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ABSTRACT

Keywords:

Neoplasms In this review article, we discuss the most common fetal tumors,

Fetal therapy their prenatal management, and outcomes. Overall, the most

Hydrops fetalis important outcome predictors are tumor histology, size, vascu-

Fetoscopy larity, and location. Very large lesions, lesions causing cardiac

Shunt failure, and hydrops and lesions obstructing the fetal airway have
the poorest outcome, as they may cause fetal death or complica-
tions at the time of delivery. Fetal therapy has been developed to
improve outcomes for the most severe cases and can consist of
transplacental therapy (sirolimus for rhabdomyomas or steroids
for hemangiomas and microcystic lung lesions) or surgical inter-
vention (shunting of cystic masses, tumor ablation, occlusion of
blood flow or airway exploration, and protection). Given the rarity
of fetal tumors, patients should be referred to expert centers
where care can be optimized and individualized to allow the best
possible outcomes.

© 2019 Published by Elsevier Ltd.
Introduction

Neonatal tumors account for 2% of all pediatric tumors [1] and affect approximately 1 in
12—27000 live births [2]. The prevalence of fetal tumors is most likely higher but is underestimated
because of the fact that many result in stillbirth. Indeed, fetal tumors were found in 0.5% of all
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stillbirths [3] and in 1.2% of fetuses with birth defects [4]. Prenatal diagnosis of congenital tumors is
essential, as in many cases, it will influence pregnancy management or the location or mode of
delivery. The aim of this review is to offer an overview of the most common fetal tumors and their
current management options.

Brain tumors

Congenital brain tumors account for 5—12% of all congenital tumors. The most common fetal brain
tumors are teratomas, followed by glial tumors (astrocytoma), choroid plexus tumors, and primary
neuroepithelial tumors [5—12]. Craniopharyngioma [7,10,11] (Fig. 1), ependymoma [7], hemangiomas
[8,11], hamartomas [10,11], schwannoma, and endodermal sinus carcinoma [11] are more rare.

Fetal brain tumors typically present in the third trimester of gestation, although hamartomas have
been reported as early as 21 weeks [7,13] [12]. In addition to the finding of an (often large) intracranial
mass, indirect signs at presentation include macrocephaly, hydrocephalus [12], and asymmetric skull
growth [7]. The majority of tumors are supratentorial. It is critical to differentiate tumors from more
benign arachnoid cysts, intracranial bleeds, vascular malformations, such as vein of Galen aneurysms,
and hemimegalencephaly. Doppler ultrasound and magnetic resonance imaging (MRI) are often
helpful.

The prognosis of cerebral tumors is poor and many result in stillbirths [7,14]. Given that the fetal
cranial sutures are not fused, two thirds of cases managed expectantly will present with significant
macrocephaly at the time of birth, thereby complicating delivery and causing prolonged or obstructed
labor [6]. Other common complications include fetal intracranial hemorrhage and fetal distress [6,12].
In some cases, where the mass is predominantly cystic, cephalocentesis can be done to facilitate de-
livery. The latter procedure is, however, associated with a high risk of fetal demise [15] because of the
rapid intracranial decompression.

For most fetal brain tumors, postnatal treatment consists of surgery, eventually combined with
chemotherapy. However, 25—50% are inoperable [6,9,12]. Ventricular drainage can be done for asso-
ciated hydrocephalus.

The general prognosis of fetal brain tumors is poor, with survival rates ranging between 10% and 73%
at 1 year of age [5,11]. This wide range can be mainly explained by the variable rate of operable tumors
in the series. Mean postnatal survival for teratomas is 21 days, 5 months for primary neuroectodermal
tumors, and 26 months for astrocytomas [6].

Fig. 1. Axial ultrasound image of a fetal cerebral craniopharyngioma at 22 weeks. Note the large echogenic intracranial mass.
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Neck and face tumors

The most common head and neck fetal tumors are hemangiomas and lymphangiomas (Fig. 2),
accounting for 42% of all head and neck fetal neoplasms [16]. Teratomas follow with almost 30% [17,18].
More rarely, tumors of the mouth and the soft tissues can occur, including ranula, epignathus, epulis,
and nasal glioma (Fig. 3) [19].

