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Abstract
Purpose  To assess whether there is an association between extended in vitro culture based on embryo developmental stage 
at transfer and pre-malignant gestational trophoblastic disease (GTD) risk of molar pregnancy during assisted reproduction.
Methods  A retrospective study was carried out using Human Fertilization and Embryology Authority (HFEA) anonymized 
register from 1999 to 2016. A total of 540,376 cycles were eligible to be included in the study after excluding any kind of 
donor treatment or surrogacy, frozen embryo transfers, and cycles with incomplete data. Subgroup analysis was carried out 
in subjects with primary infertility aiming to exclude an increased risk in those with a previous GTD. Multivariate logistic 
regression analysis was used to adjust for possible confounders, and the effect of day of embryo transfer in IVF (in vitro 
fertilization)/ICSI (intracytoplasmic sperm injection) treatment on a molar pregnancy GTD outcome was analyzed.
Results  The prevalence of a molar pregnancy GTD among the study population was 3.4/10,000 livebirths (53/156,683) with 
a higher risk in the over 40 age category. No significant difference of pre-malignant GTD incidence was seen between IVF 
and ICSI (0.01% vs 0.009% respectively). No association was seen with GTD based on type/cause of infertility or number 
of embryos transferred.
Crude (1.06; 95% CI 0.852–1.31) and adjusted (1.07; 95% CI (0.857–1.32) odds ratios were calculated to see an association 
between day of embryo transfer and the occurrence of a GTD. There was no association between day of embryo transfer and 
molar GTD risk after adjusting for age and secondary infertility.
Conclusion  No significant association between pre-malignant molar gestational trophoblastic disease and extended in vitro 
embryo culture was found after analyzing 540,376 cycles of IVF and ICSI.
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Introduction

Gestational trophoblastic disease (GTD) spans a disease 
spectrum from premalignant conditions such as partial 
and complete hydatidiform molar pregnancy (commonly 
referred to as hydatidiform moles) through to malignant 

conditions such as invasive mole, choriocarcinoma, very 
rare placental site trophoblastic tumor, and epithelioid 
trophoblastic tumor. It is a result of abnormal prolifera-
tion of the trophoblast with a reported incidence of 1 in 
714 live births in the UK [1]. Global prevalence of ges-
tational trophoblastic disease varies vastly with highest-
reported incidence of hydatidiform mole being in South-
east Asia with 2 per 1000 pregnancies [2]. The reported 
incidence is approximately 1–3 in 1000 pregnancies for 
CHM (complete hydatidiform mole) and 3 in 1000 preg-
nancies for PHM (partial hydatidiform mole) in North 
America and Europe [3]. Wide variations in epidemiol-
ogy of GTD could be due to genetic traits and cultural fac-
tors, but accumulating reliable epidemiologic data, such as 
inconsistencies in case definitions, inability to adequately 
characterize the population at risk, non-availability of 
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centralized databases, lack of well-chosen control groups 
against which to compare possible risk factors, and rarity 
of the diseases, could play a role as well [2].

Complete molar pregnancies are diploid in origin con-
taining androgenic genetic material. Around 80% of the 
time, complete molar pregnancy (CHM) can arise from 
impregnation of an inactive oocyte by a haploid sperm with 
subsequent duplication of paternal genetic material. Less 
commonly, around 16% of the time, it could occur due to 
dispermic fertilization of an empty oocyte. In rare occa-
sions, complete moles can also occur by fertilization of a 
haploid oocyte containing mutated copy of NLRP7 gene or 
KHDC3L gene by a healthy sperm [4]. It has been reported 
that 50–80% of recurrent hydatidiform moles in women 
are due to pathogenic variants in the alleles of NLRP7 or 
KHDC3L [5]. These molar pregnancies with gene mutations 
are diploid biparental in origin. Partial moles are triploid in 
origin, containing two sets of paternal haploid genetic mate-
rial and one set of maternal haploid genetic material. Par-
tial hydatidiform moles (PHM) usually arise by dispermic 
fertilization of a haploid oocyte or more rarely by a diploid 
sperm fertilizing a haploid oocyte. In rare occasions, the 
PHM have also been reported with other karyotypes (diploid 
biparental, triploid dyginic, tetraploid triandric) [6].

