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Abstract
Immunohistochemical analysis of p57 expression and molecular genotyping accurately subclassify molar specimens into
complete hydatidiform mole (CHM) and partial hydatidiform mole (PHM) and distinguish these from nonmolar specimens.
Characteristics of a prospective series of potentially molar specimens analyzed in a large gynecologic pathology practice are
summarized. Of 2217 cases (2160 uterine, 57 ectopic), 2080 (94%) were successfully classified: 571 CHMs (570 uterine, 1
ectopic), 498 PHMs (497 uterine, 1 ectopic), 900 nonmolar (including 147 trisomies, 19 digynic triploids, and 4 donor egg
conceptions), and 56 androgenetic/biparental mosaics; 137 were complex or unsatisfactory and not definitively classified.
CHMs dominated in patients aged < 21 and >45 years and were the only kind of molar conception found in the latter group. Of
564 successfully immunostained CHMs, 563 (99.8%) were p57-negative (1 p57-positive [retained maternal chromosome 11]
androgenetic by genotyping). Of 153 genotyped CHMs, 148 (96.7%) were androgenetic (85% monospermic) and 5 were
biparental, the latter likely familial biparental hydatidiform moles. Of 486 successfully immunostained PHMs, 481 (99%) were
p57-positive (3 p57-negative [loss of maternal chromosome 11], 2 unknown mechanism). Of 497 genotyped PHMs, 484
(97%) were diandric triploid (99% dispermic) and 13 were triandric tetraploid (all at least dispermic). Of 56 androgenetic/
biparental mosaics, 37 had a p57-negative complete molar component (16 confirmed as androgenetic by genotyping). p57
expression is highly correlated with genotyping, serving as a reliable marker for CHMs, and identifies molar components and
androgenetic cell lines in mosaic conceptions. Correlation of morphology, p57 expression, genotyping data, and history are
required to recognize familial biparental hydatidiform moles and donor egg conceptions, as the former can be misclassified as
nonmolar and the latter can be misclassified as dispermic CHM on the basis of isolated genotyping results.

Introduction

Hydatidiform moles are abnormal placentas with variable
degrees of trophoblastic hyperplasia and villous hydrops,

with or without embryonic development [1–3]. Since the
risk of persistent gestational trophoblastic disease differs for
complete hydatidiform moles (CHMs), partial hydatidiform
moles (PHMs), and nonmolar specimens (up to 15–20%
risk for CHMs but <5% for PHMs) [4–7], correct classifi-
cation of products of conception specimens into different
types of hydatidiform moles and distinction of them from
nonmolar specimens are important for clinical management
[8–10]. Traditionally, hydatidiform moles are diagnosed
based on evaluation of their morphologic features, including
the degree of trophoblastic hyperplasia/proliferation, the
sizes and shapes of chorionic villi, the presence of tropho-
blastic inclusions, and villous stromal changes [11–15].
However, it has been well demonstrated that diagnosis of
hydatidiform moles based solely on morphology is subject
to interobserver and intraobserver variability and that
diagnostic reproducibility is suboptimal [16–19]. In fact, a
reproducibility study conducted in our institution using

These author contributed equally: Deyin Xing, Emily Adams,
Jialing Huang

* Brigitte M. Ronnett
bronnett@jhmi.edu

1 Department of Pathology, The Johns Hopkins Medical
Institutions, Baltimore, MD, USA

2 Department of Gynecology and Obstetrics, The Johns Hopkins
Medical Institutions, Baltimore, MD, USA

3 Department of Oncology, The Johns Hopkins Medical Institutions,
Baltimore, MD, USA

12
34

56
78

90
()
;,:

12
34
56
78
90
();
,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41379-020-00691-9&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41379-020-00691-9&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41379-020-00691-9&domain=pdf
mailto:bronnett@jhmi.edu


genotyping results for the true (“gold standard”) diagnoses
showed that the percentage of correct classification of all
cases (CHMs, PHMs, and nonmolar specimens) by mor-
phology ranged from 55 to 75% for individual pathologists
and from 70 to 75% by consensus, with all participants
being pathologists with subspecialty training in gynecologic
pathology [20, 21]. This imperfect reproducibility is attri-
butable to the fact that a variety of nonmolar entities,
including those with abnormal villous morphology, early
nonmolar specimens with prominent trophoblastic hyper-
plasia, hydropic abortuses, and androgenetic/biparental
mosaic conceptions, can exhibit some features suggestive of
a molar pregnancy. In addition, CHMs and PHMs can
simulate each other if lacking fully developed classical
morphologic features, so subtyping of hydatidiform moles
can also be problematic.

To overcome morphology-based suboptimal reproduci-
bility and correctly diagnose hydatidiform moles, ancillary
studies, including immunohistochemical analysis of p57,
the protein product of the CDKN1C imprinted gene located
at chromosome 11p15.5, and molecular genotyping via
polymerase chain reaction (PCR) amplification of short
tandem repeat (STR) have been employed in routine prac-
tice [1, 3, 22–33]. Due to lack of maternal DNA and
paternal imprinting of the p57 gene, CHMs, including early
forms, which are purely androgenetic conceptions, lack p57
expression in the villous cytotrophoblast and villous stromal
cells; decidua and intermediate trophoblastic cells are
positive, serving as internal positive control for an immu-
nostain that relies on a negative result. A reproducibility
study using genotyped cases from our laboratory demon-
strated that incorporation of p57 immunohistochemistry into
the diagnostic algorithm significantly improved the diag-
nosis of CHMs compared with morphologic assessment
alone, even for experienced gynecologic pathologists [20].
In contrast, PHMs and nonmolar specimens, including those
with abnormal villous morphology and/or hydropic change
as well as nonmolar digynic triploid conceptions, express
p57 in villous cytotrophoblast and villous stromal cells,
serving to distinguish these entities as a group from CHMs;
however, p57 cannot distinguish among these entities since
they all share this p57 expression pattern; thus, DNA gen-
otyping is required to differentiate them.

In 2007, we began a prospective analysis of all poten-
tially molar products of conception specimens encountered
on the Gynecologic Pathology Consultation and In-house
Services of The Johns Hopkins Hospital, Baltimore, MD,
using immunohistochemical analysis of p57 expression and
molecular genotyping with STR markers per a proposed
diagnostic algorithm [26]. Initially, all specimens
were subjected to both analyses; this was later modified to
triage cases for genotyping based on p57 results: p57-
negative cases were diagnosed as CHMs without

genotyping, provided there was some appropriate mor-
phology, and p57-positive cases were genotyped and
diagnosed as PHMs or as nonmolar, depending on the
genotyping result. In 2013, we reported the results of 6
years of analysis of 678 cases [23]. In this study, we provide
an updated analysis of a larger series of 2217 cases in a
single institution, with further assessment of the perfor-
mance of these methods in clinical practice and expanded
observations on interesting and problematic aspects.

Materials and methods

From July 2007 through April 2020, 2217 cases were
analyzed, including the previously reported 678 cases.
These included 1932 (87%) consultation cases and 285
(13%) routine in-house cases. According to the diagnostic
algorithm we proposed previously [26] all cases encoun-
tered on the Gynecologic Pathology Consultation and In-
house Services of The Johns Hopkins Hospital, Baltimore,
MD, for which there was any clinical or pathological con-
cern for a molar specimen were prospectively analyzed.
Briefly, all specimens were initially subjected to both p57
immunohistochemical analysis and molecular genotyping
with STR markers. This process was later modified to triage
cases for genotyping based on p57 results: p57-negative
cases were diagnosed as CHMs without genotyping, given
the excellent performance of this assay (with some excep-
tions to confirm or resolve unusual or problematic cases, as
detailed in the results), and all p57-positive cases were
subjected to genotyping (with some exceptions depending
on whether other ancillary testing resolved the diagnosis in
conjunction with the p57 result—see below for further
details). In addition, genotyping was performed to refine
the diagnosis in certain uncommon situations that were
described in detail previously [23, 26]. Since data on zyg-
osity and sex chromosome constitutions for molar speci-
mens was not included in the pathology reports, the
Molecular Diagnostics Laboratory system database had to
be accessed to retrieve these detailed data; a high proportion
of the cases was retrieved but data for some could not be
obtained.

p57 immunohistochemistry

Immunohistochemical analysis of p57 expression was per-
formed using a mouse monoclonal antibody against p57
protein (predilute, Neomarkers, Fremont, CA, USA), as
described previously [23]. Briefly, the presence or absence
of nuclear positivity of p57 was assessed in villous stromal
cells, cytotrophoblast, intermediate trophoblast, and mater-
nal decidua. The p57 immunostain was interpreted as
follows:
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(1) Negative: villous stromal cells and cytotrophoblast
are either entirely negative or demonstrate only limited
expression (nuclear staining in <10% of these cell types)
with satisfactory expression in maternal decidua and/or
intermediate trophoblastic cells as internal positive control.
This pattern characterizes CHMs.

(2) Positive: villous stromal cells and cytotrophoblast are
both either diffusely positive (≥50%) or both types are
focally positive (≥10% but <50% of both cell types in a
patchy/nondiffuse pattern in villi, with no villi having only
one cell type positive [see below for description of such a
discordant pattern] and no sufficiently preserved villi being
completely negative [extensively degenerated villi can be
nonreactive]). The focal positive result had been considered
an “equivocal” positive result in our initial assessments but
we soon modified this to interpretation as simply positive
based on our ongoing experiences with molecular geno-
typing showing that, with only rare exceptions, this partially
positive result is essentially never encountered in CHMs.
This pattern, whether diffuse or focal/patchy, characterizes
PHMs and nonmolar abortuses.

(3) Discordant: positive staining in cytotrophoblast and
negative staining in villous stromal cells, or vice versa, within
individual villi. Discordant p57 expression characterizes
androgenetic/biparental mosaic/chimeric conceptions.

(4) Divergent: two populations of villi, each with different
morphologies, exhibiting two different staining patterns, e.g., a
twin gestation comprised of a p57-negative androgenetic CHM
and a p57-positive biparental nonmolar specimen or a mosaic
specimen comprised of a p57-discordant nonmolar biparental
component and a p57-negative androgenetic CHM component.

(5) Unsatisfactory: the staining result cannot be inter-
preted due to extensive necrosis/degenerative changes
leading to loss of immunoreactivity, technical failure, or a
negative preparation lacking internal positive control.

