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Choroid plexus papillomas: advances
in molecular biology and understanding
of tumorigenesis

Michael Safaee, Michael C. Oh, Orin Bloch, Matthew Z. Sun, Gurvinder Kaur,
Kurtis I. Auguste, Tarik Tihan, and Andrew T. Parsa

Department of Neurological Surgery, University of California, San Francisco (M.S., M.C.O., O.B., M.Z.S., G.K.,

K.I.A., A.T.P.); Department of Pathology and Laboratory Medicine, University of California, San Francisco (T.T.)

Choroid plexus papillomas are rare, benign tumors orig-
inating from the choroid plexus. Although generally
found within the ventricular system, they can arise
ectopically in the brain parenchyma or disseminate
throughout the neuraxis. We sought to review recent ad-
vances in our understanding of the molecular biology
and oncogenic pathways associated with this disease.
A comprehensive PubMed literature review was con-
ducted to identify manuscripts discussing the clinical,
molecular, and genetic features of choroid plexus papil-
lomas. Articles concerning diagnosis, treatment, and
long-term patient outcomes were also reviewed. The in-
troduction of atypical choroid plexus papilloma as a dis-
tinct entity has increased the need for accurate
histopathologic diagnosis. Advances in immunohisto-
chemical staining have improved our ability to differen-
tiate choroid plexus papillomas from other intracranial
tumors or metastatic lesions using combinations of key
markers and mitotic indices. Recent findings have impli-
cated Notch3 signaling, the transcription factor
TWIST1, platelet-derived growth factor receptor, and
the tumor necrosis factor–related apoptosis-inducing
ligand pathway in choroid plexus papilloma tumorigen-
esis. A combination of commonly occurring chromo-
somal duplications and deletions has also been
identified. Surgical resection remains the standard of
care, although chemotherapy and radiotherapy may be
considered for recurrent or metastatic lesions. While
generally considered benign, these tumors possess a
complex biology that sheds insight into other choroid
plexus tumors, particularly malignant choroid plexus
carcinomas. Improving our understanding of the

molecular biology, genetics, and oncogenic pathways
associated with this tumor will allow for the develop-
ment of targeted therapies and improved outcomes for
patients with this disease.

Keywords: choroid plexus papilloma, choroid plexus
tumor, diagnosis, treatment, tumorigenesis.

T
he choroid plexus is a complex epithelial-endothe-
lial convolute composed of an epithelium, stroma,
and vascular supply. The stroma contains fibro-

blasts, inflammatory cells, and a rich extracellular
matrix.1 There are 4 segments of the choroid plexus,
each occupying either the lateral, third, or fourth ventri-
cles. The choroid plexus is responsible for the produc-
tion of cerebrospinal fluid (CSF) and has been
implicated in autoimmune inflammation within the
central nervous system by virtue of expression of major
histocompatibility complex classes I and II on choroid
plexus epithelial cells.1 Choroid plexus tumors are of
neuroectodermal origin and range from benign choroid
plexus papillomas (CPPs) to malignant choroid plexus
carcinomas (CPCs). It is unclear whether diffuse
villous hyperplasia of the choroid plexus, a rare congen-
ital condition, represents a precursor lesion that war-
rants placement on this disease spectrum.2

CPPs are rare, indolent neoplasms. They have an
annual incidence of 0.3 per 1 000 000 and outnumber
CPCs by a factor of 5:1.3–6 They represent 0.3%–0.6%
of all intracranial tumors, with a male to female ratio
of 1.2:1.5 CPPs are most common within the first year
of life and comprise 10%–20% of brain tumors in this
demographic.3–6 This is generally a disease of child-
hood, with a median age at diagnosis of 3.5 years.5

There is a strong correlation with age and tumor loca-
tion; over 80% of supratentorial CPPs are found in
patients ,20 years of age, while infratentorial CPPs
are fairly evenly distributed across all ages.5 In children,
CPPs are typically found in the lateral ventricles
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(left greater than right), while in adults they are more
common in the fourth ventricle.7–9 The median ages at
diagnosis for tumors in the lateral ventricle, third ventri-
cle, fourth ventricle, and cerebellopontine angle are 1.5
years, 1.5 years, 22.5 years, and 35.5 years, respective-
ly.5 There are reports of intraparenchymal, suprasellar,
and spinal epidural CPPs, but these are rare.10–12 CPPs
have also been detected in utero, suggesting a congenital
origin for a subset of these tumors.13–16

Regardless of age, patients typically present with
signs and symptoms of increased intracranial pressure in-
cluding headache, hydrocephalus, papilledema, nausea,
vomiting, cranial nerve deficits, gait impairment, and
seizures.6,17 Since symptoms are generally attributed to
overproduction of CSF or obstruction of CSF outflow,
they can occur early or late in the disease course, depend-
ing on tumor location and size. Choroid plexus tumors
should be included in the differential diagnosis of any in-
traventricular mass, particularly in the pediatric popula-
tion. Treatment consists of attempted gross total
resection and is associated with an excellent progno-
sis.5,18,19 In this review, we will summarize recent ad-
vances in histologic grading, immunostaining, and the
molecular biology of CPPs, as well as provide an over-
view of treatment strategies and clinical outcomes.

