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Abstract Choroid plexus carcinoma (CPCs) is a rare,
malignant, primary brain tumor with a poor prognosis.
Currently, there is no consensus on the use of adjuvant
therapy, and few large-scale studies focus exclusively on
the pediatric population. We performed a comprehensive
systematic review of pediatric CPCs to determine the
effects of various adjuvant therapy modalities on overall
survival (OS). A literature search was performed to identify
studies reporting children with CPC who underwent sur-
gical resection. Only patients who had clearly received
adjuvant therapy, or were described as not selected for
adjuvant therapy were analyzed in our comparison groups.
Kaplan—Meier and multivariate Cox regression survival
analyses were performed to determine the effects of dif-
ferent types of adjuvant therapies on OS. A total of 135
children (age < 18 years) with CPC who had known
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adjuvant therapy status and OS were identified from 53
articles. Kaplan—Meier analysis showed that while adjuvant
therapy overall improved OS (p = 0.001), different modes
of adjuvant therapies had varying effects on OS
(p = 0.034). Specifically, combined chemo-radiotherapy
as well as chemotherapy alone improved OS (p = 0.001),
but radiation did not (p = 0.129). Multivariate Cox pro-
portional hazard model adjusting for confounding factors
showed that combined therapy was associated with better
OS compared to chemotherapy alone (HR: 0.291,
p = 0.027). Both chemotherapy alone and combined
chemo-radiation improved OS independent of age, gender,
tumor location and extent of resection, while radiation
alone did not.

Keywords Choroid plexus carcinoma - Overall survival -
Adjuvant therapy - Radiation therapy - Chemotherapy

Abbreviations
CPC Choroid plexus carcinoma
OS Overall survival

EOR Extent of resection

Introduction

Choroid plexus carcinoma (CPC) is a rare, malignant pri-
mary brain tumor with a poor prognosis. It is classified by
the World Health Organization (WHO) as a grade III
neoplasm, and the 5-year survival rate for patients is
approximately 40 % [1, 2]. There are a few factors that
have been shown to affect overall survival (OS) for patients
with CPC, including extent of resection (EOR) and use of
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adjuvant therapy in addition to surgery [3-6]. However,
there is currently no standard of care with regard to the use
or choice of adjuvant therapy. While some evidence sug-
gests that chemotherapy and radiation may independently
increase survival [4, 6], little data exist that compare the
relative survival benefits of these two modalities. More
importantly, there is limited evidence on whether com-
bined chemotherapy and radiation provides additional
survival benefit compared to any single modality adjuvant
therapy. Finally, the rarity of this tumor makes it difficult to
conduct randomized clinical trials in this patient
population.

There have been very few systematic studies purely
focused on children, despite a higher incidence in this
group than in adults [7]. The treatment for childhood
tumors differs substantially from adults, primarily due to
the impact of adjuvant therapy on development and long-
term effects such as endocrinopathies and cognitive deficits
[8, 9]. Additionally, it remains unclear whether any of the
known prognostic factors are applicable to the pediatric
population. Although not a substitute for class I data,
information obtained from systematic literature reviews, or
large institutional series, can help in guiding treatment
decisions by describing current treatment options and
possible clinical outcomes obtained with those treatments.
We therefore performed a systematic review of literature in
pediatric CPC patients to study not only the relative benefit
of chemotherapy and radiation on OS, but also whether
combined chemotherapy and radiation is the best adjuvant
modality for extending OS.

Methods
Article selection

A comprehensive systematic review of the English-lan-
guage literature was performed. An initial online search of
the PubMed database using the key word “choroid plexus
carcinoma” resulted in 409 articles published until
December 2011. Only articles published since 1980 were
then included, when microsurgical techniques and use of
CT imaging in the management of brain tumors became
more widespread. All manuscripts were individually
reviewed to identify CPC patients with confirmed diagnosis
and available individual clinical information. Pediatric
patients were defined as those 18 years of age and under at
the time of diagnosis. Cases published as aggregated data
sets, where individual patient data were grouped, were
omitted and not included in this analysis. The database was
reviewed for redundancies and potential overlapping
reports to ensure no single patient was represent twice in
the database. We identified a final set of 53 articles with a
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total of 135 patients who met the inclusion criteria. An
integrative analysis was performed, where individual
patient data from studies were pooled and statistically
analyzed.