Molecular genotyping

The PCR-based STR analysis has been described in detail
previously [23, 28]. Initially, PCR amplification of nine
STR loci from eight different chromosomes (chromosomes
2, 3, 4, 5, 7, 11, 12, 13) and the amelogenin locus (for XY
determination) was performed, with thermal cycling con-
ditions and capillary electrophoresis carried out according
to the manufacturer’s instructions (AmpFlSTR Profiler kit;
Applied Biosystems; Foster City, CA). An expanded ana-
lysis with PCR amplification of 15 STR loci from 13 dif-
ferent chromosomes (chromosomes 2–5, 7, 8, 11–13, 16,
18, 19, 21) and the amelogenin locus (for XY determina-
tion) (AmpFlSTR Identifiler kit; Applied Biosystems)
replaced the initial 9-marker panel analysis since 2013.
Both the maternal and villous tissues were analyzed to
identify alleles at each locus. Allelic ratios (dividing the

peak height of the longer allele by the peak height of the
shorter allele) between 0.61 and 1.17 were considered to be
consistent with diploidy. Allelic ratios between 0.33 and
0.60 or 1.5 and 2.0 or in a 1:1:1 ratio were considered to be
consistent with triploidy. Every allele from the villous tissue
was identified as being maternal, definitively nonmaternal
(assumed paternal), or equivocal (unknown whether
maternal or paternal due to shared alleles) in origin. The
molecular genotyping result was interpreted as follows:

(1) the presence of only nonmaternal/novel/paternal
chromosome complement(s) indicating a purely androge-
netic conception was diagnosed as CHM (diploidy versus
tetraploidy cannot be distinguished by genotyping);

(2) the presence of either 1 maternal and 2 novel/paternal
chromosome complements indicating diandric triploidy
(paternal:maternal allele ratio of 2:1), or 1 maternal and 3
novel/paternal chromosome complements indicating tri-
andric tetraploidy (paternal:maternal allele ratio of 3:1) was
diagnosed as PHM;

(3) the presence of both maternal and paternal chromosome
complements with equal ratio indicating a biparental concep-
tion with allelic balance, or 2 maternal and 1 paternal chro-
mosome complements indicating digynic triploidy (paternal:
maternal allele ratio of 1:2), was diagnosed as nonmolar;

(4) p57-discordant villi, with variable paternal:maternal
allele ratios usually >2:1 indicating an admixture of
androgenetic and biparental cell lines within individual villi,
was diagnosed as a mosaic/chimeric conception; if there
was also a p57-negative purely androgenetic component
this was additionally diagnosed as a CHM component.

Other ancillary tests

Additional analyses, which were not part of our diagnostic
algorithm, including DNA ploidy analysis, cytogenetics
(karyotyping), fluorescence in situ hybridization (FISH),
and single-nucleotide polymorphism (SNP) array, were
sometimes provided in the accompanying pathology reports
(consultation cases) or available in the patient’s laboratory
information (in-house cases) and were sometimes used to
guide our algorithmic approach. For example, if karyotyp-
ing demonstrated a trisomy, then the case was not geno-
typed and diagnosed as nonmolar, or if DNA ploidy of
villous tissue was diploid and p57 was positive, then the
case was also not genotyped and diagnosed as nonmolar.

Results

General information

The study included a total of 2217 cases (1932 consultation
and 285 in-house) including the previous reported 678 cases.
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Diagnostic categorization of cases with age distribution, p57
immunohistochemical analysis and molecular genotyping
results are summarized in Table 1. The mean and median
ages for all diagnostic categories were similar (29–32 years).
Age ranges were similar for PHMs, nonmolar specimens,
and mosaic cases (13–49 years combined) but different for
CHMs for which the age range was 12–64 years. Interest-
ingly, stratified age analysis revealed a bimodal distribution
for CHMs, with a high proportion in the youngest age group
(second decade) and also in those older than 45 years
(Fig. 1a, b). In fact, 90% of patients (57 of 63 cases) aged >
45 years had CHMs, with only a few nonmolar specimens
but no PHMs in this age group. In patients aged 50 or older
there were only CHMs. In those <21 years, 48% had CHMs,
25% PHMs, and 27% nonmolar abortuses (Fig. 1b). A dis-
tribution plateau was observed for PHMs and the proportion
declined with increasing age (Fig. 1b). Unlike CHMs, the
peak for nonmolar abortuses was from 35 to 45 years.

Overall, 2214 of 2217 cases were subjected to p57
immunohistochemical analysis and 1633 were subjected to
genotyping per our algorithm. Detailed results of immu-
nohistochemical analysis of p57 expression and genotyp-
ing are summarized in Table 1. In all, 2181 of the 2214
cases (98.5%) subjected to p57 immunohistochemical
analysis had satisfactory p57 results (Table 1), with 33
(1.5%) unsatisfactory (nonreactive) or suboptimal (limited
weak/equivocal expression in the setting of suboptimal
internal positive control) due to degenerative changes and/
or technical factors. Also, 1595 of the 1633 cases (97.7%)
subjected to genotyping yielded satisfactory results
(Table 1). For uterine specimens, definitive classification
obtained by either immunohistochemical analysis, geno-
typing, and/or occasional other ancillary tests resulted in
diagnosis of 570 CHMs, 497 PHMs, 900 nonmolar abor-
tuses, and 56 androgenetic/biparental mosaics. Among 57
ectopic pregnancies, 1 CHM and 1 PHM were diagnosed;
the remainder of these was nonmolar. Of the 2217 total
cases, 137 cases (6%) were categorized as nondefinitive/
problematic; thus, overall 94% of cases were definitively
interpreted. All 137 cases had p57 analysis but 94 did not
undergo molecular genotyping. Reasons for being unable
to perform genotyping included insufficient villi, villi
being too intimately admixed with decidua for successful
microdissection of pure tissue components, or a lack of
decidua that precluded definitive interpretation even if the
villous tissue was successfully analyzed (required for
comparison of villous and maternal DNA patterns to
determine parental sources of the chromosome comple-
ments). In these 137 cases, molecular genotyping was
performed in 33 cases but the results could not be defini-
tively interpreted due to unsuccessful PCR amplification or
complex genotypes not conforming to the recognized
patterns described above.

Complete hydatidiform moles

Representative examples of CHMs, including early forms,
are illustrated in Figs. 2 and 3. Overall, 569 of 570 CHMs
(511 consultation and 59 in-house) had p57 analysis. Of
these, 535 displayed a negative p57 result in the villous
cytotrophoblast and villous stromal cells, with internal
positive control in decidua and/or intermediate trophoblast
(Figs. 2c, d and 3c, f). Fourteen showed an overwhelmingly
negative p57 result but some scattered villous stromal cells
amounting to <10% of total cells were positive, as is
allowed for a diagnostic of a CHM (Fig. 4); five of these
were genotyped and confirmed as androgenetic and the
remaining nine were accepted as CHMs based on mor-
phology plus the overwhelmingly negative p57 result.
Interpretation of p57 was suboptimal in five cases due to
technical issues or lack of a valid internal positive control.
These cases were confirmed by molecular genotyping,
which demonstrated that these were androgenetic concep-
tions. The 1 p57-positive CHM was shown to be androge-
netic with chromosome 11 trisomy—proven to be a retained
maternal copy of chromosome 11 accounting for the
retained p57 expression (Fig. 5) [29]. p57 immunostaining
was not performed in one case with definitive morphologic
features of invasive CHM with cervical involvement. The
CHMs included 14 cases occurring in multiple gestations
(12 twins, 1 triplet, 1 quintuplet), with 7 being first trimester
and 7 being more mature (second and third trimester). Ten
of these cases in which both components were stained
displayed a divergent p57 staining pattern characterized by
a p57-negative CHM and p57-positive nonmolar specimen
(Fig. 6); the remaining four had only the CHM component
assessed and these were negative as well. There were 28
invasive CHMs encountered in hysterectomy specimens,
with 5 cases having atypical trophoblastic proliferations
morphologically consistent with choriocarcinoma. In addi-
tion, choriocarcinoma was diagnosed in five cases with
associated noninvasive CHMs. Most of these cases have
been presented in detail in prior publications, with the
molar-associated choriocarcinomas being androgenetic and
most often monospermic XX, and the reader is referred to
those studies for discussion and illustration of issues related
to diagnosing choriocarcinoma in the setting of molar and
nonmolar villi [32, 34].

We have previously reported 106 genotyped CHMs [23]
and subsequently 51 more cases were analyzed. Of these
157 cases, 153 were successfully genotyped and 4 cases
were not able to be precisely assessed due to technical
issues. Of these 153, 148 were androgenetic and 5 were
biparental. Complete genotyping data with zygosity were
retrieved from the laboratory database for 144 CHMs with a
pure androgenetic genotype; 122 (85%) were monospermic/
homozygous (XX) and 22 (15%) were dispermic/
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heterozygous (17 XY, 5 XX) (Table 2). The four patients
with biparental CHMs had a total of nine specimens, with
two patients having more than one confirmed CHM and five
of these being available for genotyping. The first patient had
five products of conception specimens over an 8-year period
—three specimens were unequivocally diagnosed as CHM/
early CHM by morphologic features and p57-negative
immunostaining and two had overt features of CHMs but
p57 analysis was not performed. The genotyping result for

the most recent specimen demonstrated a biparental DNA
pattern. The second patient had two products of conception
specimens in a 3-year period; both were diagnosed as CHM/
early CHM, were p57-negative (Fig. 7), and had biparental
DNA patterns (Fig. 8). The third patient had a history of
recurrent abortions but only the most current specimen was
available for analysis; it was p57-negative and had a
biparental DNA pattern. The last case was initially inter-
preted as a nonmolar conception based on a biparental

Table 1 Age information, p57 immunohistochemistry, and molecular genotyping in 2217 cases.

CHM (570) PHM (497) NM (900) Mosaics (56) Ectopic (57) Nondefinitive (137)

Age (years)

Mean 30.3 29.9 32.1 30.2 30.0 31.9

Median 29 30 32 30 29 32

Range 12–64 13–45 13–49 16–45 18–44 17–47

P57

Positive 1a 481 887 0 54 121

Negative 553b 5c 2d 0 1 8e

Discordant 0 0 0 19 0 2e

Divergent 10f 0 0 37 0 0

Unsatisfactory 5e 10e 10e 0 2e 6e

Not performed 1 1 1 0 0 0

STR genotyping

Androgenetic 148 – – – – 1 g

Diandric
triploidy

– 484 – – 1 0

Triandric
tetraploidy

– 13 – – – –

Digynic
triploidy

– – 19 – – –

Biparental 5h 851 – 33 9

Androgenetic/
biparental
(no molar
component)

– – – 13 – –

Androgenetic/
biparental (with
androgenetic
molar
component)

– – – 16 – –

Complex/
problematic

2

Unsatisfactory 4i – – – 1i 33i

Not performed 413 – 30 25 22 94

CHM complete hydatidiform mole, PHM partial hydatidiform mole, NM nonmolar, STR short tandem repeat.
aAndrogenetic conception with retained maternal chromosome 11.
bIncludes four multiple gestations with a p57-negative CHM component; includes 28 invasive CHMs.
cThree with loss of maternal chromosome 11 and two with unknown mechanisms.
dNo features of familial biparental CHM; one with Beckwith–Wiedemann syndrome and one with unknown mechanisms accounting for
negative p57.
eDegenerative villi.
fTen cases of multiple gestations with p57-negative CHM component and p57-positive nonmolar component; four additional cases of twin CHM
with term placenta not assessed for p57.
gThe histologic appearance was not suggestive of a CHM.
hFour patients, with a total of nine specimens, including five genotyped CHMs with typical morphology, negative p57 immunostaining, and
biparental genotypes, probably representing familial recurrent CHMs.
iGenotyping unsatisfactory due to insufficient villi, villi being too intimately admixed with decidua, no decidua, unsuccessful PCR amplification,
or complex genotypes.
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genotyping result at the outside institution. A diagnosis of
early CHM was rendered based on the combination of
morphology and a negative p57 immunostain in our
laboratory. Based on their morphology, p57 results, and
biparental genotypes, these cases most likely represent
familial biparental recurrent CHMs, but genetic data from
the patients was not available to confirm this syndrome in
these cases.

