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Abstract
Introduction The object of this review is to describe the choroid plexus tumors (CPTs) occurring in the fetus and neonate with
regard to clinical presentation, location, pathology, treatment, and outcome.
Materials and methods Case histories and clinical outcomes were reviewed from 93 cases of fetal and neonatal tumors obtained
from the literature and our own institutional experience from 1980 to 2016.
Results Choroid plexus papilloma (CPP) is the most common tumor followed by choroid plexus carcinoma (CPC) and atypical
choroid plexus papilloma (ACPP). Hydrocephalus and macrocephaly are the presenting features for all three tumors. The lateral
ventricles are the main site of tumor origin followed by the third and fourth ventricles, respectively. CPTs of the fetus are detected
most often near the end of the third trimester of pregnancy by fetal ultrasound. The extent of surgical resection plays an important
role in the treatment and outcome. In spite of excellent survival, which is especially true in the case of CPP, surgical resection may
carry significant risks in an immature baby. Given the neonatal low blood volume and increased vascularity of the tumors, there is
potential risk for hemorrhage. Although advances in neurosurgical techniques have led to a greater degree of complete surgical
resections, survival for the perinatal CPC group remains low even with multimodality therapies.
Conclusion Perinatal CPTs have variable overall survivals depending on degree of surgical resection and tumor biology. An
increased understanding of the molecular features of these tumors may lead to improved therapies and ultimately survival.

Keywords Fetal choroid plexus papilloma . Neonatal choroid plexus papilloma . Fetal choroid plexus carcinoma . Neonatal
choroid plexus carcinoma . Fetal atypical choroid plexus papilloma . Neonatal atypical choroid plexus papilloma . Congenital
brain tumor . Intracranial hemorrhage

Introduction

Choroid plexus tumors (CPTs) are papillary neoplasms of
neuroectodermal origin arising from the choroid plexus epi-
thelium of the cerebral ventricles [6, 9, 14, 22, 27, 32, 33, 35,
36, 42, 44, 47, 54, 56–58, 65, 66, 68, 81]. CPTs are uncom-
mon comprising only 10% of all brain tumors in infants and
5% of all perinatal brain tumors [20, 31, 35, 64]. Due to their

rarity and because they mimic more common intracranial con-
ditions, such as hemorrhage, infection, and hydrocephalus
secondary to congenital defects, these tumors may be missed
[36, 79]. The majority of CPTs are diagnosed during the first
year of life and are often times sporadically detected. In some
cases, CPTs are found in association with cancer predisposi-
tion syndromes including Aicardi and Li-Fraumeni syn-
dromes. The Li-Fraumeni syndrome is associated with a
TP53 chromosomal anomaly [2, 27, 76]. Aicardi syndrome
is an X-linked disorder whose manifestations are generally
observed in utero and at birth [24]. The Li-Fraumeni syn-
drome may present in the perinatal period with a malignant
neoplasm such as a rhabdomyosarcoma in addition to choroid
plexus carcinoma (CPC) [28].

CPTs are classified by the World Health Organization
(WHO) as grade 3 malignant choroid plexus carcinoma
(CPC); grade 2, intermediate atypical choroid plexus papillo-
ma (ACPP); and grade 1 benign choroid plexus papilloma
(CPP) [47]. Lower grade CPTs are more prevalent than higher
grade ones; CPPs outnumber CPCs by a ratio of 2:1. CPTs

* Hart Isaacs, Jr
hisaacs@ucsd.edu

1 Department of Neurosciences, University of California San Diego
School of Medicine, La Jolla, CA, USA

2 Department of Pediatrics, University of California San Diego School
of Medicine, La Jolla, CA, USA

3 Rady Children’s Hospital San Diego, San Diego, CA, USA
4 Department of Pathology, University of California San Diego School

of Medicine, San Diego, CA, USA

Child's Nervous System (2019) 35:937–944
https://doi.org/10.1007/s00381-019-04135-x

http://crossmark.crossref.org/dialog/?doi=10.1007/s00381-019-04135-x&domain=pdf
http://orcid.org/0000-0001-8272-9118
mailto:hisaacs@ucsd.edu


generally present with rapid onset of hydrocephalus in the
perinatal period, a sign that should alert clinicians to pursue
neuroimaging. The purpose of this study is to review the clin-
ical and pathologic features of this very rare tumor of the fetus
and neonate.

