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Abstract Atypical choroid plexus papilloma (APP) rep-

resents a novel intermediate-grade subtype of choroid

plexus tumor (CPT), the clinical outcome of which has not

been described yet. We present the first analysis of a group

of APP patients enrolled in the ongoing CPT-SIOP-2000

study of CPTs. A worldwide registration and a randomized

trial for those patients who require chemotherapy started in

2000. For APP, maximal surgical resection was recom-

mended. After surgery, patients who had undergone com-

plete resection were observed, whereas patients with

incompletely resected or metastasized APP were treated

with six chemotherapy courses (etoposide and vincristine,

combined with either carboplatin or cyclophosphamide).

Risk-adapted radiotherapy was given only to patients older

than 3 years of age. Of the 106 patients with a centrally

confirmed CPT histology, 30 had APP, 42 CPP and 34

CPC. APP patients were significantly younger (med-

ian = 0.7 years) than patients with CPP or CPC (both

medians = 2.3 years). Complete resection was achieved in

68 (64%) patients (79% in CPP, 63% in APP, and 47% in
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CPC). Metastases were present at diagnosis in 17% of APP

patients, 5% of CPP patients, and 21% of CPC patients. All

nine APP patients who received postoperative chemother-

apy showed an early response after two cycles: two had

complete remission, four had partial response, and three

had stable disease. In the observation group of 15 patients,

one event was seen, and all patients were alive. In the

treatment group, one patient with a metastasized tumor and

incompletely resected APP died. While APP was defined

histologically, median percentages of both the Ki-67/MIB-

1 proliferation marker and the p53 tumor suppressor pro-

tein increased across the three histological subtypes (from

CPP to APP and then CPC), suggesting that the subtypes

comprise an ordinal categorization of increasingly severe

CPT tumors. This ordering was reiterated by clinical out-

come in the 92 patients treated per the study protocol, with

5-year EFS rates of 92% in 39 CPP patients, 83% in 24

APP patients, and 28% in 29 CPC patients. A similar

ordering was seen when all 106 patients were evaluated for

EFS. APP responded favorably to chemotherapy. The

intermediate position of APP between CPP and CPC was

supported by the clinical data.

Keywords Choroid plexus tumors �
Atypical choroid plexus papilloma � Survival �
Chemotherapy

Introduction

Choroid plexus tumors (CPT) are rare central nervous

system neoplasms originating from the choroid plexus

epithelium and therefore typically located in the ventricles

(Fig. 1). They account for 1–4% of all pediatric brain

tumors but represent 13% of pediatric brain tumors that

occur in the first year of life [1–11]. These tumors were

traditionally classified by the World Health Organization

(WHO) on the basis of histological criteria as either benign

choroid plexus papilloma (CPP, WHO grade I) or malig-

nant choroid plexus carcinoma (CPC, WHO grade III) with

frank signs of malignancy including brisk mitotic activity,

nuclear pleomorphism, high cellularity, blurring of the

papillary growth pattern, necrosis, and often diffuse brain

invasion [4]. Distinguishing between these two histologies

has been difficult in some cases and prompted the coining

of the term atypical papilloma (Fig. 2) to describe those

tumors with an intermediate histology. In 2006 Jeibmann

et al. [12] reported that mitotic activity was the only

atypical histological feature independently associated with

recurrence based on a retrospective series of CPP patients.

Based on these data, atypical choroid plexus papilloma

(APP) was defined in terms of mitotic activity (Fig. 2) and

classified as grade II by the WHO in 2007 [13].

