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Abstract Objective A Phase II study of CPT-11 in adults

with recurrent, temozolomide (TMZ)-refractory, 1p19q co-

deleted, anaplastic oligodendroglioma (AO) with a primary

objective of determining 6-month progression free survival

(PFS). Background There is no standard therapy for alky-

lator-resistant AO. Methods Twenty-two patients (11 men;

11 women) ages 26–65 (median 40), with radiographically

recurrent AO were enrolled. All patients had previously

been treated with surgery, involved-field radiotherapy, and

adjuvant chemotherapy (TMZ in 15; BCNU in 6). Fifteen

patients were treated at first recurrence with an alternative

chemotherapy. 13 patients underwent repeat surgery. All

patients were treated at either first or second recurrence

with CPT-11 administered intravenously once every

3 weeks. Neurological and neuroradiographic evaluations

were performed every 8–9 weeks. Results All patients were

evaluable for toxicity and response. A total of 141 cycles of

CPT-11 (median 3 cycles; range 3–18) were administered.

CPT-11 related toxicity included diarrhea (14 patients; 4

grade 3), neutropenia (8; 4 grade 3), fatigue (12; 3 grade 3),

and delayed nausea/vomiting (12; 3 grade 3). 5 patients

(23%) demonstrated a partial radiographic response, 8

(36%) demonstrated stable disease and 9 (41%) had pro-

gressive disease following three cycles of CPT-11. Time to

tumor progression ranged from 2 to 13.5 months (median:

4.5 months). Survival ranged from 3 to 21 months (med-

ian: 5.5 months). Six-month and 12-month PFS were 33%

and 4.5% respectively. Conclusions CPT-11 demonstrated

modest efficacy (similar to other salvage glioma regimens)

with acceptable toxicity in this cohort of adults with

recurrent, 1p19q co-deleted AO all of whom had failed

prior TMZ chemotherapy.
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Introduction

The treatment of recurrent anaplastic oligodendroglioma

(AO) like all high-grade gliomas (HGG) is problematic, as

only partially effective therapeutic modalities are available

and there is a lack of a standard therapy for recurrence.

These therapies include cytotoxic chemotherapy, radioac-

tive implants, stereotactic radiotherapies, targeted

chemotherapy and re-operation [1–12]. Chemotherapy for

recurrent HGG is of modest benefit, primarily because

response to chemotherapy is of limited duration. In an

analysis of eight institutional phase 2 studies of
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chemotherapy for recurrent high-grade gliomas, Wong

reported that the response rate in recurrent anaplastic

astrocytoma was 14% and progression free survival at

6 months was 31% [13]. The most active second-line

therapies include the nitrosoureas, temozolomide (TMZ),

procarbazine, cis-retinoic acid, and platinum compounds

[14–22]. CPT-11 is an alternative chemotherapy with

purported activity in recurrent high-grade gliomas [23–30].

The primary objective of this three-institution prospec-

tive Phase II trial was to observe whether CPT-11 given

every three weeks (600 mg/m2/day for patients on enzyme

inducing anticonvulsant drugs {EIAED} or 350 mg/m2/day

for patients on either no AED or non-enzyme inducing

anticonvulsant drugs {NEIAED}) could significantly delay

progression in patients with neuroradiographically recur-

rent 1p19q co-deleted anaplastic oligodendroglioma (AO)

as determined by 6-month progression free survival (PFS-

6). Twenty-two adult patients with recurrent supratentorial

AO previously treated with surgery, radiotherapy and TMZ

were entered into this study.

Patients and methods

The study was performed at the University of Southern

California, Norris Comprehensive Cancer Center and

Hospital; the University of Massachusetts; and the Uni-

versity of South Florida, H Lee Moffitt Cancer Center and

Research Institute. The study was activated in January

2000 and closed in March 2007. Approval of the protocol

and informed consent by the university human investiga-

tion committee was obtained. Informed consent was

obtained from each subject.

Objectives and end points

The two primary objectives of this study included deter-

mination of efficacy and toxicity of CPT-11 in the

treatment of patients with TMZ-refractory recurrent or

progressive 1p19q co-deleted AO. The primary end point

was progression free survival at months (6-month PFS).

Secondary end points included overall survival, time to

progression and response. Toxicity was evaluated in all

eligible patients receiving at least one cycle of CPT-11.