Materials and methods

Clinical information from 93 fetuses and neonates diagnosed
with CPTs were obtained from the published literature utiliz-
ing a National Library of Medicine (PubMed) search from
1980 to 2016 together with data from the authors’ personal
unpublished experiences in cases collected from Children’s
Hospital Los Angeles and Rady Children’s Hospital San
Diego. The terms used for literature search included choroid
plexus tumors, choroid plexus papilloma, choroid plexus car-
cinoma, atypical choroid plexus papilloma, fetal, and
neonatal.

Definitions The review is confined to fetuses with CPTs that
are found at birth or on the first day of life and neonates with
tumors discovered during the first 3 months of life. Only cases
with adequate clinical and pathological data and where out-
comes of pregnancy and survival were described were
reviewed. Data were collected regarding initial presentation,
sex of the fetus or neonate, gestational age, birth weight, tu-
mor location, tumor size, histology and grade, treatment, and
outcome. Tumor diagnosis was confirmed in patients on this
study by histological confirmation of biopsy or surgical and/or
autopsy material. The length of follow-up ranged from 1 week
to 10 years.

Results

Hydrocephalus, macrocephaly, and intracranial mass are the
chief presenting signs of CPTs. Lateral ventricles are the main
sites of origin followed by the third and fourth ventricles [16,
36]. CPP is the most common neoplasm followed by CPC and
ACPP (Table 1). The majority of neoplasms are detected by
ultrasonography most often toward the end of the third trimes-
ter of pregnancy. Lower grade CPTs are more common than
higher ones. There are significant differences in overall sur-
vival ranging from 40 to 80%. CPP has twice the survival rate
of CPC; ACPP is intermediate between the two (Table 1).
Data show that surgery plays an important role in the treat-
ment and outcome. Total tumor resection is the mainstay of
treatment of CPTs. The exact role of adjuvant therapy in the
treatment of CPTs is problematic; currently, surgery and, in
the case of CPC, adjuvant chemotherapy and radiation are
used. However, the exact role of adjuvant therapy in this age
group requires further study and review [67, 81, 85].

Choroid plexus papilloma

CPP is a neoplasm composed of epithelial cells that line the
ventricular choroid plexuses [1, 3–5, 7, 9, 11, 13, 15–17, 19,
23, 24, 29, 31–37, 39, 41, 46, 50, 52, 53, 55, 59, 63–69,
72–76, 78–80] (Fig. 1a). In the pediatric age group, half occur
in the first year of life [4, 12, 30, 41, 66, 76–78].
Hydrocephalus, macrocephaly, and a mass on imaging are
the major presenting findings. CPTs also are responsible for
stillbirth [12, 26]. An association of a giant melanocytic nevus
and CPP in a neonate has been described [50].

The papilloma grows into a ventricle producing a
space, occupying finely nodular lesion readily visualized
on imaging studies [9, 11, 13, 35, 36]. Lateral ventricles
are the main sites of origin (64%) (Table 1). Less often,
CPP arises from a third or fourth ventricle [1, 29, 47,
59, 64]. At the time of diagnosis, hydrocephalus is not-
ed in practically all cases and is attributed to oversecre-
tion of CSF and/or tumor blockage of the ventricular
system [20]. When large volumes of CSF are produced
by the tumor, eventually marked dilatation of the entire
ventricular system occurs. Massive hydrocephalus and
severe cortical atrophy may be detected in utero or
found at birth [15, 19, 76].

Pathology

The papilloma has a finely nodular, pink, cauliflower-like
gross appearance (Fig. 1a). Ventricular tumors measure as
large as 9 cm in diameter. Some are enormous, filling the
entire intracranial cavity [25, 35, 36]. Microscopically, they
consist of many finger-like papillary formations composed of
a delicate fibrovascular core covered by uniform, regular cu-
boidal to columnar epithelial cells resembling the choroid
plexus [16, 36, 47, 65] (Fig. 1a).