Classification and Histologic Features

For decades, choroid plexus tumors were classified as
either papillomas (World Health Organization [WHO]
grade I) or carcinomas (WHO grade III); the diagnosis
of atypical CPP (grade II) was introduced as an interme-
diate lesion in 2007. Histologically, CPPs possess an ar-
chitecture that is similar to that of normal choroid
plexus, although cells are generally more crowded, elon-
gated, or stratified.6 They feature a fibrovascular stalk
surrounded by a single layer of cuboidal to columnar ep-
ithelium arranged in a papillary configuration (Fig. 1).1,6

Unlike the overtly malignant choroid plexus carcinoma,
CPPs feature a well-formed and continuous basement
membrane and very low mitotic activity. Invasion, ne-
crosis, blurring of the papillary pattern, and nuclear
pleomorphism may occur but are unusual.6 There are also
reports of CPPs with pigmentation, osseous or adipose
metaplasia,psammomabodies,oncocyticchange,xanthog-
ranulomatous reactions, and mucinous degeneration, but
these features are rare.20–26 Macroscopically, CPPs are de-
scribed as pink-grey, pedunculated, cauliflower-like masses
and are usually well circumscribed from normal brain.17

They are typically soft but can develop foci of calcifications
and contain hemorrhagic or cystic features.17 Table 1 pro-
vides a summary of the general features of CPPs that distin-
guish them from other choroid plexus tumors.

Atypical CPPs (WHO grade II) are intermediate
lesions formally introduced in 2007. Their most impor-
tant distinguishing feature is increased mitotic activity,
defined by the presence of ≥2 mitoses per 10 high
power fields (HPFs), compared with ,2 per 10 HPFs
in CPP and .5 per 10 HPFs in CPC.27,28 The diagnosis
of atypical CPP is significant because it carries a nearly

5-fold increase in recurrence risk at 5 years compared
with grade I CPPs.27 Histologic features observed in a
minority of atypical CPPs that may help distinguish
them from other CPPs include increased cellularity,
nuclear pleomorphism, blurring of the papillary
growth pattern, and necrosis; however, these features
are also seen in carcinomas and are not required for
the diagnosis of a grade II lesion.27 CPCs, which are
rarely confused with CPPs, are invasive lesions charac-
terized by overt signs of malignancy including at least
4 of the following: increased cellularity, blurring of the
papillary architecture, high mitotic activity (.5 per 10
HPFs), nuclear pleomorphism, and necrosis.1,6,29

There are reports describing these histologic features, in-
cluding invasion, in both grade I and grade II lesions, but
such findings are exceedingly rare.6,30–32

Despite a well-established and thoroughly validated
grading scheme, choroid plexus tumors are unique be-
cause histologic appearances do not necessarily predict
their behavior. While generally regarded as benign, in
rare cases CPPs can possess aggressive features or behav-
iors generally associated with high-grade lesions. For
example, CPPs with evidence of parenchymal invasion
or loss of normal architecture have been found to
exhibit clinically benign behavior, with good long-term
outcomes after surgical resection.30 There are also
reports of CPPs disseminating throughout the neuraxis
and undergoing malignant transformation.31–33 Since
such findings are extremely rare, the molecular events
that trigger this aggressive behavior remain elusive. The
phenotypic diversity, particularly among CPPs, suggests
that these lesions are best described on a spectrum
rather than as distinct lesions with rigidly defined criteria.

Immunohistochemical Staining

The utilization of immunohistochemical staining has im-
proved our ability to distinguish choroid plexus tumors
from other primary CNS or metastatic neoplasms.
Nearly all CPPs express cytokeratins, vimentin, and
podoplanin.6 Podoplanin is also expressed by ependy-
momas and meningiomas, making it less useful when
trying to differentiate these lesions.34 While cytokeratins
and vimentin are characteristic of CPPs, markers such as
glial fibrillary acidic protein, transthyretin (pre-
albumin), and synaptophysin exhibit variable expressiv-
ity; although generally more common in CPPs compared
with CPCs, they provide little benefit in distinguishing
CPPs from atypical papillomas.6,35–38 More recently,
expression data generated from microarray analysis
have been used to identify novel markers of CPP.38 Of
the 46 genes found to be overexpressed in normal
choroid plexus and CPPs by this microarray-based ap-
proach, only 11 were tested by tissue array for protein
expression. Five of the 11 candidate markers (coagula-
tion factor V, glutathione peroxidase 3, serotonin recep-
tor 2C, lumican, and plastin-1) exhibited staining
patterns weaker than expected, demonstrating a limita-
tion of gene expression–based approaches. However,
through this approach, Kir7.1 and stanniocalcin-1
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were identified as novel markers of CPP. Kir7.1 is an
inward rectified potassium channel found in normal
choroid plexus and CPPs but not in other primary
brain tumors or metastases. Stanniocalcin-1 is believed
to play a role in calcium homeostasis and has been
shown to confer resistance to hypoxic stress.39–41

