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Abstract
Purpose  To evaluate the pharmacokinetics and efficacy of imatinib in patients with recurrent oligodendroglial tumors.
Methods  Patients with progressive WHO grade II-III recurrent tumors after prior RT and chemotherapy were eligible. A 
phase I dose-escalation study was conducted for patients on enzyme-inducing anticonvulsants (EIAC). A phase II study 
for non-EIAC patients utilized a fixed dose of 600 mg/D. Primary efficacy endpoint was 6-month progression-free survival 
(PFS6). A 2-stage design was utilized, with 90% power to detect PFS6 increase from 25 to 45%.
Results  In the Phase I, maximum tolerated dose was not reached at 1200 mg/D. For phase II patients, overall PFS6 was 33% 
and median PFS 4.0 months (95% CI 2.1, 5.7). Median overall survival (OS) was longer in imatinib-treated patients compared 
with controls (16.6 vs. 8.0 months; HR = 0.64, 95% CI 0.41,1.0, p = 0.049), and longer in patients with 1p/19q-codeleted 
tumors (19.2 vs. 6.2 months, HR = 0.43, 95% CI 0.21,0.89, p = 0.019). Confirmed response rate was 3.9% (PR = 1; REGR = 1), 
with stable disease observed in 52.9%. At 600 mg/D, mean steady-state imatinib plasma concentration was 2513 ng/ml (95% 
CI 1831,3195). Grade 3–4 adverse events (hematologic, fatigue, GI, hypophosphatemia, or hemorrhage) occurred in 61%.
Conclusions  Although adequate plasma levels were achieved, the observed PFS6 of 33% did not reach our pre-defined 
threshold for success. Although OS was longer in imatinib-treated patients than controls, this finding would require forward 
validation in a larger cohort. Imatinib might show greater activity in a population enriched for PDGF-dependent pathway 
activation in tumor tissue.
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Introduction

Overexpression of platelet-derived growth factor receptor 
(PDGFR), c-Kit, and PDGF-mediated MAP-K activation has 
been associated with oligodendroglial tumor cell growth and 
proliferation [1, 2] Imatinib decreases PDGF- and c-Kit- 
dependent signaling, resulting in cell cycle arrest and apop-
tosis [3]. Given these findings, we conducted a phase I-II 
study (Alliance/NCCTG N0272) of imatinib for patients 
with recurrent oligodendroglial tumors.

Methods

Eligibility required age ≥ 18  years; central confirma-
tion of WHO grade II or III oligodendroglial tumor; pro-
gression following prior surgery, RT and temozolomide 
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(or a nitrosourea) documented by neuroimaging per-
formed ≤ 21 days prior to registration; fixed dose of corticos-
teroids for ≥ 1 week prior to baseline scan; at least 2 weeks 
and recovered from surgery; ≥ 12 weeks from prior RT 
and ≥ 4 weeks from chemotherapy (nitrosoureas ≥ 6 weeks, 
biologics ≥ 2 weeks); Eastern Clinical Oncology Group 
(ECOG) performance status 0–2; acceptable hematologic/
metabolic parameters; and provision of IRB-approved 
informed written consent from patient or legal guardian. 
Patients were ineligible if they had received prior stereo-
tactic RT or interstitial therapy; required therapeutic anti-
coagulation; had significant co-morbidities; were pregnant, 
nursing, or unwilling to employ contraception; had active 
malignancy (excepting non-melanotic skin cancer); were 
HIV-positive; or prior symptomatic intra-tumoral hemor-
rhage. Histologic diagnosis and assignment of grade by cen-
tral pathology review was based on WHO classifications of 
2008 or earlier, utilizing tumor tissue obtained at the time 
of the initial surgical procedure, or from the most recent 
resection.

There were five treatment cohorts (Arms A-E), assigned 
based on two characteristics: the number of prior chemother-
apy regimens the patient had previously received ( ≤ or > 2); 
and enzyme-inducing anticonvulsant (EIAC) status (yes/no).

For patients receiving EIAC, three arms were planned. 
A Phase I study (Arm C) included patients who had 
received ≤ 2 prior regimens, utilizing a cohorts-of-three 
dose escalation design [starting dose of 1000 mg/D, with 
planned 200 mg/D dose level escalations, initiated when 
all patients within a given cohort completed two treatment 
cycles (56 days)]. If two patients experienced dose-limiting 
toxicity, DLT, the next lower dose cohort was expanded 
by three patients. Maximum tolerated dose (MTD) was 
defined as the dose level where < 2/6 patients experienced 
DLT. Dose-limiting toxicity (DLT) was defined as grade ≥ 4 
hematologic, or > 3 non-hematologic adverse event (AE), 
any treatment-related AE which resulted in withdrawal 
from study, or treatment delay of > 4 weeks. There were two 
planned Phase II arms (Arm A, ≤ 2 prior regimens; Arm 
D, > 2 prior regimens) to follow determination of the MTD 
in EIAC patients.

For patients not receiving EIAC, two Phase II arms were 
conducted (Arm B, ≤ 2 prior regimens; Arm E, > 2 prior 
regimens), utilizing a fixed imatinib dose of 600 mg/day. 
Arm E ( > 2 prior chemo regimens) was a pilot study, with 
accrual continued until completion of Arm B accrual.