Eligibility criteria

Patients were required to have a histologically proven 1p19q

co-deleted anaplastic oligodendroglioma (AO) that was

recurrent neuroradiographically. Patients must have pro-

gressed following definitive radiotherapy (RT) and

temozolomide (TMZ) chemotherapy. Patients may have

received no more than two salvage chemotherapy regimens.

At least four weeks must have elapsed since the last dose of

chemotherapy and patients must have recovered from the

adverse effects of prior therapy. Patients could not have

received prior CPT-11. Patients were required to have

radiographically measurable intracranial disease wherein

recurrent tumor was bi-dimensionally measurable (at least

1 cm 9 1 cm) by cranial contrast-enhanced magnetic res-

onance imaging (MRI). Histological confirmation of tumor

recurrence was not required for study entry. Pregnant or

lactating women were not permitted to participate. Patients

of child bearing potential were required to implement ade-

quate contraceptive measures during participation in this

study. Patients must have had a Karnofsky performance

status greater than or equal to 60, a life expectancy greater

than 3 months, and age C18 years. Patients with carcino-

matous meningitis were not eligible. No serious concurrent

medical illnesses or active infection could be present that

would jeopardize the ability of the patient to receive CPT-11.

Patients could not have an active concomitant malignancy

except squamous or basal cell skin cancer.

Adequate hematologic, renal and hepatic functions were

required and were defined by the following: absolute

granulocyte count [1,500/dl or white blood cell count

[4,000/dl, platelet count [100,000/dl, total bilirubin level

\1.8 mg/dl, transaminase level\4 times the upper limit of

normal, and creatinine concentration \1.8 mg/dl (or cre-

atinine clearance greater than or equal to 60 ml/m2/1.73).

Drug schedule

CPT-11 (irinotecan; Pfizer Pharmaceuticals, Princeton, NJ)

was administered to all patients at a dose of 350 mg/m2 in

patients on NEIAED or 600 mg/m2 in patients on EIAED

[25]. CPT-11 was administered intravenously over 120 min

on a single day. Concurrent dexamethasone was permitted

for control of neurologic signs and symptoms. Premedi-

cation included antiemetics (ondansetron, granisetron, or

dolasetron), dexamethasone (20 mg) and atropine

(0.5 mg), all administered intravenously. Pre-chemother-

apy hydration utilized one half liter of normal saline given

intravenously over 1 h. No post-hydration intravenous

fluids were administered.

Post-chemotherapy medication included prochlorpera-

zine for nausea or vomiting and loperamide for diarrhea.

CPT-11 administration was repeated 3 weeks after the

initial dose. A cycle of therapy was operationally defined

as 21 days during which CPT-11 was administered on day

1. Treatment with CPT-11 was repeated every 21 days,

counting from the day of CPT-11 administration, provided

that all hematologic toxicity from the previous cycle had

resolved to grade 2 or less, and all non-hematologic tox-

icity had recovered to either grade 1 or less. If recovery had

not occurred by day 21, the subsequent cycle of CPT-11
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was delayed until these criteria were met. All toxicities

including hematologic due to CPT-11 therapy were rated

according to the NIH Common Toxicity Criteria (version

3.0 after 2003).

No dose escalations were permitted. A 25% dose

reduction was mandated in patients with grade 3 or greater

toxicity. Only two dose reductions were allowed. Patients

having grade 3 toxicity of any type after two dose reduc-

tions were removed from study as were patients delayed

more than 2 weeks from next scheduled chemotherapy.

Method of evaluation

Blood counts were obtained weekly, neurologic examina-

tion was performed every 3 weeks, and contrast-enhanced

cranial MR was performed every 9 weeks (after 3 cycles of

CPT-11).

Neuroradiographic response criteria as defined by Mac-

donald et al were used [31]. Complete response (CR) was

defined as the disappearance of all enhancing or non-

enhancing tumor on consecutive CT or MR scans at least

1 month apart, with the patient off corticosteroids, and

neurologically stable or improved. Partial response (PR) was

defined as a [50% reduction in the size of tumor on con-

secutive CT or MR scans at least 1 month apart, with the

corticosteroid dose stable or decreased and the patient neu-

rologically stable or improved. Progressive disease (PD) was

defined as a greater than 25% increase in the size of tumor or

any new tumor on CT or MR scans, or the patient neuro-

logically worse with a stable or increased corticosteroid

dose. Stable disease (SD) was defined as all other situations,

and, as with CR and PR, required a confirmatory MR scan

1 month after documenting best response.