The first clinical trial specific for CPTs was begun in

2000 under the guidance of the International Society of

Pediatric Oncology (SIOP). This trial (CPT-SIOP-2000)

had a two-fold purpose: to create a worldwide registry of

CPTs and to gain information about the clinical effec-

tiveness of their treatment in a randomized prospective

Fig. 1 Gadolinium-enhanced MRI (T1 weighted sequence) of a 2-

year-old girl with an atypical choroid plexus papilloma in the right

lateral ventricle, with typical strong contrast enhancement of the

tumor. MRI cannot be used to distinguish between the choroid plexus

tumor histologic subtypes

Fig. 2 Typical histological picture (hematoxylin and eosin staining)

of an atypical choroid plexus papilloma with mitoses (arrows)
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trial. The design of the study included the possibility of

classifying a tumor as APP and allowed for modified

treatment recommendations according to this diagnosis that

predated the later recognition by the WHO classification

committee of APP as a separate tumor subtype. After

maximal surgical resection, patients with CPP or com-

pletely resected APP without metastases were observed,

whereas all patients with CPC, metastases, or incompletely

resected APP were treated with chemotherapy consisting of

etoposide and vincristine combined with either carboplatin

or cyclophosphamide. After the second course of chemo-

therapy, patients older than 3 years were irradiated.

After the new APP definition was published, the his-

tology of tumors registered in the study was re-evaluated.

In this paper, we present for the first time the clinical

features and outcomes of 30 patients who had APP

according to the new WHO definition and who were

enrolled in the CPT-SIOP-2000 study.

Methods

The ongoing international CPT-SIOP-2000 study is a com-

bination of a registry for children and adults with CPTs and a

randomized investigator-initiated clinical treatment trial for

patients requiring postoperative treatment. The treatment

trial has been reviewed and approved by the brain tumor

subcommittee of SIOP and is registered at Clinicaltrials.gov

as NCT00500890. All patients with newly diagnosed and

histologically confirmed CPTs are registered, irrespective of

histological tumor subtype, the extent of the tumor, or age at

diagnosis. Patients with CPP and completely resected APP

are then observed, whereas all patients with CPC, metastatic

disease or incompletely resected APP are treated with

6 cycles of chemotherapy. The chemotherapy regimen

consists of etoposide 100 mg/m2 administered daily for

5 days, vincristine 1.5 mg/m2 on day 5, and a randomization

to either carboplatin 350 mg/m2 administered daily for

2 days or cyclophosphamide 1 g/m2 administered daily for

2 days. Radiotherapy is given to patients older than 3 years

of age after the second cycle of chemotherapy. The radiation

field is stratified by the expected prognosis. Craniospinal

irradiation with 35.2 Gy given in 22 1.6-Gy fractions and a

local boost up to a total of 54 Gy is given to patients with

CPC nonresponsive to chemotherapy (stable disease or

progressive disease) and those with metastasized CPC and

APP. Local radiation with 54 Gy administered in 30 1.8-Gy

fractions is given to the others.

Participants

Patients analyzed in this interim report were all registered

in the CPT-SIOP-2000 study. Informed consent was

obtained prospectively from patients, parents, or legal

guardians in accordance with national laws and with the

local guidelines of the participating centers, and this

analysis is in keeping with the original goal of the study

described in the consent forms to learn more about choroid

plexus tumors was fulfilled by this analysis.

Clinical assessment

The extent of disease in all patients was evaluated by brain

and spine MRI with and without gadolinium. Complete

resection was defined according to the SIOP guidelines

[14]. If the neurosurgeon noted tumor adhesions or residual

gross disease, the resection was classified as partial despite

the absence of visible tumor on postoperative imaging.

MRI was performed after the second and sixth cycles of

chemotherapy to determine response (early response, best

response) and in the case of an initial partial resection to

determine if a second surgery was needed. Response was

categorized as disease progression, greater than 25% pro-

gression of the product of the longest tumor diameter and

its perpendicular determined by MRI, irrespective of clin-

ical signs; complete remission, a 100% decrease of the

postoperative cross-sectional tumor area, in case of only

malignant pleocytosis the disappearance of tumor cells

from cerebrospinal fluid; or partial response, a decrease of

at least 50% of the postoperative cross-sectional tumor

area. Continuous complete remission (CCR) was defined as

no evidence of disease on MRI after surgery and during

follow-up. Diagnostic lumbar puncture was done at the

time of diagnosis, before or 14 days after initial surgery.

