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INTRODUCTION

Non-cerebellar PNET (CNS-PNET) accounts for 3–5% of CNS

tumors in childhood and is at least five times more rare than

medulloblastoma. The mean age at onset is under 6 years [1]. Most

cases develop in the cerebral hemispheres with 20%occurring in the

pineal region (pineoblastoma). Rarer sites include the brainstem

and spinal cord. There is evidence of significant biological

differences between pineoblastomas and PNETs occurring else-

where in the CNS [2,3]. Unsupervised hierarchical clustering of

copy number imbalances has shown that pineoblastomas cluster

separately from non-pineal PNETs [4].

CNS-PNETs are chemosensitive tumors and chemotherapy is

included in all treatment protocols nowadays, but there is no

standard treatment and most trials are based on the same strategies

as for high-risk, that is, metastatic medulloblastoma, and

consequently very rarely consider focal radiation [5]. The influence

of factors such as metastatic disease, extent of resection,

histological features, and biological characteristics is currently

unclear.

Our previous study was based on the same strategy as for

metastatic medulloblastoma [6]. The present paper describes

further developments of that strategy, involving the adoption of

an intensive chemotherapy schedule and an initial de-escalation of

the radiotherapy. Twenty-eight patients were treated and eight of

them received only focal radiotherapy.

PATIENTS AND METHODS

Staging and Adjuvant Therapy

Consecutive patients diagnosed with CNS-PNET after

March 2000 underwent maximal tumor resection at different

neurosurgery units and were subsequently referred to our Institute

for staging and adjuvant treatment. All histological samples were

centrally reviewed by F.G. and M.A. The lower age limit for

patients to be treated using this strategy was one year, while there

was no upper age limit. All patients were staged postoperatively

with whole CNS MRI and spinal fluid cytology, and they were

treated with adjuvant chemotherapy as described elsewhere [6] and

shown in Figure 1. Hyperfractionated accelerated radiotherapy

(HART) was administered in all cases, in two daily 1.3Gy fractions

6 hours apart, for 5 days aweek, reaching a total dose of CSI tailored

to the patient’s age at diagnosis. CSI treatment was given for

12 days in children under 10 years old, and for 15 days in older

children, reaching a dose of 31.2 and 39Gy to the neuraxis,

respectively. The boost to the tumor site was given in 1.5Gy

fractions twice a day, up to a total dose of 59.7–60Gy. After

radiotherapy, patients were prescribed two courses of thiotepa at

myeloablative doses (300mg/m2/day for 3 days) followed by

autologous stem cell rescue. Peripheral blood stem cell collection

involved leukapheresis and cryopreservation after administering

etoposide or cyclophosphamide during the pre-radiation phase of

the treatment.

Background. A protocol for the intensive treatment of non-
cerebellar PNET (CNS-PNET) combining chemotherapy and radio-
therapy was launched in 2000. Efforts were subsequently made to
improve the prognosis and to de-escalate the treatment for selected
patient groups. Procedure. Twenty-eight consecutive patients were
enrolled for a high-dose drug schedule (methotrexate, etoposide,
cyclophosphamide, and carboplatin� vincristine), followed by
hyperfractionated accelerated CSI (HART-CSI) at total doses of 31–
39Gy, depending on the patient’s age, with two high-dose thiotepa
courses following CSI. After the first 15 patients had been treated,
craniospinal irradiation (CSI) was replaced with focal radiotherapy
(RT) for selected cases (non-metastatic and not progressing during
induction chemotherapy). Eight of the 28 children received the same
chemotherapy but conventionally fractionated focal RT at 54Gy.

Results. The 5-year progression-free survival (PFS), event-free
survival (EFS), and overall survival (OS) rates were 62%, 53%, and
52%, respectively, for the whole series, and 70%, 70%, and 87% for
the eight focally irradiated children. Residual disease and metastases
were not prognostically significant. In children with residual disease,
response to RT was significant (5-year PFS 59% vs. 20%, P¼0.01),
while the total dose of CSI was not. There were three treatment-
related toxic events. Relapses were local in seven cases (including
two of the eight focally irradiated patients), and both local and
disseminated in 2. Conclusions. This intensive schedule enabled
treatment stratification for the purposes of radiation, thereby sparing
some children full-dose CSI. Local control is the main goal of
treatment for CNS-PNET. Pediatr Blood Cancer # 2013 Wiley
Periodicals, Inc.
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Conversion to Focal Radiotherapy

After treating the first 15 patients, including three with

metastases, it emerged that: (a) none had suffered isolated

metastatic relapses, but three had local progression after 2, 9,

and 12months, accompanied bymetastases in 2; (b) two of the three

relapsing patients had shown no objective response to chemothera-

py. This prompted the decision to administer radiotherapy only

focally to the tumor bed in selected cases (i.e., children with

localized disease and those with no tumor progression during the

induction chemotherapy phase) using a conventional fractionation

at 1.8Gy/day for a total of 30 fractions (total dose 54Gy), based on

the standard boost dose used for medulloblastoma, and reportedly

also for CNS-PNET [7,8].