In our consultation service, we have encountered 19
CHM cases in which p57 immunostains submitted by the
contributing laboratories demonstrated some degree of
increased nonspecific cytoplasmic staining, raising some

concern for the validity of the immunoreaction and whether
a CHM was clearly excluded by the presence of nuclear
expression in villous cells. In these cases, either diffuse
p57 expression (Fig. 9a, b) or some degree of selective
expression in one villous cell type but not the other (e.g.,
stromal cells but not cytotrophoblast) suggested, respec-
tively, that the lesion was not a CHM or might be mosaic
(the latter due to an apparent discordant expression pattern).
However, p57 immunostains performed in our laboratory,
which did not have the nonspecific cytoplasmic staining
(Fig. 9c, d), showed that these cases were p57-negative and
genotyping confirmed them as androgenetic conceptions.

Fig. 2 Complete hydatidiform
moles (two examples). a, b
Hydropically enlarged villi have
trophoblastic hyperplasia,
trophoblastic inclusions, and
cisterns. c, d Loss of p57
expression in villous
cytotrophoblast and stromal
cells confirms the diagnoses
(internal positive control in
intermediate trophoblastic cells).
Genotyping demonstrated purely
androgenetic DNA patterns
for these.

Fig. 1 Age distribution of
patients with CHM, PHM, and
NM. a Case number of CHM,
PHM, and NM in stratified age
groups. In patients aged 50 or
older there were only CHMs.
b Percentage of patients with
CHM, PHM, and NM in
stratified age groups. A bimodal
distribution of CHMs, with
highest proportions in the age
group of <21 years and >45
years, is seen. CHM complete
hydatidiform mole, PHM partial
hydatidiform mole, NM
nonmolar.
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Partial hydatidiform moles

Representative examples of PHMs are illustrated in Fig. 10.
Overall, 496 of 497 PHMs (443 consultation and 54 in-

house) had p57 analysis (1 did not have this analysis for a
technical reason but was genotyped). Of these, 422 cases
showed p57 expression in the villous cytotrophoblast and
villous stromal cells with good staining quality (Fig. 10g).
A total of 59 cases exhibited a weak/focal/diminished

Fig. 3 Early complete
hydatidiform moles (two
examples). a, b, d, e Bulbous
cauliflower-like villi,
trophoblastic hyperplasia on
villous tips, and slightly cellular
villous stroma with canalicular
vascular structures and
karyorrhectic debris. c, f Loss of
p57 expression in villous
cytotrophoblast and stromal
cells is characteristic (internal
positive control in intermediate
trophoblastic cells). Genotyping
demonstrated purely
androgenetic DNA patterns
for these.

Fig. 4 Limited p57 expression in a complete hydatidiform mole.
a Villi display circumferential trophoblastic hyperplasia and some
cistern formation. b Virtually all villi lack p57 expression in villous
cytotrophoblast and villous stromal cells, as seen in the left villous
structure, but a rare villus has expression in the cytotrophoblastic cell
layer (<10% of cells in stained section). Genotyping demonstrated a
purely androgenetic DNA pattern. This limited amount of p57

expression is allowed in an otherwise p57-negative specimen with
appropriate morphology for diagnosis as a complete hydatidiform
mole. It is possible that such rare p57-positive villi represent a minor
mosaic component (rare biparental cells in an androgenetic concep-
tion) or could be related to some focal epigenetic relaxation of
imprinting.
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staining pattern yet with extent of staining being more than
10% and thus interpreted as still positive (Fig. 10h). A total
of 15 cases were negative/nonreactive for p57: seven due to
extensive degenerative changes, three with technical issues,
three with loss of maternal chromosome 11 demonstrated
by genotyping (Fig. 11) (one of these was previously
reported [30]), and two with unknown mechanisms.

All 497 cases were molecularly confirmed as PHMs by
genotyping, with 484 having diandric triploidy and 13
having triandric tetraploidy (Fig. 11). Complete genotyping
data with zygosity were retrieved from the laboratory
database for 481 cases with diandric triploidy; 476 (99%)
were dispermic (283 69,XXY, 160 69,XXX, 28 69,XYY, 3
68,XY, 2 68,XX) and 5 (1%) were monospermic (all XXX)
(Table 2). The proportions of XXY, XXX, and XYY in
these PHM cases were 59%, 35%, and 6%, respectively.
Complete genotyping data retrieved from 12 of 13 triandric

tetraploid PHMs demonstrated that these were at least dis-
permic (5 XXYY, 5 XXXY, 2 XXXX) (Table 2); geno-
typing does not allow for assessing more than this with
regard to the number of sperm involved—further investi-
gation via SNP array analysis to address this is provided in a
recent separate publication [33].

Interestingly, 53 cases with triploidy detected by non-
PCR-based ancillary analysis, which could not determine
the source of the triploidy (diandric versus digynic), were
further confirmed as PHMs by molecular genotyping. Two
cases with tetraploidy and one with diploidy analyzed by
DNA content analysis turned out to be diandric triploidy
PHMs per genotyping, highlighting that DNA ploidy ana-
lysis can be unreliable and demonstrating the value of
molecular genotyping. While virtually/essentially all inva-
sive hydatidiform moles encountered in our experience have
been CHMs, we encountered one PHM, confirmed by

Fig. 5 Complete hydatidiform mole with aberrant p57 expression.
a Enlarged hydropic villi with prominent trophoblastic hyperplasia are
characteristic of a complete hydatidiform mole. b Retained p57
expression in villous cytotrophoblast and villous stromal cells led to

some doubt about the diagnosis of a complete hydatidiform mole, but
genotyping confirmed this as an androgenetic conception with a
retained maternal chromosome 11 accounting for the p57 expression
(b; see McConnell et al. [29] and Banet et al. [23]).

Fig. 6 Molar twin gestation.
a, b A p57-negative complete
hydatidiform mole component is
composed of enlarged villi with
trophoblastic hyperplasia,
cistern formation, and
trophoblastic inclusions.
c, d A p57-positive nonmolar
component comprised of small
immature villi lacking molar
features is also present in the
same specimen. Genotyping
confirmed the former as
androgenetic and the latter as
biparental.
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molecular genotyping, with features of an invasive hydati-
diform mole in the hysterectomy specimen.

Nonmolar abortuses

Representative examples of nonmolar abortuses are illu-
strated in Fig. 12. A total of 900 cases (780 consultation and
120 in-house) were diagnosed as nonmolar abortuses,
usually with hydropic change and/or some abnormal
villous morphology. Overall, 899 of 900 cases had p57
analysis (1 did not have this analysis for a technical reason
but was genotyped). A total of 839 cases showed p57
expression with good staining quality. A total of 48 cases
exhibited a weak/focal/diminished staining pattern yet
with extent of staining being more than 10% and thus
interpreted as still positive. A total of 12 cases were nega-
tive/nonreactive for p57: 7 due to extensive degenerative
changes, 3 with technical issues, 1 attributable to
Beckwith–Wiedemann syndrome (BWS) confirmed by
outside laboratory testing of the fetus, and 1 with unknown
mechanism.

Of 900 cases, 870 underwent molecular genotyping. A
total of 838 were confirmed as biparental conceptions,
including those with weal/focal/diminished (48 cases) or
negative/nonreactive (12 cases) p57 immunostaining. A
total of 13 cases were genotyped as having allelic balance,
likely diploid, but not absolutely confirmed as biparental per
genotyping due to having only chorionic villi available for
analysis. Despite the lack of maternal (decidua) tissue for
DNA analysis, these cases were diagnosed as nonmolar
based on a lack of triploidy per genotyping in combination
with positive p57 immunostaining. A total of 30 cases had
been confirmed as diploid with (13) or without (17) trisomy
by other ancillary analysis. Of note, there were 18 cases for
which ploidy or karyotyping demonstrated tetraploidy,
leading to consultation to address the possibility of a molar
conception. These cases were p57-positive–excluding a
subtle very early CHM-and were proven to be biparental per
genotyping.

Digynic triploid conceptions represent nonmolar abor-
tuses with two maternal and one paternal chromosome
complements (Fig. 12a). A total of 19 cases were identified
in this series. Complete genotyping data were retrieved
from the laboratory database from 14 of these; 7 were XXX
and 7 were XXY (Table 2). Based on the 15-marker panel,
which was performed on all cases, the strength of the data
for establishing that there was no evidence of diandry—that
is, all loci demonstrating triploidy but with only shared
alleles in double dosage, and no evidence of paternal alleles
in double dosage (Fig. 13)—has been enhanced, and as
such, the chances of diandric triploidy become extremely
small (absolute proof requires analysis of the paternal DNA
pattern but that is not available for these cases).Ta
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Tetraploidy in a products of conception specimen is a
nonspecific finding and could indicate a pure androgenetic
CHM, a triandric tetraploidy PHM, or a biparental tetraploid
nonmolar conception. A total of 18 tetraploid cases in this
series (12 by DNA content analysis and 6 by karyotyping)
demonstrated biparental genotyping results and were clas-
sified as nonmolar tetraploid conceptions. Complete geno-
typing data retrieved from 17 of 18 cases demonstrated that
these were all monospermic (9,XXXX, 8 XXYY) (Table 2).