Data extraction

Data from case reports and institutional series were
extracted with the following information: age, gender,
EOR (GTR vs. STR), adjuvant radiotherapy, adjuvant
chemotherapy, mortality, time to mortality, tumor location
(supratentorial including: lateral ventricle, third ventricle,
supratentorial cerebral; infratentorial including: fourth
ventricle, cerebellopontine angle, cerebellum), and dura-
tion of follow-up. All mean values were presented with
standard error of mean (SEM).

Statistical analysis

Survival analyses of OS were analyzed via Kaplan—Meier
curves and differences assessed by log-rank test. Multi-
variate Cox proportional hazards models were fitted by
backward stepwise model selection while accounting for
potentially confounding variables, including: gender, age,
EOR, tumor location, adjuvant therapy (radiation, chemo-
therapy or both). Lower hazard ratios represent improved
OS. Means of continuous variable were analyzed using
t tests and ANOVA, and categorical values were analyzed
using the Pearson’s Chi square test. Fisher’s exact test was
used if the expected cell count in a contingency table was
<5. p values less than 0.05 were considered statistically
significant. Analyses were performed using the statistical
software package SPSS 20 (IBM Inc.).

Results
Patient demographics

Disaggregated clinical information obtained from 53 arti-
cles resulted in an overall cohort of 135 patients with a
diagnosis of CPC who were less than or equal to 18 years
of age, and in whom both the status of adjuvant therapy use
and OS information were known. Due to the rarity of the
disease, the majority of the articles were case reports. The
total number of patients included in each article ranged
from 1 to 21 (Fig. la). The mean and median ages of
patients were 3.38 and 1.67 years, respectively, and age
ranged from 1 week old to 18 years of age. The age dis-
tribution of this cohort showed that the vast majority of
CPCs occur in very young children, with a distribution
skewed to the right (Fig. 1b). When this population was
divided into quartiles by age, 25 % of patients were
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time ranged from 1 to 238 months. Only 17 % of patients

<«Fig. 1 Patient demographics. a Distribution of the number of CPC
patients contained in each article. Most articles contained 1 patient,
with fewer articles containing 2-5, 6—10, and more than 10 patients,
with an overall range of 1-21 patients. b Distribution of CPC patients
by age. The mean age of diagnosis for these 135 patients was
3.38 years, with a standard deviation of 4.09 years. ¢ The percentages
of patients either younger or older than 3 years of age with known
status of use of radiotherapy were compared by Chi square test
(p = 0.113). Many providers are reluctant to recommend radiation for
patients younger than 3 due to concerns of neurological sequelae

Table 1 Demographics of pediatric CPCs by adjuvant therapy

No adjuvant Adjuvant therapy p value

Total (n = 135) 25 110
Mean age + SEM
Years 2.96 £+ 0.92 3.47 £ 0.38 0.607*
Gender
Male 14 56 1.000°
Female 11 44
Extent of resection
STR 17 49 0.037°
GTR 6 52
Tumor location
Supratentorial 21 77 1.000°
Infratentorial 4 16

Mean age, gender, and tumor location did not differ between those
who did and did not receive adjuvant therapy, while extent of
resection was significantly different

# Independent two-sample ¢ test
by test
¢ Fisher’s exact

had follow-up less than 6 months, and those corresponded
mostly with patients who had OS less than 6 months.
There were 110 patients who received adjuvant therapy
and 25 who did not. Mean age, gender, and tumor location
did not differ between those who did and did not receive
adjuvant therapy, while EOR was significantly different
(p = 0.037) (Table 1). There were proportionally more
patients who had STR among those who received no
adjuvant therapy compared to those who did (Table 1).
For more detailed statistical analyses involving adju-
vant therapy, we categorized the type of adjuvant therapy
that the patients received, including the option of not
receiving adjuvant therapy, into the following 4 groups: no
adjuvant therapy, chemotherapy only, radiation only, and
combined chemotherapy and radiation. There were no
significant differences between these 4 groups in terms of
male to female ratio (p = 0.919), EOR (p = 0.059), and
supratentorial or infratentorial location (p = 0.705) (Table
2). Notably, there was a trend toward greater number of
patients receiving chemotherapy after GTR compared to
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Table 2 Demographics of