Kir7.1 and stanniocalcin-1 are considered both sensitive
and specific markers of CPPs.38

In certain cases, differentiating a choroid plexus
tumor from metastatic carcinoma can prove challenging.
Two particularly useful cytokeratins are CK7, a basic
(type II) keratin normally found in the lung, ovary,
breast, and associated adenocarcinomas arising from
those tissues, and CK20, an acidic (type I) keratin
found in the epithelium of the gastrointestinal and

urinary tracts, as well as cancers from those tissues.42–47

A combination of CK7+/CD202 is often helpful in
distinguishing primary choroid plexus tumors from met-
astatic carcinomas, which typically display different
combinations of staining.26,42 Focal staining of these
cytokeratins is also suggestive of a choroid plexus
tumor, while diffuse staining is generally seen in meta-
static lesions.26 Excitatory amino acid transporter 1
has been shown to stain a variety of choroid plexus
tumors but not metastatic carcinomas or adenocarcino-
mas with papillary features.48 Conversely, monoclonal
antibodies directed against epithelial cell adhesion mol-
ecules, particularly the HEA (human epithelial
antigen)-125 and Ber-EP4 clones, were shown to stain
metastatic carcinomas but not choroid plexus tumors.49

Fig. 1. Representative hematoxylin/eosin and immunohistochemical staining of a CPP. These tumors feature a single layer of cuboidal or

columnar epithelium in a papillary configuration (A and B) covering a fibrovascular core (C). The presence of transthyretin on

immunohistochemical staining (D) can aid in confirming the diagnosis.

Table 1. Overview of choroid plexus tumors

General
Features

Choroid Plexus Papilloma (WHO grade I) Atypical Choroid Plexus
Papilloma (WHO grade II)

Choroid Plexus Carcinoma
(WHO grade III)

General
histologic
appearance

Fibrovascular stalk surrounded by single
layer of cuboidal to epithelium arranged
in papillary configuration

Intermediate histology;
characterized by
increased mitotic activity
compared with CPP

At least 4 of the following: increased
cellularity, blurring of papillary
architecture, high mitotic activity,
nuclear pleomorphism, and necrosis

Mitotic activity ,2 per 10 HPFs .2 per 10 HPFs .5 per 10 HPFs

Radiographic
features

Well-circumscribed intraventricular mass
with cauliflower appearance and
contrast enhancement; iso- or
hyperdense on CT and iso- or
hypointense on T1-weighted MRI

Similar to CPP but may
possess irregular or
invasive margins with
associated edema

Generally larger than CPPs and frequently
invade adjacent parenchyma with
associated edema; heterogeneous
contrast enhancement with possible
calcifications, hemorrhage, necrosis, or
leptomeningeal enhancement
(dissemination)
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In addition to identifying metastatic lesions, immuno-
histochemical stains can help differentiate CPPs from
other primary CNS neoplasms. Ependymomas and sub-
ependymomas are often included in the differential diag-
nosis, and distinguishing them from choroid plexus
tumors is important. Subependymomas are easily identi-
fied by their histology, decreasing the need for immun-
ostaining. In the case of distinguishing ependymomas,
E-cadherin and neural cell adhesion marker (NCAM)
are particularly useful. While choroid plexus tumors
generally stain positive for E-cadherin and negative
for NCAM, ependymomas typically display the opposite
staining pattern.50 Laminin, a marker of the basement
membrane, is also useful in identifying CPPs because
it is rarely seen in ependymomas; this marker is less
useful in identifying CPCs because their basement
membranes are often fragmented.51 Additionally, epi-
thelial membrane antigen is commonly expressed in
ependymomas but not typically observed in choroid
plexus tumors, thus making it useful in distinguishing
these lesions.52

CPPs found in the vicinity of the third ventricle may
be confused with papillary tumors of the pineal region
(PTPRs). Like CPPs, these are rare neuroepithelial
tumors with a papillary architecture and immunoposi-
tivity for cytokeratin, vimentin, and transthyretin.6

PTPRs can be distinguished from choroid plexus
tumors by their expression of microtubule-associated
protein 2 and NCAM, as well as absent staining for
Kir7.1 and stanniocalcin-1.53–55 In the case of CPCs
with features of concern for atypical teratoid/rhabdoid
tumor (AT/RT), immunostaining for integrase inter-
acter (INI)1 is helpful because it is retained in the major-
ity of CPCs but lost in AT/RT.56 There are some data
linking carcinoembryonic antigen to CPCs, but this rela-
tionship is inconsistent and may also suggest the
presence of a metastatic carcinoma.36,57–60 Another in-
teresting marker associated with CPCs is a1-antitrypsin,
which has been found to have CSF levels that correlate
with tumor recurrence and progression.61 Recent data
have demonstrated the importance of p53 immunostain-
ing, which serves as a measure of p53 dysfunction. This
is significant in patients with Li-Fraumeni syndrome
who are harboring CPCs, since p53 status can predict
tumor phenotype and clinical outcomes.62