Histology

A central review of pathology was not required for CPT-

SIOP-2000 study entry. However, since previous interim

analyses had shown an agreement of only 70% between local

pathology reports and reference reports only those patients

with central review and confirmed diagnosis of CPT at the

time of this analysis were included in this analysis. All APP

specimens were reviewed by the reference neuropathologist

according to the current WHO criteria [13].

Immunohistochemical staining was performed for the

proliferation marker Ki-67/MIB-1, for tumor suppressor

p53 protein, and hSNF5/INI1. Following deparaffinization

and boiling, 2-lm sections were stained using monoclonal

antibodies directed against Ki-67 (MIB-1; 1:100, citrate

buffer pH 6 for antigen retrieval; Dako, Glostrup, Den-

mark), p53 (BP53-12; 1:200, citrate buffer pH 6 for antigen

retrieval; Novocastra, Leica Microsystems, Wetzlar, Ger-

many) and hSNF5/INI1 (BAF47; 1:200, citrate buffer

pH 9.9 for antigen retrieval; BD Biosciences, San Jose,

CA) and the ABC method on an automated staining system
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(TechMate, Dako). The number of tumor cells positive for

Ki-67/MIB-1 and p53 was quantified by counting 2,000

tumor cell nuclei.

Statistical methods

Patient characteristics were summarized using median and

range for continuous variables and frequency and percent-

age for categorical variables. Associations between histol-

ogy and continuous variables were detected by the Kruskal-

Wallis test [15] and associations between histology and

categorical variables by the generalized Fisher’s exact test

[16]. Box plots were used to illustrate differences in Ki-67/

MIB-1 percentage between histology groups. Overall sur-

vival (OS) time was defined as the time from the date of

diagnosis to the date of death. Event-free survival (EFS)

time was defined as the time from the date of diagnosis to

the date of death or relapse, whichever occurred first.

Unadjusted OS and EFS probabilities from diagnosis to the

time of this analysis were estimated using the Kaplan-Meier

method [17] and were compared between subgroups of

patients using the log-rank test [18]. The Cox proportional

hazards regression model [19] was used to assess the effects

of patient characteristics and treatment on OS and EFS, with

preliminary goodness of fit assessed by the Grambsch-

Therneau test and martingale residual plots [20]. Because of

the colinearity among several covariates, to avoid unstable

Cox model fits, separate Cox models were fit so that col-

linear covariates did not appear in the same model. All

computations were carried out in S-PLUS [21].

Results

Patient characteristics

From January 2000 to June 2008, 133 patients from 21

nations were registered in the CPT-SIOP-2000 study with

an initial diagnosis of CPT. Central review was available

for 116 patients. Of those, 10 patients were excluded from

the present analysis due to histology other than a CPT (e.g.

atypical teratoid rhabdoid tumor, medulloepithelioma and

papillary tumors of the pineal region). Thus, 106 patients

(54 male, 52 female) with histology confirmed as CPT

were potentially eligible for the current analysis. Of those,

30 patients had APP and were selected for this review, 42

had CPP, and 34 had CPC.

The 30 patients with APP had a median age at diagnosis

of 0.7 years and were significantly younger than patients

with CPP or with CPC (median of 2.3 years for both;

P = 0.003, Kruskal-Wallis test). Gender was almost

equally distributed within each subtype, with males com-

prising 50% of CPC and APP patients and 52% of CPP

patients. Primary tumors were located in the lateral ven-

tricles in 83% of patients with APP, 71% of patients with

CPP, and 88% of patients with CPC. Only 3% of tumors

were found in the fourth ventricle in APP patients, versus

19% in CPP patients and 12% in CPC patients. The

remaining 13% of APP patients had tumors located in the

third ventricle (10% in CPP and 0% in CPC). Complete

resection was achieved in 33 of the 42 (79%) CPP patients,

19 of the 30 (63%) APP patients, and 16 of the 34 (47%)

CPC patients. Metastases from the primary tumor were

noted in 5 (17%) APP patients, almost as often as in the

CPC group (n = 7, 21%), while the rate was very low

(n = 2, 5%) in the CPP group (Table 1).

