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ABSTRACT
Hydatidiform moles are rare and thus most pathologists and geneticists have little experience with their diagnosis. It is important to promptly and correctly identify hydatidiform moles given that they are premalignant disorders associated with a risk of persistent gestational trophoblastic disease and gestational trophoblastic neoplasia. Improvement in diagnosis can be achieved with uniformization of diagnostic criteria and establishment of algorithms. To this aim, the Pathology and Genetics Working Party of the European Organisation for Treatment of Trophoblastic Diseases has developed guidelines that describe the pathological criteria and ancillary techniques that can be used in the differential diagnosis of hydatidiform moles. These guidelines are based on the best available evidence in the literature, professional experience and consensus of the experts’ group involved in its development.
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INTRODUCTION

Gestational trophoblastic disease (GTD) comprises a varied set of disorders, of which hydatidiform moles (HMs) are the most frequent. It is important to promptly and correctly identify HMs given that they are premalignant disorders associated with a risk of persistent GTD and gestational trophoblastic neoplasia (GTN) [53]. This risk is higher for complete hydatidiform mole (CHM) compared to partial hydatidiform mole (PHM) [56, 64, 68]. This differential diagnosis also has implications for the clinical follow-up protocol, namely serum human chorionic gonadotropin (hCG) monitoring [45]. 
When HM is suspected sonographically, diagnosis must be confirmed by histology, using ancillary techniques whenever necessary. HMs are rare (0.5-3 in 1,000 pregnancies) [3, 12, 17, 34, 57], and thus difficulties in their diagnosis are common. This is emphasized by the large number of cases (which may reach around 40%), that are reported to be reclassified in central review [65]. Moreover, there is significant inter-observer and intra-observer variability, particularly when histology alone is used for diagnosis [23, 29, 33, 73]. 
Improvement of diagnosis is warranted. For this, it is essential to strengthen diagnostic experience, optimize resources, and uniformize diagnostic criteria and algorithms. The first two can be achieved through the development of GTD centres. Currently, several European countries have GTD centres that can provide expert advice and all new patients in those countries should be registered with their GTD centre. Although, patients may be followed up at a local centre, discussing and registering these cases with the GTD centre and following their advice is essential to prevent unnecessary complications and deaths. 
[bookmark: _Hlk107964861]Uniformization of diagnostic criteria and algorithms can be achieved by establishing guidelines. To fulfil this aim, the Pathology and Genetics Working Party of the European Organisation for Treatment of Trophoblastic Diseases (EOTTD) has developed guidelines that describe the pathological criteria and ancillary techniques which can be used in the differential diagnosis of typical HM: 
· PHM
· CHM
And rare conditions, such as:
· HM in twin pregnancy
· Mosaic/chimeric conceptions with molar pathology
· Diploid biparental HM associated with a predisposition to molar pregnancies
These guidelines should be used in conjunction with the local guidelines and legal requirements of each country.
DESIGN
The Pathology and Genetics Working Party of the EOTTD, was founded in 2010. One of the goals of the Working Party was to formulate guidelines applicable for all European countries, namely to outline pathological criteria for diagnosis of molar pregnancies and provide a work flow indicating where ancillary techniques would be useful. Pathologists and geneticists participating in EOTTD, attended multiple workshops (2014: Liege, Belgium, 2015: Amsterdam, The Netherlands, 2016: Cork, Ireland, 2017: Amsterdam, The Netherlands, 2018: London, UK, 2019: Berlin, Germany, 2021: Porto, Portugal) until finalisation of the guidelines in May 2022 (Cork, Ireland). 
Practicing placental pathologists and geneticists working in EOTTD participating centres were invited to participate in the guidelines discussion. A core group of pathologists and geneticists were elected to build a well-constructed series of definitions of gross, histological, immunostaining and genetic features, based on published evidence where available, that were gradually discussed during the workshops. The resulting text was then circulated among all participants. The group comprised 42 people who were contacted directly; 22 people expressed an interest and actively participated. Final guideline formulation was achieved by consensus, with majority voting used to resolve any areas of disagreement. Where variance in practice existed and no resolution could be achieved, then minimum guidelines were agreed which could encompass this variance.


GUIDELINES

Pathology

Morphology, including both gross and histological features, is the basis of pathological diagnosis of HMs [9, 36]. Most are diagnosed based on morphology alone, but ancillary techniques (p57 immunostaining, ploidy analysis and/or genotyping – see below), can be used for differential diagnosis. 
Clinical history and results from any studies that have been performed should be known to the pathologist, ideally before starting pathological examination. This includes maternal age, past and present obstetric history (e.g. gestational age, serum hCG, ultrasound findings). Many HMs are clinically suspected, but some present as undetermined early pregnancy loss. 

