gestation between CHM, PHM and non-molar pregnancies (especially
those with aneuploidy).(66,321) Use of ancillary techniques to aid morphological
examination has vastly improved the diagnosis of PHM and resulted in an increased
incidence of PHM relative to CHM in recent years.(22) This highlights the importance of

incorporating ploidy analysis into routine practice when evaluating POCs.

The low adherence to national clinical GTD guidelines and RCPI faculty of pathology
guidance on patient registration with the National GTD centre and use of p57 IHC for
POCs, highlights the need for improved standardisation of reporting practice.(27,108)
Results from the national survey show that in laboratories processing greater than 10
POCs annually, 29% (4/14) did not have access to p57 IHC and 86% (12/14) did not

recommend patient registration with the National GTD Centre.

Our gap analysis of the GTD registration process in Ireland revealed suboptimal
registration rates with the National GTD Registry, with nearly half (42%, 83/197) of eligible
women remaining unregistered. This lapse in registration likely poses clinical risks,
especially since 34% (16/47) of women with CHM were unregistered, a condition
associated with a higher risk of GTN, necessitating close clinical surveillance. Effective
management of GTD relies on a multidisciplinary approach and the registration of patients
with expert centres, which is increasingly seen to represent a minimum standard of

care.(27,108) Notably, the UK has a nationally coordinated GTD program in place since
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the 1970s, contributing to impressive long term survival outcomes.(27) Centralized
registration offers opportunities to establish national incidence rates, conduct clinical
audits and assess service quality. While voluntary registration may improve with
heightened awareness and commitment from healthcare professionals, some expert
centres advocate for mandatory registration due to challenges associated with voluntary

compliance.(332)

The disparities in HM incidence rates worldwide are likely attributable to inconsistencies
in data collection methods, the utilisation of different denominators for reporting, and
variations in access to adjunct diagnostic techniques. Our study’s findings of increased
HM incidence rates are generally consistent with those reported in other European,
Scandinavian and North America countries.(22,188,340) For instance, in the Netherlands,
a population-based study spanning two decades revealed an increase in incidence rates
during the first 10 years, particularly for PHM. Subsequently, the incidence rates
stabilised, resulting in an overall HM incidence of 1.67 per 1000 deliveries. This trend was
accompanied by a decrease in the number of atypical POCs reflecting advancements in
diagnostic techniques.(22) In Canada, a hospital-based retrospective review of HM
incidence over a 27-month period incorporating molecular genotyping to aid diagnosis,
reported an incidence of 3.3 per 1000 deliveries. This figure corroborates our HM
incidence rates, locally (3.92 per 1000 livebirths) and nationally (2.86 per 1000
livebirths).(308) Notably, the CHM:PHM ratio in the Canadian study (1:1.7) shows a lower
PHM prevalence than ours but the Canadian study is a much smaller study with 49 HMs

(18 CHM and 31 PHM).

Our study has shown that our local PHM incidence rate exceeds both national and
international figures. While one might argue that this disparity could be attributed to an
overdiagnosis of PHM in our local setting, it should be noted that our adapted HER2 DDISH
ploidy assay did not over-diagnose PHM when audited by molecular genotyping.(275) In
terms of a population bias accounting for differences in incidence rates, we did not
observe births to younger mothers in Ireland where the average maternal age was 32.5
years compared to the European average (30.6 years). In terms of ethnicity, the majority
of babies (77%) were born to mothers of Irish nationality. The use of assisted reproductive

techniques (ART) is unlikely to have affected HM incidence rates as ART only received
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public funding in Ireland in 2022 and it’s availability during the study period was limited
to private fertility service providers. Of note, there is no national register of miscarriages
in Ireland, so it is difficult to capture all fetal losses.(341) However, the national perinatal
mortality report does not identify an increase in the stillbirth rate in our local population
(4.0 per 1,000 births) compared to the national stillbirth rate (4.06 per 1000 births) when

corrected for congenital anomalies.(336)(342)

Realistically, one would anticipate a higher prevalence of PHM compared to CHM, given
that a PHM can occur regularly throughout a woman’s reproductive life, whereas CHM is
typically age-related.(129) Historically, CHM:PHM ratios of 1:3 have been reported in the
United Kingdom.(339,343) Given our results, we suspect PHMs are underdiagnosed
nationally and internationally. This raises the possibility that some instances of GTD,
which follow seemingly "normal pregnancies," may be linked to undiagnosed PHM. This
lends support to the notion that persistent GTD is a rare occurrence following a first-
trimester pregnancy loss unrelated to molar pregnancy.(308,344) Furthermore, a recent
systematic review found that the progression of PHM to GTN is an exceptionally rare
event, occurring in less than 1% of cases.(229) Consequently, the potential underdiagnosis
of PHM is unlikely to have a substantial impact on clinical outcomes given the low risk of

malighant progression.