Among the nonmolar specimens, 147 cases with trisomy/
trisomies were identified by molecular genotyping (134
cases) and/or karyotyping (13 cases), including: 135 single
trisomies involving chromosomes 2 (5 cases), 3 (2 cases), 4
(3 cases), 5 (2 cases), 6 (1 case), 7 (15 cases), 8 (3 cases), 11
(1 case), 12 (3 case), 13 (21 cases), 15 (1 case), 16 (42
cases), 18 (12 cases), 21 (22 cases), 22 (1 case), XYY (1
case); 10 double trisomies involving chromosomes 4 and 7
(2 cases), 16 and 21 (2 cases, Fig. 12b), 2 and 11 (1 case), 2
and 12 (1 case), 2 and 16 (1 case), 7 and 13 (1 case), 13 and

X (1 case) and 15 and 16 (1 case); and 2 triple trisomies
involving chromosomes 7, 13, 20 (1 case, [Fig. 12c]) and
12, 16, 21 (1 case). Trisomy 16, 21, 13, 7, and 18 were
among the most common single trisomy cases, with trisomy
16 accounting for 31% of cases (Fig. 14a). The peak age for
trisomy was from 36 to 40 years (Fig. 14b). Of note, tris-
omy results for chromosome 6, 15, and 22 were obtained
from karyotyping but not molecular genotyping since no
STR markers for these chromosomes were present in the kit.

Four cases with nonmaternal egg donation were diag-
nosed as nonmolar hydropic abortuses. All four cases were
provided with a history of in vitro fertilization-assisted
pregnancy, with two cases being clinically suspicious for a
molar pregnancy. Microscopically, the features in these
cases favored a nonmolar abortus but some mild abnormal
villous morphology suggested the possibility of a subtle
form of PHM. All cases were positive for p57 in villous
cells and were subjected to molecular genotyping. In two
cases, the genotyping data were initially assessed without

Fig. 7 Familial biparental
hydatidiform mole. Early
complete hydatidiform mole
with cauliflower-like villous
shape, myxoid bluish stroma
with small canalicular vessels,
and trophoblastic hyperplasia,
demonstrates loss of p57
expression (a, b). Another p57-
negative complete hydatidiform
mole 3 years later in the same
patient (c, d). Genotyping
confirmed these as biparental
conceptions, providing evidence
to suggest the syndrome of
familial biparental
hydatidiform mole.

Fig. 8 Genotyping result for
the familial biparental
hydatidiform mole example in
Fig. 7. All loci from villous
tissue demonstrate a biparental
pattern with allelic balance (both
maternal [PCR product peak
with bidirectional arrow] and
nonmaternal [PCR product peak
without arrow, presumed
paternal] chromosome
complements present, with equal
ratio).
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knowledge of the clinical history, morphologic impression,
and p57 results, and the results were interpreted as con-
sistent with a dispermic/heterozygous androgenetic con-
ception, indicating a CHM. However, discussion between
the pathologist and the molecular laboratory in view of the
discordance between the combined morphologic impression
and p57 results, which argued against CHMs, established
that these were actually nonmolar biparental conceptions
with the DNA pattern of the villous tissue explained by the
donor egg situation.

Two cases of choriocarcinoma associated with a scant
amount of nonmolar chorionic villi, one with focal p57
expression and one with heterogeneous/mosaic p57
expression, were encountered. Molecular genotyping
demonstrated biparental gestational choriocarcinomas rela-
ted to/derived from the identified villous component (the
reason[s] for the p57 results could not be determined).

Androgenetic/biparental mosaic/chimeric
conceptions

Representative examples of androgenetic/biparental mosaic/
chimeric conceptions are illustrated in Fig. 15. A total of 56
cases (52 consultation and 4 in-house) were classified as
forms of androgenetic/biparental mosaic specimens; 11 of
these have been previously reported in detail [35]. These

included fundamentally two types of cases: nonmolar
mosaic conceptions and molar mosaic conceptions in which
the molar component was in this series essentially always a
CHM/early CHM. There were 19 uniformly mosaic speci-
mens characterized by villi that were variably hydropic with
some trophoblastic inclusions, cisterns, and some villi with
stromal hypercellularity, but all villi lacked trophoblastic
hyperplasia and had discordant p57 expression in villous
stromal cells and cytotrophoblast throughout the villi. A
separate molar component with trophoblastic hyperplasia or
lack of p57 expression was not identified in these. Geno-
typing performed in 13 cases demonstrated an excess of
androgenetic alleles with variable paternal:maternal allele
ratios ≥ 2:1, indicating admixtures of androgenetic and
biparental cell lines within individual villi. These probably
represent/are consistent with early forms of placental
mesenchymal dysplasia [36, 37].

There were 37 androgenetic/biparental mosaic specimens
that had two distinct components within each case, repre-
senting molar mosaic conceptions. One component was
characterized by p57-discordant hydropic villi lacking tro-
phoblastic hyperplasia—the mosaic component—and the
other component was characterized by p57-negative villi
with trophoblastic hyperplasia—the molar component,
morphologically typical of a CHM or early CHM. Geno-
typing performed in 16 cases demonstrated an excess of

Fig. 9 Optimization of p57 immunostaining for diagnosis of com-
plete hydatidiform moles. a Complete hydatidiform mole with fea-
tures of the early form, including variably bulbous villous shapes,
trophoblastic hyperplasia, and myxoid slightly cellular villous stroma.
b Villous stromal cells and some cytotrophoblastic cells demonstrate
p57 expression on a preparation from an outside laboratory, raising
doubt about the morphologic impression, but there is an inappropriate

level of nonspecific cytoplasmic staining. c, d Preparations performed
in our laboratory show the typical morphologic features of an early
complete hydatidiform mole (c), with lack of p57 expression in villous
cytotrophoblast and stromal cells (d), without any nonspecific cyto-
plasmic staining yet robust internal positive control in intermediate
trophoblastic cells to assure an adequate reaction. Genotyping con-
firmed this as an androgenetic conception.
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androgenetic alleles with variable paternal:maternal allele
ratios >2:1 in the nonmolar mosaic component and purely
androgenetic genotypes in the molar components (see
[1, 3, 35] for examples of genotyping data). The details of
multiprobe FISH analysis of a subset of these cases are
provided in our prior study [35]. Briefly, this analysis
demonstrated that most of the analyzed cases were uni-
formly diploid in all cell types of both the nonmolar mosaic
and molar components, with only some cases having
aberrant triploid and/or tetraploid results only in cyto-
trophoblast of the nonmolar component. Of note, it is the
diploid FISH results in most cases that assist in interpreting
the allele ratios, which have an androgenetic excess in the
nonmolar mosaic cases or components and are purely

androgenetic if there is a molar component, with the excess
attributable to a mixture of p57-negative androgenetic
diploid and p57-positive biparental diploid cells rather than
as a result of aberrant ploidy. The minority of cases
with aberrant mixtures of ploidy results in the different cell
types are more complicated to interpret but in our experi-
ence these have had nonmolar mosaic components char-
acterized by p57-negative androgenetic diploid stromal cells
and p57-positive biparental cytotrophoblast with triploid
and/or tetraploid results. The molar components, when
present, have been uniformly p57-negative and androge-
netic. One case with a p57-negative androgenetic CHM and
p57-discordant mosaic components also had a mature vil-
lous component that was biparental, consistent with a

Fig. 10 The morphologic
spectrum of partial
hydatidiform moles. a–c Three
different examples demonstrate
the more typical spectrum of
villous morphology, with
classical enlarged fibrotic to
hydropic and irregularly
scalloped villi with variable
trophoblastic hyperplasia and
some trophoblastic inclusions
(all were p57-positive [not
shown]). d Another example
with rounded hydropic villi
having more trophoblastic
hyperplasia suggests a complete
hydatidiform mole but p57 was
positive (not shown).
e, f Bulbous smaller villi with
trophoblastic hyperplasia on
villous tips and myxoid stroma
with canalicular vessels suggest
an early complete hydatidiform
mole but p57 expression is
present in villous
cytotrophoblast and stromal
cells. Typical diffuse (g) and
focal (h) p57 staining patterns in
partial hydatidiform moles.
Essentially all villous
cytotrophoblast and stromal
cells are positive in g but only
some cells are positive in
h (overall this was less than 50%
in the stained section). All cases
demonstrated diandric triploidy
per genotyping.
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Fig. 11 Variants of partial hydatidiform moles. Hydropically
enlarged villi with some trophoblastic hyperplasia, trophoblastic
inclusions and cistern formation suggest a complete hydatidiform mole
(a), as did the finding of tetraploidy by DNA content analysis, but p57
expression was present in villous cytotrophoblast and stromal cells (b)
and genotyping confirmed this as a triandric tetraploid conception.
c, d Villi with some trophoblastic hyperplasia and slightly cellular

villous stroma suggest an early complete hydatidiform mole (a), and
the loss of p57 expression in villous cytotrophoblast and stromal cells
would usually support that assessment. However, genotyping
demonstrated a diandric triploid conception, supporting diagnosis as
partial hydatidiform mole, with the lack of p57 expression attributable
to loss of the maternal copy of chromosome 11, which was demon-
strated by genotyping.

Fig. 12 Nonmolar conceptions. a Nonmolar digynic triploid con-
ception has some mild irregular villous shapes, with some syncytio-
trophoblastic snouts and trophoblastic islands suggesting trophoblastic
hyperplasia, but villi with polarized trophoblast are present (lower
right). b–d Three examples of nonmolar biparental conceptions with
some abnormal villous morphology demonstrate a spectrum of

abnormal irregular villous structures with some variable hydropic
change, scalloping, mild trophoblastic hyperplasia, and trophoblastic
inclusions, suggesting partial hydatidiform moles (b, double trisomy
16 and 21; c, triple trisomy 7, 13, and 20, see Norris-Kirby et al. [59];
d, no trisomy identified per genotyping).
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nonmolar placental component of a twin gestation. Of three
additional cases with mosaic p57 patterns and some molar
features, two had complex genotypes that could not be
clearly interpreted and one had genotyping interpreted as
consistent with diandric triploidy, favoring a PHM. How-
ever, this result was considered inconclusive based on some
other experiences we have had. In particular, several of the
other nonmolar mosaics with typical discordant p57
expression with genotyping results initially interpreted as
either diandric triploidy or triandric tetraploidy required
revision to androgenetic/biparental when further analysis by
FISH demonstrated uniform diploidy in all villous cell
types. Since this case suggesting a mosaic form of PHM
was not further analyzed with FISH to establish its ploidy
and more sophisticated analysis for potential mosaic loss of

the maternal chromosome 11 to explain the p57 result was
not available, it was classified as mosaic but complex. Of
note, others have reported mosaic PHM cases (see “Dis-
cussion”) [38]. A total of 19 cases were diagnosed by
morphology in conjunction with discordant or discordant
and divergent p57 expression, respectively, without geno-
typing. This approach was taken in some cases based on our
published [35] and ongoing practice experiences with these
specimens indicating that the combination of morphology
and p57 results is sufficient to establish a diagnosis of either
a nonmolar androgenetic/biparental mosaic conception or a
CHM arising in an androgenetic/biparental mosaic con-
ception and the fact that microdissection and interpretation
of genotyping in some cases can be challenging even with
experience.