Fetal head-and-neck tumors are usually incidental findings at the time of routine fetal anatomy
screening, and most lesions will present in the second trimester of pregnancy [17,20,21]. Indirect signs
include fetal head hyperextension in the case of large neck tumors and polyhydramnios if the mass
impairs normal fetal swallowing [17,20]. Prenatal diagnosis of neck and face masses is essential, as all
can lead to airway obstruction at birth [17,18]. Detailed ultrasound is the first step in the assessment of
the airway, and this will often be complemented with MRI, which, in some cases, may give a better
topographic overview of the location of the mass in relation to the trachea and the head and neck
structures [22]. Fetuses with an obstructed airway should be delivered in tertiary centers that have
expertise in managing these. The ex utero intrapartum treatment (EXIT)-procedure is an established
mode of delivery for fetuses with obstructed airway. This procedure is a modified cesarean section
under maternal general anesthesia during which only the head and the neck of the fetus are delivered.
The umbilical cord is not clamped, and tocolysis is used to prevent placental separation. By doing so,
the fetus remains oxygenated through the placental circulation. This allows time for the neonatal team
to establish an airway (either by endotracheal intubation or by tracheostomy). In rare cases, a tumor
excision on placental support is required to access the airway. Once the airway is secured, the umbilical
cord is clamped and the baby is fully delivered for further management [20]. Where untreated, large
cervical teratomas with airway obstruction result in near universal mortality [23], large EXIT series
have shown survival rates as high as 75—100% [20,24].

EXIT nevertheless carries significant risks for mother; while uterine relaxation is warranted to
ensure fetal blood supply, it can lead to uterine atony and excessive blood loss [20,24,25]. Moreover,
because of the sometimes prolonged surgeries in less optimal sterile circumstances because of the
involvement of multiple teams (neonatology, ENT, and obstetrics), maternal surgical site infections are
more common and complicate up to 20% of cases [20,24,25].

These maternal risks have led to the development of alternative strategies for the management of
fetal airways compromise: in cases where imaging studies do not provide certainty about airway
patency, direct inspection of the fetal airway through fetoscopic laryngo-tracheoscopy may provide
further information [26] and in some cases avoid an EXIT procedure. A fetoscopic airway inspection can
also be complemented by a fetoscopic tracheal intubation, which consists in the insertion of an
endotracheal tube into the fetal airway, through the cannula used for fetoscopy, followed by a routine
cesarean section [27,28]. The most optimal treatment strategy needs to be individualized for each
patient.

Postnatal outcomes are tumor dependent. Whereas teratomas and epignathus generally tend to be
large and require postnatal debulking [18,29,30] with ensuing complications (severe defiguration,
cranial nerve dysfunction, vocal cord dysfunction, and eating limitations), lymphovascular lesions and
epulis are often less problematic and result in better functional and cosmetic outcomes.

Chest tumors
Lung tumors and masses

True fetal lung tumors are rare and need to be differentiated from the extremely common benign
lung malformations, which include congenital cystic airway malformations (CCAM) and broncho-
pulmonary sequestrations (BPS).

The latter 2 lesions consist of abnormally formed lung parenchyma and can be diagnosed in the
second trimester of pregnancy as either solid or cystic lung masses on ultrasound [13]. These lung
lesions will typically grow until ~26—28 weeks but then regress. Weekly to biweekly surveillance of
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Fig. 2. Fetal head and neck tumors. (A) Sagittal view of a facial hemangioma at 35 weeks. (B) Axial view of a lymphangioma of the
mandible at 21 weeks of gestation. (C) Sagittal view of the same lymphangioma at 28 weeks.
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Fig. 3. Axial view of a nasal glioma at 27 weeks of gestation. Note the homogenous echogenic mass at the base of the nose.

mass growth by ultrasound is appropriate [31]. In case of rapid growth or associated pleural effusions,
hydrops can develop as a consequence of mediastinal shift and increased intrathoracic pressure. The
latter is associated with a poor prognosis and the risk of fetal or perinatal death then approaching 95%
[32,33].