Ki-67/mouse intestinal bacteria (MIB)–1 indices are
useful in differentiating CPPs from other choroid plexus
tumors as well as for identifying aggressive lesions or
those prone to recurrence, regardless of histologic
grade.60 Several authors have demonstrated a direct rela-
tionship between Ki-67/MIB-1 staining and tumor
grade; normal choroid plexus has an MIB-1 index of
nearly zero, while mean values have been reported of
1.3%–4.5% in CPPs, 5.8%–9.1% in atypical papillo-
mas, and 13.4%–20.3% in CPCs.63–65 Interestingly,
some have observed a significant decline in MIB-1,
p53, and E2F-1 expression in CPCs after chemothera-
py.65 Other nuclear markers that demonstrate a direct
correlation with tumor grade include proliferating cell
nuclear antigen, p21, and Rb.66

Pathogenesis of Choroid Plexus Tumors

Although the majority of choroid plexus tumors are
sporadic, there has been significant work to examine as-
sociations with specific genetic mutations.65,67–69

Li-Fraumeni syndrome, characterized by germline muta-
tions of the p53 tumor suppressor, is known to increase
the risk for choroid plexus tumors, particularly carcino-
mas.62,70,71 While most CPCs are sporadic and do not
contain germline mutations of TP53, a thorough
family history should be acquired, particularly in chil-
dren, to rule out Li-Fraumeni syndrome. Recent analysis
of 64 choroid plexus tumors found somatic TP53 muta-
tions in 50% of CPCs but in only 5% of CPPs.62

Furthermore, 92% of wild-type TP53 CPCs featured a
variant of codon 72 encoding arginine (TP53-R72),
along with a polymorphism of MDM2 (SNP309), an im-
portant negative regulator of p53.62 The combination of
TP53-R72 and MDM2 SNP309, which results in de-
creased activity of p53 in the absence of a mutation,
can promote malignant transformation via deficient
cell cycle arrest and highlights the role of modifiers in
p53-associated phenotypes.72,73 This also suggests that
either qualitative or quantitative changes in p53 are in-
volved in CPC tumorigenesis. Interestingly, CPCs with
TP53 mutations were found to contain excess chromo-
somal gains or losses, as well as focal amplifications
or deletions, as quantified by genomic total structural
variation (TSV).62 Most importantly, TP53 status
can predict survival in CPC; patients with wild-type
TP53 and low TSV have a favorable prognosis and do
not require radiation therapy, while those with TP53-
mutated tumors should be treated more aggressively
given their poor prognosis.62 With respect to germline
mutations of TP53, a study of 22 CPCs in southern
Brazil identified a specific mutation, R337H, in 63%
of patients.74 This mutation was previously described
in a similar region of Brazil among children with adreno-
cortical cancer.75 The incidence of CPC is significantly
higher in this region of Brazil, likely due to an increased
frequency of the allele in this population. There was no
difference in survival among CPC patients bearing this
mutation, but the sample size was limited.74 Additional
studies of TP53 are warranted to better understand its
role in CPC and further explore its association with
prognosis.

In addition to Li-Fraumeni syndrome, other genetic
disorders may play a role in the development of
choroid plexus tumors. CPPs are associated with
Aicardi syndrome, an X-linked disorder characterized
by the triad of total or partial agenesis of the corpus cal-
losum, chorioretinal “lacunae,” and infantile spasms.76

Other genetic syndromes have shed insight into the
biology of choroid plexus tumors, particularly CPCs.
Rhabdoid predisposition syndrome is caused by germ-
line mutations of hSNF5/INI1 (SMARCB1), a member
of the SWI/SNF (switch/sucrose nonfermentable)
ATP-dependent chromatin-remodeling complex.77–80

These patients are predisposed to malignant rhabdoid
tumors—AT/RTs—when they occur in the CNS.6
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However, mutations in hSNF5/INI1 have also been as-
sociated with CPCs, medulloblastomas, and central
primitive neuroectodermal tumors.77,79,81 Distinguishing
AT/RTs from CPCs may be challenging due to overlap-
ping clinical and histopathologic features; however,
unlike AT/RTs, CPCs demonstrate immunopositivity
for INI1.56

Approximately 2 decades ago, a potential link was
identified between simian virus (SV)40, a monkey poly-
omavirus, and CPP. In one study, 10 of the 20 choroid
plexus tumors examined were found to contain DNA se-
quences from SV40, and 80% stained positive for the
SV40 T-antigen.82 Given reports of SV40 inducing
brain tumors in various animal models, as well as the
viral T-antigen’s ability to inactivate the tumor suppres-
sors p53 and Rb, there was compelling evidence impli-
cating the virus in the pathogenesis of CPP.83

However, subsequent epidemiologic studies found that
the SV40 sequences were found only in populations
that had received polio vaccines contaminated with the
virus, suggesting that this observation was simply a
result of a tumor microenvironment that favored viral
replication.84,85 Additionally, the incidence of brain
tumors was no different among populations exposed to
the contaminated vaccines, further refuting any causal
relationship.