Fig. 14 Distribution of trisomy
in nonmolar abortus
specimens. a Single trisomy
case numbers for different
chromosomes. Trisomy 16, 21,
13, 7, and 18 were among the
most common single trisomy
cases, with trisomy 16
accounting for 31% of cases.
b Trisomy case numbers in
stratified age groups. The peak
age for trisomy was
36–40 years.

Fig. 13 Genotyping result for the digynic triploidy example in Fig.
12a. Analysis of DNA polymorphic markers (microsatellites)
demonstrates that the DNA pattern from villous tissue is consistent
with triploidy. None of the markers demonstrates two unique (pater-
nal) alleles (PCR product peak without arrow). All informative

markers demonstrate a pattern consistent with an additional maternal
chromosome complement (PCR product peak with bidirectional
arrow) with paternal:maternal ratio 1:2, consistent with digynic
triploidy.
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Ectopic pregnancy

A total of 57 cases (47 consultation and 10 in-house) were
ectopic pregnancies with locations as follows: 30 in right
fallopian tube, 22 in left fallopian tube, 1 in a fallopian tube
of unknown laterality, 2 in uterine cornu, 1 in left ovary,
and 1 in liver. It is not uncommon that immature chorionic
villi in an ectopic location display some abnormal mor-
phology including irregular shape, variably hydropic
changes, and appreciable trophoblastic hyperplasia. These
features can suggest a hydatidiform mole and often lead to
consultation.

All 57 cases had p57 analysis, and of these, 54 cases had
p57 expression in the villous cytotrophoblast and villous
stromal cells with good staining quality, arguing against a
diagnosis of CHM. One case (left fallopian tube) displayed
a negative p57 result in the villous cytotrophoblast and
villous stromal cells, with internal positive control. In
combination with morphology, the case was diagnosed as
an early CHM. Two cases were negative/nonreactive for
p57. One of these was a right tubal ectopic with primitive
trophoblast and only very rare immature villi (not

recognizable as early CHM) that was biparental per geno-
typing and was favored to be a very early nonmolar abortus
with trophoblastic hyperplasia, although the earliest form of
a rare ectopic biparental choriocarcinoma could not be
absolutely excluded. The other was an unusual ectopic in
the liver that lacked diagnostic features of a hydatidiform
mole and was also biparental per genotyping.

Overall, 35 of 57 cases underwent molecular genotyping.
A total of 33 cases were confirmed as nonmolar biparental
ectopic pregnancies with allelic balance. One case (left
fallopian tube) was diagnosed as a PHM based on the
finding of diandric triploidy. Molecular genotyping for one
case failed due to an uninterpretable result. Two cases with
DNA ploidy analysis and one case with FISH analysis
showed diploid results, and these results in conjunction with
positive p57 immunostaining were sufficient to establish
diagnosis as nonmolar ectopic conceptions. Molecular
genotyping was not performed for a variety of pre-
dominantly technical reasons in 18 cases that had positive
p57 results. Based on the morphology, the likelihood of
PHM in these cases was assessed as very low, and a diag-
nosis of nonmolar conception was favored for each of these.

Fig. 15 Mosaic conceptions.
a Nonmolar mosaic conception
is composed of hydropically
enlarged villi that have
somewhat cellular stroma and
trophoblastic inclusions but lack
trophoblastic hyperplasia. b Villi
demonstrate a discordant pattern
of p57 expression, with positive
cytotrophoblastic cells and
negative villous stromal cells
(this was seen throughout the
stained section). Genotyping
demonstrated paternal:maternal
allele ratios enriched for paternal
alleles. c, d Molar mosaic
conception has two distinct
villous components. Villi with
features of an early complete
hydatidiform mole are focally
present (c, left portion and d),
whereas other villi have some
irregular shapes and hydropic
change but lack trophoblastic
hyperplasia (c, right portion).
e, f p57 immunostain highlights
the different components, with
discordant p57 expression in
nonmolar mosaic component
manifested as p57-positive
cytotrophoblastic cells and p57-
negative villous stromal cells (e)
and lack of p57 expression in
molar villi (f) (see Lewis et al.
[35] for examples of
genotyping data).
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Nondefinitive, problematic cases

All 137 cases (99 consultation and 38 in-house) in this
category had p57 analysis. A total of 94 cases did not
undergo molecular genotyping for several reasons, includ-
ing insufficient villi, villi being too intimately admixed with
decidua to successfully microdissect pure tissue compo-
nents, lack of decidua that precluded definitive interpreta-
tion, and declination by the contributing pathologist. Of
note, the “microdissection” process is actually a “macro-
dissection” process in that marked areas on a stained slide
are used to localize the villous and decidual tissues on
unstained serial sections using naked eye visualization and
tissue removal from the slides rather than laser capture
microdissection. The latter is not used in our diagnostic
laboratory for this assay but is a technique that could be
used to improve the success rate for those cases in which
villous tissue is too intimately admixed with decidua for the
macrodissection method. In some cases, most often in-
house cases, the assessment at consensus conference was
that the suspicion for a hydatidiform mole was sufficiently
low to forego genotyping but these were nonetheless sub-
jected to p57 analysis to exclude the possibility of a subtle
form of very early CHM. In these 94 cases, 85 cases had
p57 expression with good staining quality. Eight cases
exhibited a weak/focal/diminished staining pattern that was
still sufficient for interpretation as positive. In conjunction
with the morphology, the pattern of p57 expression in 93
cases argued against a diagnosis of a CHM. One case
showed no expression of p57, but there was no internal
positive control to determine whether this was a true
negative result or failure of the assay due to the extensive
degenerative changes. Thus, in virtually all of these, a CHM
was excluded but a more definitive diagnosis could not be
established.

Molecular genotyping was attempted in 29 cases but the
results could not be definitively interpreted due to either
failed PCR amplification or complex genotypes that were
not readily classifiable. In these 29 cases, 24 cases showed
p57 expression with good staining quality (21 cases) or
weak/focal/diminished staining (3 cases), arguing against
diagnoses of CHMs. Three cases displayed a discordant
pattern of p57 immunostaining and two cases showed
essentially negative p57 immunostaining with internal
positive control. However, the morphologic and immuno-
histochemical evaluation was limited due to the scant
amount of villi. Thus, in most of these as well, a CHM was
excluded but a more definitive diagnosis could not be
established.

Fourteen cases were successfully genotyped. Nine cases
were biparental conceptions with allelic balance and either
negative p57 immunostaining (five cases, with internal
positive control) or nonreactive/diminished p57

immunostaining (four cases, inadequate internal positive
control and/or inadequate immunoreactivity in villi). Thus,
the differential diagnosis included nonmolar biparental
conceptions with aberrant loss of p57 expression due to
other (nonmolar) genetic mechanisms versus very early
CHMs of the rare familial biparental type. Definitive diag-
noses could not be rendered without other ancillary tests,
especially high-resolution SNP array for chromosomal
deletions or germline mutational analysis. Four cases had
p57 expression in villous cytotrophoblast and villous stro-
mal cells and were molecularly confirmed as triploid.
However, the parental origin of these chromosome com-
plements could not be determined due to lack of maternal
decidual tissue for comparison and thus, definitive diagnosis
as PHMs versus nonmolar digynic triploid conceptions
could not be established.

Discussion

We have previously reported 678 cases of potentially molar
products of conception specimens analyzed with p57
immunohistochemistry and STR genotyping, providing a
comprehensive summary of the characteristics of molar and
nonmolar specimens assessed with these techniques [23]. In
the current study, we provide an updated summary of a
larger prospective series of 2217 cases, with emphasis on
expanded observations obtained over a 13-year experience
not discussed in detail in our prior analysis.

In our prior analysis, 22 cases of CHMs were encoun-
tered in women aged >45 years and none of the women in
this age group had PHMs or nonmolar specimens. Likewise,
our updated series showed that 57 of 63 cases (90%)
in women aged >45 years had CHMs; the remaining cases
in this age group were nonmolar specimens and thus, again
none were PHMs. In a stratified age distribution analysis,
we observed a bimodal distribution of CHMs, with highest
proportions in the age groups of ≤20 years and >45 years.
Consistent with this finding, a population-based study in
Sweden involving 3844 unique cases of molar pregnancy
demonstrated the incidence of hydatidiform mole was
characterized by a bimodal pattern with distinctive peaks in
the youngest (below 20 years of age) and oldest (above 39
years of age) women of reproductive age [39]. Unlike that
study, which did not specify the type of hydatidiform moles,
we found that CHMs specifically, and not PHMs, accounted
for this bimodal distribution. This distinct predilection
toward CHM over PHM in women under and over parti-
cular ages has been observed in previous studies [40, 41].
Specifically, it has been demonstrated that very young or
advanced maternal age has consistently correlated with
higher rates of CHM. Compared with women aged 21–35
years, the risk of CHM is 1.9 times higher for both
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teenagers and women > 35 years as well as 7.5 times higher
for women > 40 years [40]. There was no association
between age and frequency of PHM. The pathogenetic
mechanism of this phenomenon remains unknown.

One limitation of our study is potential selection bias in
that the vast majority of the cases were derived from our
gynecologic pathology consultation service, which is
clearly different from a population-based epidemiological
study. Despite this, we believe the study set (2217 cases) is
comprised of a wide spectrum of cases, including a suffi-
cient number of hydatidiform moles and a variety of non-
molar entities, suggesting that the database is not unduly
biased. Of note, our molar cases still include more CHMs
than PHMs (570 versus 497), similar to what we observed
in our prior study. This is contrary to what one might expect
for biased consultation cases focused on more difficult cases
and also contrary to an increasing incidence of PHMs
among molar gestations observed in some recent studies
[42–44]. One consequence of having such a large propor-
tion of consultation cases is that obtaining follow-up
information is exceedingly difficult, making it quite chal-
lenging and even prohibitive (given the regulatory aspects
of seeking clinical follow-up) to use this large series to
ascertain risk of persistent gestational trophoblastic disease
associated with the subtypes of hydatidiform moles. Thus,
while follow-up data for a large series of genotyped cases is
desirable, the nature of our cases is not conducive to such
analysis. Of note, one recent sizeable study using cases
from a single institution has provided such analysis [44].

Our ongoing analysis of cases has established that
immunohistochemical analysis of p57 expression is highly
correlated with genotyping results. In this updated series,
only 6 of the 1067 hydatidiform moles (0.6%) had aberrant
p57 expression that was contrary to the expected result for
the diagnostic category, further demonstrating that p57
immunohistochemistry is extremely reliable for diagnosis of
CHMs. These included one p57-positive CHM attributable
to a retained maternal chromosome 11, and five p57-
negative PHMs, with three being attributable to loss of
maternal chromosome 11 and two with unknown mechan-
isms. Thus, genotyping of CHMs is not necessary in routine
practice for diagnosis, particularly if genotyping is not
available or cost-prohibitive in limited-resource settings,
and can be reserved for problematic cases, such as when
p57 immunostaining is suboptimal or unsatisfactory or
when morphology and p57 results appear discrepant.
Interestingly, a recent study demonstrated that dispermic/
heterozygous CHMs are clinically more aggressive, with a
significantly higher risk for development of post-molar
gestational trophoblastic disease compared with mono-
spermic/homozygous CHMs [44]. Thus, while genotyping
of CHMs may not be required for routine diagnosis, the
zygosity data obtained via genotyping can provide

important prognostic information, which can guide patient
management.