Handling and sampling of specimen
Adequate specimen handling and sampling is fundamental for diagnosis and guarantees the optimal pre-analytical requirements that will allow better interpretation of histology and ancillary techniques.     
· Specimens can be received fresh or fixed. The best practice is to examine the specimen fresh and as sterile as possible. This allows sampling for additional studies and easier identification of villi.
· Weigh the total specimen and/or measure its 2 dimensions.
· In cases where villi are difficult to identify, fresh tissue may be examined submerged in liquid milieu (isotonic NaCl or water) as the chorionic villi will float and unfold emphasizing their morphology. This technique can be used even after formalin fixation.
· [bookmark: _Hlk94652032]Look for embryonic/fetal parts, placental tissues (chorionic sac, villi), and decidua. If possible, carefully separate these tissues. Usually, you will just find villi and decidua.
· [bookmark: _Hlk99208000]If the chorionic sac is present, notice if it is ruptured, fragmented, or intact and measure the maximum diameter in mm; embryonic tissues and yolk sac may be inside the chorionic sac; measure the length and diameter of the umbilical cord; measure and examine the embryonic/fetal tissue for structural anomalies and dysmorphic features; maldeveloped embryos can be classified according to the grade of development disorder [Embryonic Growth Disorganization (GD) 1-4].
· Examine the placental tissues, noticing if villous mass is bulky (roughly more than 40g/6cm of tissue in a dish) and vesicle formation (transparent, grape-like swellings); look for signs of twin pregnancy, such as heterogeneity of villi fragments or distinct chorionic sacs. 
· Photographs of the specimen can be taken if necessary, including vesicles and embryonic/fetal tissue in detail.

Sampling depends on the index of suspicion for underlying pathology, considering clinical history and gross findings:
· Sample fresh specimen for genetic analysis (when available) if there are any gross signs suspicious for HM (bulky specimen, vesicles) or if clinically requested; make sure you sample villi or embryo/fetal parts, and not decidua. 
· Submit samples of placental tissues for histology:
· At least 2 cassettes representative of villi in a spontaneous abortion, and additional sections in recurrent abortions.  A chorionic sac with a diameter less than 30 mm should be completely embedded.
· If villous mass is bulky or vesicles are identified, submit a minimum of 4-6 cassettes. 
· One representative section of villi suffices in a therapeutic abortion in which there are no macroscopic abnormalities.
· Additional sampling may be necessary according to histologic findings.
· Include representative samples of decidua to sample the implantation site and allow potential genetic testing. The implantation site is characterized by increased firmness and yellow-tan colour due to fibrinoid deposition.
· Submission of embryonic/fetal tissue varies in accordance to local regulations. Include sections of umbilical cord and yolk sac if present.
· Submit blood clot fragments if villous tissue is not easily identified on gross examination. A firm or granular consistency may indicate the presence of chorionic villi within.  

Interpretation of morphology

Gross findings and histological features of HMs largely depend on their genetic origin (Box 1), but also on gestational age. In second trimester, these features are usually well developed, but in first trimester, gross features are of limited use and histology may be different or less prominent. HMs should be distinguished from non-molar pregnancies (Box 2), and importantly, CHM, or a CHM component (in twin pregnancy or mosaic/chimeric conception), should be distinguished from PHM (Table 1 and 2).  

PARTIAL HYDATIDIFORM MOLE (Fig. 1)

Typical well-developed PHM features [4, 10, 26, 36, 74]:

Gross findings:
· Moderately increased volume of tissue (intermediate between that of a hydropic abortion and a CHM);
· Normal-appearing villous tissue intermixed with larger, distended villi or vesicles (usually measuring 2-5mm and constituting around 20% of total villous tissue);
· Chorionic sac and embryonic/fetal tissue grossly identifiable. Diandric triploid fetuses frequently show symmetric growth restriction, and have minor and major malformations (e.g. syndactyly of 3rd and 4th fingers and/or toes, single transverse palmar crease, cleft lip and palate, holoprosencephaly, microcephaly, spina bifida, renal hypoplasia) [62, 71]. 


Using morphology only, PHM is diagnosed when at least 3 of 4 following criteria are present:
1) Two distinct populations of villi (large hydropic villi and small to normal-sized villi that are often fibrotic);
2) Dysmorphic villi with irregular contours (scalloped, dentate, angulated or “fjord-like”), forming trophoblast pseudoinclusions (usually small and rounded) within the villous stroma (due to tangential sectioning of the irregular villous outlines); 
3) Some central cistern formation in marked edematous villi;
4) Trophoblast hyperplasia and atypia, usually predominantly syncytiotrophoblast (may be focal and mild, circumferential, discontinuous and have prominent vacuolization acquiring a lace-like appearance).   

The presence of both cisterns and large villous size (>2.5mm) are the most specific features for well-developed and early PHMs [4]. 

Other histological features:
· Evidence of embryo/fetus, either direct (embryonic/fetal tissues) or indirect (amnion, chorionic plate, umbilical cord, yolk sac, nucleated red blood cells);
· Villous vessels are common, but many PHM villi appear avascular. In second trimester, vessels may apparently diminish likely due to fetal demise. Villous vascular changes such as vascular proliferation or ectatic anastomosing pseudoangiomatoid villous vessels forming maze-like spaces, are rare but characteristic;
· Stromal changes such as abundant collagen and stromal condensation around cisterns. Absence of karyorrhectic stromal cells.

Morphological pitfalls:
· Folded fragments of chorionic sac erroneously interpreted as enlarged villous with cisterns;
· Nuclear debris present within stromal vascular walls and lumens, secondary to fetal demise, erroneously interpreted as karyorrhectic stromal cells;
· Abnormal villous morphology secondary to another chromosomal abnormality [13, 74];
· Normal trophoblast at implantation site (mild nuclear atypia of implantation site trophoblast may be occasionally noted) and anchoring villi (with polar orientation of cytotrophoblast columns) may be present and should not be confused with trophoblast hyperplasia.