T No adjuvant  Chemotherapy  Radiation Combined chemotherapy  p value
pefhatrlc CPCs by the type of only only and radiation
adjuvant therapy
Total (n = 135) 25 57 19 34
Mean Age + SEM
Years 296 £092 252+ 0.33 357 £087 5.03+0.94 0.038°
Gender
Gend ; ) d Male 14 29 12 15 0.919*
ender, extent of resection, an
tumor location did not differ Female i 1 24 7 13
across different types of Extent of resection
adjuvant treatment groups, STR 17 23 7 19 0.059*
v&fhil.e mean age was GTR 6 32 7 13
significantly different .
2 02 et Tumor location
b X. , Supratentorial 21 37 14 26 0.705°
Fisher’s exact .
Infratentorial 4 7 5 4

¢ Analysis of variance

STR, even though this difference was not statistically
significant (p = 0.059). There were also significant dif-
ferences in mean ages between the different adjuvant
therapy groups (p = 0.038) (Table 2). Those receiving
combined chemotherapy and radiation had the highest
mean age of 5.03, radiation only was the second highest at
3.57, followed by no adjuvant at 2.96 and chemotherapy
only the lowest at 2.52 years (Table 2). Due to avoidance
of radiation-related adverse events in very young children,
patients younger than 3 years old were less likely to have
received radiation compared to older patients (Fig. lc),
although this difference was not statistically significant
(p = 0.113). Because of these differences, gender, age,
tumor location, and EOR were all incorporated into the
multivariate Cox regression analyses testing the effect of
adjuvant therapy use on survival.

Adjuvant therapies have differential effects on overall
survival

First, we found that the use of adjuvant therapy overall
was associated with better OS, as expected, in a Kaplan—
Meier analysis comparing those who did to those who
did not receive any adjuvant therapy (p = 0.001)
(Fig. 2a). To control for potential confounding effects of
gender, age, tumor location (supratentorial vs. infraten-
torial), and EOR (GTR vs. STR), we performed a mul-
tivariate Cox regression analysis and found that the use
of adjuvant therapy independently improved survival with
a hazard ratio of 0414 (95 % CI. 0.216-0.796,
p = 0.008). We also performed a subgroup analysis using
multivariate cox regression (controlling for gender, age,
and tumor location) on those who had STR, and found
that adjuvant therapy independently improved survival
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with a hazard ratio of 0.262 (95 % CI: 0.129-0.533,
p < 0.001). However, we were unable to perform a
similar subgroup analysis on the GTR group, due to a
combination of the number of instances of censoring and
smaller sample size that resulted in the lack of a true cox
regression model.

Given that the mode of adjuvant therapy received dif-
fered by whether radiation, chemotherapy or both were
received, we next investigated whether there were differ-
ences in survival between groups based on the specific
adjuvant therapy. Kaplan—-Meier analysis showed a signif-
icant difference in OS between the adjuvant groups
(p = 0.034) (Fig. 2b), suggesting that specific modes of
adjuvant therapies may have differential effects on OS.

To further investigate the specific effects of each mode of
adjuvant therapy on OS, we first performed Kaplan—Meier
survival analyses to test whether each adjuvant therapy option
was individually associated with improved OS compared to
not receiving adjuvant. While both combined therapy and
chemotherapy alone significantly improved OS compared to
those not receiving adjuvant therapy (logrank test, p = 0.001
for both), radiation alone did not (p = 0.429) (Table 3, Left).
These effects could be observed from the trends in survival
curves of the Kaplan—Meier analysis (Fig. 2c).