Our study has certain limitations, including our reliance on the proficiency of laboratories
to extract cases from their databases and accurately interpret pathology coding.
Additionally, patient characteristics such as ethnicity and maternal age, which could
potentially influence incidence rates, were not collected. Moreover, pregnancy losses that

did not undergo histopathological examination were not included in our study.

Accurate HM incidence rates are not readily available worldwide due to a lack of central
registries and underreporting of cases to established registries.(126) The comparison of
GTD incidence is further complicated by the use of different denominators.(25) While the
"total number of conceptions” is the most appropriate denominator for reporting
incidence, this is virtually impossible to establish with absolute certainty. Consequently,
surrogate measures are employed, leading to variable reporting based on the total
number of pregnancies (which, like conceptions, is difficult to define), deliveries, total

births, or live births. Additionally, there is variable access to ancillary techniques to aid
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HM differential diagnosis worldwide, with some centers relying solely on morphological
criteria for diagnosis. This divergence in pathology reporting practices has resulted in
inconsistent incidence rates. Given the advancements in obstetric management and
pathological diagnosis over the last two decades, a re-evaluation of HM incidence rates is

warranted worldwide.

6.6 Conclusion

This study provides the first audit of national GTD data in the Republic of Ireland. Our
findings suggest a potential underdiagnosis of PHM nationally and internationally. They
emphasise the need to adopt standardised diagnostic reporting of HMs using specific
morphological criteria and ancillary techniques. Furthermore, this study advocates for
mandatory registration to guarantee equitable access for all women to expert clinical care

in a trophoblastic disease centre.

Acknowledgments: The authors wish to extend a special thanks to the scientific and
medical staff in the pathology laboratory in Cork University Hospital for their assistance
with this study. We would also like to thank colleagues in pathology laboratories across
the country for contributing to the national survey. Thanks also to Prof Richard Greene
and Dr Tamara Escanuela Sanchez in the National Perinatal Epidemiology Centre, Cork for

their help with National birthrate data.

Contributors: BF, CMJ, CD and CW: study concept and design. CW, SD, CMJ, and BF:
preparation of national pathology survey. CD: Distribution of survey. SD and BF:
interrogation of LIMS. CMJ, CW, and DCM: analysis of audit data. CK and JC: access to
national registry data. CMJ, CW and BF drafted the manuscript. All authors critically
reviewed, edited, and approved the final version of the manuscript and are accountable

for the integrity of the work.

Funding: This research was funded by the Irish Research Council under grant number
EBPPG/2021/38. The sponsor was not involved in the study design or manuscript

preparation.

160



Chapter 7 - Measurement of hCG in women with
Gestational Trophoblastic Disease

McMahon LM*, Joyce CM*, Cuthill L, Mitchell H, Jabbar I, Sweep FCGJ on behald of the
hCG working party of the EOTTD.

Published in Gynecologic and Obstetric Investigation
2023 Jun 12. doi: 10.1159/000531499. Online ahead of print.

*Joint authors

161



Chapter 7 - Measurement of hCG in women with Gestational
Trophoblastic Disease

7.1 Abstract

Objectives: The objective of this study was to collect information on human Chorionic
Gonadotrophin (hCG) laboratory testing and reporting in women with Gestational
Trophoblastic Disease (GTD), to assess the associated challenges, and to offer

perspectives on hCG testing harmonisation.

Design: Information was collected from laboratories by electronic survey (Survey
Monkey®) using a questionnaire designed by members of the European Organisation for

the Treatment of Trophoblastic Disease (EOTTD) hCG Working Party.