In first trimester, typical features of PHM as described above may not be seen, warranting one of the following options:
1) Perform ancillary testing, preferably genotyping (see below) to infer diandric triploidy or at least ploidy analysis (see below) to demonstrate triploidy (acknowledging that digynic triploidy can have overlapping morphological features with PHM);
2) In the absence of resources for ancillary testing, issue a general diagnosis, such as: "abnormal villous morphology, cannot exclude PHM," and recommend follow-up serum hCG testing.
Ruling out early CHM should also be considered.  
Grossly, first trimester PHM present with scant villous tissue, mostly indistinctive from common non-molar abortions. 
Histological features of first trimester PHM:
· Spectrum of villous sizes (distinct populations not well defined)
· Some irregular or angulated villi with trophoblast pseudoinclusions
· Only occasional large hydropic villi, or even absence of hydropic villi
· Minimal cistern formation 
· Absent or focal syncytiotrophoblastic proliferation, nonpolar
· Direct or indirect evidence of embryo/fetus
Presence of any 2 or more of the first five features warrants a diagnosis of "abnormal villous morphology, cannot exclude PHM," and if resources are available ancillary testing should be performed to help with definitive diagnosis of PHM.




COMPLETE HYDATIDIFORM MOLE (Fig. 2)

Typical CHM features [36]:

Gross findings:
· Increased amount of tissue for gestational age;
· Most or all the villi are vesicular and translucent, measuring up to 1-2 cm in diameter, attached to each other by thin fibrous strands (“bunch of grapes” appearance).

Histologically, CHM is usually diagnosed by the following main criteria:
1) Diffuse enlargement and hydropic change of villi, with frequent central cisterns;
2) Marked trophoblastic hyperplasia, characterized by a mixed proliferation of syncytiotrophoblast, cytotrophoblast, and intermediate trophoblasts, often circumferential but may be discontinuous or form large clumps;
3) Karyorrhectic villous stromal cells, more striking beneath the villous surface, more frequently seen in villi with preserved stroma.
Other histological features:
· Some non-hydropic dysmorphic villi with features similar to those seen in early CHM;
· Trophoblastic pseudoinclusions may be found, but appear large and cystic (in contrast to PHM);
· Variable degree of nuclear pleomorphism in villous trophoblast, typically with marked atypia. Syncytiotrophoblast proliferation may have lacy appearance (as in PHM) and show hypereosinophilic cytoplasm;
· Frequent trophoblast degenerative changes with multifocal fibrinoid necrosis; 
· Common mitotic figures in trophoblastic cells;
· No direct or indirect evidence of embryo/fetus. In well-developed CHM of second trimester, villi typically appear avascular and no membranes or embryonic/fetal tissues are identified (direct or indirect evidence of embryo/fetus may be present in rare cases [59], particularly in early CHM - see below, and does not exclude the diagnosis of CHM). Rare angioblastic proliferations may be seen, representing abortive vessels without forming a vascular lumen;
· Anchoring villi with normal polar trophoblast usually not found;
· Implantation site is abnormal, showing: 
· Marked proliferation and interstitial infiltration of trophoblast (exaggerated implantation site), but diminished or absent endovascular trophoblastic plugging and spiral artery remodelling;
· Implantation site trophoblast atypia, moderate to severe, with nucleomegaly, nuclear pleomorphism, multiple nucleoli, intranuclear pseudoinclusions, hyperchromasia and increased mitotic activity [49]. 
Note that none of the morphological features, including the degree of cytologic atypia, necrosis, mitotic count, or implantation site infiltration, predict which patients will develop persistent GTN.
Morphological pitfalls:
· Fragments of the cyst wall of very large villi with huge cisterns erroneously interpreted as chorionic sac; 
· “Clubbing” of non-hydropic villi erroneously interpreted as a second normal villi population.

There are special situations that are associated with differences in morphology from common CHM, but which are not diagnostically helpful on an individual case basis:
· Tetraploid CHM (Box 1) may show larger villi and persistence of villous vessels. 
· Biparental CHM (Box 1 and 3) may show less marked villous trophoblast hyperplasia, extravillous trophoblast fragments, karyorrhectic stromal debris, budding architecture, cisterns and trophoblastic inclusions [66]. 
· Third trimester CHM (usually histologically examined in twin pregnancies) may show attenuation of villous trophoblast, probably due to trophoblast detachment, and fewer karyorrhectic stromal cells.
Histology remains the cornerstone for the diagnosis of hydatidiform moles. Following histological evaluation, as shown in our algorithm (Fig. 3), the pathologist may choose to perform p57 in every case of possible hydatidiform mole, or only for those where CHM is in the differential diagnosis. P57 negativity is helpful in confirming diagnosis of CHM in ambiguous cases or where the features are subtle (see section on p57).

Early CHM is usually separately described from well-developed CHM, given its characteristic histology in first trimester [37-39, 78].  
Diagnosis of early CHM is usually based on the presence of the following:
1) Suspected morphology given by the histological features described below;
2) Confirmation with ancillary testing (such as p57 immunostaining). 
 
Grossly, villous tissue is scant (same volume as non-molar abortions), may have bulbous appearance but is usually not vesicular.

Histological features of early CHM:
· Variably sized villi, smaller than in well-developed CHM, with narrow cleft-like trophoblast invaginations, and bulbous, rounded projections (“cauliflower-like”, “club-shaped”, phylloid-like”, “popcorn-shaped”);
· Mild or focal villous edema, most often without cisterns;
· Hypercellular and myxoid villous stroma, with scattered primitive stellate cells and a “bluish”/basophilic appearance;
· Extensive stromal karyorrhetic debris;
· Labyrinthine vascular/canalicular network, resulting from residual villous linear interconnective vessels. Persistent stromal vessels are seen in a substantial number of early CHMs, frequently collapsed but sometimes with luminal formation, usually empty but may contain karyorrhetic debris or rarely nucleated red blood cells; 
· Focal or even absent cytotrophoblast and syncytiotrophoblast circumferential proliferation;
· Implantation site with atypical features same as well-developed CHM, namely proliferation of pleomorphic and hyperchromatic intermediate trophoblast;
· Usually, no direct evidence of embryo/fetus, but presence of fragments of amnion, or other embryonic tissues, has been described in a small subset of early CHM. 