More recently, platelet-derived growth factor recep-
tor (PDGFR) has been implicated in the pathogenesis
of choroid plexus tumors. PDGFR is a receptor tyrosine
kinase with roles in CNS development, blood vessel for-
mation, and hematopoiesis.86–89 Aberrant signaling has
been implicated in tumor growth, angiogenesis, stromal
recruitment, tumor invasion, and metastasis.90–93 The a
and b isoforms of PDGFR are expressed in CPPs, atypi-
cal papillomas, and CPCs, but phosphorylation of the b

isoform is significantly increased in CPCs compared with
CPPs.94 The immortalized choroid plexus epithelial cell
line Z310 was found to express only the b isoform of the
receptor and demonstrated a dose-dependent prolifera-
tive response when incubated with its ligand
PDGF-BB; this effect was attenuated by the tyrosine
kinase inhibitor imatinib, also in a dose-dependent
manner.94 This finding is significant because the
authors used physiologically acceptable ranges of the
drug and their findings suggest a role for imatinib in
the treatment of choroid plexus tumors with abnormal
PDGFR activation.

Recent genetic analysis comparing normal choroid
plexus to CPP has identified differential expression of
6 genes known to play roles in tumorigenesis. These
include the transcription factor TWIST1, Wnt inhibitory
factor 1 (WIF1), the transmembrane protein Shrew-1
(AJAP1), the transcriptional repressor BCL (B-cell
lymphoma)2-associated transcription factor 1 (BCLAF1),
transient receptor potential channel (TRPM3), and
interleukin-6 signal transducer (IL6ST).95 Among these
targets, TWIST1 was expressed significantly higher in
CPPs compared with normal choroid plexus and was
also found in the immortalized choroid plexus epithelial
cell line Z310.38,95 TWIST1 is notable for its role as an
inhibitor of both p53 and ADP ribosylation factor

(Fig. 2).96 Knockdown of TWIST1 did not affect cell mi-
gration but significantly decreased infiltrative capacity
and reduced cell proliferation in a p53-dependent
fashion.95 Knockdown of TWIST1 also decreased expres-
sion of vascular endothelial growth factor D (FIGF) and
increased expression of cyclin-dependent kinase inhibitor
1A (CDKN1A), FLICE (Fas-associated death domain–
like interleukin converting enzyme) inhibitory protein
(CFLAR), and plasminogen activator inhibitor type 2
(SUPERINB2).95

Recent evidence has implicated the Notch signaling
pathway in the development of choroid plexus tumors,
including papillomas. The roles of Notch1 and Notch2
in neural development have been thoroughly character-
ized.97,98 These pathways have also been implicated in
the growth of glial and embryonal brain tumors.99,100

Less is known about the role of Notch3, in either
neural development or tumorigenesis. In mice, activa-
tion of the Notch3 receptor in periventricular progenitor
cells was found to induce choroid plexus tumor forma-
tion during embryonic development.101 In human
CPPs, Notch receptor mRNAs are overexpressed—
however, the receptor ligands Jagged1, Jagged2, and
delta-like1 are expressed at levels similar to that of non-
neoplastic choroid plexus.101 Current data suggest that
activated Notch3 may function as an oncogene in the de-
veloping brain and drive choroid plexus tumor forma-
tion (Fig. 2). This may be of particular importance in
cases of congenital choroid plexus tumors detected in
utero.13,15

Epigenetics is a burgeoning field in the study of tumor
biology. Methylation of important genomic sequences,

Fig. 2. Molecular pathways associated with CPPs. Several genes in

the TRAIL pathway, along with E-cadherin, are known to be

methylated in CPPs, resulting in decreased tumor necrosis factor–

induced apoptosis and increased cell migration, respectively.

Aberrant signaling through PDGFR and Notch3 are associated

with tumor formation and growth. Mutations of TP53 and

hSNF5/INI1 (SMARCB1), which plays an integral role in

chromatin remodeling, have been shown to promote CPP

formation, while methylation of TWIST1, an inhibitor of p53, and

stratifin, a regulator of the G2 checkpoint, are also associated

with CPPs.
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particularly cytosine–phosphate–guanine islands, can
induce a loss of tumor suppressor function and drive tu-
morigenesis. One study analyzed a group of 19 genes im-
plicated in tumor formation and found that 71% of
CPPs demonstrated methylation of ≥1 of these targets,
none of which were methylated in normal cortex.102