In patients with SD, PR or CR, 3 additional cycles of

CPT-11 were administered, following which patients were

assessed again as described. Patients were continued on

CPT-11 therapy until documentation of PD at which time

patients were removed from study and were either moni-

tored or offered alternative therapy.

Progression free survival (PFS) and overall survival

(OS) were defined as the time from the first day of treat-

ment with CPT-11 until progression (PFS) or death (OS).

Patients were removed from study if there was progressive

disease, development of unacceptable toxicity, patient

refusal or noncompliance with protocol requirements.

Experimental design and statistical methods

The primary objective was to determine whether CPT-11

could significantly delay progression in patients with

recurrent AO. Historical values were obtained from anal-

ysis of a database of 350 patients with recurrent high-grade

glioma (125 anaplastic gliomas; AG) treated on

consecutive prospective phase II trials, in which 6-month

progression free survival (6-month PFS) was 31% for AG

[13]. The authors recognize that this comparison is only

partially relevant as the trials by Wong analyzed all AG

including AO. Nonetheless, there are no other published

data sets regarding outcome of recurrent AO. The

hypothesis tested were H0: P B P0 versus H1: P C P1,

where P is the probability of remaining alive and pro-

gression free at 6-months, with a Type I error, a B 0.05

and a Type II error b B 0.20. For AO, P0 was set at 0.25

and P1 at 0.45, looking for an improvement of 0.20. The

current study was designed to accrue 40 AO patients. For

AO patients, success was defined as observing more than

18 of 40 patients alive and progression free at 6-months

(yielding a = 0.03 and b = 0.21). The associations of

overall survival and PFS with patient’s baseline charac-

teristics were tested using logrank test [32]. The Pike

estimate of relative risk based on the logrank test [33] was

used to provide a quantitative summary of the data, with

95% confidence intervals [34, 35]. The median survival,

time to progression and the associated 95% confidence

intervals were computed. Kaplan-Meier plots [36–38] were

constructed to display the estimated probabilities of overall

survival and time to progression.

Results

Study population

Twenty-two patients (11 men; 11 women) ages 26–

67 years (median 40), with recurrent 1p19q co-deleted (by

FISH) AO (original pathology including FISH analysis

reviewed and confirmed in all cases by the participating

institutions) (Table 1) were treated with CPT-11. Although

the study was designed to evaluate 40 patients, slow

accrual, competing therapies and the low likelihood of

accruing the projected cohort prematurely ended the study.

Recurrent AO was defined by objective neuroradiographic

progression ([25% increase in tumor size) as compared

with prior baseline neuroradiographic images using the

criteria reported by Macdonald [31]. All neuroradiography

was locally reviewed by two neuroradiologists blinded to

treatment and by the participating neuro-oncologist (MCC

or MJG). All qualifying MRI scans demonstrating pro-

gressive disease were performed within 2 weeks of the first

cycle of CPT-11. Thirteen patients (59%) underwent a re-

operation (subtotal in all) in which repeat tumor histology

was consistent with 1p19q co-deleted AO.

Patients presented at the time of tumor recurrence with the

following signs and symptoms: increasing headache

(n = 18), worsening seizures (n = 12), altered mental status

(n = 6), progressive hemiparesis (n = 6), new onset
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homonymous hemianopsia (n = 1), and gait ataxia (n = 1).

Patient performance status using the Karnofsky scale ranged

from 60 to 100 (median 80) at the time of documented tumor

recurrence and initiation of CPT-11 therapy. Tumor

locations were as follows: frontal (n = 8), temporal (n = 4),

parietal (n = 4), occipital [1], and multilobar [5].

All patients had been treated initially with surgery in

which a complete resection was accomplished in 7

(resection of all visible contrast-enhancing tumor con-

firmed by MRI in the immediate post-operative period),

partial in 8 and biopsy only in 7 (Table 1). Thirteen

patients (59%) underwent a second surgery and 5 (23%) a

third surgery prior to study entry.

