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Abstract. Approximately 10-15 % of clinically recognized pregnancies result in miscarriage, with chromosomal
abnormalities identified in about 50 % of early pregnancy losses (PL). Triploidy accounts for approximately 12 % of
all chromosomal abnormalities in miscarriages. The additional haploid set of chromosomes in triploidy may be of
paternal (diandric triploidy) or maternal (digynic triploidy) origin. Diandric triploidy is associated with a partial hy-
datidiform mole (PHM), while pregnancies involving diploid embryos with two paternal genomes (and loss of the
maternal nuclear genome) are the most common cause of a complete hydatidiform mole (CHM). The hydatidiform
mole (HM) is the most prevalent form of gestational trophoblastic disease. Genotyping of products of concep-
tion (POC) is currently considered a reliable method for confirming HM and distinguishing its subtypes. The aim
of this study was to use DNA genotyping of POCs to detect cases of triploidy, estimate the frequency of HM and
its subtypes, and analyze the molecular and clinical characteristics of triploid pregnancies, CHM, and PHM in a
Russian population. Between 2018 and 2024, a total of 10,000 consecutive PL cases were analyzed at the Medical
Genetic Center Progen (Moscow). The main clinical indications included spontaneous miscarriage, missed miscar-
riage, and anembryonic pregnancy. DNA genotyping was performed using a five-color multiplex QF-PCR method,
which included profiling of 26 autosomal STR markers, as well as DYS437, DXS6809, the SRY gene, and 30 markers
from homologous regions located on different chromosomes. CHM was diagnosed based on the homozygosity
of all STR markers. Triploidy was identified by analyzing peak area ratios of non-homozygous STR markers, which
exhibited characteristic patterns of approximately 2:1 or 1:1:1. In our cohort, chromosomal abnormalities were
identified in 58.8 % of all PL cases. Triploidy was detected in 8.3 % of the total sample, representing 14.3 % of all
chromosomally abnormal POCs. Diandric triploidy accounted for 43 % of triploid cases. The prevalence of CHM
was 0.11 %. The median age of women with triploidy was 32.1 years, and 27.9 years for those with CHM. Given the
observed frequencies of PHM and CHM in our cohort, along with the relatively young maternal age associated
with these conditions, enhancing current diagnostic protocols for HM — particularly through the incorporation of
DNA genotyping of POCs - is essential for the effective prevention and timely diagnosis of post-molar malignant
neoplasms in this population.
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AHHoTauuA. V13 KNMHUYeCcKn NpusHaHHbIX 6epeMmeHHocTeln 10-15 % 3aKaHUMBAOTCA BbIKMAbIWEM, U OKono 50 %
abopPTYCOB Ha PaHHKX CPOKax 6epeMeHHOCTY MMEIT XPOMOCOMHbIE aHOMaNMK. TPUMIOULNN COCTaBAAIOT NPUMep-
HO 12 % OT BCEX XPOMOCOMHbIX aHOManu1in abopTycoB. [JoNOAHUTENbHBIN FranionaHbIi HAGOP XPOMOCOM MOXKET
6bITb OTLOBCKOrO (AMaHapuyeckas TPUNIonanA) UM MaTEPUHCKOrO MPOUCXOXKAEHUA (QUrMHUYeCcKaa Tpunioun-
ava). InaHppuyeckan TpMNIouANA NPoABAAETCA YaCTUYHbIM Ny3blpHbIM 3aHocoMm (YM3). BepemeHHocTn gunnouna-
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Molecular genetic analysis of triploidy
and the hydatidiform mole in pregnancy loss