Several techniques have been described in literature to 
avoid recurrent molar pregnancy with assisted reproductive 
technology (ART). These include intracytoplasmic sperm 
injection (ICSI) to overcome dispermic fertilization, iden-
tification of retaining polar bodies during embryo growth, 
preimplantation genetic testing for aneuploidy (PGT-A), and 
pre-selection of male embryos to guard against transferring 
XX embryos created by fertilization of an inactive oocyte 
by a haploid X-bearing spermatozoon [7]. Despite above 
technological advances and selection of normally fertilized 
(2PN) embryos, there are reported cases of pre-malignant 
GTD following assisted reproduction. It is a known fact that 
blastocyst transfer compared to cleavage stage transfer is 
associated with higher pregnancy and live birth rates [8]. 
However, evidence is lacking whether extended embryo 
culture to blastocyst stage influences implantation of an 
abnormal embryo or abnormal trophoblastic proliferation 
leading to GTD. A previous study done to assess the inci-
dence of molar pregnancy using HFEA data did not address 
the extended in vitro culture and association with GTD [9].

Although essential determination of the ploidy status is a 
process that occurs at fertilization, it would be interesting to 
know how the in vitro culture conditions and morphological 
selection would affect the risk of molar pregnancy during 
assisted reproduction. Theoretically, the natural selection 
of embryos and observation of a more morphologically 
differentiated stage of embryos might influence the risk of 
molar GTD during assisted reproduction. Likewise, there 
is a possibility of alteration in genomic imprinting due to 

methylation changes post fertilization that can be attributed 
to the expression of molar pregnancy as well [10].

With this background, the objective of this study was to 
assess whether extended culture to blastocyst had any effect 
on the risk of molar pregnancy during IVF and ICSI.

Methods

A retrospective study was carried out using Human Fer-
tilization and Embryology Authority (HFEA) anonymised 
register data from 1999 to 2016. HFEA holds the longest 
running register for fertility treatment data in the world and 
is the national database for fertility treatment data in the UK. 
The anonymised database is accessible to the researchers 
and confidentiality of the patients is protected (https://​www.​
hfea.​gov.​uk/​about-​us/​our-​data/).

Women aged 18 to 44  years during treatment were 
included in the analysis. Cycles with incomplete data where 
patient’s age at treatment and day of embryo transfer was 
not available were not included in the analysis. Other exclu-
sion criteria were frozen embryo transfer (FET), donor (egg/
sperm/embryo) treatment, and surrogacy. We excluded fro-
zen embryo transfers from our final analysis as we lacked 
data on extended in vitro culture of these frozen embryos. 
For frozen embryo transfer cycles, the HFEA-database did 
not capture whether the embryo thawed was frozen at cleav-
age stage or blastocyst stage. In addition to the lack of data 
regarding duration of in vitro culture prior to FET cycle, the 
age of women at the time of freeze was also not reported in 
the national database.

Extended culture was defined as embryos cultured in vitro 
between 5 and 7 days before transfer (blastocyst stage) whilst 
embryo transfer between 1 and 4 days at cleavage stage was 
grouped as a standard in vitro culture. Live birth outcomes 
were recorded to calculate prevalence of GTD. Prevalence 
of molar pregnancy per 10,000 livebirths and incidence of 
molar pregnancy per ART cycle were calculated. Incidence 
of molar pregnancy according to day of embryo transfer was 
assessed. The terminology used to record pre-malignant 
GTD outcome on the HFEA database was “molar preg-
nancy.” A subgroup analysis of those with primary infer-
tility was performed after excluding subjects with second-
ary infertility in order to exclude a potential bias due to an 
increased associated risk in those with a previous history of 
GTD. Multivariate regression analysis was used to adjust 
for possible confounders and to assess whether there is any 
association between day of embryo transfer and risk of molar 
pregnancy. R (4.0.2) statistical software was used for the 
analysis of data. Crude and adjusted odds ratio (OR) were 
calculated with 95% confidence intervals (CI).

For unadjusted odds ratios, a logistic regression model 
with one predictor variable ( X1 ) was used with formula 
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given below, where p is the probability of occurrence of an 
event (e.g., occurrence of a disease).

The regression coefficient ( �1 ) above is the estimated 
increase in the log odds of the outcome per unit increase in 
the value of the exposure. In other words, the exponential 
function of the regression coefficient ( e�1 ) is the odds ratio 
associated with a one-unit increase in the exposure. For 
adjusted odds ratios, the same logistic regression concept 
was extended to include multiple variables and was used for 
the analysis as given below.

where ( e�1 ) becomes the adjusted odds ratio for exposure X1 
whilst keeping other factors X2,X3,… constant (i.e., adjusted 
odds ratio after controlling for factorsX2,X3,….).