Immunohistochemistry

Material sufficient for immunohistochemical staining for Ki-

67/MIB-1, p53 protein, and hSNF5/INI1 was available for 73

cases (32 CPP, 24 APP, and 17 CPC). As shown in Table 1

and Fig. 3a, the respective median Ki-67/MIB-1 prolifera-

tion indices were 1.3, 9.1, and 20.3 in the CPP, APP, and CPC

histology groups, respectively (P \ 0.0001, Wilcoxon rank

sum test). Similarly, as shown in Table 1 and Fig. 3b, the

numbers and percentages of patients with tumors exhibiting

p53-positive nuclei were zero of 31 in CPP patients, two of

21 (9.5%) in APP patients, and eight of 17 (47.1%) in CPC

patients (P \ 0.0001, generalized Fisher’s exact test). All

CPTs examined expressed nuclear hSNF5/INI1.

Response to chemotherapy

Of 106 patients, 92 (24 patients with APP, 39 with CPP,

and 29 with CPC) were treated according to the CPT-

SIOP-2000 study protocol. The 14 patients not treated per

protocol were thus excluded from further analysis here

mainly because they received either a chemotherapy regi-

men or a therapeutic strategy not matching that of the study

protocol. Of 24 patients with APP, 15 (62.5%) had a

complete resection and no metastases; therefore, per pro-

tocol they were followed up with surveillance only. With a

mean follow-up time of 1.7 years, one event was seen in

this group in a 1.8-year-old boy originally diagnosed with a

right lateral ventricular APP. At 2.1 years of follow-up, he

was found to have local recurrence and disseminated dis-

ease with multiple nodules in the brain and the spine. He

was then treated according to the CPT-SIOP-2000 protocol

and received six cycles of chemotherapy and craniospinal

irradiation, which resulted in a stable disease. At the time

of the interim analysis, he was 4.6 years old and had

experienced no further relapse.

Nine patients with APP received initial postoperative

chemotherapy, and all responded. Four who had no

metastases at diagnosis were known to have grossly evident
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residual tumor after surgery. Two of these four had stable

disease after two cycles of chemotherapy, and both became

tumor free later: one after local irradiation (54 Gy) and the

other after further resection. The remaining two patients

responded partially to two cycles of chemotherapy and

reached complete remission after further treatment: one

with local radiation (45 Gy) and the other with chemo-

therapy only. All four patients were alive and had experi-

enced no event after a mean observation time of 3.3 years.

Five patients were treated for metastatic APP at original

presentation with or without residual tumor at the primary

site. Two of these five patients, classified as having R0M1

and R0M2 disease, had a complete remission after two

cycles of chemotherapy. A third patient, with R0M3 dis-

ease, had a partial response to two cycles of chemotherapy

and therefore received craniospinal irradiation. The fourth

patient was classified as having R2M2 APP, which stabi-

lized in early response, after two cycles of chemotherapy,

but had achieved complete remission at the end of treat-

ment (eight cycles of chemotherapy). The fifth patient, a

7.3-year-old boy with R2M3 disease at diagnosis, was

found to have one of the two post-treatment events in the

APP group. Two cycles of chemotherapy resulted in a

partial early response. He then received craniospinal

irradiation followed by a boost to the tumor bed (total

dose = 54 Gy); a small residual tumor was observed

thereafter; it remained stable for 1.6 years. However, at

2.3 years, the patient had locally relapsed APP, which was

completely resected. Afterward, the child received high-

dose chemotherapy with stem cell rescue, but he had a

second local relapse with extensive spread 1 year later. He

died with progressive disease 4.3 years after the original

diagnosis.

In summary, the early response to chemotherapy of

those nine APP patients receiving postsurgical treatment

was complete remission in two (22%), partial response in

four (44%), and stable disease in three (33%). These rates

of response seemed similar to those seen in patients with

CPC (Fig. 4). With further treatment, an additional four of

these nine patients reached complete remission, resulting in

a ‘‘best response’’ rate of 67% (six of nine patients) for

those treated.

Overall survival and event-free survival

Of the 92 patients who were treated according to the pro-

tocol, eight (8.7%) had died at the time of this writing. The

median follow-up time was 2.2 years (range 0–8.2 years).

