
ORIGINAL PAPER

Choroid plexus tumors in children less than 36 months:
the Canadian Pediatric Brain Tumor Consortium (CPBTC)
experience

Lucie Lafay-Cousin & Daniel Keene & Anne-Sophie Carret & Chris Fryer &

Josee Brossard & Bruce Crooks & David Eisenstat & Donna Johnston &

Valerie Larouche & Marianna Silva & Beverly Wilson & Shayna Zelcer & Ute Bartels &

Eric Bouffet

Received: 3 August 2010 /Accepted: 3 August 2010 /Published online: 31 August 2010
# Springer-Verlag 2010

Abstract
Background Choroid plexus tumors (CPT) are rare pedi-
atric tumors. A population-based study on choroid plexus
carcinoma (CPC) and choroid plexus papilloma (CPP)
was carried out to describe the incidence, demographic,
and outcome data and to identify potential prognostic
factors.

Methods The CPT population from the Canadian databank
of CNS tumor in children ≤36 months diagnosed between
1990 and 2005 was reviewed
Results Out of the 579 reported cases of CNS tumors, 37 were
CPT. The annual age-adjusted incidence rate was 0.22+0.12
(95% CI 0.16–0.28)/100,000 children <3 years. There were
21 (56.7%) CPP and 16 (43.3.5%) CPC. Twenty patients
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(54%) were males. Median age at diagnosis was 7 months
(range 0–30). Ten patients(62.5%) with CPC and one with
CPP were metastatic at diagnosis. Twenty patients with CPP
(95%) had a complete resection, whereas 6/16 CPC (37.5%)
achieved a resection >90%. Fourteen CPC patients received
adjuvant chemotherapy. None of the 37 patients received
adjuvant radiation. At completion of survey, all CPP and five
CPC were alive. Median survival time for CPC patients was
15 months (0–120). One death was related to intraoperative
hemorrhage, another to chemotherapy-induced toxicity, and
one to secondary AML. Age at diagnosis, degree of resection
and metastatic status were not significant prognostic factors
for CPC.
Conclusion By contrast to CPC, CPP have an excellent
prognosis following surgery alone. Survival of CPC
remains poor. However, these data may suggest adjuvant
chemotherapy can alter the aggressive natural history of
CPC. As with other rare CNS tumors, international
collaboration is required to identify optimal therapy.
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Introduction

Choroid plexus tumors (CPT) are rare intraventricular
tumors occurring mainly in very young children. With an
annual incidence of 0.3 cases per million, these tumors
account for 2% to 4% of all childhood brain tumor [1, 2]

Given the rarity of such tumors most of the available
information comes from case reports and small series from
single institution. Although efforts to analyze these tumors
through the compiled cases from the literature have
provided interesting information, meta-analyses may not
reflect the clinical reality of such a rare group of patients
[3]. The main objective of this study was to collect all cases
of CPT in Canada to provide a population-based series, and
examine treatment practices in this rare entity. Our
secondary objective was to further identify potential
prognostic factors and analyze the role of adjuvant
therapies.

Method

The current study is a subgroup analysis of a larger national
collaborative study on brain tumors in children less than
36 months diagnosed with a CNS tumor between 1990 and
2005, conducted in the Canadian Pediatric Brain Tumor
Consortium (CPBTC) [4].

The CPBTC is a network of 17 Canadian pediatric
institutions that collaborate and develop research in

pediatric neurooncology. A standardized questionnaire was
sent out to all participating centers to establish a Canadian
infant brain tumor database. The questionnaire requested
information about age at time of presentation, duration of
symptoms at time of presentation, location of tumor, degree
of resection, pathological diagnosis, treatment after surgery,
time to event, treatment after event, and time to death. The
REB of each participating institution approved the study.
The subgroup analysis of patients diagnosed with CPT
represents the subject of the current report.

A mean age-adjusted incidence rate per 100,000 children
years was calculated using the Statistics Canada population
database for the year 2000 [5]. Extent of resection was
defined by postoperative imaging and reported as followed:
gross total resection (GTR) for nonvisible tumor, near
complete resection for resection between 90% and 95%,
biopsy for resection less than 10% and partial resection in
all other remaining situations.