The tumor suppressor RASSF1A was the most frequent-
ly methylated gene, followed by 3 genes of the tumor ne-
crosis factor–related apoptosis-inducing ligand (TRAIL)
pathway: CASP8, TFRSF10C, and TFRSF10D (Fig. 2).
RASSF1A stabilizes mitotic cyclins and regulates the
timing and progression of mitosis.103 The TRAIL
pathway is involved in ligand-induced apoptosis and
has been investigated as a potential therapeutic target
in the treatment of glioblastoma.104,105 After extensive
analysis of the methylation patterns in CPP, the authors
found no statistical difference when comparing these
tumors with ependymomas, nor did they identify a rela-
tionship between methylation and clinical outcome.102

Additional genes have been identified as targets of
epigenetic modification in CPP. A study of both adult
and pediatric choroid plexus tumors detected a high fre-
quency of methylation-induced silencing of E-cadherin
(CDH1), retinoic acid receptor b (RARB), and stratifin
(SFN) (Fig. 2).106 E-cadherin is a calcium-dependent ad-
hesion glycoprotein; loss of function may increase cellu-
lar proliferation, migration, and invasion.107 Although
present on the basolateral surface of most CPPs, it has
decreased expression in atypical papillomas and CPCs,
implicating loss of function as an important step in ma-
lignant progression.50,106 The retinoic acid receptor me-
diates signaling during embryo morphogenesis and
differentiation; its exact role in the pathogenesis of
CPP is unclear.108 Stratifin is involved in the G2 cell
cycle checkpoint, and its expression is induced by
g-irradiation or DNA damaging agents, resulting in G2
phase arrest.109 Loss of stratifin may allow for an accu-
mulation of genetic mutations, leading to malignant
transformation, an effect that has been observed in
breast cancer.110 An immunohistochemical study of
primary CNS tumors found increased stratifin in a
variety of lesions, including glioblastoma and CPPs.111

Methylation of CDH1 and SFN has also been detected
in other malignancies, including neuroblastoma,
breast, and bladder cancers.112–114 One study found de-
creased RARB in glial tumors, regardless of histologic
grade, although methylation did not always correlate
with transcriptional silencing.115 The significance and
scope of epigenetic silencing, particularly with respect
to tumor suppressors and regulators of the cell cycle,
are biologically complex and will be active areas of
future investigation.

Extensive genetic analysis of CPPs has identified spe-
cific chromosomal imbalances associated with these
tumors. Duplications of chromosomes 7, 12, 15, 17,
and 18 were identified in a small cohort of 9 CPPs.116

In a larger study using comparative genomic hybridization
in 49 choroid plexus tumors, CPPs frequently exhibited
+7q (65%), +5q (62%), +7p (59%), +5p (56%), +9p
(50%), and 210q (56%), whereas CPCs commonly
showed +12p, +12q, +20p (60%), +1, +4q, +20q

(53%), and 222q (73%), suggesting tumor development
through unique genetic pathways.117 Interestingly, the
same study found that among CPPs, childhood tumors
more commonly featured duplications of chromosomes
8, 12, 14, and 20, while adult tumors typically contained
duplications of chromosomes 5, 6, 15, and 18 and dele-
tions of 22. Neither the total number of mutations nor
the gain or loss of a particular chromosome was found
to influence overall survival in CPPs; however, gain of
chromosome 9 and loss of chromosome 10 were associ-
ated with prolonged survival in patients with CPCs.117

Clinical Presentation

Choroid plexus tumors are found in patients of all ages.
Some reports indicate that as many as 70%–80% occur
in children, with nearly half occurring in those younger
than 2 years.5,29 Furthermore, the presence of tumors in
utero suggests a congenital origin for some choroid
plexus tumors.13,15,29 Previous studies have failed to
demonstrate differences in age, gender, symptomatology,
or location when comparing CPPs with CPCs, but a more
recent meta-analysis found that tumors of the cerebello-
pontine angle are associated with older age, benign histol-
ogy, and female gender, suggesting the possibility of an
X-linked tumor suppressor involved in the pathogenesis
of a subset of these lesions.5,29 The most common symp-
toms are related to increased intracranial pressure and
include headache, visual disturbances, nausea, vomiting,
and generalized malaise.17 Symptoms unique to children
include macrocephaly, splayed sutures, and tense fonta-
nelles. Most of these are likely attributable to a combina-
tion of obstructive hydrocephalus, increased CSF
production, and impaired CSF reabsorption at the arach-
noid granulations due to scarring from hemorrhage or
tumor debris. Clinical features and signs at diagnosis
include hydrocephalus, papilledema, gait impairment,
cranial nerve palsies, seizures, cerebellar signs, and psy-
chomotor retardation.17 Less common presenting fea-
tures include intraventricular and/or intratumoral
hemorrhage, focal neurologic deficits, and, even more
rarely, psychosis, or bobblehead doll syndrome.29

Radiographic Features

In children, most CPPs are found in the lateral ventricles,
while in adults they are more common in the posterior
fossa.118–120 Hydrocephalus is a common radiographic
feature of these tumors and can be attributed to increased
CSF secretion or obstruction by tumor, hemorrhage, or
debris. On CT imaging, CPPs appear iso- or hyperdense
with calcifications in �25% of cases (Figs. 3 and
4).29,121 These lesions are well vascularized, enhance
with contrast, and occasionally contain cystic features.121