Table 1 Characteristics of the CPT-SIOP-2000 study patients

CPP APP CPC P value

No. patients 42 30 34

No. patients treated per protocol 39 24 29

Age [years; median (range)] 2.3 (0.02–45.6) 0.7 (0.1–9.2) 2.3 (0.3–17.1) 0.003

Ki-67/MIB-1 [%; median (range)]a 1.3 (0–11.9) 9.1 (0.5–35.6) 20.3 (7.8–42.5) \0.0001

P53a absent 31 (100%) 19 (91%) 9 (53%) \0.0001

P53a present 0 (0%) 2 (9.5%) 8 (47%)

Male 22 (52%) 15 (50%) 17 (50%) 1.00

Female 20 (48%) 15 (50%) 17 (50%)

Chemotherapy \0.0001

Yes 6 (14%) 14 (47%) 31 (91%)

No 36 (86%) 16 (53%) 3 (9%)

Location 0.06

Lateral ventricle 30 (71%) 25 (83%) 30 (88%)

Third ventricle 4 (10%) 4 (13%) 0 (0%)

Fourth ventricle 8 (19%) 1 (3%) 4 (12%)

Metastases 0.09

Yes 2 (5%) 5 (17%) 7 (21%)

No 40 (95%) 25 (83%) 27 (79%)

Resection 0.05

Complete 33 (79%) 19 (63%) 16 (47%)

Subtotal/partial 8 (19%) 10 (33%) 16 (47%)

Biopsy 1 (2%) 1 (3%) 2 (6%)

APP Atypical choroid plexus papilloma, CPC choroid plexus carcinoma, CPP choroid plexus papilloma
a Data on Ki-67/MIB-1 and p53 were missing for 33 and 37 patients, respectively
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In comparison with the CPC and CPP patients, APP

patients had intermediate OS and EFS, on average. The 5-

year OS probabilities were 100% in 39 CPP patients, 89%

(95% CI, 71–100%) in 24 APP patients, and 36% (95% CI,

9–100%) in 29 CPC patients (Fig. 5, P = 0.0001; log-rank

test). Fifteen patients (16.3%) had disease progression or

relapse or died. Similar to OS, the 5-year EFS probabilities

were 92% (95% CI, 77–100%) in CPP patients, 83% (95%

CI, 65–00%) in APP patients, and 28% (95% CI, 7–100%)

in CPC patients (Fig. 6, P \ 0.0001; log-rank test). A

similar ordering was seen when EFS was evaluated by

histology for all 106 patients registered. Whether a patient

received chemotherapy was highly associated with histol-

ogy, with 28 of the 29 (97%) CPC patients versus 12 of the

63 (19%) CPP and APP patients treated per protocol

receiving chemotherapy (P \ 0.0001, Fisher’s exact test).

This difference was a consequence of the treatment algo-

rithm. Consequently, to avoid an unstable model due to

colinearity, separate univariate Cox models were fit to

assess the associations between histology and OS (Table

2), between chemotherapy and EFS and between histology

and EFS. These are summarized in Table 3 for histology
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Table 2 Univariate Cox proportional hazards model for overall

survival (total n = 92, n_death = 8)

Variable Coefficient SE HR P value

CPC (vs. CPP/APP) 3.27 1.09 26.4 0.003

CPC Choroid plexus carcinoma, CPP choroid plexus papilloma, APP
atypical choroid plexus papilloma, SE standard error, HR hazard rate
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(P \ 0.0001) and chemotherapy (P = 0.004). In this

regard, the large hazard ratio of 6.4 for chemotherapy

versus no chemotherapy certainly should not be interpreted

to mean that chemotherapy causes a higher rate of pro-

gression or death. This result is merely an artifact of the

fact that, in this data set, chemotherapy is essentially a

surrogate variable for the much more unfavorable CPC

histology.