Results

There were 1,033,588 treatment cycles during the study 
period resulting in 228,461 livebirths and 78 cases of molar 
pregnancies reported. This gave an overall GTD prevalence 
of 4/10,000 live births in all ART cycles performed in the 
UK. Of the 1,033,588 treatment cycles, only 540,376 cycles 
met the inclusion criteria of fresh IVF or ICSI resulting 
in 156,683 live births and 53 cases of molar pregnancies 
reported. Although FET cycles were excluded from the final 

logit(p) = log

(

p

1 − p

)

= �0 + �1x1

logit(p) = log

(

p

1 − p

)

= �0 + �1x1 + �2x2 + �3x3 +…

analysis, there were 13 reported molar pregnancies in a total 
of 176,208 FET cycles in women during the same period 
who had a successful thawed embryo transfer. The preva-
lence was 3.3 per 10,000 live birth occurrences (13/39,682) 
following a FET cycle.

The prevalence of molar pregnancy among the study 
population after meeting inclusion criteria was 3.4/10,000 
livebirths (53/156,683) or 1 in every 2956 live births. The 
incidence was ~ 1 in 10,000 ART cycles when considering 
all fresh IVF and ICSI cycle outcomes (53/540,376).

Figure 1 shows the age distribution of the study sam-
ple along with the number of molar pregnancies reported 
in each age category. Majority of the patients were in 18–34 
category. The prevalence of molar pregnancy was signifi-
cantly higher in the over 40 age category at 11.6 per 10,000 
live births compared to under 35 years (2.6 per 10,000 live 
births) with odds ratio of 4.0 (95% CI: 1.14–14.19). The 
prevalence of molar pregnancy was not significant for 35–37 
and 36–39 age subgroups at 3.02 and 3.27 per 10,000 live 
births respectively (95% CI: 0.20–4.95) in comparison to the 
reference group of under 35 years.

Table 1 gives demographic and clinical characteristics of 
the study sample with odds ratio for each factor given for the 
incidence of molar pregnancy risk per ART cycle.

Majority of women undergoing IVF/ICSI within the 
study population had cleavage stage transfer. A total of 
24.8% of fresh IVF or ICSI cycles were undertaken fol-
lowing extended culture to day 5–7 (n = 134,299). Table 2 
shows the distribution of study population according to day 
of embryo transfer.

No significant difference of molar pregnancy incidence 
was seen between IVF (25/247,903) and ICSI (28/289,774) 

Fig. 1   Age distribution of study 
population and distribution of 
molar pregnancies of women 
who had fresh IVF and ICSI 
cycles in the UK from 1999 to 
2016 based on Human Fertiliza-
tion and Embryology Author-
ity (HFEA) national data. The 
x-axis denotes the female age 
range whilst the primary y-axis 
denotes the total numbers of 
IVF/ICSI cycles and live births. 
The secondary y-axis denotes 
the number of molar pregnan-
cies and the incidence of molar 
pregnancy per 10,000 live births
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(0.01% vs 0.009% respectively per ART cycle). Out of the 
28 molar pregnancies reported among ICSI population, 20 
were associated with male factor infertility. No association 
was identified between GTD and type/cause of infertility 
or number of embryos transferred.

Crude (1.06; 95% CI 0.852–1.31) and adjusted (1.07; 
95% CI 0.857–1.32) odds ratios were calculated to assess 
an association of molar GTD with extended culture. This 
did not show any association between day of embryo trans-
fer and GTD risk after adjusting for age.

Subgroup analysis was carried out using subjects with 
primary infertility in order to exclude a previous his-
tory of GTD. There were 16 molar pregnancies among 
143,557 fresh ART cycles in women with primary infer-
tility. This also showed no correlation between extended 

culture of embryos and molar GTD risk (OR: 1.21; 95% 
CI 0.6–1.92).

Discussion

Assisted reproductive technology (ART) is a helpful tool to 
study early human embryo development prior to implanta-
tion. The advantage of morphological assessment of early 
embryos at fertilization check may aid in embryo selection 
by exclusion of 3PN embryos for transfer thereby mini-
mizing the risk of GTD. Our study based on HFEA’s large 
national ART registry in the UK confirms that the inci-
dence of molar pregnancy is substantially lower with fresh 
IVF and ICSI compared to general population [1]. Similar 
observations were made by a previously published study by 
Nickkho-Amiry et al. [9] with an incidence of molar preg-
nancy with fresh ICSI at 1/3709–1/4302 and an incidence 
of molar pregnancy with fresh IVF cycles at 1/4333. How-
ever, they did not specifically address the impact of extended 
in vitro culture conditions to blastocyst stage on GTD risk. 
In comparison to their reporting of the incidence of molar 
pregnancy per number of pregnancies regardless of cleavage 
or blastocyst stage transfer, our calculations were based on 
fresh ART cycle and live birth outcomes based on extended 
in vitro culture of the embryos. In their study, they have 
included fresh and frozen embryo transfers and also donor 
treatments as well. We excluded frozen embryo transfers 
from our analysis as the HFEA database was restricted in 