Evaluation of Response

Radiological assessments were performed before every other

chemotherapy course, 5 weeks after completing the radiotherapy

and on resolution of the myelosuppression after the second course

of high-dose thiotepa. MRI was performed every 3 months during

the first year, 4-monthly during the second and third years, and

every 6 months for 5 years after diagnosis; MRI was prescribed

yearly thereafter for up to 10 years of follow-up. Radiological

response was assessed as follows: complete response (CR) was

defined as no evidence of disease; partial response (PR) required a

more than 50% reduction in the size of all lesions; minor response

(MR) was a 25–50% reduction in the size of all lesions; and stable

disease (SD) was the absence of any reduction or tumor progression

(PD). Spinal fluid cytology was repeated in all patients before

radiotherapy and, for patients with metastatic disease, again at the

radiological assessments scheduled during the treatment. Endo-

crinological and physiatric rehabilitation was provided for all

patients, who also underwent neurocognitive and psychological

assessment in accordance with the published guidelines [9]. Our

institution’s Scientific and Ethical Committees approved the

protocol. All patients’ parents, or patients over 18 years of age,

gave their informed consent.

Statistical Methods

The study was designed as an institutional observational trial.

Progression-free survival (PFS), event-free survival (EFS), and

overall survival (OS) were calculated in years according to the

Kaplan–Meier method, considering failure and toxicity as of the

time of starting chemotherapy and censoring data for progression

(for PFS), toxic events (for EFS) and survival (for OS) as at the

latest follow-up visit [10]. Differences in survival between the

patient groups were analyzed using the log rank test [11]. Chi-

square tests were used to compare the frequency of patients’

characteristics [12]. P values were considered statistically signifi-

cant when �0.05.

RESULTS

Patients

Twenty-eight patients were accrued from March 2000 to

April 2011 (16 females). The median age of the sample at the

time of diagnosis was 7 years (range 16 months–18 years); four

children were under 3 years old. The median follow-up was

51 months (21–153 months). Table I shows the patients’

demographic data and the type of radiation they received. Primary

tumors were located in cortical areas in 11 cases, in the pineal

region in 9, in the basal nuclei in 7, and in the lumbar spine in one.

Three children had metastases already on presentation, classified as

Chang M1 in 1 case, and M3 in the other two.

Surgery

All patients underwent surgery, which achieved total tumor

resection in 6 cases, partial excision in 11 (always leaving residual

tumors larger than 1.5 cm2), and biopsy in 11.

Treatment

All patients received induction chemotherapy according to the

already-published schedule [6] shown in Figure 1. HART, plus a

Fig. 1. Treatment schedule.
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tumor boost, was administered to 20 patients, while the other 8

children only received RT to the tumor bed. Total HART doses for

CSI were 39Gy in 9 cases and 31.2Gy in the other 11. Two of the

three children with metastases received 39Gy, and one had 31.2Gy,

depending on their ages. Two children under 3 years old received

CSI for a total dose of 31.2Gy; another two under 3 years old

received focal RT. After the change to focal radiotherapy, another

five patients whose disease was not metastatic and did not progress

during chemotherapy received CSI, due to a large residual in three

cases and the parents’ preference in two.

Twenty-three of the 28 patients were also given two courses of

high-dose thiotepa (300mg/day for 3 days, separated by an interval

of 5–6 weeks). Another 2, both females, received only one course

(one had a life-threatening infection, the other died of multi-organ

failure in the bone marrow aplasia phase). The remaining three

children were not given high-dose thiotepa consolidation treatment,

due to early progressive disease in one case, poor general conditions

in 1, and surgical wound dehiscence in one; after HART, the latter

two children were given a maintenance schedule with vincristine

and lomustine for a year, as already reported [6]. Table II shows the

patients’ status after surgery, the pattern of chemotherapy response,

and the radiation fields/doses involved.

In the 22 patients with evidence of residual disease when the

treatment was started, chemotherapy obtained a CR or PR in 12

patients, while 10 patients had SD or PD, corresponding to a 54%

objective response rate. Among the 18 patients who still showed

signs of tumor at the time of RT, 13 had a CR or PR, and 5 had SD or

PD, corresponding to a 72% response rate to radiotherapy. Seven of

the eight patients with SD after chemotherapy had an objective

response after radiotherapy (four CR and three PR), while one had

SD, and both the children with PD after chemotherapy had SD after

irradiation.