TWIN PREGNANCIES INVOLVING A HYDATIDIFORM MOLE

Rarely, in twin pregnancy, one of the twins is a HM and the other is a normal fetus [11, 76]. The combination of CHM and normal fetus is much more commonly reported than the combination of PHM and normal fetus. Coexistence of CHM and normal fetus may cause diagnostic confusion with singleton PHM, both in ultrasound and pathologic examination. 

Typical gross findings:
· Intact specimens show well delineated areas of normal and molar parenchyma;
· Curettage specimens may show intermixed molar and non-molar tissues. If fragments are grossly differentiated from each other, they should be separately submitted;
· Intact or fragmented fetus, without characteristic malformations seen in PHM.

Histological features of twin pregnancy with HM and normal fetus:
· Geographically distinct areas: some with histologically normal villi, juxtaposed to another with abnormal villi showing typical diagnostic features of HM (that follow the diagnostic criteria described above);
· Variable extent of mixing, but normal and abnormal villi usually are not closely mixed and not uniformly distributed (as occurs in in a PHM).

Confirmation of diagnosis using ancillary techniques is recommended, particularly in curettage specimens. The most helpful is p57 immunostaining, which shows a divergent pattern (see below). Genotyping may also be used if the two distinct areas are macro or microdissected and separately analysed. 

MOSAIC/CHIMERIC CONCEPTIONS WITH A MOLAR COMPONENT

In the setting of a mosaic/chimeric genetic background, there can be a varied range of morphologies including CHM, PHM and non-molar pregnancies such as placental mesenchymal dysplasia and Beckwith-Wiedemann syndrome[1, 31, 44]. Mosaics/chimeras have been described both in early pregnancy and second/third trimester. Even though genetically distinct (see below), mosaic/chimeric conceptions have sonographic and histological features that may overlap with molar pregnancies described above.
Mosaic/chimeric conceptions that include a molar component, are histologically characterized by:
· Placental tissue showing a close admixture of molar and normal villi; 
· Molar villi evenly scattered throughout the placenta tissue (in contrast to the geographic distribution in twins – see previous section);
· Molar component is most often CHM, with trophoblastic proliferation on hydropic villi and cisterns;
· Implantation site may have atypical extravillous trophoblast proliferation;
· Embryo/fetus may be present and be genetically/phenotypically normal.
Ancillary techniques, such as p57 immunostaining, are required to confirm a CHM component and may be helpful to highlight the distribution of affected villi. Discordant and/or divergent p57 immunostaining is usually observed (see below) [44].



Ancillary techniques
Ancillary techniques (Table 3) to aid in the differential diagnosis of HM, including p57 immunostaining, ploidy studies and genotyping [6, 47, 63, 72, 75], take advantage of the unusual genetic origin of molar pregnancies (Box 1 / Table 2) [19]. Difficulties in morphologic evaluation may be overcome, by using an algorithmic approach for the diagnosis of most common HMs based on p57 immunohistochemistry and genotyping (Fig. 3) [47, 63]. The availability of ancillary techniques is variable. It is important that each laboratory uses techniques with which it is experienced and is aware of their strengths and limitations. Preferably the methods used should be validated, and the laboratory participate in relevant quality assessments. Results of these techniques should be interpreted together with morphological features.

1. P57 Immunochemistry
[bookmark: _Hlk98295287]The main use of p57 immunostaining is in the differential diagnosis of CHM [8, 27, 46, 75]. It may also be useful in identification of twin pregnancies involving a CHM or mosaic/chimeric conception with molar morphology [24].
· p57 is the product of CDKN1C, a gene which is imprinted and preferentially expressed from the maternal allele in the cytotrophoblast and stroma of placental villi and therefore the product is absent from these cells in CHMs which lack a maternal contribution to the nuclear genome (Box 1, Table 2). In contrast most normal pregnancies, non-molar miscarriages and PHMs (because of the presence of one maternal contribution to the genome), exhibit positive nuclear staining in villous cytotrophoblast and stromal cells. 
· Depending on the antibody used, no, or relatively weak nuclear staining is seen in villous syncytiotrophoblast irrespective of the origin of the genome.
· Positive reactivity is present in the nuclei of decidua and extravillous trophoblast cells irrespective of the origin of the genome, thereby these cells act as positive internal control.
Interpretation of p57 immunostaining (Fig. 4)
· Check quality of staining e.g. that cytoplasmic staining does not interfere with interpretation and that artifacts do not cause uneven staining that could be mistaken as divergent or discordant staining (see below).
· P57 immunostaining is interpreted as positive when nuclei in both villous cytotrophoblast and stromal cells exhibit staining in more than 10% of these cells. 
· P57 immunostaining is interpreted as negative when less than 10% of nuclei in both villous cytotrophoblast and stromal cells exhibit positivity in the presence of strong positive staining of the extravillous trophoblast and/or decidual cells in the same section.