Multivariate Cox-Regression model confirmed the
Kaplan—-Meier findings. Both combined therapy
(p = 0.001) and chemotherapy alone (p = 0.048) each
independently improved OS, with hazard ratios of 0.144
and 0.492, respectively (Table 3, Right). Radiation alone,
on the other hand, did not significantly improve OS
(p = 0.735). The results from the multivariate analyses
were therefore consistent with univariate Kaplan—Meier
analyses and suggested that both chemotherapy and com-
bined therapy could increase OS.
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Fig. 2 Differential effects of adjuvant therapies on overall survival.
a Kaplan—Meier analysis shows that adjuvant therapy improves OS
(p = 0.001). b Kaplan—Meier analysis shows a statistically significant
difference in OS between groups receiving either radiation,

Combined therapy may have additional overall survival
benefit over chemotherapy alone

While both chemotherapy and combined therapy may have
increased OS, the hazard ratio for OS associated with
combined therapy was lower than chemotherapy alone,
raising the possibility that the survival benefit of combined
therapies may be greater than chemotherapy alone. To

chemotherapy or both. ¢ Different modes of adjuvant therapies are
associated with varying degrees of benefit for extending OS. The
trends in Kaplan—Meier analysis were confirmed by multivariate Cox
regression analysis (Table 4)

investigate whether there was an additional survival benefit
when combined with radiation and whether combined
therapy was associated with the greatest survival benefit,
we directly compared it to the chemotherapy only group
using multivariate Cox regression while restricting the data
analyzed to only those two groups. Combined therapy had
a hazard ratio of 0.291 (p = 0.027, CI: 0.097-0.868)
(Table 4) compared to chemotherapy alone.
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Table 3 Differential effects of adjuvant therapies on overall survival

Compared to no Kaplan—  Cox regression
adjuvant therapy Meier
p value  Hazard ratio (95 % p value
fel))
Radiation only 0.429 0.862 (0.365-2.034) 0.735
Chemotherapy only 0.001 0.492 (0.244-0.992) 0.048
Combined radiation and  0.001 0.144 (0.044-0.473) 0.001

chemotherapy

The Kaplan—Meier analysis assessed by logrank test showed that
either chemotherapy alone or combined radiation and chemotherapy
significantly improved overall survival compared to no adjuvant
therapy. The statistical significance in Kaplan—-Meier analysis was
confirmed by corresponding multivariate Cox regression analyses

Table 4 Combined chemotherapy and radiation was associated with
the greatest survival benefit

Compared to Kaplan—  Cox regression
chemotherapy only Meier
p value Hazard ratio p value
95 % CI)
Combined radiation and 0.507 0.291 0.027

chemotherapy (0.097-0.868)

Kaplan—-Meier with logrank comparison and multivariate Cox
Regression analyses were performed for the pediatric population with
known adjuvant therapy status and overall survival. Multivariate
analyses adjusted for gender, age, tumor location, and extent of
resection. Hazard ratio represented the hazard of death for combined
radiation and chemotherapy over chemotherapy only in the lower half
of the table 95 % confidence intervals (CI) was included

Discussion

Although adjuvant therapy for CPC has been used by many
groups and described in many reports, the relative benefits
of chemotherapy, radiation, and combination therapy have
not been well studied. In addition, the rarity of this tumor
type precludes the feasibility of large, randomized studies.
Consequently, the choice of adjuvant therapy remains
controversial because no specific adjuvant regimen has
been clearly demonstrated to exhibit superiority to others.
Reports from institutional series vary widely with respect
to usage and efficacy of each modality [2, 10-19]. One
such controversy is whether chemotherapy is indicated in
children with CPC after gross-total resection [6]. The use
of radiation, especially in pediatric patients, is also prob-
lematic when weighing the potential benefits against long-
term risks associated with radiation. Moreover, meta-
analyses published to date have not addressed whether
chemotherapy or radiation is better for extending OS, and
whether combined therapies might be superior to both of
these single modalities. This is particularly problematic in
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the pediatric population, given the known significant side
effects of both chemotherapy and radiation.