Statistical analysis was performed using SPSP16. For
descriptive statistics, continuous data was compared using
Student t test. Noncontinuous data was compared using
Chi-square. Estimation of event free survival and overall
survival was performed using the Kaplan–Meier analysis.
Overall survival was calculated from the date of diagnosis
to the date of last follow-up or date of death from any
cause. Event-free survival was calculated from the date of
initial diagnosis to the date of earliest radiologic disease
progression. Level of significance was p=0.05.

Results

Sixteen of the 17 Canadian centers participated to the study.
Of the 579 patients in the database, 37 (6.4%) were
diagnosed with a choroid plexus tumor. The mean age-
adjusted incidence was 0.22+0.12 (95% CI 0.16–0.28) per
100,000 children <3 years of age per year.

The number of news cases of CPT was higher during the
initial 5 year period, and then stable over the last 10 years:
43.3% of the cases were diagnosed between 1990 and
1995, 27% between 1996 and 2000, and 29.7% between
2001 and 2005.

Twenty-one (56.7%) patients had a choroid plexus
papilloma (CPP) of which one was reported atypical
choroid plexus papilloma. Sixteen (43.3%) patients had
choroid plexus carcinoma (CPC). Although central pathol-
ogy review was not part of the current study, five of the
CPC (37.5%) reported from one single institution (Hospital
for Sick Children, Toronto) were retrospectively tested and
stained positive for INI1, excluding the diagnosis of ATRT.

Among the 37 patients, there were 20 males and 17
females with a similar sex distribution in both tumors
(Table 1).
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Mean age at diagnosis in the CPP group was 7 months
(range 0–28 months) and 10 months (range 1–30) for
patients with CPC. Twenty-three patients (62%) were less
than 12 months, 10 (27%) were aged between 12 and
23 months, and four (11%) were 24 months and older. The
proportion of CPC in these age groups was, respectively,
34.7%, 40%, and 100%. CPT accounted for 11.9% of all
CNS tumors diagnosed in children less than 12 months
group, 4.9% in the group aged between 12 and 23 months,
and 2.1% in the group 24 months and older.

The median duration of presenting symptoms prior to
diagnosis was 1 week (range 0–10 weeks) for CPP and
3 weeks (range 0–28 weeks) for CPC. The vast majority of
the presenting symptoms, in both subgroups, were related
to increase intracranial pressure (nausea/vomiting, enlarged
head circumference, and abnormal eyes movement). Thirty-
three tumors (89.2%) were localized in the supratentorial
compartment (Fig. 1). All four infratentorial tumors were
CPC. Although information on CSF cytology was not
available for 54% of the patients and staging imaging was
unavailable in 30% of the cases, 10 (62.5%) patients with
CPC were reported metastatic at diagnosis. Surgery was
attempted in all patients. GTR was more frequently
achieved in patients with CPP (95%) compared to patients
with CPC (25%) (p<0.0001). One patient with CPC died of
intraoperative hemorrhage. In the CPC group, there was no
significant survival benefit associated with the extent of
resection. Mean survival time for the four patients with
complete resection was 53.2 months (±25) compared to
37.1 months (±14; p=0.81) for the 12 with incomplete
resection.

Two patients with CPC did not receive postoperative
active therapy. One of them died of intraoperative hemor-
rhage and the other one underwent palliative care.

The 14 remaining patients with CPC received
adjuvant chemotherapy following several different so
called “baby brain” protocols, the SIOP 2000 CPT
protocol, or ICE chemotherapy regimen [6–8]. Informa-
tion on the type of chemotherapy was missing for two
patients. No patients underwent high-dose chemotherapy
and stem cell support. No patient received adjuvant
radiation.

Ten of the CPC patients progressed or relapsed at a
median progression time of 10 months. Among them, five
received further chemotherapy but eventually all died of
disease progression and four patients were treated with a
palliative intent at time of progression.