Patients following nonprotocol treatment algorithms

Three of the six APP patients excluded from the analyses

because they were not treated according to CPT-SIOP-

2000 study protocol were treated with six cycles of che-

motherapy despite complete resection. These patients were

all alive after a mean observation time of 3.6 years had

experienced no post-treatment events. Among the other

three patients, one underwent a biopsy followed by two

cycles of chemotherapy, and after second surgery with a

gross total resection, no further treatment was given. This

patient had a local recurrence after 3.2 years. The fifth

patient was excluded from further analysis because the

APP was found to be part of a mature teratoma on

pathological analysis of the specimen. The sixth patient did

not receive further treatment because of an assumed com-

plete resection, but he was diagnosed with a local regional

recurrence 0.5 years after the initial surgery and thus was

classified as having had residual disease.

Discussion

APPs are rare tumors, and their clinical course is not well

understood. The re-evaluation of APP cases with respect to

the new diagnostic criteria [13] within the CPT-SIOP-2000

study allowed for the first time analyses of both the rele-

vance of prognostic factors as well as the optimal treatment

of these tumors. In our series, the APP group showed an

intermediate position between the CPP and CPC groups in

terms of Ki-67/MIB-1 proliferation indices, percentages of

patients with tumor exhibiting p53-positive nuclei, and 5-

year EFS rates. This ordering of histologies (CPP, APP,

and CPC) by increasing severity also was reiterated by the

increasing percentages of patients with metastases and the

decreasing complete resection rates across these three CPT

subtypes. The high rate of metastases in the group of

patients with APP, which was close to that of patients with

CPC, is remarkable. Several case reports showed that CPP

can also metastasize with diverse outcomes [22–25],

although those metastases have mostly been found at the

time of relapse. One notable exception to the above

ordering was age: The APP patients were younger than

expected. However, because it is generally believed that

higher mitosis rates are more often detected in younger

patients, it cannot be ruled out that the current APP defi-

nition is biased toward younger CPT patients, thereby

explaining the younger age of the APP group. An alter-

native explanation is that the present APP definition

includes tumors with different biologic features specific to

very young patients, although the immunohistochemical

staining results described here do not support such a

hypothesis.

Whereas Ki-67/MIB-1 labeling indices in CPPs were

lower than those in our CPCs but comparable to those in

previous small series [26, 27], our data demonstrate that

proliferative activity in APPs is intermediate between CPPs

and CPCs. Since Ki-67/MIB-1 labeling can be more readily

quantified as compared to mitotic activity, Ki-67/MIB-1

labeling might once well contribute toward a better defi-

nition of APP, as has been achieved in other entities such

as atypical central neurocytoma [28]. Determination of a

cut-off Ki-67/MIB-1 value that predicts a higher risk of

recurrence would be most desirable, but determining such a

value is not yet feasible because of the relatively short

follow-up of patients in the ongoing CPT-SIOP-2000

study. One report showed tumor polyploidy with a gain of
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Fig. 6 Event-free survival (Kaplan–Meier estimate). APP Atypical

choroid plexus papilloma, CPC choroid plexus carcinoma, CPP
choroid plexus papilloma. Events were defined as tumor progression,

tumor recurrence, or death. Patient data were censored if the patients

were event free at the end of the observation period

Table 3 Univariate Cox proportional hazards model for event-free

survival (total n = 92, n with an event = 15)

Variable Coefficient SE HR P value

CPC (vs. CPP/APP) 2.72 0.68 15.2 \0.0001

Chemo = yes (vs. no)* 1.86 0.65 6.40 0.004

CPC Choroid plexus carcinoma, CPP choroid plexus papilloma, APP
atypical choroid plexus papilloma, SE standard error, HR hazard rate

* Chemotherapy was significantly associated with histology

P \ 0.0001 (Fisher’s exact test)
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genetic material of almost all chromosomes in an 16-year-

old boy with APP [29]. In our series, in contrast with CPCs,

APPs only rarely stained positive for p53, suggesting that,

as in CPP [26], genetic alterations of TP53 resulting in

nuclear accumulation of p53 protein are rare in APPs. The

finding of retained nuclear hSNF5/INI1 staining in not only

APPs but also in all the CPPs and CPCs examined extends

previous observations [30–32] and argues strongly against

a role for an inactivating mutation of the SMARCB1 gene

in CPTs.