One important issue we encountered in our consultation
cases is the importance of optimization of p57 immuno-
histochemical staining. P57 preparations with increased
nonspecific cytoplasmic staining, often evident in decidual
cells and intermediate trophoblastic cells, can lead to mis-
interpretation of CHMs as non-CHMs. Occasionally, very
limited p57 nuclear staining can be seen in the villous
cytotrophoblast and villous stromal cells of CHMs, usually
<10% of these cell types, but this degree of expression is
allowed and such cases have been confirmed as androge-
netic CHMs in our experiences. Unlike such very focal/
limited discrete nuclear p57 staining in CHMs, an over-
stained p57 preparation is characterized by both strong
nuclear and variable cytoplasmic staining rather than a clean
pure nuclear labeling. When such nonspecific staining is
observed, several steps can be taken to address the validity
of the result, including critical evaluation of the morphol-
ogy, modification of the staining protocol with repetition of
the assay under refined conditions (ideally, using a defini-
tive CHM with good internal positive control to establish a
good control for a negative result), and genotyping to
achieve a definitive diagnosis (the latter via consultation if
not available in the originating laboratory).

Familial biparental hydatidiform moles (FBHM) are a
pure maternal-effect recessive disorder resulting, in most
cases, from mutations of NLRP7 or C6orf221 [45–49].
FBHMs have morphologic features of a CHM/early CHM
and are p57-negative but demonstrate a biparental rather
than androgenetic genotype. These cases are reliably diag-
nosed as CHMs by concordant morphology and p57 results,
but their familial/inherited nature is only established by
identifying their biparental nature per genotyping. In our
previous study, only one potential familial biparental
hydatidiform mole was described. In the current study, we
encountered four patients with molar specimens that were
consistent with FBHMs based on morphology, negative p57
immunostains, and biparental DNA patterns per genotyp-
ing. These cases highlight the importance of correlating
morphology, p57 results, and genotyping data to avoid
misinterpretation as nonmolar conceptions based on the
biparental genotyping results, which is important for patient
management. Further genetic testing of the patients was not
provided to us to establish a diagnosis of the syndrome of
FBHM for these cases.

The issue of negative or nonreactive p57 results in cases
that do not appear to be a CHM/early CHM and have
biparental genotyping results is an uncommon but proble-
matic issue because genotyping does not address many/
most of the possible mechanisms for these results. Loss of
p57 expression in a biparental conception can occur in
FBHM, but these are rare and are expected to have the
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morphology of a CHM/early CHM. Loss of p57 expression
in a specimen lacking a better developed spectrum of molar
features yet sometimes having hydropic enlargement,
leading to consideration of the possibility of a hydatidiform
mole, can be due to other kinds of nonmolar genetic
alterations affecting the p57 gene on chromosome 11. These
include:

(1) loss of the entire maternal copy of chromosome 11
(the chromosome where the p57 gene is located and from
which p57 expression is derived),

(2) loss of a portion of the maternal chromosome 11
containing or disrupting the p57 gene,

(3) paternal uniparental disomy affecting chromosome
11 (which could be regional or complete) [50], and

(4) other alterations affecting p57 expression (e.g., point
mutations, epigenetic changes).

One entity included in these is BWS, a disorder asso-
ciated with various epigenetic and/or genetic alterations that
dysregulate the imprinted genes on chromosome 11p15
[51]. The genotyping assay cannot address most of these
kinds of alterations and if the marker on chromosome 11
(which is near the location of the p57 gene on chromosome
11) demonstrates a single shared allele in all analyzed tis-
sues, the possibility of paternal uniparental disomy affecting
chromosome 11 cannot be addressed. Thus, other kinds of
analyses are required to resolve some of these p57-negative/
nonreactive cases.

In our consultation service, we encountered some cases
for which ancillary testing, such as ploidy analysis/flow
cytometry or cytogenetics/karyotyping, demonstrated
evidence of triploidy or tetraploidy. While triploidy by
itself can suggest a diagnosis of a PHM, particularly when
there is abnormal villous morphology, a triploid result
obtained by methods that do not specifically determine the
parental source of the extra chromosome complement
cannot distinguish the diandric triploidy of a PHM from
the digynic triploidy that occurs in some nonmolar abor-
tuses. Digynic triploid abortuses do not exhibit the char-
acteristic morphologic features of a PHM but rarely some
focal abnormal villous morphology can be present which
might suggest that possibility. In addition, some PHMs
can have minimally developed morphologic alterations.
Thus, morphology is not reliable for distinction of these
entities and the finding of some abnormal villous mor-
phology and triploidy of undetermined origin does not
absolutely guarantee that a specimen is a PHM [52]. In the
current study, of 61 cases with nonspecific triploidy
detected by non-PCR-based ancillary analysis, 53 were
confirmed as diandric triploid PHMs and 8 were con-
firmed as digynic triploid nonmolar abortuses by geno-
typing. In total, 19 cases with digynic triploidy were
identified in the current study, accounting for 3.8% of the
total confirmed triploid specimens (503 triploid cases,

including 484 diandric triploid PHMs and 19 digynic
triploid nonmolar abortuses).

While tetraploidy in a molar conception is traditionally
thought to favor a CHM, ploidy by itself does not determine
that a specimen is molar and also does not determine the
parental origins of the chromosome complements. Thus,
ploidy and karyotype analysis cannot distinguish the purely
androgenetic tetraploidy (four paternal and no maternal
chromosome complements) of some CHMs from the tri-
andric tetraploidy (three paternal and one maternal chro-
mosome complements) of some PHMs or the biparental
tetraploidy of some nonmolar conceptions. While the vast
majority of PHMs are characterized by diandric triploidy,
triandric tetraploidy occurs in a small subset. Both types are
virtually always p57-positive but rare examples of each type
can have loss of p57 expression, attributable to loss of the
maternal copy of chromosome 11 or other mechanisms
affecting expression of this gene. Conversely, some CHMs
are tetraploid and rare CHMs can have aberrant (retained)
p57 expression attributable to a retained maternal copy of
chromosome 11. Therefore, additional more specific ancil-
lary testing, including p57 immunohistochemistry and
molecular genotyping, is required to distinguish an andro-
genetic tetraploid CHM from a triandric tetraploid PHM or
a biparental tetraploid nonmolar abortus. It is interesting to
note that all triandric tetraploid PHMs were at least dis-
permic, whereas all biparental tetraploid nonmolar con-
ceptions were monospermic. Genotyping cannot determine
exactly how many sperm are involved in these tetraploid
PHMs but subsequent investigation by our laboratory using
SNP array analysis has demonstrated evidence for invol-
vement of three sperm in these conceptions [33].

Mosaic conceptions pose several diagnostic and inter-
pretive challenges. These have been described in detail in
prior studies and the reader is referred to those for illustra-
tions of genotyping data as well as discussion of potential
mechanisms by which they arise [35, 53] One issue is that
some examples can have an early CHM component that is
limited/focal and difficult to recognize on routine hematox-
ylin and eosin-stained sections and without the assistance of
p57 immunostains. Any areas with any degree of tropho-
blastic proliferation should be subjected to p57 immunohis-
tochemical analysis to identify such focal molar components,
particularly since microdissection of these foci can be diffi-
cult or impossible due to their small size and admixture with
mosaic components. For this reason, and because inter-
pretation of genotyping results for mosaic specimens is in
itself challenging, we often diagnose pure mosaic and molar
mosaics by morphology and p57 immunostaining without
genotyping. Identifying a p57-negative molar component is
important because the subset of mosaic conceptions with a
molar component has some risk of persistent gestational
trophoblastic disease, including subsequent development of
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choriocarcinoma [35]. One other problematic issue we have
encountered in a few cases concerns distinction of PHMs and
mosaic conceptions. These are uncommon and unusual cases
in which FISH analysis is actually useful to assist in reso-
lution of an apparent discordance between combined mor-
phology and p57 results versus genotyping results. In our
experiences, most nonmolar mosaic conceptions are uni-
formly diploid per FISH analysis, although a small subset
can have other ploidy results and even different ploidies in
different cell lines within individual villi [35] We have seen
3 cases (unpublished observations) in which morphology and
p57 expression patterns were typical of nonmolar mosaic
conceptions but genotyping suggested diandric triploidy or
triandric tetraploidy (paternal:maternal allele ratios hovering
around the 2:1 or 3:1 ratios, respectively). However, FISH
analysis, which was pursued for investigational purposes to
address the discordance between the morphologic/immuno-
histochemical impression and genotyping, demonstrated only
diploid signals in villous cytotrophoblast and stromal cells.
Further assessment of the genotyping data determined that
the allele ratios were generally within the range of those
ratios (2:1 or 3:1) but with some variability just beyond the
allowed ranges. The combined findings were then reassessed
as most consistent with androgenetic/biparental mosaic
conceptions. These odd cases demonstrate that even geno-
typing has certain interpretive challenges and that correlation
with morphology and p57 results, and at times also ancillary
testing to determine actual ploidy within individual cells, is
required for correct interpretation.

To assess the sex chromosome constitutions in PHMs,
genotyping data were retrieved from 481 diandric tri-
ploidy PHMs. The frequencies for the sex chromosome
constitutions XXY, XXX, and XYY were 59%, 35%, and
6%, respectively, which were similar to what we reported
previously with analysis of 155 PHMs [23]. Consistent
with our findings, several studies have observed a very
low frequency of XYY conceptuses in diandric triploids
compared with XXY and XXX [7, 54–57]. PHMs are
characterized by diandric triploidy (two paternal and one
maternal chromosome complements), with most arising
by fertilization of an ovum by two sperm (dispermy;
∼99%), as shown in previous studies [44, 57, 58] and our
data. Theoretically, the frequency of pregnancies with the
various karyotypes would be 25% 69,XYY, 50% 69,
XXY, and 25% 69,XXX. A frequency very far from the
expected 25% for XYY karyotype suggests that a con-
ceptus with the sex chromosome constitution XYY is less
likely to survive to the point of recognition as a missed
abortion than a conceptus with the sex chromosome
constitution XXX or XXY. It has been speculated that
excess paternal Y contribution to the zygote may have a
more adverse effect on placental implantation and devel-
opment [56].