Exceptions to this are rare but should be considered, e.g.:
· Morphologically CHM may occasionally express p57 in the villous cytotrophoblast and stromal cells if the conception has retained a maternal chromosome 11 (the chromosome on which the gene, CDKN1C, is located) [20, 48].
· Morphologically PHM may fail to express p57 due to loss or abnormalities of the maternal chromosome 11 [15]. 
Further ancillary testing is recommended in these cases to support the diagnosis (see below). CHM with maternal chromosome 11 should be followed up using the recommended protocols for CHM as they are essentially androgenetic and carry the risk of progression to GTN. 

Divergent and discordant p57 expression (Fig. 4)
Occasionally p57 immunostaining is not consistent within all villi in a case [2, 24, 32, 44, 51]. 
Divergent p57 expression describes two or more populations of villi having different staining patterns and may be associated with:  
· A twin pregnancy with a CHM (p57 negative villous cytotrophoblast and stroma) and a co-existent twin (p57 positive villous cytotrophoblast and stroma) [76];
· A mosaic/chimeric placenta with molar morphology in some areas [44]. 
Discordant p57 expression describes cases in which villi have p57 positive cytotrophoblast but p57 negative stroma [24, 44] or, much rarer, the reverse (“inverted discordant p57 immunostaining”) [7, 51].
· Negative cells usually have a diploid androgenetic genome while positive cells usually have a biparental diploid genome.
· About half the cases have regions of morphologically typical CHM [24, 44]. Additional sampling and p57 immunostaining should be considered not to miss any areas of typical CHM.

NB: Since cases with divergent or discordant p57 immunostaining contain an androgenetic cell line, follow up using the protocols for CHM is recommended. 


2. Ploidy Analysis

Ploidy analysis (Table 3) can be useful in demonstrating that tissue is either diploid or triploid but it doesn’t distinguish between triploids with two paternal contributions to the genome (diandric PHM) and those with two maternal contributions (digynic non-molar pregnancy). 
· Using fresh tissue, ploidy can be determined by karyotyping (Fig. 5) or performing flow cytometry with external controls [41].
· If fresh tissue is not available, flow cytometry (using maternal cells as controls) (Fig. 6) [28, 58], fluorescence in situ hybridisation (FISH) [42, 43, 77] or chromogenic  in situ hybridisation (CISH) [22, 25, 30, 40] can be used to estimate ploidy using fixed material (Fig. 7). 

Ploidy analysis using FISH uses fluorescently tagged probes to visualise a limited number of chromosomes, usually 3 to 5 probes for autosomes and sex chromosomes, included in commercially available kits. CISH using only one or two probes, such as the one directed to the chromosome 17 centromere, which is commonly utilised for the evaluation of HER2 gene amplification in breast carcinomas, has been demonstrated to be useful and is easily performed in pathology labs. However, care should be taken in interpretation of the results and the possibility of a trisomy or another aneuploidy should be considered.
For cases where morphology is raising a differential between PHM and abnormal (non-molar) villous lesions, genotyping (see below) is the ideal ancillary test. However, ploidy analysis can help to differentiate a diploid conceptus (hydropic, aneuploidy including monosomy/ trisomy) from a triploid conceptus (diandric and digynic triploids).[35] The definitive diagnosis of PHM cannot be made based on ploidy analysis but it can help in excluding a large proportion of cases mimicking PHM that are diploid. 


3. Genotyping

Genotyping is a technique which may also be in use locally for other diagnostic tests, or available by collaboration with a department of clinical genetics.
Genotyping enables analysis of both parental origin of the genome and inference of ploidy, and can therefore be informative in the differential diagnosis of all types of molar pregnancy including twin pregnancy with HM, cases of discordant and/or divergent p57 staining, mosaics/chimeras and the rare condition familial recurrent hydatidiform mole (FRHM) [6, 21, 47, 63, 75].
Genotyping can be performed using DNA from formalin-fixed, paraffin-embedded (FFPE) material and for practical reasons is usually performed on villous and maternal tissue (e.g. decidua) from the blocks used for pathological diagnosis. 
Using an adjacent H&E stained slide as a guide, unstained sections are manually dissected or if available, laser capture microdissected. One area of maternal tissue is dissected and, to exclude mosaicism (see above), two or more areas of villous tissue are dissected if possible. Where different populations have been identified morphologically or by p57 immunostaining, villous tissue should be dissected from each area separately. DNA is extracted, according to manufacturer’s instructions, using kits for FFPE material, amplified using a panel of fluorescently labelled primers that target short tandem repeats and the products separated by capillary gel electrophoresis. 
Interpretation of genotyping (Fig. 8)

· Most kits for genotyping amplify DNA for several polymorphic loci (e.g. short tandem repeats/microsatellites) on different chromosomes. By comparing alleles (fluorescently-labelled peaks) at each locus in DNA from the villous tissue with those in DNA from maternal tissue it is possible to identify alleles that could be inherited from the patient. Alleles not found in the maternal genotype are considered to be paternal in origin. 
· The number and relative heights of each peak at a locus are used to determine parental origin and infer ploidy of the villous tissue. A diagnosis of triploidy by genotyping should only be made together with morphological and/or p57 immunostaining results to avoid missing a mosaic/chimera. 