We therefore performed a comprehensive review of
literature by performing an integrative analysis (in which
the previously reported individual cases are pooled and
analyzed) to determine whether the most aggressive adju-
vant treatment modality, using combined chemotherapy
and radiation, provides significantly greater benefit com-
pared to single modality adjuvant therapy among pediatric
CPC patients. Validating previous findings, we first found
that adjuvant therapy overall improved survival indepen-
dent of other factors such as age, gender, tumor location,
and EOR. Specifically, our data validated a commonly held
belief among clinicians that those who have had STR
would benefit from adjuvant therapy. On the other hand,
we do not have strong data (in the form of a true subgroup
analysis) to suggest GTR patients specifically benefit from
adjuvant therapy, nor that one should not administer
adjuvant therapy simply because GTR was achieved. At
this point, our data supporting the use of adjuvant therapy
come from the multivariate analysis that corrects for EOR
suggesting adjuvant therapy may have an effect regardless
of EOR.

Secondly, our results validated previous findings that
chemotherapy is independently associated with better OS
[6]. However, unlike results from previous studies, our
analysis shows that radiation alone is not independently
associated with significantly better OS [4]. While previous
studies did find a survival benefit associated with radiation
[3, 4], they did not exclude those who also received che-
motherapy in addition to radiation when evaluating the
benefits of radiation. In view of our data showing that
chemotherapy alone provided survival benefit, it is possible
that the inclusion of those receiving both radiation and
chemotherapy when assessing the effects of radiation could
have confounded previous findings. Therefore we investi-
gated whether the combination of chemotherapy and radi-
ation provides the greatest OS, even after adjusting for
EOR, age, gender, and tumor location. While the multi-
variate Cox regression showed a significant additional OS
benefit, it was nevertheless an unexpected result given that
the Kaplan—Meier curves for OS did not differ significantly
between the two groups. This apparent discrepancy
between the results from Cox regression and Kaplan—Meier
analysis may be due to the possibility that other variables in
the multivariate analysis have significantly modified the
effects of adjuvant therapy alone on OS. While our data
does not overwhelmingly favor a conclusion that combined
adjuvant therapy is strictly superior for OS, it does suggest
that for some patients, when taking into account other
clinically important factors, giving both chemotherapy and
radiation may be the best option if the side effects can be
tolerated.
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One potential concern regarding the use of radiation is
the possibility of neurocognitive impairment due to its
direct effects on the developing brain of young children
[20-23]. Because neurogenesis is known to be particularly
sensitive to radiation [22, 23] and is likely to be affected to
a greater degree in very young children, many providers
avoid radiation in this age group. As an example, children
under the age of 3 are not given radiation in the ongoing
European clinical trial on choroid plexus tumors [24].
Therefore, we also performed an additional multivariate
Cox regression analysis adjusting for age as a dichotomous
categorical variable (<3 vs. >3 years) to evaluate whether
the age group a pediatric patient was in could influence the
efficacy of combined therapy. The results showed that
combined therapy was still significantly associated with a
hazard ratio of less than 1 compared to chemotherapy,
regardless of age group, suggesting that perhaps pediatric
patients of all ages potentially could benefit from combined
therapy (data not shown). We recognize that a subgroup
analysis of only patients under the age of 3 may more
directly address the question of whether combined therapy
could specifically benefit patients under the age of 3 who
were most prone to the adverse effects of radiation, but the
statistics did not reach significance due to insufficient
sample size (data not shown). Clearly, more definitive
evidence is needed before a strong recommendation could
be made for patients under the age of 3 to receive com-
bined therapy.

Even though we limited our database to include only
cases with disaggregated clinical information, we believe
that there is strong external validity. For example, estimated
5-year survivals based on our Kaplan—Meier analysis
(Supplemental Fig. 1) were similar to previously reported
rates at 46.4 £ 6.1 % (one standard deviation) and
27.6 £ 4.8 % for those who received chemotherapy and
those who did not receive chemotherapy, respectively [6].