Table 1   Demographic and clinical characteristics of the study population with calculated odds ratios (OR) for the risk of molar pregnancy in 
each group. The OR and 95% Confidence intervals (CI) refer to incidence of molar pregnancy per fresh ART cycle

Number of patients 
with GTD

Number of patients with 
other pregnancy outcomes

Number of 
live births

OR for molar preg-
nancy outcome

95% CI

Primary infertility (n = 143,557) 16 143,541 48,793 1.19 0.66–2.14
Cause of infertility
Tubal factor infertility (n = 101,191) 9 101,182 33,135 0.88 0.43–1.81
Ovulatory disorder (n = 65,339) 4 65,335 25,291 0.59 0.21–1.64
Male factor (n = 224,920) 22 224,898 81,768 0.99 0.56–1.71
Unexplained (n = 157,353) 16 157,337 54,339 1.05 0.56–1.85
Endometriosis (n = 36,307) 4 36,303 12,673 1.13 0.4–3.14
Cervical factor(n = 218) 0 218 56 0 0
Fertilization technique (split IVF/ICSI excluded)
ICSI (n = 289,774) 28 28,9746 101,854 0.95 0.55–1.64
IVF (n = 247,903) 25 247,878 88,018 1.04 0.60–1.78
Age at treatment
18–34 (n = 248,309) 23 248,286 88,384 0.9 0.52–1.55
35–37 (n = 132,503) 12 13,2491 39,634 0.9 0.47–1.71
38–39 (n = 80,763) 6 80,757 18,342 0.72 0.31–1.69
40–42 (n = 64,556) 11 64,545 9473 1.93 0.99–3.75
43–44 (n = 14,245) 1 14,244 850 0.71 0.09–5.13

Table 2   Number of fresh IVF or ICSI cycles in the study cohort as 
per national UK database according to the day of embryo transfer

Number of women undergoing fresh cycles Day of 
embryo 
transfer

2299 Day 1
225,163 Day 2
173,115 Day 3
5500 Day 4
129,124 Day 5
5008 Day 6
167 Day 7
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reporting of stage at which embryos were frozen and the 
age of women at the time of freezing that may influence the 
risk of molar pregnancy. In addition, we wished to mitigate 
the unknown influence of freezing and thawing on genomic 
imprinting and abnormal trophoblastic proliferation. Donor 
treatments were excluded to minimize variables as this does 
not reflect the GTD risk factors specific to the couples. With 
the use of intracytoplasmic sperm injection, albeit one would 
expect a lower prevalence of molar pregnancy than IVF, 
such difference was not seen between the two fertilization 
methods. ICSI technique invariably protects against dis-
permy; however, it might not be able to prevent injection of 
diploid sperm or other rare mechanisms of molar pregnancy 
formation [11]. In healthy men, diploid sperm account for 
about 0.2–0.3%, but it may be as high as 1.9% in males with 
oligozoospermia [12]. As ICSI is usually performed for male 
factor problem with sub optimal sperm quality, it is plausible 
that the higher possibility of diploid sperm errors in these 
men could be one possible explanation of GTD with its use. 
In this retrospective cohort, 20 out of 28 molar pregnancies 
seen with ICSI were associated with male factor infertility. 
Another possible explanation for molar pregnancy follow-
ing ICSI is when an oocyte with mutations in the maternal-
effect genes NLRP7 and KHDC3L is injected with a healthy 
sperm. These are termed biparental complete hydatidiform 
mole. Although there is a maternal copy of genome, this is 
not expressed due to widespread loss of methylation [10]. 
Although, diploid biparental allelic pathogenic variants in 
NLRP7 and KHDC3L are linked to familial or recurrent 
reproductive losses due to molar pregnancies, a study of 
Danish women did not identify a pathogenic association [5, 
13].

There is a possibility that the embryos considered to be 
diploid had a third pronucleus (PN) which was not visible at 
the specific time of morphological assessment of embryos. 
The possibility of human errors identifying 3PN embryos 
should also be borne in mind in this situation. Triploid 
zygotes have also been observed when rescue ICSI is used 
following failed fertilization with IVF [9]; however, this 
technique is not practiced in the UK. Theoretically, there 
is a possibility that timelapse imaging could be useful in 
reducing the human errors and inter observer variations in 
this situation; however, we did not come across any studies 
assessing the use of time lapse imaging to prevent molar 
pregnancies. A study done by Grossmann et al. suggested 
that most of the tripronucleate zygotes after ICSI were due 
to non-extrusion of the second polar body [14]. Maternal 
triploidy is commonly not shown to be associated with GTD 
[15]. The selection of euploid embryos by preimplantation 
genetic testing (PGT) may be considered beneficial in rul-
ing out abnormally fertilized embryos based on ploidy sta-
tus. However, molar pregnancy has been reported following 
transfer of a euploid blastocyst after PGT [16].