For very large lesions, in utero therapy has been described. In BPS, this typically involves ablation of
the vascular supply to the lesion from the aorta, which can be achieved by intrafetal laser coagulation
[34], coiling, or radiofrequency ablation [35,36]. Thoraco-amniotic shunting can be done for associated
pleural effusions [35]. Case reports and small series show good outcomes with these strategies, but
potential complications include damage to adjacent tissues, hyperkalemia, gas embolization,
hyperthermia-induced hemolysis, PPROM, and preterm labor [36]. Intrafetal laser coagulation can
require more than one intervention because of re-appearance of blood supply after the first inter-
vention [37].

Large macrocystic CCAMs causing hydrops can be treated with thoraco-amniotic shunting [32].
Typically, a single shunt will be sufficient, as all cysts intercommunicate. Microcystic CCAMs are not
eligible for shunting, but mass proliferation can be halted by administration of transplacental steroids,
with resolution of hydrops in up to 80% of cases and decrease of the mass in 60% [38,39]. This has made
treatment by open fetal surgery almost obsolete [32,33]. Results of recent studies of fetal therapy for
lung lesions are summarized in Table 1.

Cardiac tumors

Fetal cardiac tumors generally only appear from 20 weeks of gestation onward and have an
incidence of 11 in 10,000 pregnancies [40]. The most frequent fetal cardiac tumor is rhabdo-
myoma (Fig. 4), followed by fibroma, teratoma, myxoma, and hemangioma [13]. Rhabdomyomas
tend to be multiple, whereas teratomas, fibromas, and hemangiomas are mostly unique [41].
Approximately 80% of fetuses with cardiac rhabdomyomas have tuberous sclerosis [42]. As such,
the presence of multiple cardiac tumors should trigger genetic investigations and further neu-
roimaging looking for cerebral tubers. Small rhabdomyomas and fibromas are usually benign and
regress over time [43], but large lesions (>2 cm) can cause ventricular dysfunction, outflow tract
obstruction, and arrhythmia [40,41,43—50] [44,48,49]. Niewiadomicz et al. reported a 9% rate of
fetal death [44]. Postnatally, mTOR inhibitors have been used as effective treatment for symp-
tomatic rhabdomyomas, and this has recently also been reported in the fetal setting, with
excellent results [51].

Teratomas, mostly arising from the pericardium, represent a challenge when detected before
birth. They are often associated with large pericardial effusions, thereby exerting significant mass
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Table 1
Outcomes reported in recent series on fetal therapy for lung lesions.
Author Year Diagnosis N  Hydrops Therapy Outcome/survival
Mallmann [35] 2014 BPS 12 5 7 pleuro-amniotic ~ 6/7 survival at birth, 2/7 partial
shunting regression, no complete regression.
5 laser 5/5 survival, 5/5 partial or complete
regression. No postnatal surgery.

Cruz-Martinez [96] 2015 BPS 8 8 laser 8/8 partial regression, 8/8 survival. No
postnatal surgery.

Cruz- Martinez [97] 2017 BPS 15 4 15 laser 15/15 survival at birth, partial
regression, and disappearance of fetal
effusions. No postnatal surgery

Wu [98] 2017 Macrocystic 1 1 Cyst aspiration, OK- 1/1 Resolution of hydrops, live birth.

BPS 432 injection, Postnatal surgery at 5 months.
thoraco-amniotic
shunting

Gottschalk [37] 2017 BPS 12 12 12 laser 11/12 partial or complete regression. 1/
12 failure of treatment. 2/11 postnatal
surgery.

Perrenteau [99] 2017 Macrocystic 38 28 38 thoraco- 36/38 survival at birth, 25/28 hydrops

CCAM amniotic shunting  resolution. All postnatal surgery.

Litwinska [100] 2017 Macrocystic 12 8 12 thoraco- 10/12 survival at birth, 9/12 postnatal

CCAM amniotic shunting  surgery.