Methods: The questionnaire consisted of 5 main sections. These included methods used
for hCG testing, quality procedures, reporting of results, laboratory operational aspects,
and non-GTD testing capability. In addition to reporting these survey results, examples of
case scenarios which illustrate the difficulties faced by laboratories providing hCG
measurement for GTD patient management were described. The benefits and challenges
of using centralised versus non-centralised hCG testing were discussed alongside the

utilisation of regression curves for management of GTD patients.

Results: Information from the survey was collated and presented for each section and
showed huge variability in responses across laboratories even for those using the same
hCG testing platforms. An educational example was presented, highlighting the
consequence of using inappropriate hCG assays on clinical patient management
(Educational Example A), along with an example of biotin interference (Educational
Example B) and an example of high-dose hook effect (Educational Example C),
demonstrating the importance of knowing the limitations of hCG tests. The merits of
centralised versus non-centralised hCG testing and use of hCG regression curves to aid

patient management were discussed.

Limitations: To ensure the survey was completed by laboratories providing hCG testing

for GTD management, the questionnaire was distributed by the EOTTD board. It was
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assumed the EOTTD board held the correct laboratory contact, and that the questionnaire

was completed by a scientist with in-depth knowledge of laboratory procedures.

Conclusions: The hCG survey highlighted a lack of harmonisation of hCG testing across
laboratories. Healthcare professionals involved in the management of women with GTD
should be aware of this limitation. Further work is needed to ensure an appropriate

quality assured laboratory service is available for hCG monitoring in women with GTD.
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7.2 Introduction

7.2.1 Challenges with laboratory measurement of trophoblast derived hCG
Hydatidiform Moles (HMs) are abnormal pregnancies which arise following errors in
gametogenesis and/or fertilisation, resulting in an abnormal conception. They may exist
as either a partial hydatidiform mole (PHM) or complete hydatidiform mole (CHM). The
incidence of HM ranges from approximately 0.5 to 1/1000 pregnancies in Europe and
North America to 1 to 2/1000 in Japan and China, to 12/1000 pregnancies in Indonesia,
India and Turkey (22,345).

HMs belong to a larger family of rare diseases known collectively as Gestational
Trophoblastic Disease (GTD) which, in addition to the pre-malignant HMs, also include the
malignant conditions of invasive mole, choriocarcinoma, placental site trophoblastic
tumour (PSTT) and epithelioid trophoblastic tumour (ETT). These latter malignant

conditions may be referred to as gestational trophoblastic neoplasia (GTN).

HMs are characterised by abnormal trophoblastic proliferation, with marked hyperplasia
and hydropic swelling of the chorionic villi. Whilst there may be fetal development in
PHMs, the absence of a fetus is a well-known characteristic associated with CHMs. Both
PHM and CHM have an associated risk of developing into GTN and therefore accurate
diagnosis is very important to guide correct patient management. Whilst the risk of
progression to malignant disease, at least in the United Kingdom (UK) population, is lower
(0.5-1%) for PHM compared with CHM (15-20%) (30), monitoring after primary treatment,

for progression to GTN is recommended regardless of molar phenotype (27).

Monitoring of women diagnosed with an HM is undertaken by serial measurement of hCG
levels in blood or urine. In most cases, the follow-up period is uneventful, and women do
not require any further clinical intervention. However, if there is persistent elevation of
hCG levels, further surveillance is required to reduce the likelihood of progression to GTN.
Treatment for GTN is generally by chemotherapy, of which low and high-risk treatment
regimens are undertaken depending on the stage and classification of tumour determined
by the International Federation of Gynaecology and Obstetrics (FIGO) scoring system

(135).
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Over the decades, several studies have explored the potency of different molecular
biomarkers to enable early detection of GTN. These biomarkers have included, cell cycle
regulators, cell adhesion molecules, heat shock proteins, anti-apoptotic-, oncogenic- and
tumour suppressor genes (346—351). To date, hCG is still the biomarker of choice and is
universally recognised as an integral component in the clinical management of patients
diagnosed with GTD (100). The length of hCG follow-up after HM is dependent on the
molar classification (PHM or CHM) and is in accordance with international guidelines. Of
note, there is a longer surveillance period after hCG normalisation for those diagnosed

with CHM due to the increased risk of developing GTN (30).