HbIMU SMOPVIOHAMV C iBYMSA reHOMaMM OTLIOBCKOTO NMPOUCXOXKAEHUA (M MoTepei MaTeprHCKOro AfepHOro reHoma)
npv3HaHbl Hanbosiee YacTol NPUYMHOW MOMHOTO My3blpHOro 3aHoca (MM3). My3bipHbIi 3aHOC (M13) - 3TO cambli
pacnpoCTpaHeHHbIN TN recTauuoHHon Tpodobnactnyeckon 6onesHun. leHOTUNMpPOBaHKE abOPTYCOB B HAcTOA-
Lee BpeMs pacCMaTprBaeTCA KaK HafeXHbli MeToh AnA noatsepxaeHusa u auddepeHuranbHON AUarHOCTUKN
noatunos M3. Lenbto gaHHoro nccnegosanHua 6bino ¢ nomowbio JHK-reHotnmposaHmsa abopTycoB npu HeBbIHa-
WwmBaHMM 6epeMeHHOCTM (HB) BbIABUTL Cilyyan TPUNAOMANM, OLEHMTb YacToTy 13, ero NoATUNOB, MONEKYNAPHO-
reHeTuYecKmne N KNMHMYeCKne oCo6eHHOCTU TpunnonaHon 6epemerHHocTy, MMN3 1 UM3 B poccminckon nonynauun.
C2018 no 2024 r. B MegUKO-reHeTnYeCckoMm LieHTpe «MporeH» (MockBa) 6binu nccnepgosaxbl 10000 nocnenosatenb-
HbiX cnyyaeB HB. OCHOBHbIMY HanpaBUTENbHbIMU AMArHO3aMu ABAAANCH CMOHTaHHbIA BbIKUAbIL, HEepPa3BMBato-
Wwanca 6epeMeHHOCTb, aHIMOpUuoHMsA. AHK-reHoTUNMPOBaHWe NPOBOAMIOCH C MOMOLLbIO METOAA MYNIbTUMAEKCHOW
K®-TMLUP, BkntouasLwero npodunuposaHue 26 aytocoMHbix STR-mapkepos, DYS437, DXS6809, SRY n 30 mapkepos
Ha rOMOMNOrMYHbIX yyacTkax nap xpomocom. Kputepmem MMM3 6bina romo3nrotHocTb Bcex STR-mapkepoB. KpuTe-
puem TpunIonaMm 6bI10 COOTHOLLEHME MAOLAAEN MUKOB BCEX HEroMO3MroTHbIX STR-MapkepoB, 6nm3koe K 2:1 nnn
1:1:1. B Hawei Bbi6opKe 13 10000 cnyyaeB Hb aHoManbHbIl KapnoTrn abopTycoB Obin BbiABNEH B 58.8 %, [ons Tpu-
nnoungun coctasusa 8.3 % ot obLyero yncna cnydaes unu 14.3 % ot abopTyCcoB C aHOMasbHbIM Kapuotunom. Jona
AvaHapuyeckon Tpunnongum coctasuna 43 %. Yactota M3 6bi1a paBHa 0.11 %. MeamnaHHbI BO3PaCT »KEHLWUH C
Tpunnoungmnen 6bin paseH 32.1 roaa, c MMN3 - 27.9 roga. YunTbiBan oLeHeHHy10 B Halleil Bbibopke yactoTy UM3 n MN3
1N OTHOCWTENbHO MONOAOW BO3PACT MXEHLUMH, Y KOTOPbIX OH BCTPeYanca, Heo6XxoAMMO COBEpPLIEHCTBOBATb NMELo-
wueca metoabl AnarHocTukm M3 (BkntoueHne JHK-reHoTNupoBaHuA) € Lenbio aieKBaTHOM NPOoPUNaKkTUKK 1 CBOe-
BPEMEHHOI ANATHOCTVKM MOCTMY3bIPHbIX 3/1I0KaYeCTBEHHbIX HOBOOOPA30BaHWI B )aHHON BO3PaCTHON rpynne.
KnioueBble cnoBa: TpUnIonans; ny3blPHbIA 3aHOC (MOMHBIN 1 YaCTUYHBIN); HEBbIHALLVIBAHNE GepPeMEeHHOCTY; KO-
yectBeHHasa dpnyopecueHTHas MUP (KO-MLP); KopoTkue TaHAeMHble nosTopbl; short tandem repeats (STR)

Introduction

Ten to fifteen percent of clinically recognized pregnancies end
in miscarriage, with approximately 50 % of early pregnancy
losses (PL) attributed to chromosomal abnormalities (Soler
etal., 2017; Essers et al., 2023). Triploidy accounts for about
12 % of all chromosomal abnormalities identified in spontane-
ous abortions (Jenderny, 2014; Soler et al., 2017).