[bookmark: _Hlk99486079]TYPICAL NON-MOLAR MISCARRIAGE
· A typical non-molar miscarriage will usually be diploid and have two peaks (alleles) of approximately equal height (dosage) at each informative locus with the smaller sized allele sometimes appearing slightly higher due to preferential amplification of shorter fragments during PCR.[67] One allele at each locus should be the of approximately equal height as one of the alleles in the patient sample and the other to be non-maternal, i.e. paternal. Some loci will not be informative as the parents may have alleles in common, and only a single peak would be present. 
· The height of the maternal and paternal peaks would be expected to be approximately equal, except in the case of aneuploidy when the genotype of the villi may be trisomic (or less often monosomic) for occasional loci indicating the probable cause of the miscarriage.

Exceptions
· If the genetics suggests a diploid biparental conception but the morphology is consistent with a HM and/or p57 immunostaining is negative a diagnosis of FRHM should be considered (Box 1) [66], particularly if the patient has a history of HM. FRHM has been linked to maternal NLRP7 and KHDC3L gene variants (Box 3) [50, 55, 61].

[bookmark: _Hlk99486611]TYPICAL PARTIAL HYDATIDIFORM MOLE

· A typical PHM will usually be triploid and have three peaks of approximately equal height or two peaks at a 2 to 1 ratio at most loci [21]. For fully informative loci, a single allele should be consistent with having been inherited from the patient together with two further alleles (of the same or of different sizes) that are clearly non-maternal. 
· Not all loci are informative due to parents having alleles of the same size. 
Exceptions
· If three alleles (two of paternal origin) are present at some loci but the peaks are of unequal heights, mosaicism/chimerism or tetraploidy should be considered and p57 immunostaining performed [52, 70].
· If genotyping suggests triploidy but morphology is not typical of a PHM, mosaicism/chimerism should be considered. Mosaics/chimeras with a diploid androgenetic and a diploid biparental cell line account for approximately 5% of conceptions with the morphology of a HM [76]. Dependent on the ratio between the two cell types, such a mosaic conceptus could potentially appear to have a genotype consistent with a triploid PHM. This is particularly likely if only a single paternal allele (at twice the dose of the maternal allele) is observed, since almost all PHM arise by dispermy [21] while mosaic conceptions often involve only a single spermatozoon [69].  Mosaicism/chimerism with a diploid androgenetic and a diploid biparental cell line can be identified by p57 immunostaining (both positive and negative cells present) (Fig. 9) or sampling two or more areas of the placenta for genotyping since the ratio of androgenetic to diploid biparental cells, and hence the ratio of maternal and paternal alleles, is unlikely to be consistent throughout the tissue.
· If the genetics suggests a digynic triploid conceptus but morphology is consistent with a CHM or PHM and p57 immunostaining is negative, a diagnosis of FRHM should be considered (Box 3) [18]. However, this is extremely rare.
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· A CHM will usually be diploid but, as 80-85% of CHMs are derived from a single sperm, most will be homozygous, both paternal alleles at each locus being the same size. While some loci are not informative, at most loci the allele will be clearly non-maternal confirming the conceptus is androgenetic. 

· For the 15-20% of CHMs that arise by dispermy two differently-sized paternal alleles are seen for some loci. Again, only paternal (non-maternal) alleles will be seen at some loci confirming the conceptus is androgenetic.

Exceptions

· If the morphology is consistent with a CHM, p57 immunostaining is negative but the genetics suggest a diploid biparental conception, a diagnosis of FRHM should be considered (Box 1, Box 3). 
· If the conception is diploid, and appears androgenetic, with some loci having no maternal alleles, but the pathology is non-molar and p57 immunostaining is positive, a pregnancy resulting from ovum donation should be considered [5]. 
CONCLUSION
These guidelines support a concise and complete integration of gross procedures and findings, histology and different ancillary techniques. Ancillary techniques should be used for diagnosis when relevant. Producing an integrated report with histological findings is the best practice. Implementation of these guidelines will procure the uniformization of diagnostic criteria and algorithms with the ultimate goal of improving diagnosis of HMs. The chance of implementation is increased because they are based on the consensus of professionals from many countries who actively participated in their development. Participants acknowledged that these guidelines are to be relevant and applicable to reporting HMs in the setting of tertiary centres or in community hospitals and district general hospitals. Notwithstanding, referral of patients for expert review and/or central registry is strongly encouraged where available. 
Limitations include the lack of study-based evidence on many subjects. References were added where available, but expertise and practice-based opinion was fundamental. Consensus was also challenged by differences in regulations and policies between European countries, as well as by variability in use and availability of different ancillary techniques. Workload differences were also found to condition diagnostic practices. All these limitations were considered and discussed, so that the guidelines could be applied in different settings.   
Given that guideline development is an on-going process, updates will be discussed annually in EOTTD meetings, and a revision should be considered in 3-5 years depending on the progress in the field. Future perspectives also include completion of trophoblastic disease guidelines, by establishing guidelines for GTN.







  
BOX 1: GENETICS OF HYDATIDIFORM MOLES
Typical hydatidiform moles (Fig 8)
Most hydatidiform moles are either diploid, with both genome sets originating in the father (androgenetic), or triploid, with the extra genome set originating in the father (diandric).
· In 80-85 % of androgenetic hydatidiform moles, both paternal genome sets originate from one spermatozoon. Therefore, the genome is homozygous at every locus. In 15-20% of diploid androgenetic hydatidiform moles, the genome originates from two spermatozoa, and heterozygosity will be observed in approximately half of highly polymorphic loci.

· In triploid hydatidiform moles the two genome sets from the father most often originate in two separate spermatozoa. Triploids with two genome sets from the mother, are not hydatidiform moles. 

Rare types of hydatidiform mole
· Diploid biparental hydatidiform moles that have two genome sets, one maternal and one paternal (Box 3).