All patients had previously been treated with limited-field

radiotherapy (adjuvant in 21; at time of first recurrence in 1)

(Table 1) and in all, conventional fractionated radiotherapy

was used in which 1.8–2.0 Gy was administered daily, with a

median tumor dose of 60 Gy (range 54–60 Gy). No patients

were treated with stereotactic radiotherapy.

All patients were treated with either TMZ [16] or BCNU

(6: Carmustine 5; Gliadel 1) chemotherapy following

radiotherapy (Table 1). TMZ was administered in the stan-

dard 5-day schedule (200 mg/m2/day for 5 consecutive days

administered every 28 days). The 6 patients treated initially

with BCNU received TMZ at first recurrence as did one prior

chemotherapy naı̈ve patient. Patients received a median of

8.5 TMZ cycles (range 2–12 cycles). Five patients received

one other chemotherapy (all PCV) and 2 patients received

two other chemotherapies (in one Sorafenib followed by

SDX (L-alanosine) and in another cyclophosphamide fol-

lowed by carboplatin) following adjuvant TMZ and prior to

initiating CPT-11. All patients began CPT-11 immediately

following documentation of tumor progression after treat-

ment with TMZ (except for the 7 patients mentioned above)

as demonstrated by neuroradiographic progression (in all

patients) or clinical disease progression (60% of patients).

Eight patients began CPT-11 at first recurrence, 12 at second

recurrence and 2 at third recurrence (median onset of CPT-11

following 2nd recurrence, range 1–3 recurrences). Median

time to initiation of CPT-11 following initial surgery was

51.5 months with a range of 17–173 months. A total of 141

cycles of CPT-11 were administered. A minimum of three

cycles of CPT-11 was administered to each patient with a

median of 3 cycles (range 3–18). CPT-11 was administered

at the prescribed dose in all patients. No other anti-glioma

agents aside from dexamethasone were utilized during the

study. Oral dexamethasone was used concurrently in 16

patients and was increased in 8 patients with clinical disease

progression. Dexamethasone dose was decreased in 6

patients as patient clinical status permitted. Seven patients

received another chemotherapy following progression on

CPT-11 (4 hydroxyurea + imatinib, 3 carboplatin).

Toxicity

Toxicity was recorded for all grades for all patients by type

using the NCI common toxicity criteria (version 3.0 after

Table 1 Characteristics in patient study

Variables Number patients Percent

Total patients 22 100%

Age

[40 8 36%

B40 14 64%

Median (range) 38 (27–47)

Sex

Male 11 50%

Female 11 50%

Location of tumor

Frontal 12 57%

Temporal 6 29%

Parietal 5 24%

Occipital 2 10%

Multilobar 5 24%

Extent of initial surgery

STR 8 36%

GTR 7 32%

Biopsy 7 32%

TMZ chemotherapy

B8 cycles 10 48%

[8 cycles 11 52%

Median (range) 8 (2–12a)

Best response to TMZ chemotherapy

Complete response 0 0%

Partial response 5 22%

Stable disease 16 73%

Progressive disease 1 5%

Re-operation at recurrence

Yes 13 59%

GTR 2b 9%

STR 11c 50%

No 9 41%

Number of cycles of CPT-11

B3 cycles 11 50%

[3 cycles 11 50%

Median (range) 3 (3–18)

Best response to CPT-11 treatment

Complete response 0 0%

Partial response 5 22%

Stable disease 8 36%

Progressive disease 9 42%

a Maximum cycles of treatment allowed are 12 cycles
b One patient underwent 2 complete resections at recurrence
c Four patients underwent 2 partial resections at recurrence
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2003). Table 2 lists all Grade 2–5 toxicity observed with

each figure representing the sum of the highest grade of

toxicity attained, per toxicity, per cycle for all patients. A

total of 141 treatment cycles were administered of which

there were 21 (14%) grade 3 adverse events (AEs) and no

grade 4 or 5 AEs. The most common grade 3 AEs were

diarrhea (2.8%), granulocytopenia (2.8%), fatigue (2.1%),

vomiting (2.1%), nausea (1.4%), anemia (0.7%), leukope-

nia (0.7%), neutropenia with infection (0.7%) and

thrombophlebitis (0.7%). Two patients required transfusion

with packed red blood cells. One patient developed febrile

neutropenia however body fluid cultures were negative. No

treatment-related death occurred.