Outcome

The PFS rates were 69� 9% and 62� 10% at 3 and 5 years,

respectively; the EFS rates were 59� 10% and 53� 10%, and the

OS rates were 73� 9% and 52� 11%, respectively (Fig. 2). Nine

children (one with metastases at diagnosis) had progressive or

relapsing tumor at the time of writing, a median 12 months (range

2–44 months) after their diagnosis: they all developed a local

progression, accompanied by spinal dissemination in two cases.

Eleven children died a median 32 months after their diagnosis

(range 5–49 months), eight due to their tumor, one due to multi-

organ failure after the first myeloablative treatment, and two

females due to acute myeloid leukemia and myelodysplastic

syndrome, developing 23 and 34 months after their primary

diagnosis. Considering only the 25 patients who were able to

tolerate the whole schedule, including at least one myeloablative

course, the 5-year PFS and OS were 67� 11% and 61� 11%,

respectively. The primary analyses included all the patients. The 5-

year PFS for patients with tumors originating in the pineal gland

was 83� 15%, while it was 54� 12% for children with tumors

originating elsewhere (P¼ ns).

The doses of CSI administered to the 20 patients treated with

HARTwere not prognostically significant, the 5-year PFS being 47

� 19% for the nine patients treated with higher doses and 71� 14%

for those given lower doses. The corresponding 5-year OS rates

TABLE I. Demographics of the Series According to Radiation

Therapy Adopted

Radiation doses

39Gy

CSI (#)

31.2Gy

CSI (#) Focal RT

Site

Pineal 2 4 3

Cortical 4 3 4

Basal ganglia 2 4 1

Spine 1 0 0

Post-surg. status

NED 2 3 1

ED 7 8 7

Metastastic

3 2 1 0

Non-metastatic

25 7 10 8

Age

Below 3 years 0 2 2

Above 3 years 9 9 6

Total 9 11 8

ED, evidence of tumor after surgery; NED, not evidence of tumor after

surgery; RT, radiotherapy; CSI, craniospinal irradiation.

TABLE II. Post-Surgical Status, Response to Chemotherapy and

Radiation Therapy Adopted

ED CT-response (#)

39Gy

CSI (#)

31.2Gy

CSI (#) Focal RT

22 patients CR (4) 2 — 2

PR (8) 3 2 3

SD (8) 1 5 2

PD (2) 1 1 -

Total 7 8 7

NED

6 patients — 2 3 1

Total 9 11 8

ED, evidence of tumor after surgery; NED, not evidence of tumor after

surgery; CT, chemotherapy; RT, radiotherapy; CSI, craniospinal

irradiation.

Fig. 2. Five-year PFS, EFS, and OS for the whole series.
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were 38� 17% and 53� 15%, respectively. There were no

significant differences between the two groups in terms of possible

prognostic indicators such as age, tumor origin (with particular

reference to the pineal site), metastatic status, or residual disease

after surgery. When the 15 patients given CSI, who had no

metastases and whose disease did not progress during the pre-

radiation chemotherapy, were compared with the eight cases with

the same clinical features who only received focal irradiation, the 5-

year PFS rates were 70� 13% and 75� 15%, respectively, and the

OS rates were 56� 14% and 87� 12%, respectively (P¼ ns).

Figure 3 shows the PFS rates for the CSI and focal radiotherapy

subgroups, after a median 35months (range 21–62) of follow-up for

the patients given focal irradiation alone (this period was clearly

shorter than the 51 months [range 29–153] of the entire series).

Response to chemotherapy had no prognostic impact on our

sample’s PFS or OS, but the two children whose disease progressed

while on chemotherapy both had PFS and OS rates of nil, meaning

that chemo-resistance predicted final outcome despite the patients’

stable disease after irradiation. Both children had locally progress-

ing disease.

Response to radiotherapy was prognostic in terms of both PFS

andOS. The PFS ratewas 59� 17% for the 13 children obtaining an

objective response to radiotherapy and 20� 18% for the others

(P¼ 0.01), while the OS rates were 54� 18% and 20� 18%

(P¼ 0.02), respectively.

DISCUSSION

Higher doses of radiotherapy have been routinely used to treat

CNS-PNET because of its less favorable prognosis than for

medulloblastoma, even in subgroups considered at high risk of

residual tumor after surgery or dissemination [6–8,13]. Omitting or

delaying radiotherapy, even in younger patients, has frequently

been considered harmful [7,13] and, even in the most recent reports,

CSI has been considered compulsory to achieve a cure in cases of

CNS-PNET [8,14]. Myeloablative schedules with various drug

combinations have been added to standard courses of chemotherapy

and irradiation in an effort to improve the disease’s curability. These

experiences started already in the early 1980s [15] and have been

consolidated in more recent years [16–19], all achieving a 5-year

PFS of in the range of 40–70%.