Even though the manifestation of a molar pregnancy is 
determined at the fertilization based on uniparental ploidy 
status, uncertainty exists regarding extended in vitro culture 
to blastocyst stage and correlation with implantation of an 
abnormal embryo or an abnormal trophoblastic proliferation 
leading to GTD. There has been concerns about the occur-
rence of epimutations with assisted reproductive techniques 
[10]. Studies have reported alteration in early placental 
methylation [17, 18] as well as differential genomic and 
transcriptomic expression [19] in placental tissue in ART 
conceptions compared to natural conceptions thereby rais-
ing the question of predisposition to GTD-risk. Ploidy status 
to diagnose molar pregnancies using traditional diagnostic 
tools such as ultrasound, histopathology, and cytogenetics 
may underdiagnose true prevalence that can be picked up by 
genomic sequencing. A large retrospective cohort study of 
26,101 products of conception analysis using newer genomic 
technology, single nucleotide polymorphism (SNP) array 
identified a significantly higher detection of GTD in 3.1% of 
all reproductive losses [20]. According to this study, approx-
imately 71% of partial molar pregnancies and 30% of com-
plete moles were missed by traditional standard techniques.

As far as we know, no studies have been done to assess 
an effect of culture condition on trophoblastic proliferation 
and risk of subsequent gestational trophoblastic disease. 
Our findings concluded that the selection of blastocyst stage 
embryo after extended culture did not alter the likelihood of 
having a pre-malignant GTD compared to cleavage stage 
embryo.

Demographic data showed a higher prevalence of molar 
pregnancy per 10,000 livebirths in above 40 age category, 
in par with known higher risk of molar pregnancy in women 
above 40 in the general population. Of interesting note, 
although the incidence of molar pregnancy was significantly 
lower in women undergoing assisted reproduction, this may 
suggest increased risk with advancing age is not totally 
eliminated with treatment.

The retrospective analysis of anonymised HFEA data-
base limited adjustments for confounders not recorded in 
the national database such as smoking, previous history of 
GTD, and ethnicity that predispose to GTD risk. This is a 
key limitation of our study. It is known that a previous his-
tory of GTD could be a risk factor for future occurrence. A 
recent retrospective study carried out in patients undergoing 
IVF/ICSI with a prior history of GTD has shown a reduced 
number of good quality embryos compared to secondary 
infertile women without a prior history of GTD [21]. This 
study consequentially reported a significant association of 
low live birth rate of 34% in those with previous history 
of GTD compared to control cohort (66%) post IVF/ICSI 
cycles. We tried to overcome this possible confounder by 
performing a subgroup analysis for women with primary 
infertility and no previous reported pregnancies thereby 
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excluding possibility of previous GTD. Another drawback 
of our study was that the type of culture media used and 
morphological grading of the embryos was not known before 
the transfer. Lastly, caution needs to be exercised for under-
reporting of GTD to HFEA, and the lack of information on 
the type of pre-malignant GTD identified as HFEA dataset 
does not differentiate between partial and complete molar 
pregnancies. Our study focussed on association of extended 
in vitro culture and GTD risk by analyzing the anonymized 
national UK database. Unfortunately, the retrospective data 
restricts access to information not recorded in the database.

Wider implications of the findings

Though GTD cannot be completely prevented by IVF/ICSI, 
the incidence is significantly low and extended culture is not 
associated with higher risk of abnormal trophoblastic prolif-
eration or molar GTD occurrence with IVF/ ICSI treatment. 
These findings would aid informed implication counselling 
and reassurance of patients during assisted reproduction 
treatments. Future research is recommended to determine 
whether women at high risk for molar pregnancies or its 
recurrence would benefit from ART to minimize risk of 
GTD. In the UK, there are three regional GTD referral cent-
ers where all GTD cases are registered. It would be advisable 
to record in there and similar databases globally about ART 
conceptions and GTD occurrence for future studies. Lastly, 
with the genomic era, it is vital that the future of GTD risk 
prediction, prevention, and education utilizes new tools of 
reproductive genomics and artificial intelligence.
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