Cruz-Martinez 2015 CCAM 1 1 1 fetal 1/1 survival, resolution of hydrops and
bronchoscopy and  contralateral hypoplastic lung.
laser
permeabilization of
bronchial atresia

Cruz-Martinez 2017 CCAM 5 1 1 laser 3/5 progressive regression, 2/5

[101] postnatal surgery

Min [102] 2014 CCAM 6 1 6 cystic shunting 6/6 survival at birth, 6/6 postnatal
1 OK-432 injection  surgery
1 cyst aspiration

Walker [103] 2017 CCAM 7 3 7 thoracoamniotic ~ 5/7 survival at birth

shunting

Fig. 4. Large cardiac rhabdomyoma in the left ventricular wall. Note the echogenicity of the interventricular septum, which holds a

second lesion.
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effect on the heart and lungs. Prenatal treatment options include expectant management, peri-
cardiocentesis or shunting [52], open fetal resection, or delivery and postnatal surgery if the
pregnancy is sufficiently advanced [48]. Given the rarity of these tumors, only small case series are
available documenting outcomes. Nassr et al. systematically reviewed the literature, gathering 67
cases of fetal intrapericardial teratomas [53]. Of these cases, 69% presented with hydrops and 25.4%
with polyhydramnios. In the series, 21 fetuses underwent pericardiocentesis or shunting, two un-
derwent laser ablation of the vessels in the teratoma (both alive at 10 months), one had EXIT to
resection (alive at age of 5 years), and 3 had open fetal resection (2 survived until birth). Of 40
singleton fetuses with hydrops, survival to birth was 72% among those who underwent an in utero
intervention (pericardiocentesis/shunting) compared to only 36% in those who did not. Overall, 72%
of the fetuses were alive at birth (58% in the hydropic group and 95% in the nonhydropic group), and
postnatal survival was 90% [53].

Abdominal tumors
Hepatic tumors

The most frequent fetal and neonatal hepatic tumors are hemangiomas (60%) (Fig. 5), mesenchymal
hamartoma (23%), and hepatoblastoma (17%) [54].

Hepatic hemangiomas can be unique or multiple. Small hemangiomas typically present as an
echogenic focus in the liver [13], but larger lesions show as a well-circumscribed heterogeneous mass
on ultrasound [13]. Larger lesions may also cause hepatomegaly, and some will induce a consumptive
coagulopathy and microangiopathic hemolysis (Kasabach-Merritt syndrome) leading to thrombocy-
topenia and anemia [55]. This may present as high middle cerebral artery peak systolic velocity,
elevated cardiac output, heart failure, and — in advanced stages — hydrops [55,56]. In rare cases, hepatic
hemangioendothelioma can be associated with disseminated hemangiomatosis and Beckwith-
Wiedemann syndrome [55]. Postnatal treatment of small liver hemangiomas is usually conservative,
and some will regress spontaneously. In the presence of large lesions, prednisolone and beta-blockers
are the first choice postnatally [55,56]. Surgery is typically reserved for lesions resistant to medical
therapy [55—57]. In the presence of large lesions causing Kasabach-Merritt syndrome or heart failure
antenatally, corticosteroids (betamethasone or dexamethasone) have been tried, success is variable
[57—-60].

Hepatic mesenchymal hamartoma is a benign proliferation of mesenchymal hepatic tissue
with large cysts [13,57]. The echographic appearance of this tumor is mainly mixed and cystic
and is to be differentiated from hemangiomas or liver cysts [13]. It has been associated with
placental mesenchymal dysplasia [57]. When associated with placental mesenchymal dysplasia,
poor outcome with 3 out of 8 cases who did not survive has been reported in a review by Harris
et al. The deaths were caused by umbilical vein compression and heart failure [61]. The natural
evolution of hepatic hamartoma is variable. Rapid growth, as well as spontaneous regression,
have been reported [62]. Antenatal treatment options are limited [57]. Postnatal surgical
resection is the treatment of choice, if the tumor is symptomatic and does not spontaneously
regress [57,62].