7.2.2 hCG and its molecular forms

hCG is expressed from the syncytiotrophoblast cells and is commonly known as the
pregnancy hormone (352,353). hCG is composed of two non-covalently bound subunits
(a- and B-). The a-subunit of hCG comprises 92 amino acids and is identical to the a-
subunit of Follicle Stimulating Hormone (FSH), Luteinizing Hormone (LH) and Thyroid
Stimulating Hormone (TSH). The hCG R-subunit is composed of 145 amino acids and
distinguishes hCG from other pituitary-produced glycoproteins. The hCG a- and R-
subunits are coded by different genes and synthesis is regulated independently during
pregnancy to produce a subset of isoforms, which can vary during pregnancy progression
(73,354). In GTD, the production and proportion of subunits is different to that of a normal
viable pregnancy and greater variety of hCG molecular forms exist (355,356). The
different variants include intact hCG (a- and R- heterodimer), free hCG a-subunit (hCGal),
free hCG B-subunit (hCGR), nicked free hCG B-subunit (hCG Bn), and hCG R-subunit core
fragment (hCG Rcf) (76,357). In an uneventful pregnancy, concentrations of intact hCG in
blood double approximately every 2 days to reach a peak at 8-10 weeks of gestation. From
week 10 to 20, these concentrations decline to levels comparable to those in early first
trimester and from 20 weeks on they remain constantly low (358). Like many other
polypeptide hormones hCG is heavily glycosylated (hyperglycosylated) with N-and O-linked
sugar side chains attached to each hCG molecule. Hyperglycosylated hCG is produced by
cytotrophoblast cells and enhances cytotrophoblast cell growth and cell invasion (74).
Hyperglycosylated-hCG declines more rapidly than hCG in the first weeks after

implantation, in an uneventful pregnancy (76,359). Hyperglycosylated hCG is also
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produced by invasive or malignant trophoblast cells in choriocarcinoma, and this is the
reason why hyperglycosylated hCG is referred to as Invasive Trophoblast Antigen (ITA)
(360). ITA has been considered as one of the most effective biomarkers for the detection

of invasive trophoblastic disease in patients undergoing GTD surveillance (360,361).

7.2.3 Quantification of hCG

Most diagnostic clinical laboratories measure hCG by immunoassay. Some clinical
laboratories may choose to measure hCG using a laboratory developed test (LDT),
whereas other laboratories rely on commercially available immunoassays on random
access analysers or use a combination of both. The major laboratory challenge associated
with hCG measurement in GTD patients is the detection of all hCG isoforms equally (82).
In 1956, Berson and Yalow introduced the concept of radioimmunoassay (RIA) for
assessment of blood insulin levels (362). The principle of this technique is based on the
competition of radioactive labelled analyte (tracer) with unlabelled analyte (sample) to
bind an anti-analyte antibody. As the labelled and unlabelled analytes compete for a
limited number of binding sites on the antibody, concentration of analyte in the sample
can be determined by the amount of radioactivity bound by the antibody (shown in Figure
7.1A). To date, the UK-GTD centres (based in London, Sheffield, and Dundee) and the
Dutch Central Registry for HM (based in Nijmegen) use RIA for detection of hCG in GTD
patients. These assays utilise antisera specifically directed against the free hCG B-subunit
(363). Although the UK and Dutch laboratories developed their assays separately with
different hCGP antisera, they both apply the same principle of using a primary hCGp
antibody to detect the major hCG isoforms. Both the Dutch and UK assays were developed
in the 1970’s and are still in use by their respective central hCG reference service

laboratories today (364,365).

In the 1980s, the concept of a two-site ‘sandwich’-type immunoassay was developed
where two antibodies are used to bind the analyte (e.g., hCG). One antibody is
immobilised on a solid surface (reaction tube, solid phase particle or plate wall) and
captures the analyte, while the other antibody is labelled with a detection molecule
(tracer) to generate a signal (shown in Figure 7.1B). Commercial hCG immunoassays
mainly use the ‘sandwich’-type hCG assay format which relies on the presence of 2

conserved epitopes. These assay methods are most notably suited to the application of
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pregnancy detection in which circulating hCG variants are predominantly intact and
exhibit the conserved epitopes. The hCG isoforms found in trophoblastic disease may not
always be detectable in a ‘sandwich’-type assay as these variants may not contain the

conserved epitopes for efficient antibody capture (366).

The cha