Experiences in which the therapy, be it radiation or drugs, was

reduced have been very limited in recent years. The Head Start I and

II strategies aimed to spare the majority of treated patients the need

for radiotherapy by using intensive induction chemotherapy and

myeloablative consolidation schedules [20]. This resulted in 12/20

survivors (out of 43 patients treated) who were cured without

irradiation, but this strategy coincided with a 5-year EFS of only

39%. Twenty-three of the 25 children with relapsing disease had a

pattern of local failure, accompanied by distant failure in six cases.

Local failure thus remained the main issue for disease control, even

with a treatment design giving priority to chemotherapy. Pizer et al.

reported on the largest series of CNS-PNET cases to be included in

a trial (shared with medulloblastoma patients) that randomized

patients to receive either CSI alone or post-surgical chemotherapy

(with alternating courses of vincristine, etoposide and carboplatin

or vincristine, etoposide and cyclophosphamide) followed by CSI.

After a median 31 months, the 5-year EFS and OS were 47% and

48%, respectively, and the 5-year EFS was 71.4% for pineal tumors

and 40.7% for non-pineal tumors (P¼ 0.03). All children received

35Gy of CSI plus a boost of 20Gy, but 83% of the recurrences

included an element of local relapse [20]. Timmermann et al. [7]

reported similar findings in terms of local relapse, despite using CSI

plus a boost in 15 children under 3 years of age at diagnosis, with

focal RT in only one child: they had 21/24 local relapses (with

dissemination as well in eight cases), irrespective of whether or not

up-front salvage radiotherapy was used.

Chintagumpala et al. reported a 5-year EFS and OS of 75%

� 17% in eight moderate-risk patients, and 60%� 19% in eight

high-risk cases, where “moderate risk” was defined as no residual

tumor or dissemination after surgery, and “high-risk” was obviously

the presence of residual tumor and/or dissemination [21]. More

importantly, CSI reflected this risk stratification, with a total dose of

23.4Gy for moderate-risk cases and 36–39.6Gy for high-risk

patients. This report demonstrated that a lower dose of CSI,

associated with four courses of high-dose chemotherapy, did not

jeopardize the outcome in children with localized disease

considered as having a “moderate risk” of recurrence [5,7,17,22].

In this 16-patient series, the pattern of relapse was local in 50% of

cases. The authors also demonstrated that their patients’ academic

achievements and skills deteriorated considerably with time after

their diagnosis, despite the reduced CSI doses.

When we amended our protocol to include the possibility of focal

irradiation after induction chemotherapy, we already knew that local

failure was the main cause of progression and/or relapse, whatever

the treatment strategy adopted, or the extent and dosage of

radiotherapy [7,13,20,22]. In our previously reported experience,

local relapse was the cause of failure in five of six cases and, after

systematically adopting high-dose consolidation chemotherapy in all

children, dissemination was not the primary cause of any

recurrences [6]. The amount of therapy administered for CNS-

PNET can be reduced by decreasing theCSI dose and then considering

focal radiation alone for a carefully selected subgroup of patients.

Our single institutional study has some limitations, including a

rather small sample size, a long period of time during which the

study was conducted, and a shorter follow-up for the focally

irradiated patient group. Our treatment schedule also prompted one

acute toxic death and two late acute leukemias, meaning that the

burden of chemotherapy also needs to be refined or reduced in this

Fig. 3. PFS rates by radiation field.
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fragile population. Other strategies including myeloablative

schedules have carried rates of toxic events ranging from 7% to

15% [17,18,20], taking secondary leukemias into account, although

Chintagumpala et al. had no cases of toxic death or second tumors in

their 16-patient cohort [21]. Together with a better prognosis, the

toxicity issue is therefore a major concern. Given the mainly

supratentorial site of CNS-PNETs, their often considerable size, and

the median age of the patients involved, the morbidity of high-dose

CSI remains a fundamental issue [23]. Genome analysis has recently

enabled three molecular subgroups of CNS-PNET to be identified,

each with a distinct molecular pattern, significant sex- and age-

related differences in their incidence, and different survival rates and

metastatic patterns at diagnosis [4,24]. Future studies may be able to

be designed to allocate more specific treatments for different risk

categories of disease, thus improving the outcome for some patients

and the quality of survival for others. Our efforts are also focusing on

analyzing combined data about different treatments by means of

meta-analyses with a goal of clarifying important issues and

designing collaborative prospective international trials.
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