Triploidy is a genetic anomaly in embryonic or fetal cells
characterized by the presence of three haploid sets of chro-
mosomes (37 = 69) instead of the normal diploid number. The
additional haploid set may be of paternal (diandric triploidy)
or maternal (digynic triploidy) origin. The parental origin
significantly influences the phenotypic manifestations of
triploid pregnancies and maternal complications. Diandric
triploidy most commonly arises from the fertilization of an
ovum by two sperm cells (dispermy), or less frequently by a
diploid sperm, and typically results in the development of a
partial hydatidiform mole (PHM) (Fig. 1C). According to the
concept of postzygotic diploidization of triploid cells proposed
by M.D. Golubovsky in 2003, a normal ovum fertilized by two
sperm cells may give rise to all types of hydatidiform mole
(HM), as well as to a fetus. Sporadic complete hydatidiform
mole (CHM) develops following monospermic (85 % of
cases) or dispermic (15 %) fertilization of an ovum in which
the maternal chromosomes are lost or destroyed shortly after
fertilization (Fig. 14, B). The result of monospermic fertiliza-
tion is an androgenetic diploid zygote formed by endoreplica-
tion of the paternal genome (Candelier, 2016). In 10-20 % of
cases, recurrent CHM is associated with biallelic pathogenic
variants in maternal-effect genes. The list of implicated genes
is steadily growing and currently includes NLRP7, KHDC3L,
MEIIl, TOP6BL, and REC114 (Murdoch et al., 2006; Parry et
al., 2011; Nguyen et al., 2018).

The incidence of HM varies significantly across popula-
tions, ranging from 1-2 cases per 1,000 pregnancies in Europe
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and the USA to as high as 10 per 1,000 in India and Indonesia
(Joyce et al., 2022). Both complete and partial HMs carry
the potential for malignant transformation, with the risk of
gestational trophoblastic neoplasia (GTN) being higher for
CHM than for PHM (Joyce et al., 2022).

In clinical practice, the main diagnostic tools for HM are
elevated serum levels of f-human chorionic gonadotropin
(B-hCG) — often tens of times higher than in normal pregnan-
cies — and ultrasonographic findings. A definitive diagnosis
is established through histopathological examination. How-
ever, these methods have limitations, particularly in early PL
(Fukunaga et al., 2005; Sazhenova et al., 2009; Buza, Hui,
2021).

Genotyping of products of conception (POC) is currently
considered a reliable approach for the confirmation and dif-
ferential diagnosis of HM subtypes (Furtado et al., 2013;
Ronnett, 2018; Buza, Hui, 2021). Distinguishing molar from
non-molar specimens and differentiating PHM from CHM
is critical for estimating the risk of post-molar GTN, which
varies by HM subtype and determines the length and intensity
of clinical follow-up (Buza, Hui, 2021).

The aim of the present study was to identify cases of tri-
ploidy using DNA genotyping of POCs from PL, to assess the
prevalence of HM and its subtypes, and to characterize the
molecular genetic and clinical features of triploid pregnancies,
CHM, and PHM in the Russian population.

Materials and methods

Between 2018 and 2024, a total of 10,000 consecutive cases
of PL were analyzed in the laboratory of the Medical Genetics
Center Progen (Moscow), with the majority of referrals origi-
nating from Moscow and the Moscow region. The primary
clinical indications included spontaneous miscarriage, missed
abortion, and anembryonic pregnancy. Informed consent was
obtained from all patients.
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Fig. 1. The main mechanisms of sporadic hydatidiform mole (HM) development.

Complete hydatidiform mole develops after monospermic fertilization (85 % of cases) (A) or dispermic fertilization (15 % of cases) (B), where the maternal chro-
mosomes were lost (or destroyed) immediately after conception. The result of the first scenario is an androgenetic diploid zygote with endoreplication of paternal
chromosomes (A). C - post-zygotic diploidization of triploids (Golubovsky, 2003); a normal egg is fertilized by two sperm cells, resulting in a triploid zygote, which

forms the basis for all types of HM and the fetus.