On MRI they are homogeneous or heterogeneous tumors
with a cauliflower appearance. Papillomas are typically
iso- or hypointense on T1- and T2-weighted imaging
but may demonstrate a heterogeneous hyperintensity on
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T2-weighted imaging; they enhance after contrast injec-
tion unless the tumor is highly calcified (Figs. 3 and
4).122,123 Highly calcified tumors may exhibit corre-
sponding areas of low signal intensity, while intratu-
moral hemorrhage manifests as small foci of increased
signal intensity.124

Angiograms are useful for the neurosurgeon and can
aid in preoperative planning. These tumors are highly
vascularized, and intraoperative hemorrhage is a serious
risk, especially in pediatric patients with a low threshold
for intraoperative blood loss. Historically, this was a sig-
nificant source of morbidity and mortality in the surgical

Fig. 4. Radiographic features of a pediatric CPP. These tumors are more common in the lateral ventricles in the pediatric population. They

can cause significant hydrocephalus (A–G) with transependymal flow (D) due to either increased production of CSF or obstruction by tumor

debris and blood products. Intraventricular and/or intratumoral hemorrhage are not uncommon. CPPs enhance on T1-weighted MRI with

contrast (A and B) due to their rich vascular supply. They are generally iso- or hypointense on T1- and T2-weighted MRI (C–E) but may

demonstrate heterogeneous hyperintensity in some cases. Magnetic resonance angiography may aid in visualizing the tumor’s vascular

supply (F and G). These tumors are typically supplied by multiple vessels arising from the anterior and/or posterior choroidal arteries

(double arrow; G), and preoperative embolization may be helpful in some cases. A large vein (bolded single arrow) arising from the

tumor and draining into the right internal cerebral vein is also visible (G).

Fig. 3. Radiographic features of an adult CPP. Adult CPPs are generally located in the posterior fossa, most often in the fourth ventricle, and

appear iso- or hypointense on T1-weighted MRI (A) and bright on fluid attenuated inversion recovery sequences (B and C). CPPs generally

demonstrate strong enhancement on T1-weighted images with contrast (D–F).
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treatment of both adult and pediatric CPPs. It is there-
fore critical to visualize the tumor’s vascular supply for
optimal surgical planning (Fig. 4G). Certain features,
such as prolonged vascular blush and intratumoral arte-
riovenous shunting, can mimic the appearance of a
hemangioblastoma.125 The differential diagnosis of a
choroid plexus tumor includes choroid plexus cyst, epen-
dymoma, astrocytoma, germinoma, meningioma, xan-
thogranuloma, primitive neuroectodermal tumor,
inflammatory pseudotumor, and metastatic lesion.29

Treatment

Surgical Resection

The cornerstone of treatment for CPPs is maximum safe
surgical resection. Preoperative imaging helps determine
the best surgical approach based on tumor location, vas-
cular supply, and the experience and preference of the
surgeon. Resection of CPPs almost always requires
passing through neural structures, and large tumors
may require more than one approach. Transcortical ap-
proaches provide the benefit of access to all 5 regions of
the lateral ventricle, while transcallosal approaches are
associated with lower risk for neuropsychological seque-
lae or seizure.29 Preoperative embolization has been used
as an adjunct to surgical resection but is rarely successful
due to the small caliber of feeding vessels.30,126–133

There is an interesting report of an infant treated with
only preoperative embolization that led to total regres-
sion of the tumor with no signs of residual disease at
16 months—however, such a result is rare and should
not be expected.134

Surgery remains the most important and effective
treatment for patients with CPPs. Survival has improved
from �50% in early studies to nearly 100% in more
recent reports, due mainly to advances in imaging, surgi-
cal approaches, and quality of intensive care.135–140 A
recent meta-analysis found 1-, 5-, and 10-year survival
rates of 90%, 81%, and 77%, respectively.5 The same
study found that gross total resection was associated
with greater overall survival compared with partial re-
section in both CPPs and CPCs. There is no evidence
suggesting that adjuvant therapies provide a significant
increase in overall survival for patients with CPPs.5

Chemotherapy

Reports of chemotherapy use in patients with CPP are
limited, mostly due to the benign nature of the disease
and the fact that surgical resection is associated with ex-
cellent outcomes. There is a report on the use of vincris-
tine in a pediatric patient whose CPP was deemed
inoperable; the patient was alive recurrence free at 18
months.126 The CPT-SIOP-2000 study by the
International Society of Pediatric Oncology reported
on the use of etoposide, vincristine, and either carbopla-
tin or cyclophosphamide for the treatment of various
choroid plexus tumors.63 Of the 14% of CPPs treated
with chemotherapy, all patients were alive at their

most recent follow-up. There are additional reports of
recurrent and metastatic CPPs responding to chemother-
apy, although these lesions are quite rare.141–143 There
are insufficient data to make recommendations on spe-
cific chemotherapeutic regimens. It is generally agreed
that chemotherapy should be considered in only cases
of aggressive recurrent or metastatic CPPs.