Treatment of CPTs typically includes some combination

of the classical modalities of surgery, radiotherapy, and

chemotherapy. The therapeutic algorithm determining the

intensity, timing, and order of how they are used is quite

complex, but fundamentally it depends on the patient’s age,

the extent of disease, the tumor histology, and the outcome

at each stage of therapy. The CPT-SIOP-2000 study

included the response to the initial chemotherapy in the

algorithm. The data shown here provide an overall

assessment of how well this algorithm has performed, in

particular within the newly defined subgroup of APP

patients. Gross total tumor resection is considered as the

first therapeutic approach and also the most important

prognostic factor in all CPTs [9, 33–38]. In CPP patients,

complete resection alone is thought to be curative [9, 36,

37, 39]. The experience of the CPT-SIOP-2000 study does

not completely confirm this opinion. Relapses were seen

even in the CPP group, including one patient whose tumor

histology transformed to CPC [40]. Some APP patients

treated according to the protocol experienced events after

complete resection, as did a patient treated according to a

different algorithm. Since relapse often occurs after many

years [24, 39, 41], our results suggest the need for close

follow-up and suggest that a second surgery should be

performed in the case of recurrence.

Chemotherapy for CPC is well established [38, 42].

However, information about the role of chemotherapy in

CPP or APP is limited and primarily based on its use in

patients with relapsed tumors. Several reports have shown

response of recurrent or metastatic CPP to various regi-

mens of chemotherapy [43–46], and one report about a

CPP with focal regions of high mitotic activity, resembling

an APP by the new definition, showed more than 50%

tumor regression after chemotherapy [43]. In our study, we

were able to demonstrate for the first time in a large study

that APP tumors are chemosensitive (Fig. 4), with all nine

patients responding to chemotherapy.

Craniospinal irradiation was usually used in this study,

and in combination with chemotherapy it resulted in tumor

control in most of the APP patients with metastatic disease.

Although this is by far the largest series of APP patients

ever systematically analyzed, patient numbers are still too

small to assess the prognostic value of or best treatment for

metastatic APP. Because of the risk of late neurological

sequelae, only a few patients may receive radiotherapy.

However, in a greater context, patients were seen to have a

response to radiotherapy, and the overall good EFS and OS

support the inclusion of radiation as part of the definitive

approach in selected patients with APP. This view is sup-

ported by single reports of others [39, 47] and by earlier

results from a meta analysis [48]. Some authors have rec-

ommended resecting metastases or have reported success-

ful resection of metastases [25, 49, 50], but it is

questionable whether surgical therapy of metastases with-

out adjuvant therapy is sufficient for tumor control, espe-

cially after leptomeningeal seeding has occurred [51]. The

survival of patients with APP in this analysis was good and

only slightly inferior to that of CPP patients. However, in

contrast to CPP, many APP tumors had metastases or were

subtotally resected, and adjuvant treatment was necessary.

Given these poor prognostic features, we believe that the

histology-specific treatment algorithm led to the excellent

outcomes. Moreover, we disagree with the notion that APP

and CPP can be viewed as diseases to be treated similarly

[9, 36, 37, 39]. The aggressive course of APP, as seen in

one patient who died due to tumor progression and another

whose APP relapsed after he/she did not receive additional

treatment, supports this view. Furthermore, malignant

progression of APP to CPC has been described [40], also

indicating the higher malignant potential of the disease.

In conclusion, the newly defined WHO grade II APP

histology has both prognostic features and clinical out-

come rates intermediate between those of CPP and CPC,

although our APP patients were younger and had more

metastases than expected. Further studies are necessary to

evaluate the relevance of these findings. The response to

chemotherapy was high, and OS in APP patients treated

according to the CPT-SIOP-2000 protocol was almost as

good as that of CPP patients who did not receive treat-

ment. This analysis suggests that chemotherapy and

radiotherapy are of value in APP patients with incom-

pletely resected tumors, metastatic disease or recurrent

tumor.
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