Chorionic villi, fetal membranes, and fetal tissues were
examined as biological material. DNA genotyping was per-
formed using five-color multiplex quantitative fluorescent
polymerase chain reaction (QF-PCR), which included the
profiling of 26 autosomal STR markers (D1S1656, D2S441,
D3S1358, D4S2366, D4S2408, D5S818, D6S1017, D6S474,
D7S820, D8S1179, D8S1115, D9S2157, D10S1248,
D10S1435, THO1,D12S391,D13S317, D14S608, D15S659,
D16S539, D18S535, D19S253, D20S482, D20S1082,
D21S1412, D22S1045), a Y-STR marker (DYS437), an
X-STR marker (DXS6809), the SRY gene, and 30 additional
markers targeting homologous regions of different chromo-
some pairs. The selection criteria for STR markers included an
expected heterozygosity of >0.7 and no more than 12 alleles
in the Russian population (Smolyanitsky et al., 2004; Pesik
etal., 2014; Zavarin et al., 2019).

PCR products were separated using a 3500 Genetic Ana-
lyzer (Thermo Fisher Scientific, USA), and electropherograms
were analyzed with GeneMapper Software v5 (Thermo Fisher
Scientific, USA). CHM was diagnosed based on homozygo-
sity at all STR loci (Fig. 2), while triploidy was identified by
peak area ratios of informative (heterozygous) STR markers
approximating 2:1 or 1:1:1. The parental origin of triploidy (di-
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andric or digynic) was determined by comparing the genotypes
of'the conceptus with those of the parents. The category “other
chromosomal abnormalities” included autosomal monosomies
and trisomies, sex chromosome aneuploidies, and complex
karyotypic abnormalities. The “euploid karyotype” group
included cases in which no chromosomal abnormalities were
detected.

Statistical analyses were performed using R software (ver-
sion 4.4.2).

Results

The median age of all women with PL was 34.6 years (inter-
quartile range (IQR): 30.3-38.3 years). The median gestational
age at PL was 7.5 embryonic weeks (IQR: 6.5-9). The sum-
mary of findings is presented in the Table.

Among 10,000 cases of PL, a normal (euploid) karyotype
was identified in 4,122 samples (41.2 %; 95 % confidence in-
terval (CI): 40.3—42.2). The median maternal age in this group
was 33.5 years (IQR: 29.6-37.1), and the median gestational
age at the time of PL was 7.5 weeks (IQR: 6.5-10).

An abnormal karyotype was detected in 5,878 cases
(58.8 %; 95 % CI: 57.8-59.7). The median maternal age in
this group was 35.4 years (IQR: 30.8-39.0), and the median

623



V.P. Pushkarev, A.S. Masycheva, E.A. Glazyrina
T.E. Serebrenikova, V.B. Chernykh

Molecular genetic analysis of triploidy
and the hydatidiform mole in pregnancy loss

POC
151656 ] [OEsTE X [Dessm ] (o ] [pzos®z 055818 ]
) s 55 s 5
B i B [2] [£]
Father
[DTST656 1 ][Ot ] 205382 ] (055818 1

[057179 ] BRY] &3

155 115 135

Mother
ikt = ] [oosTTs = — L ] D@z [DsS818 ]
A ] EANEA
D151656* D851179 SRY** Y-X D165539 THO1 D205482 D55818
POC 139% 235 - XX 297 170 102 162
Father 135-139 228-235 + XY 288-297 170-174 102-114 154-162
Mother 150-158 228-231 - XX 280-284 162-174 11-117 150-159

Note. * Length of alleles of informative STRs in nucleotides; ** Presence of SRY is indicated by a plus sign, absence by a minus sign. Shared alleles between the

father’s and POC'’s STR profiles are underlined. POC - product of conception.

Fig. 2. Identification of monospermic complete hydatidiform mole.