Fig. 1 Supratentorial location of CPT: choroid plexus carcinoma
located in left lateral ventricle

Table 1 Patients characteristics

Characteristics CPP CPC

N 21 16

Sex ratio M/F 12/9 8/8

Median age at diagnosis 7 months (range 0–28 months) 10 months (range 1–30)

Median duration of symptom at diagnosis 1 week (range 0–10 weeks) 3 weeks (range 0–28 weeks)

Metastatic at diagnosis 1(4.7%) 10 (62.5%)
Extend of resection

GTR 20 (95%) 4 (26.6%)

>STR 21 (100%) 6 (40%)

Adjuvant chemotherapy 0 14/14 (100%)a

Adjuvant radiation 0 0

Alive at completion of survey 21 (100%) 5 (33.3%)

CPC choroid plexus carcinoma, CPP choroid plexus papilloma, GTR gross total resection, STR subtotal resection equal to greater than 90% of
tumor size
a Fourteen of 16 patients received treatment in intent to treat (one intraoperative death, one palliative therapy)
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At completion of the survey, 26 patients were alive. All
patients with CPP, including one reported metastatic at
diagnosis and who did not receive any adjuvant therapy,
were alive.

In the CPC group, five patients were alive at completion
of survey, resulting in a median survival time of 15 months
(range 0–120) with a projected 2 and 5 years OS of,
respectively, 50%±12.5% and 31.3%±13.2% (Fig. 2).
Death was related to disease progression in nine patients,
to intraoperative hemorrhage in one, to chemotherapy
toxicity in one, and to secondary AML in one patient.

Survivors’ age ranged from 17 to 180 months (median
70.5 months) when survey was completed. Data regarding
school and academic performance were received on 18 of
the 26 survivors. One of the three patients with CPC and
five of the 15 with CPP were attending specialized school.

Discussion

Approaching a rare group of tumor like CPT through a
population-based study highlights several aspects regarding
tumor incidence and tumor management that are not
reflected in small series or case reports. This for example
concerns the annual incidence, the year-to-year variation in
incidence, the rate of children undergoing palliation only,
trends in therapeutic management in addition to contribut-
ing to better delineate prognostic factors in an unselected
group of patients. Here, we analyzed the subgroup of CPT
out of a large database of infants and young children
diagnosed with CNS malignancies in Canada between 1990
and 2005. We found that 6.4% of all CNS tumors entered in
the database were CPT. This is slightly higher than the
1–4% figure provided in the literature [2]. Our finding are
likely due to our analysis that was limited to CNS tumors

prior the age of 3 years as the vast majority of CPT are
diagnosed before the age of 2 [9–11].

The incidence of CPT in the first 3 years of life has not
been well described. From the review of 1,289 published
cases of brain tumors in the first year of life, Larouche et al.
estimated CPT to account for 11% of all CNS tumors.
Tumors of the central nervous system in the first year of life
[12]. We confirm this percentage with a higher incidence in
the first year of life, decreasing by half for each subsequent
2 years. Our corresponding adjusted incidence for CPT in the
Canadian population was 0.22+0.12 (95% CI 0.16–0.28) per
100,000 children <36 months years per year.

Our patients were diagnosed at a younger age (median
7 months) compared to previously reported studies. In the
St Jude experience, the median age at diagnosis for the
CPC group was 14.5 months. Mac Evoy et al. described a
median age of 17 months for the CPP and 13 months for
the CPC group and in the only one infant series of CPC,
Duffner reported a median age at diagnosis of 17.5 months
[13, 14]. The population-based approach of our study likely
contributes to explain such demographic differences, as
compared to patients referred to a supraregional center or
patients registered in a clinical trial.

When comparing CPP and CPC groups, there were no
significant differences in term of sex distribution, age at
diagnosis, or tumor location. The vast majority of the
tumors were located in the supratentorial compartment and
no CPP were found below the tent of the cerebellum. Wolff
et al. has described a shift of the age distribution from
younger to older patients the more caudal the tumor was
located [3]

Infants with CPP had a shorter duration of symptoms
than those with CPC (respectively 2.1 weeks±0.6 and
5.5 weeks±2.03). Although the difference was not statistically
significant (p=0.063), Pencalet et al. described similar trend,
without clear explanation since in his series for instance,
hydrocephalus was present in 33/38 patients without distinc-
tion between benign and malignant histology [15].