There are many limitations inherent to the design of
this study. We recognize that a systematic review of lit-
erature cannot equal the quality of data obtained from a
prospective randomized study. Many of the limitations
associated with retrospective study design are applicable
in this study. First, because the data were not prospec-
tively collected, many of the potential confounders could
not be assessed due to lack of data availability in the
reported literature. Specifically, pre-operative KPS, tumor
size, tumor locations that prevented GTR, and goals of
therapy were not assessed and factored in our multivariate
analysis. Because in many instances the goals of therapy,
including the specific adjuvant modality as well as dose
and duration of chemotherapy were not specifically
mentioned, we were unable to perform an “intent-to-
treat” analysis. Therefore, a potential bias could result
from assigning patients, who otherwise would have

received adjuvant therapy, into the group that did not
receive adjuvant therapy cause they were too sick to
receive adjuvant therapy. While we were able to control
for EOR in our multivariate analyses, we noticed that
greater proportion of patients received adjuvant therapy
(p = 0.037) after GTR, and that there was a trend toward
greater use of chemotherapy (p = 0.059). While it is not
clear why fewer patients after STR received adjuvant
therapy, perhaps specifically chemotherapy, this could
either be a reflection of historical institutional practices or
that some patients who received STR were also too sick
to receive chemotherapy. While it would be difficult to
control for the overall health of these patients in a ret-
rospective study, we acknowledge that this could be a
potential source of bias.

Because this was not a prospective randomized con-
trolled trial, the specific chemotherapy regimen used for
patients varied. Unfortunately, we were unable to ascertain
the specific chemotherapy regimen that had the greatest
effect on survival. We also lacked information on the
specific modalities of radiation used, which included both
focal and craniospinal radiation. Additionally, long-term
neurocognitive outcome of these patients were generally
not reported, and therefore we were unable to ascertain the
long-term adverse effects of radiation and chemotherapy
on the pediatric CPC patients. Future studies, preferably
done in a prospective manner, should therefore investigate
both the effectiveness of particular chemotherapy regimens
and modalities of radiation, as well as their long-term
neurocognitive effects.

Given the rarity of this disease contributing to the lack
of available data from prospective studies, our systematic
analysis of literature provides the best current evidence.
Moreover, considering the results of this study, randomi-
zation to either of the 4 adjuvant groups defined in this
study would seem rather unethical and therefore difficult to
justify. Because aggregated patient data (where individual
patient data are grouped) were not used in this study in
order to perform survival analyses, our results could be
biased by individual case reports or smaller studies pre-
sented by institutions with relatively less experience in
treating patients with CPC. However, even though we
excluded studies that did not report individual patient data,
a number of publications used in our study still contained
cohorts of more than 15 patients from institutions with
significant experience with CPC surgery.

From a statistical analysis standpoint, the benefit of
using only disaggregated data is the ability to perform
survival analyses such as Kaplan—-Meier and Cox regres-
sion based on time-dependent data points, rather than being
limited to logistic regression methods that often introduce
additional bias because of binary data at fixed time points
contained in aggregated data reports. Thus, even though we
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excluded some CPC cases that are presented as aggregated
data, we are nevertheless able to perform robust statistical
analysis as a result.

In summary, our results indicate that both chemotherapy
and combined adjuvant therapy may independently extend
the OS of pediatric CPC patients, when taking into account
the EOR, age, and tumor location. More studies are needed
before combined chemotherapy and radiation is deemed
strictly superior to single modality adjuvant therapy. Given
that younger children may not be suitable for radiation,
chemotherapy alone is recommended if they can tolerate it.

Conclusion

Our results indicate that while chemotherapy alone may
independently prolong OS of pediatric CPC patients, com-
bined chemotherapy and radiation may have the further
impact on OS for some patients when other clinical factors
are taken into account. Given that younger children may not
be suitable for radiation, chemotherapy as the only adjuvant
may still be a viable option for significantly extending
survival.
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