Results of the analysis of 10,000 cases of pregnancy loss

Indicator
Euploid karyotype
Abnormal karyotype, total
Autosomal, gonosomal aneuploidies, combined anomalies
Triploidy, total
69,XXY
69,XXX
69,XYY
68,XX
Diploid homozygous paternal genome

* 95 % confidence interval.

gestational age at miscarriage was 7.5 weeks (IQR: 6.5-9). Ac-
cording to the Mann—Whitney U-test, there was a statistically
significant difference in maternal age between the euploid and
aneuploid groups (W = 8,233,198, p <2.2x10716),
Triploidy was identified in 829 cases (8.3 % of all PL cases;
95 % CI: 7.8-8.8). The median maternal age in this group was
32.1 years (IQR: 28.2-35.8), and the median gestational age
at the time of PL was 8 weeks (IQR: 7-9). The parental origin
of triploidy was determined in 14 cases: digynic triploidy in

Quantity Proportion, % (95 % CI*)
4,122 41.2 (40.3-42.2)
5,878 58.8 (57.8-59.7)
5,038 50.4 (49.4-51.4)
829 8.30 (7.80-8.80)
448 4.50 (4.10-4.90)
363 3.60 (3.30-4.00)
13 0.13 (0.08-0.22)
5 0.05 (0.02-0.12)
1 0.11 (0.06-0.20)

eight cases (57 %) and diandric triploidy (partial hydatidiform
mole, PHM) in six cases (43 %). An example of digynic tri-
ploidy is presented in Figure 3, and that of diandric triploidy, in
Figure 4. Our observed digynic-to-diandric ratio is consistent
with previous reports; for example, D. Massalska et al. (2021)
identified diandric triploidy in 44.9 % of triploid cases.
Complete hydatidiform mole was identified in 11 cases
(0.11 % of all PL cases; 95 % CI: 0.06-0.20). Women in
the CHM group were the youngest among all groups, with a
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Note.* Length of alleles of informative STRs in nucleotides; ** Presence of SRY is indicated by a plus sign, absence by a minus sign. Shared alleles between the mother’s
and POC'’s STR profiles are underlined. POC - product of conception.

Fig. 3. Identification of triploidy and determination of its origin (digynic triploidy).
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Note. * Length of informative STR alleles is given in nucleotides; ** Presence of the SRY gene is indicated by a plus sign, absence by a minus sign. Shared alleles between

the father’s and POC's STR profiles are underlined. POC - product of conception.

Fig. 4. Identification of triploidy and determination of its origin (diandric triploidy).
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Fig. 5. Distribution of study results by gestational age at pregnancy loss.

TheY axis shows the proportion (%) and the X axis indicates gestational age at the time of pregnancy loss (in weeks). The total number of cases
is shown in parentheses below each column. Gestational age was unavailable for 148 cases. The percentage labels on the bars indicate the
proportion of each category among all cases at that specific gestational age. Bar width reflects the total number of cases at each gestational
age. Other chromosomal abnormalities include autosomal and sex chromosome trisomies and monosomies, among others. Euploid karyotype

refers to cases without chromosomal abnormalities. Triploidy indicates cases with a triploid karyotype.

median age of 27.9 years (IQR: 26.4-35.1). The median ges-
tational age at the time of PL was 6.5 weeks (IQR: 6.5-7.5).
In all 11 cases, homozygous STR profiles of the products of
conception were observed, matching the paternal STR profile
and differing from the maternal profile — consistent with a
genome derived from a single sperm cell (Fig. 2).

The majority of PL cases (80.6 %; 95 % CI: 79.8-81.3)
occurred between gestational weeks 5 and 10 (Fig. 5). PL
cases occurred before 5 weeks of gestation in 3.9 % of cases
(95 % CI: 3.54.3), and those after 10 weeks occurred in
15.6 % (95 % CI: 14.9-16.3). The highest proportion of
triploid cases occurred between 5 to 10 weeks (8.7 % of all
PL cases). Autosomal and sex chromosomal aneuploidies,
as well as combined numerical chromosomal abnormalities,
were also most common in this time window — 54 % of all
PLs. Euploid POCs were more frequently observed after
10 gestational weeks (61.7 %).