Immunohistochemical findings CPPs show immunoreactivity
with vimentin and cytokeratin while transthyretin and s-100
protein are variably positive [9, 42, 65]. An elevated mitotic
rate is used as an indicator as to whether a CPP is malignant or
not. The Ki67/MIB1 labeling index for CPPs is given at 1.9%
[65]. However, it should be mentioned that a recent report
states that increased mitotic activity is prognostic only in the
older child [71].

CPP consists of several histologic variants. Villous hyper-
trophy (VH) versus CPP VH is defined as diffuse bilateral
enlargement of the ventricular choroid plexus(s) [7, 17, 19,
23, 78, 79]. This variant is described as an important cause
of shunt-resistant hydrocephalus in fetuses and infants sec-
ondary to excessive production of CSF. Imaging reveals a
bulky appearance of two or more choroid plexuses [79].
When shunting fails, CSF accumulations and ascites occur
[79]. This condition interchangeably has been called VH,
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bilateral choroid plexus hyperplasia or bilateral CPP. In addi-
tion, imaging of the involved brains often shows severe hy-
drocephalus and cortical atrophy [19].

Cysts, cystic CPP. Cysts develop within the tumor or adja-
cent cortex in 7.5% of patients with CPPs. They are found on
imaging either before birth, after birth, or following surgical
resection [2, 19, 31, 41, 52, 76]. Cysts range in size and occur
on or directly beneath the ependymal lining. They vary from
less than 1 cm to as large as 6.5 cm. Microscopically, the cysts
are lined by cuboidal to columnar choroid plexus–like cells
and contain pale yellow fluid. Cysts markedly increase in size

in utero [52]. Most occur concomitantly in patients with
CPPs, 4/53 or 7.5%. There is some debate regarding their
histogenesis. Microscopically, the cysts are lined by single
layers of cuboidal to columnar and occasionally squamous
epithelium which is consistent with choroid plexus origin
[4]. In addition, they are described in the Aicardi syndrome
[2]. Some produce intermittent obstruction through stromal
invasion. Levy et al. suggest that CPPs with a benign cel-
lular appearance and presence of local brain invasion, and
absence of the normal villous architecture at the site of
invasion could be classified as CPP rather than CPC.

Table 1 Clinical characteristics of choroid plexus tumors of the fetus and neonate

Choroid plexus papilloma
N = 53

Atypical choroid plexus papilloma
N = 9

Choroid plexus carcinoma
N = 31

Male 30 5 19

Female 18 4 10

Gender not available 5 5 2

Fetuses 19 5 10

Neonates 34 4 11

Gestation age (weeks) 344 (range, 21–40)5 324 (range, 21–39) 324 (range, 21–38)

Birth weight (g) 3300 (range, 2370–4394) NA 2925 (range, 2370–3685)

Presenting features

Hydrocephalus 29 2 10

Macrocephaly
head circumference (cm)

20
42 (range, 36–56)

7
42 (range 40–46)

9
42 (range, 35–48)

Intracranial mass on ultrasound 28 9 6

Bulging fontanel 12 2 5

Ophthalmologic signs 11 1 3

Seizures 8 – –

Aicardi syndrome 4 1 3

Li-Fraumeni syndrome – – 2

Diastasis of sutures 3 2 3

Hypotonia 3 – 2

Dystocia 2 1 2

Stillbirth – – 2

Deformed cranium – – 2

Hemiparesis/hemiplegia 2 – –

Cutaneous hemangioma 2 – 2

Vomiting 2 – 4

Tumor location

Left lateral ventricle 20 1 12

Right lateral ventricle 14 1 5

3rd ventricle 12 2 2

4th ventricle 7 1 4

Bilateral ventricles – 1 –

Number of patients treated 43 5 29

Ventriculoperitoneal shunt 29/43 (67%) 5/5 (100%) 11/31 (35%)

Surgery alone 43/53 (81%) 4/5 (80%) 14/29 (48%)

Surgery + chemotherapy – – 14/29 (48%)

Overall survival 53/53 (81%) 6/9 (67%) 14/31 (45%)
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They propose that patients with this histology respond to
surgical therapy alone without the need for adjuvant treat-
ment [45].