Abnormal villous morphology is a term used to describe
a nonmolar abortus having some morphologic features
suggestive of a hydatidiform mole, usually a PHM but
sometimes an early CHM, but lacking the specific genetic
profiles that define these molar entities (diandric triploidy
for PHMs, androgenetic conception for early CHMs).
Abnormal villous morphology can be associated with other
genetic abnormalities, such as trisomy [59–61]. In the cur-
rent study, 147 cases with trisomy/trisomies were identified
by molecular genotyping (134 cases) and/or karyotyping
(13 cases), including 135 single trisomies. Trisomy 16, 21,
13, 7, and 18 were among the most common single trisomy
cases, with trisomy 16 accounting for 31% of cases. Con-
sistent with our findings, it has been reported that trisomy
16 is the most frequent autosomal anomaly seen in early
spontaneous abortions, accounting for 14-18% of all chro-
mosomally abnormal early/first trimester spontaneous
abortions [62–64]. It is worth noting that, although the 15-
marker panel includes markers for those chromosomes most
commonly affected by trisomy in first trimester spontaneous
abortions, not all chromosomes are covered by this analysis.
Consequently, a complete picture of the spectrum of tris-
omy in this series cannot be provided. In fact, in the current
study, trisomy results for chromosomes 6, 15, and 22 were
obtained from karyotyping but not molecular genotyping
since no STR markers on these chromosomes are included
in the kit.

It has been documented that hydatidiform moles are
commonly overdiagnosed in ectopic locations [65, 66].
Sheets of florid extravillous trophoblast may be prominent
in tubal ectopic gestations because tubal pregnancies fail
earlier or are diagnosed earlier than intrauterine pregnan-
cies. Similar to implantation sites in intrauterine pregnan-
cies, ectopic pregnancies may be associated with local
invasion of surrounding tissues by intermediate trophoblast.
These features can raise concern for a hydatidiform mole or
even a gestational trophoblastic neoplasm. Indeed, the
current series included 57 cases of ectopic pregnancy,
including 47 consultation cases for which the main reason
for a second opinion was concern for a molar pregnancy. Of
these 57 cases with p57 analysis, only 1 (1.8%) was diag-
nosed as an early CHM and only 1 (3%) of 34 successfully
genotyped cases was diagnosed as a PHM. Our study
highlights the value of p57 analysis and/or molecular gen-
otyping to avoid overdiagnosis of ectopic nonmolar preg-
nancies as molar entities.

The current study included four cases of donor egg
products of conception specimens that highlight a potential
diagnostic pitfall. Misclassification of the allelic pattern of a
donor egg specimen as a CHM has been reported in the
literature [67]. In fact, in the absence of this history and
without knowledge of the p57 result, the genotyping result
of a donor egg conception will be misinterpreted as a
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dispermic/heterozygous form of purely androgenetic con-
ception. This is because the conception has donor maternal
and paternal allele patterns that do not match the carrier
maternal allele pattern, yielding only novel alleles at
informative loci. Thus, analysis of morphology, the p57
result, and history is required to properly interpret geno-
typing results in these cases. Interestingly, a recent study
demonstrated that assessment of allele zygosity ratio might
be helpful for the evaluation of donor egg products of
conception specimens, with a certain level of predominance
of heterozygous alleles relative to homozygous alleles
favoring a nonmolar abortus [68].

In summary, the current updated series of 2217 potentially
molar products of conception specimens further supports that
the modern approach to diagnosis of hydatidiform moles is
best accomplished with integration of ancillary techniques,
particularly p57 immunohistochemistry and DNA genotyp-
ing, into routine practice as much as possible. The goals of
using these techniques are to provide refined diagnosis so that
the risk of persistent gestational trophoblastic disease asso-
ciated with different subtypes of hydatidiform moles can be
accurately assessed and to guide clinical management.

Note added in proof

Following submission of this manuscript, we identified
another molar twin gestation, encountered during the study
time frame, that had not been captured in our case collection
process. This was a twin gestation comprised of a PHM and
a non-molar third trimester (~37 week) placenta for which
the molar component had focal p57 expression and geno-
typing demonstrated diandric triploidy. All other twin/
multiple gestations encountered in the series had a CHM as
the molar component, so we wanted to include this case to
document the rare occurrence of a PHM in a twin gestation.

Funding This study is supported by a Clinician Scientist Award at The
Johns Hopkins University School of Medicine (D.X.) and partially
supported by the Pilot Project Award by the Cervical Cancer SPORE
program at Johns Hopkins (D.X.).

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

References

1. Hui P, Buza N, Murphy KM, Ronnett BM. Hydatidiform moles:
genetic basis and precision diagnosis. Annu Rev Pathol.
2017;12:449–85.

2. Kurman RJ, Carcangiu ML, Herrington CS, Young RH. WHO
classification of tumors of female reproductive organs. Lyon:
IARC; 2014.

3. Ronnett BM. Hydatidiform moles: ancillary techniques to refine
diagnosis. Arch Pathol Lab Med. 2018;142:1485–502.

4. Feltmate CM, Growdon WB, Wolfberg AJ, Goldstein DP, Genest
DR, Chinchilla ME, et al. Clinical characteristics of persistent
gestational trophoblastic neoplasia after partial hydatidiform molar
pregnancy. J Reprod Med. 2006;51:902–6.

5. Hancock BW, Nazir K, Everard JE. Persistent gestational tro-
phoblastic neoplasia after partial hydatidiform mole incidence and
outcome. J Reprod Med. 2006;51:764–6.

6. Wielsma S, Kerkmeijer L, Bekkers R, Pyman J, Tan J, Quinn M.
Persistent trophoblast disease following partial molar pregnancy.
Aust N Z J Obstet Gynaecol. 2006;46:119–23.

7. Scholz NB, Bolund L, Nyegaard M, Faaborg L, Jørgensen MW,
Lund H, et al. Triploidy—observations in 154 Diandric Cases.
PLoS ONE. 2015;10:e0142545.

8. Lurain JR. Gestational trophoblastic disease I: epidemiology,
pathology, clinical presentation and diagnosis of gestational tro-
phoblastic disease, and management of hydatidiform mole. Am J
Obstet Gynecol. 2010;203:531–9.

9. Berkowitz RS, Tuncer ZS, Bernstein MR, Goldstein DP. Man-
agement of gestational trophoblastic diseases: subsequent preg-
nancy experience. Semin Oncol. 2000;27:678–85.

10. Sebire NJ, Fisher RA, Foskett M, Rees H, Seckl MJ, Newlands
ES. Risk of recurrent hydatidiform mole and subsequent preg-
nancy outcome following complete or partial hydatidiform molar
pregnancy. BJOG. 2003;110:22–6.

11. Sebire NJ, Fisher RA, Rees HC. Histopathological diagnosis of
partial and complete hydatidiform mole in the first trimester of
pregnancy. Pediatr Dev Pathol. 2003;6:69–77.

12. Sebire NJ, Makrydimas G, Agnantis NJ, Zagorianakou N, Rees H,
Fisher RA. Updated diagnostic criteria for partial and complete
hydatidiform moles in early pregnancy. Anticancer Res.
2003;23:1723–8.

13. Szulman AE, Surti U. The syndromes of hydatidiform mole. II.
Morphologic evolution of the complete and partial mole. Am J
Obstet Gynecol. 1978;132:20–7.

14. Fukunaga M. Histopathologic study of partial hydatidiform moles
and DNA triploid placentas. Pathol Int. 1994;44:528–34.

15. Genest DR. Partial hydatidiform mole: clinicopathological fea-
tures, differential diagnosis, ploidy and molecular studies, and
gold standards for diagnosis. Int J Gynecol Pathol.
2001;20:315–22.

16. Fukunaga M, Katabuchi H, Nagasaka T, Mikami Y, Minamiguchi
S, Lage JM. Interobserver and intraobserver variability in the
diagnosis of hydatidiform mole. Am J Surg Pathol.
2005;29:942–7.

17. Howat AJ, Beck S, Fox H, Harris SC, Hill AS, Nicholson CM,
et al. Can histopathologists reliably diagnose molar pregnancy? J
Clin Pathol. 1993;46:599–602.

18. Javey H, Borazjani G, Behmard S, Langley FA. Discrepancies in
the histological diagnosis of hydatidiform mole. Br J Obstet
Gynaecol. 1979;86:480–3.

19. Messerli ML, Parmley T, Woodruff JD, Lilienfeld AM, Bev-
ilacqua L, Rosenshein NB. Inter- and intra-pathologist variability
in the diagnosis of gestational trophoblastic neoplasia. Obstet
Gynecol. 1987;69:622–6.

20. Vang R, Gupta M, Wu LS, Yemelyanova AV, Kurman RJ,
Murphy KM, et al. Diagnostic reproducibility of hydatidiform
moles: ancillary techniques (p57 immunohistochemistry and
molecular genotyping) improve morphologic diagnosis. Am J
Surg Pathol. 2012;36:443–53.

21. Gupta M, Vang R, Yemelyanova AV, Kurman RJ, Li FR,
Maambo EC, et al. Diagnostic reproducibility of hydatidiform

980 D. Xing et al.



moles: ancillary techniques (p57 immunohistochemistry and
molecular genotyping) improve morphologic diagnosis for both
recently trained and experienced gynecologic pathologists. Am J
Surg Pathol. 2012;36:1747–60.

22. Castrillon DH, Sun D, Weremowicz S, Fisher RA, Crum CP,
Genest DR. Discrimination of complete hydatidiform mole from
its mimics by immunohistochemistry of the paternally imprinted
gene product p57KIP2. Am J Surg Pathol. 2001;25:1225–30.

23. Banet N, DeScipio C, Murphy KM, Beierl K, Adams E, Vang R,
et al. Characteristics of hydatidiform moles: analysis of a pro-
spective series with p57 immunohistochemistry and molecular
genotyping. Mod Pathol. 2014;27:238–54.

24. Hoffner L, Dunn J, Esposito N, Macpherson T, Surti U. P57KIP2
immunostaining and molecular cytogenetics: combined approach
aids in diagnosis of morphologically challenging cases with molar
phenotype and in detecting androgenetic cell lines in mosaic/
chimeric conceptions. Hum Pathol. 2008;39:63–72.

25. Fukunaga M. Immunohistochemical characterization of p57
(KIP2) expression in early hydatidiform moles. Hum Pathol.
2002;33:1188–92.

26. McConnell TG, Murphy KM, Hafez M, Vang R, Ronnett BM.
Diagnosis and subclassification of hydatidiform moles using p57
immunohistochemistry and molecular genotyping: validation and
prospective analysis in routine and consultation practice settings
with development of an algorithmic approach. Am J Surg Pathol.
2009;33:805–17.

27. Bifulco C, Johnson C, Hao L, Kermalli H, Bell S, Hui P. Geno-
typic analysis of hydatidiform mole: an accurate and practical
method of diagnosis. Am J Surg Pathol. 2008;32:445–51.