Statistical significance of the frequency distribution across
gestational age groups was assessed using Fisher’s exact test.
The comparisons yielded the following p-values: “<5 weeks”
vs. “5-10 weeks”: p = 0.0012; “<5 weeks” vs. “>10 weeks”:
p=8.6x10719;“5-10 weeks” vs. “>10 weeks”: p<2.2x 10710,

Discussion

In our cohort of 10,000 consecutive PL cases, molecular ge-
netic analysis revealed chromosomal abnormalities in 58.8 %
of samples, with triploidy accounting for 14.3 % of those with
abnormal karyotypes. Similar proportions of chromosomal
abnormalities and triploidy have been reported in studies

analyzing chorionic villi from first-trimester miscarriages
(Jenderny, 2014; Soler et al., 2017).

Approximately 80 % of PL cases occurred between ges-
tational weeks 5 and 10 (Fig. 5). Classical clinical features
of HM, such as vaginal bleeding and uterine enlargement,
are rare at these early stages. This hampers the morphologi-
cal differentiation between molar and non-molar tissue. It is
estimated that 50 % of true PHM cases may be missed by
routine histomorphology, with substantial inter- and intra-
observer variability, even among experienced pathologists
(Fukunaga et al., 2005; Hui et al., 2017). This may be due in
part to the fact that trisomies involving chromosomes 7, 8, 13,
15, 16, 18, 21, and 22 can induce villous changes that mimic
PHM (Buza, Hui, 2013; Gergely et al., 2024). These findings
underscore the importance of DNA genotyping of POCs in
differential diagnosis and in determining appropriate follow-
up and prognosis for future pregnancies.

An increased incidence of CHM has been observed among
women over 35 years of age and adolescent girls across dif-
ferent countries and ethnic groups (Hui et al., 2017). In our
cohort, no bimodal distribution was observed; the CHM group
(n = 11) had significantly younger maternal age than other
groups. This could reflect sampling limitations or the low
number of CHM cases detected.

Differentiating molar from non-molar pregnancies and
distinguishing CHM from PHM is crucial for estimating the
risk of post-molar gestational trophoblastic neoplasia, which
varies by subtype and determines follow-up duration. CHM
progresses to persistent/invasive mole in 15-20 % of cases
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and to choriocarcinoma in 2—3 %, while the risks for PHM are
lower (0.5-5 % and 0.015 %, respectively) (Buza, Hui, 2021;
Ul'rich et al., 2024). DNA genotyping of POCs is recognized
as areliable diagnostic method for HM, with validated clinical
sensitivity and specificity for both CHM and PHM (Furtado
et al., 2013; Buza, Hui, 2021).

We found limited data on HM frequency among PLs in
the Russian Federation. An analysis of statistical data on
early reproductive losses in the Ryazan region from 2017
to 2021 revealed that “hydatidiform mole was diagnosed in
exceptional cases.” (Aleshkina, Konovalov, 2023). In vari-
ous autonomous districts of the Tyumen region, during the
period from 2016 to 2021, HM accounted for 0.11-0.17 % of
pregnancies with abortive outcomes before 12 weeks of gesta-
tion (Mateykovich et al., 2023). The total number of triploid
cases identified by us (n = 829), as well as the proportion of
diandric triploidy (43 %), allow us to estimate the number
of PHM cases at approximately 350 per 10,000 cases of PL,
or 3.5 %. These findings highlight the need to revise current
diagnostic approaches. Early and accurate diagnosis of HM
is crucial for reducing complications and preserving fertility
in young women, given the risk of progression to persistent
trophoblastic disease.

A limitation of this study is the inability to identify recurrent
HM, which is an autosomal recessive condition.

Conclusion
QF-PCR-based DNA genotyping of POCs reliably detects
chromosomal abnormalities, including triploidy, CHM, and
PHM. In our cohort of 10,000 PL cases, abnormal karyotypes
were identified in 58.8 % of samples. Triploidy accounted for
8.3 % of all cases, or 14.3 % of those with abnormal karyo-
types. The frequency of CHM was 0.11 %. The median ma-
ternal age in triploidy cases was 32.1 years (IQR: 28.2-35.8),
while in CHM cases, it was 27.9 years (IQR: 26.4-35.1).
Given the observed frequency of both complete and partial
HM in our cohort, as well as the relatively young age of the
affected women, there is a pressing need to improve diag-
nostic protocols — particularly through the inclusion of DNA
genotyping of POCs — to enable timely diagnosis and prevent
post-molar malignant transformation in this age group.
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