Treatment and outcome

CPP has a better prognosis among all CPTs. Most patients
who receive gross total resection as their primary treatment
survive [4, 5, 15, 27, 36, 44, 50, 54, 57, 66, 70, 74, 75].
Approximately half of the patients with CPP receive a pre-
or postoperative VPS (29/53 or 55%) inserted for varying
lengths of time. Survival with surgical resection alone approx-
imates 95% in this age group (Table 1). When the tumor em-
bolization regimen was added to two CPP cases prior to sur-
gery, both infants survived [3]. Siegfried et al. reported similar
survivals (100%) in 54 CPPs under the age of 18 [67].

In spite of excellent survivals, surgical resection of CPT
may have significant risks in an immature baby. Given low
blood volume, extensive hemorrhage may occur due to the
highly vascular nature of the tumor [5, 36, 62]. Moreover,
during the operation, abnormal blood clotting defects may
appear [5]. Frequently, there is difficulty in finding or identi-
fying the choroidal vessel(s) supplying the tumor which are
needed for cannulation or ablation [20]. The use of irradiation
as part of the adjuvant treatment regimen in the fetus and
neonate is not recommended in this age group and gives dev-
astating neurocognitive consequences of radiation therapy in
young children [67, 72, 73].

Atypical choroid plexus papilloma

ACPP is neoplasm of neuroepithelial origin consisting of ep-
ithelial cells that are thought to be derived from the ventricular

choroid plexuses. This tumor is responsible also for the rapid
onset of perinatal hydrocephalus and occasionally stillbirth
[20, 30, 49, 53, 68]. Nine patients, consisting of five fetuses
and four neonates with this diagnosis, were identified in the
literature (Table 1). In common with CPP and CPC hydro-
cephalus, an intracranial mass and macrocephaly are the pre-
senting findings. Fetuses with ACPP are found most often by
prenatal imaging [20, 25, 30, 64]. The tumor has greater re-
currence and mortality rates than CPP but lesser ones than
those of CPC.

Pathology

ACPPs range in size from 2 to 8 cm. Gross and microscopic
findings resemble those of CPP. In addition to the finely nod-
ular, whitish-pink, cauliflower-like gross appearance of CPP,
scattered, flattened gray areas may be seen on the outer tumor
surfaces. Microscopically, the atypical changes consist of foci
of hypercellular epithelium, few mitoses, crowding, shorten-
ing, broadening of villi, and piling up of cells obscuring vil-
lous formations (Fig. 1b). Other varying degrees of atypia
described are pleomorphism, hyperchromasia, and focal ne-
crosis [25, 30, 36–38, 40, 49, 65, 68]. In keeping with the
definition of ACPP, neither invasion of adjacent brain tissue
nor metastases are present [46]. Nevertheless, microscopic
distinction between ACPP and CPC often can be difficult.
ACPP is classified by the World Health Organization
(WHO) as an intermediate grade 2 [47]. A lowmitotic activity
index (proliferation index) has been used for distinguishing
ACPP from CPC [37]. As mentioned above, there are recent
reports stating that increased mitotic activity is prognostic on-
ly in older children [37, 70].

Fig. 1 Histological features of fetal/neonatal choroid plexus papilloma (a), atypical choroid plexus papilloma (b), and choroid plexus carcinoma (c)
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Treatment and outcome

Surgical resection, embolization, and chemotherapy are the
main forms of treatment [20, 30, 80]. Locating and cannu-
lating tiny choroidal tumor feeding vessels, especially those
of low birth weight premature infants, can be a difficult tech-
nical problem when performing a surgical resection or embo-
lization. To avoid this, neoadjuvant chemotherapy has been
used to reduce tumor vascularity allowing for a higher degree
of safe surgical resection [20, 60, 80, 83]. Irradiation is not
recommended for infants because of its damaging effects on
developing tissues [70, 85]. Siegfried et al. reported outcomes
of 26 patients under the age of 18 years with ACPP. Of these,
18 had a complete resection. Twenty-three percent were treat-
ed with chemotherapy. The authors report 92% of patients in
complete remission and only one death [67].