Our study is of particular interest while describing the
recent trend in management for these very young patients.
Over the study period, the therapeutic approach has been
fairly homogenous including attempt to maximal surgical
resection for all CPT, adjuvant chemotherapy and notably
avoidance of upfront radiation for the CPC group. In that
setting, we could confirm that CPP are more often
amenable to gross total resection than CPC. In the CPP
group, the 5 years OS of 100% confirmed the excellent
outcome after complete resection in absence of adjuvant
therapy [14–16].

In CPC, the ability to achieve upfront complete resection
is often hindered by their extreme vascular nature and the
usual invasion to the adjacent brain, as illustrated by a rate
of 27% of GTR and 40% of resection greater than 90% inFig. 2 Kaplan–Meier survival curve according to histology
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our series. Despite the well-recognized prognostic value of
the extent of resection in this tumor, our series failed to
confirm the survival benefit associated with gross total
resection [15, 17–20].

All 14 CPC patients who received postoperative treat-
ment with intent to treat, received chemotherapy only.
Whether adjuvant chemotherapy improves outcome in CPC
remains controversial, especially in the setting of complete
resection [21, 22]. But in our experience despite a majority
of incomplete resection, and the absence of radiation, one
third of CPC patients treated with various chemotherapy
regimens, were alive at completion of survey, with a 5 years
OS of 31.3%±13.2%. These results have to be interpreted
in light of the absence of central pathology review to
exclude ATRT associated with worst outcome than CPC.
Although incomplete, at least in one third of the cases,
ATRT diagnosis was ruled out. Our survival figure is in
keeping with previously reported series using various
combination of adjuvant therapies, in which OS ranges
between 26% and 51% [3, 13, 15, 16, 23]. This may
suggest that adjuvant chemotherapy can alter the natural
aggressive course of this disease despite incomplete
resection. In her review of published cases of CPT, Wrede
et al. reported a 5-year OS of 46.4% (±6.1) for 104 CPC
patients who received adjuvant chemotherapy compared to
27.6% (±4.8) for those who did not (p=0.0004). This result
was not significant anymore in subgroup analysis for
patients who achieved a gross total resection [21]. Fitzpa-
trick also described survival benefit of adjuvant therapy
(radiation in conjunction or not of chemotherapy) only in
patients with incomplete resection [22].

While second look surgery is recommended to achieve
gross total resection, the success of repeated surgery may
remain limited by the significant risk of intraoperative
bleeding. It has been shown that chemotherapy can
effectively alter and reduce the vascularity of CPC and
therefore facilitate gross total resection at the time of
second look surgery [24].

The role of radiation in these tumors is even more a
matter a debate given the very young age of the patients at
diagnosis (median of 7 months in our series) [22, 25]. In
this series, although postoperative chemotherapy was
heterogeneous among CPC patient, no patient received
adjuvant radiation. This is echoing the significant concern
of the pediatric neurooncology community of severe
neurocognitive damage associated with radiation in such
young group of age. This is particularly relevant in CPT
because of the usual large tumor size, the common
supratentorial location and even more, because of the
frequent chronic CSF hydraulic dysfunction associated with
CPT, as well as the relative high incidence of surgical and
infectious complications which contribute to neurocognitive
and functional impairment even when radiation is omitted

[8]. In fact, one third of the patients with CPP treated with
surgery only and for whom neuro developmental informa-
tion was available, did required special education.

Upcoming collaborative studies in CPC should further
explore the role of adjuvant chemotherapy and carefully
weigh the use of adjuvant radiation given the extreme
neurotoxic susceptibility of this very young group of
patients. As the incidence of these tumors is a major
challenge for the development of cooperative protocols,
national or better international CPT registries should be
considered to improve our knowledge of this entity.
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