Response

All patients were assessable for response and 21 patients

for survival (Figs. 1 and 2). Following three cycles of CPT-

11, 9 patients (41%) demonstrated progressive disease.

Fourteen patients (40%) received six or greater cycles of

therapy. At the conclusion of CPT-11, Karnofsky perfor-

mance status ranged from 40 to 70 with a median of 60 in

the entire study group. Survival in the entire cohort ranged

from 3 to 21 months with a median of 5.5 [95% CI: 3.2–

7.8] months. The probability of survival at 6 and

12 months was 33% and 4.5% ± 7%. Twenty one patients

have died, and all deaths were directly attributable to the

effects of progressive intracranial tumor.

No patient demonstrated a complete response, 5 patients

(23%) demonstrated a neuroradiographic partial response

[95% CI: 11%, 39%] and 8 patients (36%) demonstrated

stable disease [95% CI: 25%, 57%]. In patients with a

neuroradiographic response or stable disease (13 patients;

58%), median time to tumor progression was 6.75 months

(range: 4–13.5 months) [95% CI: 5.2–8.3 months] and

median survival was 9 months (range: 4–16 months) [95%

CI: 6.8–11.2 months]. The overall probability of progres-

sion free survival at 6-months was 33% [95% CI: 16%,

44%] and at one year was 4.5% [95% CI: 0%, 16%].

Overall median time to tumor progression was 4.5 months

(range: 2–13.5) [95% CI: 3.1–5.9 months]. Regarding the

primary endpoint of the study (6-month PFS), the results

failed to achieve the specified critical value: i.e. only 7, and

not the required 9, patients experienced PFS of greater than

6 months (expected 45%; observed 33%) [13].

There was no association between response to CPT-11

and response to the prior regimen of TMZ, recognizing very

few responses to TMZ were observed. No difference was

seen in the pretreatment tumor volume in patients with either

a CPT-11 partial response or stable disease as compared to

Table 2 CPT-11 in recurrent anaplastic oligodendroglioma: toxicity

Toxicity Grade

2

Grade

3

Grade

4

Grade

5

Total

Alopecia 3 0 0 0 3

Anemia 9 1 0 0 10

Constipation 4 0 0 0 4

Diarrhea 10 4 0 0 14

Fatigue 9 3 0 0 12

Granulocytopenia 4 4 0 0 8

Infection, without

neutropenia

2 1 0 0 3

Leukopenia 8 1 0 0 9

Nausea 9 2 0 0 11

Thrombocytopenia 7 0 0 0 7

Thrombophlebitis 0 1 0 0 1

Vomiting 9 3 0 0 12

Totals 74 20 0 0 94

Fig. 1 Progression free survival following administration of CPT-11

for recurrent 1p19q co-deleted AO

Fig. 2 Overall survival following administration of CPT-11 for

recurrent 1p19q co-deleted AO
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patients with progressive disease [37, 38]. Age B40 and

frontal lobe tumor location were significantly associated

with overall and progression-free survival (P B 0.05).

Discussion

Two recently reported cooperative group trials, one by the

Radiation Therapy Oncology Group (RTOG) and the other

by the European Organization for Research and Treatment

of Cancer (EORTC), evaluated adjuvant chemotherapy in

the treatment of AO/AOA (anaplastic oligoastrocytoma)

[39, 40]. Both trials utilized PCV (procarbazine, CCNU,

vincristine) although administration of PCV was both

neoadjuvant and dose intense in the North American

(RTOG) trial and adjuvant (standard dose and schedule) in

the European trial (EORTC). In neither study was

(neo)adjuvant PCV associated with improved survival. A

benefit was seen with respect to progression free survival in

the RTOG trial, but only in patients with 1p19q co-deleted

AO. In addition, both trials demonstrated by molecular

analysis that 25% (EORTC) to 50% (RTOG) of histolog-

ically defined AO/AOA contained the 1p19q co-deletion.

This group of patients (1p19q co-deleted) had improved

overall and progression free survival irrespective of treat-

ment and constitutes a unique and identifiable tumor type.

Partially or non-1p19q deleted AO/AOA behave like ana-

plastic astrocytomas with respect to outcome. Both

cooperative group trials concluded that 1p19q co-deleted

AO/AOA is a distinct tumor type separable from other

anaplastic gliomas (AG) deserving of independent clinical

trials. The studies also concluded that genotyping AO/

AOA is not recommended outside of clinical trials as

therapy does not differ from other anaplastic gliomas not-

withstanding the nearly two-fold improved outcome in

patients with 1p19q co-deleted AO/AOA.