The overall survival rate of perinatal ACPP patients is 67%,
which is intermediate between CPP, 81%, and CPC, 45%
(Table 1).

Choroid plexus carcinoma

CPCs account for less than 1% of childhood brain tumors and
are found usually in infants less than 3 years of age. Fewer
than half of CPCs are reported in the first year of life [38, 40,
46, 58, 76, 81]. Some are associated with certain cancer pre-
disposing conditions, for example, the Aicardi and the Li-
Fraumeni syndromes [1, 21, 24, 28, 69, 74, 77].
Manifestations of the Aicardi syndrome are found in utero or
at birth. There is a high frequency of TP53 germline mutations
associated with the Li-Fraumeni syndrome; 36% of patients
with CPC in this review had the defect [28].

Like other members of the CPT group, hydrocephalus is
the leading initial, presenting finding, next are macrocephaly
and an intracranial tumor detected by imaging. CPCs are high-
ly invasive frequently metastasizing by the time of diagnosis.
Some are found at birth [22, 58]. CSF cytological examination
for malignant cells should be an integral part of the patient’s
initial evaluation [36]. The lateral ventricles are the most com-
mon primary sites (Table 1) [4, 11, 12, 19, 31, 66]; less com-
mon locations are the third and fourth ventricles [8, 10, 18, 81,
82]. Metastases occur predominately along the cerebrospinal
fluid axis; however, extra CNS metastatic disease has been
reported in the abdomen, lung, and bone [81].

Pathology

CPC is classified as a malignant neoplasm, stage 3 by the
World Health Organization (WHO) [47]. The gross appear-
ance varies from a grayish white cauliflower-like mass similar
to CPP and ACPP to a smooth, purple, firm mass or an ill-
defined, soft, mushy, gray, piece of tissue with foci of hemor-
rhage and necrosis. Tumors range in size; the largest one here

measured 10.5 cm in diameter. Some are enormous, filling
almost the entire intracranial cavity. Histological findings

Diagnosis of CPC rests on certain histologic criteria includ-
ing hypercellularity, pleomorphic nuclei, increased mitotic ac-
tivity, vascular proliferation, and infiltration into the adjacent
brain [9, 42] (Fig. 1c). CPCs show a high proliferative activity
with Ki67 [37, 65]. Differential diagnosis includes papillary
ependymoma, metastatic carcinoma, and atypical teratoid
rhabdoid tumor (ATRT) [9, 42, 65]. The epithelial antigens
cytokeratin and vimentin are not expressed by either medul-
loblastoma or ATRT. Some CPCs may contain areas that re-
semble the small, blue cell, anaplastic rhabdoid tumor, but this
entity can be ruled out by the presence of INI-1 gene product
reactivity [9, 65]. Other tumors in the differential diagnosis
include the anaplastic ependymoma that consists of dense col-
lections of small, darkly stainingmalignant cells plus papillary
structures with nuclear atypia and bizarre and multinucleated
giant cells [9, 36]. Areas of malignancymay resemble those of
metastatic undifferentiated carcinoma.

Treatment and outcome

Surgery plays an important role in the treatment and outcome.
Gross total resection is the goal and main treatment initially
[16, 40, 48, 60, 61]. Due to the highly vascular nature of CPC,
surgery may be severely compromised by extensive intraop-
erative hemorrhage and the infant’s small total circulating
blood volume [20, 22, 64, 66]. If surgery can be performed
before irreversible brain damage has occurred as the result of
severe hydrocephalus and/or hemorrhage, a favorable out-
come can be anticipated [60]. Although surgical resection re-
mains the most important factor for long-term survival, adju-
vant therapy is required for treatment of residual, recurrent, or
tumor metastases [43, 48, 58, 67, 82, 84, 85]. Malick et al.
performed a review of 284 patients (median age 2 years) from
89 studies [48]. More than half of patients had a gross total or
near total resection. At a median follow-up of 18 months, the
progression-free survival was a dismal 13 months. While this
study was not specific to the fetus or neonate, survival in
children more than 5 years of age with multimodality chemo-
therapy and radiation had improved survival. In the retrospec-
tive series reported by Siegfried et al. of CPC under the age of
18, the 5-year overall survival was 64.7% [67]. However, the
overall survival for fetuses and neonates with CPC remains
low.