· Mosaics/chimeras consisting of two different cell lines, usually a diploid androgenetic and a diploid biparental cell line. 

· Tetraploid hydatidiform moles with one maternal and three paternal genome sets. 
Aneuploidy (i.e. loss or gain of one or more chromosomes) can be observed in any of the above types of hydatidiform mole, in addition to the genetic abnormality causing the hydatidiform mole pathology
Conditions which may mimic hydatidiform mole are shown in Box 2.
.

BOX 2: MIMICS OF HYDATIDIFORM MOLES (Fig. 10 and 11)
· Very early tubal ectopic pregnancies may have pathological features simulating a CHM, showing very prominent trophoblastic proliferation, that can be circumferential, but in at least some villi this proliferation is polar and the cytotrophoblastic cells are typically more uniform without the nuclear atypia seen in CHM.

· Early pregnancy loss with abnormal karyotype and dysmorphic features: 

· [bookmark: _Hlk134049463]Digynic triploidy can mimic hydatidiform mole, in particular PHM, showing dysmorphic villi with irregular contours and rare trophoblastic pseudoinclusions, occasional syncytiotrophoblast sprouts but no striking hyperplasia. Tissue volume is usually scarce (small placenta). An embryo/fetus may be present showing minor/major malformations (similar to a PHM fetus), but usually shows asymmetric growth restriction.
· Aneuploidy (i.e. loss or gain of one or more chromosomes: monosomy or trisomy) in an otherwise normal diploid conceptus with one genome set from the father and one from the mother can cause a morphology closely resembling hydatidiform mole, in particular PHM. Therefore, in products of conception where the morphology resembles a hydatidiform mole but aneuploidy, is suspected, further analyses should be performed, e.g. genotyping and analysis of ploidy (if possible).

· In placental mesenchymal dysplasia [14, 60], the placenta is often large and hydropic, with gross vesicles, without trophoblastic proliferation, simulating a PHM. Placenta in placental mesenchymal dysplasia typically have aneurysmal vessels and chorioangiomatoid change. It may occur in association with a normal fetus, growth retardation or a fetus with Beckwith-Wiedemann syndrome. Various genetic constitutions can cause Beckwith-Wiedemann syndrome, including androgenetic/biparental mosaicism/chimerism, resulting in discordant p57 immunostaining with positive cytotrophoblast and negative stromal cells (see section on p57).
.


 


  BOX 3: FAMILIAL RECURRENT HYDATIDIFORM MOLES [16, 50, 55, 61]
· Women with recurrent hydatidiform moles may have an inherited predisposition to molar pregnancies, FRHM, caused by the patient carrying biallelic pathogenic variants in a single gene, usually NLRP7 or KHDC3L, that results in failure to set the maternal imprint in the ovum and aberrant expression of imprinted genes similar to androgenetic hydatidiform mole with two copies of the paternal genome. This can be demonstrated by analysing methylation of the genome in the hydatidiform mole (not performed routinely).

· The genotype of the hydatidiform mole is usually diploid and biparental. However, occasionally the hydatidiform mole is a digynic triploid.

· Despite the presence of maternal DNA in the hydatidiform mole, p57 immunostaining in the villous stroma and cytotrophoblast is usually negative and the morphology is a typical CHM in appearance, although, some cases may show atypical morphology and appear more PHM-like and may show some degree of positive p57 immunostaining. 

· FRHM should be considered, and genotyping of the hydatidiform mole performed if possible, where there is a previous history of hydatidiform mole in the patient or her family. When FRHM is suspected, the patient should be referred to a department of clinical genetics. 

· Very rarely a woman may experience multiple diploid androgenetic or multiple triploid hydatidiform moles with appropriate morphology and p57 immunostaining. The basis for this is currently poorly understood, but some cases have been attributed to gene variants in the patient [54].  These women are more likely to have a normal term pregnancy than women with FRHM and may also benefit from in vitro fertilisation with pre-implantation genetic diagnosis whereas ovum donation is recommended for women with FRHM.