28. Murphy KM, McConnell TG, Hafez MJ, Vang R, Ronnett BM.
Molecular genotyping of hydatidiform moles: analytic validation
of a multiplex short tandem repeat assay. J Mol Diagn.
2009;11:598–605.

29. McConnell TG, Norris-Kirby A, Hagenkord JM, Ronnett BM,
Murphy KM. Complete hydatidiform mole with retained maternal
chromosomes 6 and 11. Am J Surg Pathol. 2009;33:1409–15.

30. DeScipio C, Haley L, Beierl K, Pandit AP, Murphy KM, Ronnett
BM. Diandric triploid hydatidiform mole with loss of maternal
chromosome 11. Am J Surg Pathol. 2011;35:1586–91.

31. Buza N, Hui P. Immunohistochemistry and other ancillary tech-
niques in the diagnosis of gestational trophoblastic diseases.
Semin Diagn Pathol. 2014;31:223–32.

32. Bynum J, Murphy KM, DeScipio C, Beierl K, Adams E,
Anderson D, et al. Invasive complete hydatidiform moles: analysis
of a case series with genotyping. Int J Gynecol Pathol.
2016;35:134–41.

33. Bynum J, Batista D, Xian R, Xing D, Eshleman JR, Ronnett BM,
et al. Tetraploid partial hydatidiform moles: molecular genotyping
and determination of parental contributions. J Mol Diagn.
2020;22:90–100.

34. Savage J, Adams E, Veras E, Murphy KM, Ronnett BM. Chor-
iocarcinoma in women: analysis of a case series with genotyping.
Am J Surg Pathol. 2017;41:1593–606.

35. Lewis GH, DeScipio C, Murphy KM, Haley L, Beierl K, Mosier
S, et al. Characterization of androgenetic/biparental mosaic/chi-
meric conceptions, including those with a molar component:
morphology, p57 immnohistochemistry, molecular genotyping,
and risk of persistent gestational trophoblastic disease. Int J
Gynecol Pathol. 2013;32:199–214.

36. Kaiser-Rogers KA, McFadden DE, Livasy CA, Dansereau J, Jiang
R, Knops JF, et al. Androgenetic/biparental mosaicism causes
placental mesenchymal dysplasia. J Med Genet. 2006;43:187–92.

37. Armes JE, McGown I, Williams M, Broomfield A, Gough K,
Lehane F, et al. The placenta in Beckwith-Wiedemann syndrome:
genotype-phenotype associations, excessive extravillous trophoblast
and placental mesenchymal dysplasia. Pathology. 2012;44:519–27.

38. Hoffner L, Parks WT, Swerdlow SH, Carson JC, Surti U.
Simultaneous detection of imprinted gene expression (p57(KIP2))
and molecular cytogenetics (FICTION) in the evaluation of molar
pregnancies. J Reprod Med. 2010;55:219–28.

39. Salehi S, Eloranta S, Johansson AL, Bergström M, Lambe M.
Reporting and incidence trends of hydatidiform mole in Sweden
1973-2004. Acta Oncol. 2011;50:367–72.

40. Parazzini F, La Vecchia C, Pampallona S. Parental age and risk of
complete and partial hydatidiform mole. Br J Obstet Gynaecol.
1986;93:582–5.

41. Sebire NJ, Foskett M, Fisher RA, Rees H, Seckl M, Newlands E.
Risk of partial and complete hydatidiform molar pregnancy in
relation to maternal age. BJOG. 2002;109:99–102.

42. Joneborg U, Folkvaljon Y, Papadogiannakis N, Lambe M,
Marions L. Temporal trends in incidence and outcome of hyda-
tidiform mole: a retrospective cohort study. Acta Oncol.
2018;57:1094–9.

43. Colgan TJ, Chang MC, Nanji S, Kolomietz E. A reappraisal of the
incidence of placental hydatidiform mole using selective mole-
cular genotyping. Int J Gynecol Cancer. 2016;26:1345–50.

44. Zheng XZ, Qin XY, Chen SW, Wang P, Zhan Y, Zhong PP, et al.
Heterozygous/dispermic complete mole confers a significantly
higher risk for post-molar gestational trophoblastic disease. Mod
Pathol. 2020;33:1979–88.

45. Nguyen NMP, Khawajkie Y, Mechtouf N, Rezaei M, Breguet M,
Kurvinen E, et al. The genetics of recurrent hydatidiform moles:
new insights and lessons from a comprehensive analysis of 113
patients. Mod Pathol. 2018;31:1116–30.

46. Nguyen NM, Slim R. Genetics and epigenetics of recurrent
hydatidiform moles: basic science and genetic counselling. Curr
Obstet Gynecol Rep. 2014;3:55–64.

47. Andreasen L, Christiansen OB, Niemann I, Bolund L, Sunde L.
NLRP7 or KHDC3L genes and the etiology of molar pregnancies
and recurrent miscarriage. Mol Hum Reprod. 2013;19:773–81.

48. Murdoch S, Djuric U, Mazhar B, Seoud M, Khan R, Kuick R,
et al. Mutations in NALP7 cause recurrent hydatidiform
moles and reproductive wastage in humans. Nat Genet.
2006;38:300–2.

49. Parry DA, Logan CV, Hayward BE, Shires M, Landolsi H, Diggle
C, et al. Mutations causing familial biparental hydatidiform mole
implicate c6orf221 as a possible regulator of genomic imprinting
in the human oocyte. Am J Hum Genet. 2011;89:451–8.

50. Buza N, McGregor SM, Barroilhet L, Zheng X, Hui P. Paternal
uniparental isodisomy of tyrosine hydroxylase locus at chromo-
some 11p15.4: spectrum of phenotypical presentations simulating
hydatidiform moles. Mod Pathol. 2019;32:1180–8.

51. Li M, Squire JA, Weksberg R. Molecular genetics of Beckwith-
Wiedemann syndrome. Curr Opin Pediatr. 1997;9:623–9.

52. Han LM, Grenert JP, Wiita AP, Quinn M, Fujimoto VY, Rabban
JT. Prevalence of partial hydatidiform mole in products of con-
ception from gestations with fetal triploidy merits reflex genotype
testing independent of the morphologic appearance of the chor-
ionic villi. Am J Surg Pathol. 2020;44:849–58.

53. Sunde L, Niemann I, Hansen ES, Hindkjaer J, Degn B, Jensen
UB, et al. Mosaics and moles. Eur J Hum Genet. 2011;19:
1026–31.

54. Joergensen MW, Niemann I, Rasmussen AA, Hindkjaer J,
Agerholm I, Bolund L, et al. Triploid pregnancies: genetic and
clinical features of 158 cases. Am J Obstet Gynecol.
2014;211:370e1–19.

55. McWeeney DT, Munné S, Miller RC, Cekleniak NA, Contag SA,
Wax JR, et al. Pregnancy complicated by triploidy: a comparison
of the three karyotypes. Am J Perinatol. 2009;26:641–5.

56. Szulman AE, Philippe E, Boué JG, Boué A. Human triploidy:
association with partial hydatidiform moles and nonmolar con-
ceptuses. Hum Pathol. 1981;12:1016–21.

Refined diagnosis of hydatidiform moles with p57 immunohistochemistry and molecular genotyping: updated. . . 981



57. Jacobs PA, Szulman AE, Funkhouser J, Matsuura JS, Wilson CC.
Human triploidy: relationship between parental origin of the
additional haploid complement and development of partial hyda-
tidiform mole. Ann Hum Genet. 1982;46:223–31.

58. Zaragoza MV, Surti U, Redline RW, Millie E, Chakravarti A,
Hassold TJ. Parental origin and phenotype of triploidy in spon-
taneous abortions: predominance of diandry and association with
the partial hydatidiform mole. Am J Hum Genet. 2000;66:
1807–20.

59. Norris-Kirby A, Hagenkord JM, Kshirsagar MP, Ronnett BM,
Murphy KM. Abnormal villous morphology associated with triple
trisomy of paternal origin. J Mol Diagn. 2010;12:525–9.

60. Sebire NJ, May PC, Kaur B, Seckl MJ, Fisher RA. Abnormal
villous morphology mimicking a hydatidiform mole associated
with paternal trisomy of chromosomes 3,7,8 and unipaternal dis-
omy of chromosome 11. Diagn Pathol. 2016;11:20.

61. Redline RW, Hassold T, Zaragoza M. Determinants of villous
trophoblastic hyperplasia in spontaneous abortions. Mod Pathol.
1998;11:762–8.

62. Ljunger E, Cnattingius S, Lundin C, Annerén G. Chromosomal
anomalies in first-trimester miscarriages. Acta Obstet Gynecol
Scand. 2005;84:1103–7.

63. Dai R, Xi Q, Wang R, Zhang H, Jiang Y, Li L, et al. Chromo-
somal copy number variations in products of conception from
spontaneous abortion by next-generation sequencing technology.
Medicine. 2019;98:e18041.

64. Menasha J, Levy B, Hirschhorn K, Kardon NB. Incidence
and spectrum of chromosome abnormalities in spontaneous
abortions: new insights from a 12-year study. Genet Med.
2005;7:251–63.

65. McCullough MC, Hart S, Gilbert-Barnes E, Spellacy WN. The
gynecologist’s role in preventing overdiagnosis of ectopic molar
pregnancy: a case report. J Reprod Med. 2013;58:351–3.

66. Sebire NJ, Lindsay I, Fisher RA, Savage P, Seckl MJ.
Overdiagnosis of complete and partial hydatidiform mole in
tubal ectopic pregnancies. Int J Gynecol Pathol. 2005;
24:260–4.

67. Buza N, Hui P. Egg donor pregnancy: a potential pitfall in DNA
genotyping diagnosis of hydatidiform moles. Int J Gynecol Pathol.
2014;33:507–10.

68. Joseph NM, Pineda C, Rabban JT. DNA genotyping of nonmolar
donor egg pregnancies with abnormal villous morphology: allele
zygosity patterns prevent misinterpretation as complete hydatidi-
form mole. Int J Gynecol Pathol. 2018;37:191–7.

982 D. Xing et al.


	Refined diagnosis of hydatidiform moles with p57 immunohistochemistry and molecular genotyping: updated�analysis�of a prospective series of 2217 cases
	Abstract
	Introduction
	Materials and methods
	p57 immunohistochemistry
	Molecular genotyping
	Other ancillary tests

	Results
	General information
	Complete hydatidiform moles
	Partial hydatidiform moles
	Nonmolar abortuses
	Androgenetic/biparental mosaic/chimeric conceptions
	Ectopic pregnancy
	Nondefinitive, problematic cases

	Discussion
	Note added in proof
	Compliance with ethical standards

	ACKNOWLEDGMENTS
	References