In the recent meta-analysis by the Glioma Meta-analysis

Trialists Group of 12 randomized trials, adjuvant chemo-

therapy improved 2-year survival by 6% in anaplastic

gliomas (AG) (31% vs. 37%) [10, 11]. The meta-analysis

suggests a modest benefit for the inclusion of chemother-

apy in the adjuvant treatment of AG although the choice of

adjuvant chemotherapy agent has evolved. The present

study utilized adjuvant TMZ following RT as is common

neuro-oncology practice and supported in part by the recent

EORTC trial of adjuvant TMZ for glioblastoma demon-

strating a survival benefit when compared to RT only

controls (15 vs. 12 months) [41].

How best to manage recurrent AO remains ill-defined

notwithstanding a variety of studies. Most studies however

(and similar to the present study) are small Phase II non-

randomized trials comparing outcome to historical

controls. Only a minority of patients with recurrent AO

(none in the present study notwithstanding nearly half

underwent re-resection) are candidates for image-verified

complete or near complete re-resection followed by Gliadel

implantation. Therefore, the majority of patients, if desir-

ous of further therapy, are offered chemotherapy. PCV has

been used in TMZ refractory AO in an EORTC trial with

response rates of 17% and 6-PFS of 25% [42]. By way of

comparison, in the present study 50% of patients had, in

addition to TMZ chemotherapy, been treated with a

nitrosourea (BCNU, Gliadel or PCV) and consequently at

time of recurrence, an alternative non-alkylator-based

therapy was attractive. Carboplatin (with or without te-

niposide) has been used in several trials for recurrent AO

with response rates of 9–13% and 35% 6-PFS [20, 21],

results not dissimilar to the present study. Three other

investigational treatments for recurrent HGG, intra-tumoral

delivery of radiopharmaceutical toxins, antiangiogenic

agents i.e. bevacizumab and molecularly targeted therapies

such as small molecule inhibitors of receptor tyrosine

kinases are presently under active study [43, 44]. How to

adapt these treatments into the care of patients with

recurrent AO outside of investigational trials is unclear.

The present study was directed at the 1p19q co-deleted

AO population which had failed prior chemotherapy (TMZ

in 100%; 50% nitrosoureas) and for whom further treatment

appeared warranted. The study did not require histological

proof of recurrent AO and the possibility of radiation

necrosis as opposed to recurrent tumor is possible. This

appears unlikely for the following reasons. No patient

received stereotactic radiotherapy and the risk of radiation

necrosis is\5% in patients treated with standard fractionated

radiotherapy. Further, 15 patients (68%) underwent FDG-

PET and 10 patients (45%) MR spectroscopy in which

recurrent viable tumor was radiographically confirmed.

Lastly, 13 patients (59%) underwent re-operation in whom

histopathology was re-confirmed. Because this study did not

require re-operation prior to enrollment, a proportion of

patients assumed to have AO may have progressed to glio-

blastoma. Therefore the study may be evaluating both

patients with AO and secondary glioblastoma.

CPT-11 appears attractive as prior single agent studies

have suggested activity against HHG and in particular AA

[23–30]. Furthermore, CPT-11 toxicity is manageable

(approximately 25% grade 3 toxicity in the current study)

and non-cumulative permitting administration without

growth factor support. Of note, however, topoisomerase

inhibitors like CPT-11, which have P450-mediated phar-

macodynamic interactions with enzyme inducing

anticonvulsant drugs, do require upward dose adjustment in

patients receiving EIAEDs [25, 30].

In conclusion, CPT-11 used at this dose and in this

schedule in patients with previously treated, TMZ refrac-

tory recurrent 1p19q co-deleted AO appears of modest

236 J Neurooncol (2008) 89:231–238

123



benefit (6-PFS of 33%), though not significantly different

than other available chemotherapies for recurrent AG.

Regarding the primary endpoint of the study (6-PFS), the

results failed to exceed the 20% threshold for success,

assuming a 20% improvement as compared to the database

reported by Wong (anaplastic glioma: expected 45%;

observed 33% [13].
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