Radiotherapy

Although there are reports of irradiation used for the
treatment of residual tumor after subtotal resec-
tion140,144 or as a neoadjuvant to shrink large tumors
preoperatively,145 there is little evidence to support its
use in such cases. Most agree that radiation should be re-
served for recurrent or malignant lesions, not residual
tumor after resection, particularly given the indolent
nature of most CPPs.19,58,146,147 Radiosurgery has
been proposed in cases of deep-seated or recurrent
lesions. This has not been a particularly active area of in-
vestigation given the benign nature of the disease and the
associated toxicities of radiotherapy to the brain, espe-
cially in younger pediatric patients. As a result, extensive
prospective data are limited. One of the earliest reports
of gamma knife radiosurgery for CPP was in a
25-year-old male with a 1.8-cm lesion of the posterior
third ventricle.148 At 17 months posttreatment, the
patient had left-monocular visual loss that had been
present preoperatively, but an otherwise normal neuro-
logical exam. Another review,149 of 6 patients who un-
derwent gamma knife radiosurgery for the treatment
of recurrent CPPs, showed mixed results: at most
recent follow-up, 4/6 patients were alive, with respective
survivals of 39, 54, 57, and 120 months. Two patients
died at 15 and 59 months due to tumor progression.
Of particular interest, the deceased patients each had
single lesions, while those alive at 57 and 120 months
both had 3 separate lesions. Although these results
were promising, the role of radiosurgery in the manage-
ment of CPP is not yet clear. It is certainly not recom-
mended in patients ,3 years of age, but may be useful
in treating recurrent or disseminated lesions or patients
who are poor surgical candidates.18 More data are
needed to make definitive recommendations, particular-
ly given the cost and side effects of radiotherapy.

Conclusions

Although these are rare lesions, choroid plexus tumors
pose challenges to both neuro-oncologists and neurosur-
geons. Maximum safe resection remains the treatment of
choice for CPPs and is associated with excellent outcomes,
particularly with advances in microsurgery. In cases where
gross total resection cannot be achieved, subtotal resection
with watchful waiting may be the best course of action
given the indolent nature of these tumors and the morbid-
ity associated with chemotherapy and radiotherapy, par-
ticularly in children. Only in cases of tumor recurrence,
metastatic spread, or malignant transformation should
such aggressive strategies be considered.
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There are currently no strict guidelines for long-term
imaging in patients with CPP. In children, Collins’ law
on likelihood of recurrence is utilized, ie, MRI at 3- to
6-month intervals for a time equal to age at surgery
plus 9 months.150 However, more specific follow-up cri-
teria are needed because recurrence can occur as far as
11 years after initial diagnosis.151 As our understanding
of the biology of these tumors continues to grow, the
possibility of targeted therapies becomes more likely.
Discoveries pertaining to epigenetic modifications, chro-
mosomal amplifications or deletions, cell cycle regula-
tors, and various molecular pathways, including those
associated with TRAIL, PDGFR, and Notch, have
greatly advanced our knowledge of all choroid plexus
tumors. Future work in these areas will aid in predicting
tumor behavior, expanding treatment options, and im-
proving clinical outcomes for patients with this disease.

Future studies must focus on determining whether
CPCs result from a stepwise progression in which CPPs
accumulate genetic mutations and chromosomal anom-
alies or whether choroid plexus tumors are distinct
lesions on a spectrum. From a diagnostic perspective,
the greatest challenge involves distinguishing grade I
CPPs from grade II atypical papillomas, or predicting
which tumors will recur. Because these lesions have
similar histologic appearances and lack reliable immu-
nohistochemical stains to distinguish them or predict
clinical behavior, it is important to shift our focus
toward understanding the genetic susceptibilities that in-
crease recurrence risk or malignant transformation. By
incorporating genetic analysis, the current histologic
grading scheme can be refined to create a more accurate,
clinically relevant system for categorizing choroid plexus
tumors. Microarray-based approaches are attractive due
to their relative ease of use and ability to screen a large
library of genes—however, the technique has limita-
tions, particularly in cases of discordance between
gene and protein data. Single nucleotide polymorphism

analysis may provide insight by examining genes associ-
ated with the Notch and TRAIL pathways or those asso-
ciated with epithelial-mesenchymal transition. These
types of studies are challenging, particularly for
choroid plexus tumor, because the disease is rare and
answering these types of questions generally requires a
significant number of patient samples. Genotype-to-phe-
notype correlations are also difficult, particularly when
trying to predict clinical outcomes and treatment re-
sponses. This stresses the need for collaborative efforts
among institutions with expertise in treating this
disease. Multi-institutional studies that incorporate his-
tologic, genetic, and clinical data will be essential in im-
proving our ability to predict tumor recurrence and
identify novel targets for treating the most aggressive
forms of this disease.
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