Fetal hepatoblastoma is very rare but is the most common liver malignancy in childhood [63]. It
is an epithelial, rapidly growing, malignant tumor [57,63] usually diagnosed late in pregnancy
[63—66]. On ultrasound, it appears as an echogenic well-defined lesion, possibly with calcifications
[13]. Hepatoblastoma carries a poor prognosis, with fetal survival estimated at approximately 22%
[54]. Related complications, include compression of the inferior vena cava, fetal hydrops, respiratory
distress, metastases, anemia due to tumor bleeding, consumptive coagulopathy, and thrombocyto-
penia [54,64,65]. Hepatoblastomas are associated with preterm birth and low birth weight [67]. Oue
et al. reported an incidence of hepatoblastoma of 0.5% among extremely low birth weight children
[68]. The treatment of choice is postnatal surgery, eventually after neoadjuvant chemotherapy
[63,64,69].
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Fig. 5. (A) Sagittal and (B) axial view of a large liver mass, compatible with a hemangioendothelioma. Note the vascularity, which, in
this case, induced a Kasabach-Merritt syndrome.

Renal and adrenal tumors

Congenital renal tumors are rare and account for less than 10% of the neonatal tumors. The most
common solid congenital kidney tumor is congenital mesoblastic nephroma [70]. Congenital meso-
blastic nephroma is a benign, large, well-circumscribed tumor. When it is prenatally diagnosed, its
echographic aspect is an enlarging, homogeneous mass arising from the kidney usually in the third
trimester [70—72]. Congenital mesoblastic nephroma is associated with polyhydramnios [71,72] in up
to 40% of cases and therefore preterm labor [70]. Other complications include the development of
hemorrhagic and necrotic cysts [72], hydrops, postnatal hemodynamic instability, and hypertension
[70]. Being a benign tumor, congenital mesoblastic nephroma should be surgically resected. Leclair
et al. report excellent oncological outcomes after postnatal surgical treatment with only 1 post-
operative death out of 27 cases [70].

Nephroblastoma (Wilms Tumor) is extremely rare in the neonate, and thus even more prenatally.
Ultrasound finding is generally a heterogeneous mass arising from the kidney. Ultrasound is never-
theless insufficient to distinguish nephroblastoma from congenital mesoblastic nephroma [70]. Ritchey
et al. retrospectively studied 15 cases of nephroblastoma, of which only 3 were diagnosed antenatally.
Obstetrical complications related to Wilms tumor include polyhydramnios because of decreased fetal
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swallowing caused by abdominal compression, hydrops, fetal distress, anemia, ascites, and stillbirths
have been described [73,74]. Postnatal treatment consists of surgery and eventual chemotherapy [73].

Neuroblastoma

Neuroblastoma has an incidence of 38.5 per million in children under 1 year of age [75]. Almost all
of the prenatally diagnosed neuroblastomas are adrenal in origin [76,77]. The echographic aspect of
neuroblastoma is a suprarenal, usually hyperechoic, solid or cystic mass, typically occurring in the third
trimester of pregnancy [13,62,64]|. The differential diagnosis of neuroblastoma includes adrenal
hemorrhage, bronchogenic cysts, and infradiaphragmatic pulmonary sequestration [13,78]. Neuro-
blastomas are not associated with specific obstetric complications and treatment can be postponed
until after birth. Postnatal treatment consists of chemotherapy and surgery, but conservative man-
agement can be chosen in selected cases, as spontaneous regression has been documented in up to 60%
[79—81]. [82]. Neuroblastoma in fetuses carries a better prognosis than in children because it is more
rarely associated with MYCN-oncogene or diploidy, which is associated to unfavorable outcomes. Also,
cystic neuroblastoma, a localized form of neuroblastoma associated with favorable histology and
biology, occurs mainly perinatally and carries the highest survival rate [83]. Postnatal survival rate
ranges from 75% [83] to 100% [78,81].