.
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FIGURE LEGENDS

Fig. 1 - Partial hydatidiform mole (PHM) pathological features. a) to d) PHM (13 weeks of gestational age). a) Triploid fetus. At the autopsy examination, microcephaly, neck swelling, anteverted nostrils, low-setting ears, arachnodactyly, hypoplasia of thymus and adrenal glands, were described. b) Gross features of placental tissue in liquid milieu highlighting the presence of normal villi intermixed with vesicular villi. c) Histologically there were two distinct populations of villi, large hydropic villi, sometimes with cistern formation, and small to normal-sized villi. Trophoblast hyperplasia was focal and mild. d) Villus with prominent vessel proliferation containing nucleated red blood cells. e) and f) PHM (8 weeks of gestation). e) Two apparent populations of villi, some enlarged and edematous. f) Focal irregular and angulated villi associated with trophoblast pseudoinclusions and focal syncytiotrophoblastic proliferation.
Fig. 2 - Complete hydatidiform mole (CHM) pathological features. a) to c) CHM (14 weeks of gestational age). a) Diffuse vesicular change of villi, with a “bunch of grapes” appearance at gross examination in a liquid milieu.  b) Histologically villi were diffusely enlarged, with hydropic changes and cisterns. c) Trophoblastic atypia and hyperplasia, with trophoblast degenerative changes and necrosis. d) to f) Early CHM (8 weeks of gestational age). d) Villi with bulbous appearance, narrow cleft-like trophoblast invaginations and hypercellular myxoid villous stroma. e) Focal villous trophoblast circumferential proliferation with a lace-like appearance. f) Marked stromal karyorrhexis.
Fig. 3 - Algorithmic approach to the diagnosis of hydatidiform moles. Morphological features are the base of diagnostic approach supported by p57 immunohistochemistry, ploidy and genotyping. An alternative approach may be considered starting with universal p57 immunohistochemistry to all possible HMs. This algorithm applies to common CHM and PHM, acknowledging that there are several rare exceptions such as biparental CHM, mosaic/chimera, twin pregnancies, as well as HMs with uncommon p57 expression and chromosomal anomalies. 
Fig. 4 - p57 immunoexpression patterns. a) Positive (presence of stromal and cytotrophoblast expression). b) Negative (absence of stromal and cytotrophoblast expression). c) Divergent (coexisting negative and positive villi). d) Discordant (absence of stromal expression and presence of cytotrophoblast expression). e) Diagrams showing the relationship between immunostaining p57 patterns and genetic background.
Fig. 5 - Conventional karyotype. a) Diploid conceptus showing a normal 46,XX karyotype. b) Triploid conceptus showing a 69,XXX karyotype. These results, interpreted together with morphological features, may support the diagnosis of CHM and PHM, respectively.
Fig. 6 - Ploidy analysis by flow cytometry. DNA histograms from flow cytometry of nuclei isolated from FFPE tissue and stained with propidium iodide. X-axis: Fluorescence, proportional to DNA content per nucleus, Y-axis: Number of nuclei. Each histogram is analysed from left to right. The signal to the far left, originates in debris, and is disregarded. The first “real” peak is assumed to originate in diploid nuclei in the G1 phase. Nuclei with twice that fluorescence are assumed to be diploid nuclei in the G2-phase. a) If a mixture of nuclei from a HM and from maternal decidua in the same FFPE block shows this pattern, it indicates that the HM is diploid (DNA content in HM and maternal nuclei being identical). b) If flow cytometry of a mixture of nuclei from a HM and maternal decidua in addition shows a peak midway between the diploid G1 and diploid G2 peaks, it is assumed that this originate in nuclei from a triploid HM. To make this analysis sensitive, it is important that nuclei from maternal decidua do not out-number nuclei from the HM, or vice versa.

Fig. 7 – Ploidy analysis by chromogenic and fluorescence in situ hybridization (CISH/FISH). a), c), e) Diploid conceptus showing two signals with probes for chromosome 17 (CISH) and chromosomes X, 7 and 17 (FISH). b), d), f) Triploid conceptus showing three signals for chromosome 17 (CISH) and for sex chromosomes (XXY), 7 and 17 (FISH). These results, interpreted together with morphological features, may support the diagnosis of CHM and PHM, respectively.
Fig. 8 - Short tandem repeat genotyping of molar and non-molar pregnancies. Genotypes from villous tissue are presented in the upper panels, with the matched maternal sample in the lower panels. a) In a non-molar pregnancy, at each locus one maternal (pink arrowhead) and one non-maternal (i.e. paternal) (blue arrowhead) allele are present with approximately equal heights. b) PHMs most often contain two paternal and one maternal genomes, which can be identified as a 2:1 ratio of paternal:maternal peak heights or two distinct paternal alleles and one maternal allele. c) Only non-maternal alleles are present in typical CHMs and the majority of cases are homozygous (one allele at each locus). The X axis represents DNA fragment size, with allele name detailed beneath each peak. The Y axis represents arbitrary units of fluorescence. Representative results from three loci (grey bars) are shown. Black arrowheads indicate alleles for which the origin could not be determined.
Fig. 9 - Androgenetic/biparental mosaicism. There is strong positive expression of p57 in cytotrophoblasts and p57 negativity in stroma. a), b) Laser capture microdissection of p57 positive cytotrophoblast cells and analysis of short tandem repeats, shows alleles consistent with a diploid complement.  c), d) On the other hand, the p57 negative stromal cells have a single allele at all loci tested, consistent with homozygous androgenetic diploidy (both complements originating from one spermatozoon). e), f) Results were compared with DNA extracted from maternal decidua.
Fig. 10 - Differential diagnosis of hydatidiform moles a) Hydropic abortion showing villi with hydropic change, but these are small and ballon-like, don’t have cisterns, and trophoblast is attenuated. b) Ectopic tubal pregnancy showing prominent trophoblastic proliferation in very early non-molar conception, without atypia and some polar distribution. c) Non-molar abortion with dysmorphic features showing synciotrophoblast hyperplasia with prominent sprouts projecting into the intervillous space. d), e), f) An unusual case of a trisomic miscarriage (49,XX,+7,+16,+22) with villous enlargement and scalloping, trophoblastic pseudoinclusions and focal trophoblast hyperplasia.
Fig. 11 - Differential diagnosis of hydatidiform moles: placental mesenchymal dysplasia. a) Mixture of enlarged and normal-sized villi. b) Distal villi have abnormal hypercellular stroma and display increased number of capillaries, with a chorangiosis-like appearance. c) Abnormal peripheral thick-walled vasculature is observed in stem villi. d) Proximal stem villi are enlarged with stromal overgrowth, edema and cistern formation; no trophoblast proliferation is observed. e) p57 immunoexpression shows a discordant pattern with absent nuclear expression in villous stromal cells and preserved expression in cytotrophoblast suggesting an androgenetic/biparental mosaic/chimera.
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