Molecular advances in choroid plexus tumors

Rapid advances in brain tumor genetics have led to a greater
understanding of the biology of CPTs. Merino et al. analyzed
100 CPTs for copy number, gene expression, and methylation
profiles [51]. CPCs were defined as having hypodiploid and
hyperdiploid copy number. Somatic mutations in TP53 were
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observed in 60% of CPCs, while TP53 germline variants were
detected in 24% of cases [51]. Chromosomal gains/losses
were able to distinguish CPC from CPP/ACPP, which pro-
vides evidence that CPP and ACPP may be a single biologic
entity. Thomas et al. performed methylation profiling in a
series of 92 CPTs (29 CPP, 32 ACPP, 31 CPC), 13 of which
were under 1 year of age [71]. Methylation cluster analysis
revealed three unique subgroups, two of which (groups 1 and
3) were comprised solely of pediatric CPTs. Group 1 was
comprised of CPP and ACPP, while group 3 contained CPP,
ACPP, and CPC. Group 1 had gains in chromosomes 12, 9p,
and 11. Group 3 revealed losses in chromosomes
6q,6p,22,11p,1,6,19q and gains of 1p32-35.1 [71]. Only 1 of
42 patients in groups 1–2 progressed. In the case of group 3,
the progression-free survival was 72 months (range 55–
89 months). All CPC in group 3 had a shorter progression-
free survival (55 months, range 36–73 months) [71]. Overall,
these studies have given us more insight into the molecular
underpinnings of CPTs that may someday provide improved
adjuvant therapies, particularly for CPC.

Discussion

Our retrospective review of perinatal CPTs consisting of a
literature review from case histories of 93 fetal and neonatal
CPTs obtained from the world literature and personal files
from 1980 to 2016 comprises the most comprehensive analy-
sis in this age group. The retrospective nature of the literature
review was the biggest limitation of the manuscript especially
in determining accurate progression-free and overall survival.
The limited clinical information regarding extent of surgical
resection, adjuvant therapies, and long-term follow-up obtain-
ed from a literature review precludes an accurate Kaplan-
Meier estimate of overall and event-free survivals among the
various CPT subtypes.

Several CPT treatment approaches have been proposed
[59, 65, 78, 80, 81]. Approximately half the patients in this
review received a VP shunt. CPT treatment begins with sur-
gical resection (gross total resection if possible), which is then
followed by adjuvant therapy in the case of CPC and an ob-
servational approach in CPP and ACPP [78].

In cases of incomplete resection, residual or recurrent tu-
mor, or metastases, patients received some form of adjuvant
chemotherapy [65, 78, 81]. CPPs are usually cured by surgery
alone with a survival rate approaching 100% [63] Some CPTs
are considered inoperable because of their large size or the
unstable condition of the infant. The overall survival rates
for fetal/neonatal CPTs based on our review were 81% for
CPP, 66.7% for ACPP, and 45.2% for CPC.

One of the puzzling unexplained aspects in the treatment of
CPTs is the persistence of hydrocephalus accompanied by
progressive parenchymal atrophy and subsequent intellectual

disability even in those patients who have undergone early
total resection and placement of a VP shunt [19, 36, 58].
Hydrocephalus per se is a decisive factor in the choice of
treatment and time of delivery. In some cases, it may be more
life threatening than the tumor itself. If delivery is delayed
until term, the prognosis may be worse for the hydrocephalic
fetus than it would be for a non-hydrocephalic one [12]. An
increased understanding of gene expression profiles, copy
number analysis, and methylation profiles may allow for risk
stratification based upon molecular genetics, and the possibil-
ity of improved adjuvant therapies, particularly in the case of
CPC that are associated with high rates of TP53 mutations
[51, 71].
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