Pelvic cavity tumors

Sacrococcygeal teratoma (SCT) is the most common congenital tumor and has a prevalence of 1 in
27,000 live births, with a female predominance [84]. It has been classified into 4 types according to the
extent of the intrapelvic extension of the tumor. Type 1 is mostly external (Fig. 6) and type 4 is located
in the pelvis with intra-abdominal extension. This classification is mainly relevant regarding the ease of
postnatal surgical resection [85]. While the outcome of SCT is considered good in children [86], with
survival rates of approximately 95%, prenatally diagnosed SCTs carry a high rate of obstetrical com-
plications [87,88].

Indeed, large cystic lesions can cause prematurity because of their mass effect [89]. Very large cystic
lesions can be drained or shunted prenatally, either to prevent preterm birth or to facilitate (cesarean)
delivery. Overall, however, the outcome of cystic SCTs is excellent, with postnatal survival rates close to
100% in different series [88,89].

Large solid SCTs, on the other hand, are often highly vascularized and can cause high-output cardiac
failure, as the tumor acts as a large arteriovenous shunt [90]. Moreover, fetal anemia can be observed
because of hemolysis in the tumor bed. Clinically, heart failure and anemia will present as poly-
hydramnios, hydrops, and ultimately preterm birth or fetal death. Tumor size is an indicator of these
complication risks and can be used in combination with cardiac output measurement to identify cases
that would benefit from an intervention [91]. A solid tumor volume-to-head volume ratio >0.12, tumor
volume-to-fetal weight ratio >0.12 prior to 24 weeks, rapid tumor growth, and high cardiac output
have all been identified as predictors of cardiac failure and hydrops [87] and also of more difficult
delivery and maternal complications [92].

The different prenatal treatment options explored for these solid lesions can be subdivided into
minimally invasive options aimed at reducing the vascular supply (coiling, embolization, sclerotherapy,
laser, and radiofrequency ablation) and open fetal resection. These interventions are typically reserved
for hydropic fetuses in the previable period. A recent systematic review of the literature on fetal in-
terventions for solid SCTs shows 44% survival after minimally invasive procedures [93]. Survival was
lower in cases with hydrops than in nonhydropic cases (67% versus 45%). The complications associated
with minimally invasive treatments are prematurity (mean gestational age at intervention was 23.2
weeks, and mean gestational age at birth was 29.7 weeks) and collateral damage to the skin, pelvic
bones, musculature, and nerves. Survival after open fetal surgery was 55% [93], with a mean gestational
age at delivery of 29.8 weeks (mean gestational age at intervention was 24.6 weeks). Complications of
open fetal surgery included rectal fistulas and wound dehiscence [89], in addition to the usual fetal and
maternal complications of open fetal surgery (preterm birth, PPROM, and uterine scarring) [94].
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Fig. 6. Three-dimensional rendering of a fetal sacrococcygeal teratoma at 23 weeks.

Given the suboptimal success rates and significant complications seen with fetal therapy, early
delivery and postnatal care should certainly be considered after 27 weeks [95].

Summary

We here reviewed the most common fetal tumors, their prenatal management, and their outcomes.
Overall, the most important outcome predictors are tumor histology, tumor size, and location. Very
large lesions, lesions causing cardiac failure, and hydrops and lesions obstructing the fetal airway have
the poorest outcomes. Given the rarity of fetal tumors, patients are best referred to expert centers
where care can be optimized and individualized to allow for the best possible outcomes.

Practice points

e Fetal tumors are often diagnosed late in pregnancy, and final histologic diagnosis and
prognosis can often not be determined until after birth.

e Prenatal diagnosis is important to plan timing, location, and mode of birth.

e The prenatal management of fetal tumors depends on tumor size, vascularity, location, and
signs of fetal decompensation.

e Small tumors are usually managed conservatively, but large lesions or lesions causing fetal
decompensation may benefit from prenatal intervention.

e Given the rarity of fetal tumors, referral to expert centers is required to optimize and indi-
vidualize care.
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Research agenda

e Development of new methods to treat fetal tumors minimally invasively (including high-
intensity focused ultrasound or transplacental medical therapy)

e Transplacental medical treatment.

e Imaging techniques to confirm diagnosis noninvasively
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