The primary Phase II endpoint was PFS6. We utilized a 
comparison group of patients with recurrent oligodendro-
glial tumors (N = 37; oligodendroglioma- 43%; oligoastro-
cytoma- 57%; Grade I-II -70%; Grade III–IV—27%; Grade 
unknown—3%) from our database of patients treated on 
prior NCCTG trials (95–72-53, 96–72-51 or 98–72-54), in 
order to derive the pre-defined control PFS6 of 25.7%. A 

2-stage Fleming version of Simon’s MinMax design was uti-
lized [4], with 90% power to detect 20% increase of PFS6 
(from 25 to 45%). There was one interim analysis, with 
planned study termination if < 5 of 23 of the first evaluable 
patients were progression-free at 183 days, and continuation 
to full accrual if at least 14/39 first evaluable patients were 
alive and progression-free at 183 days. Protocol-specified 
proportion of success was estimated using the binomial point 
estimator (number successes/number evaluable patients) 
with a 90% confidence interval (Duffy-Santner) [5].

Assessments were performed every 3  months until 
death or loss to follow-up. OS was defined as time from 
start of treatment to all-cause death or last follow-up; PFS 
was defined as time from start of study treatment to disease 
progression or death. Response rates and adverse event fre-
quency were compared between patients receiving ≤ 2 ver-
sus > 2 prior treatment regimens.

PFS6 rates were estimated using the binomial point esti-
mator and reported with 95% confidence intervals (Clop-
per-Pearson Method) [6]. Arms B and E were subsequently 
pooled in the final analysis, given that no differences in 
PFS6 were observed between arms. Survival was compared 
between study and control patients, using Kaplan–Meier and 
Cox Proportional-Hazards models.

Imatinib and CGP74588 (active metabolite) concentra-
tions were determined at baseline and at steady-state (days 
28 and 56) (M. Egorin). Results were compared between 
patients receiving baseline steroids (yes vs. no); those expe-
riencing grade 3–4 adverse events (yes vs. no); and those 
achieving PFS6 (yes vs. no) (Wilcoxon-Rank-Sum or Wil-
coxon-Signed-Rank tests) [7, 8]. Response was assessed 
by NCCTG criteria [9], and categorized as complete (CR), 
partial (PR), regression (REGR) or stable disease. Response 
required confirmation on two successive assessments at least 
4 weeks apart.

Adverse event reporting was required at four-week inter-
vals. Phase I results were reviewed weekly by the study 
team. The Phase II was monitored twice annually by the 
Alliance Data and Safety Monitoring Committee. Data col-
lection and statistical analyses were conducted by the Alli-
ance Statistics and Data Center (Rochester, MN) using SAS 
v9.4M5 and R v3.4.2. Data quality was ensured by the Alli-
ance Statistics and Data Center and Study Chair, following 
Alliance policies.

Imatinib was provided by the U.S. National Cancer Insti-
tute (NCI) Cancer Therapy Evaluation Program (CTEP) 
under a Cooperative Research and Development Agreement 
with Novartis Pharmaceuticals (Florham Park, NJ), and the 
protocol was approved by NCI/CTEP. Participants signed 
an IRB-approved, protocol-specific informed consent docu-
ment in accordance with federal and institutional guidelines. 
Site participation required protocol approval by local insti-
tutional review boards, in accordance with assurances filed 
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with the U.S. Department of Health and Human Services. 
The study was performed in accordance with the ethical 
standards as laid down in the 1964 Declaration of Helsinki 
and its later amendments or comparable ethical standards. 
The trial is registered in the public domain (clinicaltrials.
gov; NCT00049127).

Results

From June 2003 to May 2011, 64 patients from 22 NCCTG/
Alliance treatment sites were registered. One Arm B patient 
was ineligible, leaving 63 evaluable patients (Phase I—12; 
Phase II—51). Patient demographics are detailed in Table 1.

Phase I Study

Twelve EIAC patients (Arm C) were accrued at the 
1000 mg/day (N = 9) and 1200 mg/day (N = 3) dose levels. 
Two of six patients accrued at 1000 mg/day experienced 
DLT (grade 3 hypophosphatemia; altered consciousness; 
nausea/vomiting); however, plasma imatinib concentrations 
were below that necessary to inhibit PDGF, and after discus-
sion with CTEP, an additional three patients were accrued 
at 1000 mg/D, with no DLT observed. Three patients were 
then treated at 1200 mg/day, with no DLT observed. No 
higher-dose levels were evaluated due to slow accrual, thus 
the planned phase II for EIAC patients (Arms A and D) was 
not pursued. PFS6 for the 12 Phase I EIAC patients was 
33.3% (95% CI 9.9–65.1), median PFS 1.9 months (95% CI 
1.7, 10.6) and median OS 14.2 months (95% CI 8.7, 83.0). 
No EIAC patient had a confirmed response.

Phase II Study

51 evaluable non-EIAC patients (Arm B, N = 39; Arm E, 
N = 12) were registered. At interim analysis, eight were 
alive and progression-free for ≥ 183 days, passing the pre-
determined stopping rule and prompting full accrual for 
the primary analysis (Arm B, ≤ 2 prior regimens). PFS6 
for Arm B patients was 33.3% (90% CI 22.6, 47.6), less 
than the pre-specified PFS6 success threshold (45%) for the 
primary endpoint. Two (5%) Arm B patients achieved con-
firmed response (CR, PR or REGR > 4 weeks). For Arm E 
patients, PFS6 was 33.3% (95% CI 9.9, 65.1) with no con-
firmed responders.

We compared the characteristics of our study treatment 
population and the NCCTG database control population. 
There were no significant differences between our study 
population patients and historical controls for the parameters 
of age ( ≤ 50 or > 50, p = 0.76); ECOG performance status 

(0, 1 or 2, p = 0.99); or initial histology (oligodendroglioma 
or oligoastrocytoma, p = 0.28). There were significant dif-
ferences in histologic grade between populations with more 
patients in the N0272 study having Grade ≤ 3 tumors (96% 
vs . 84%), and more patients with WHO grade 4 tumors in 
the historical group (14% vs .4%) (p = 0.001).

OS and PFS by group are compared in Fig. 1 and Table 2. 
Median OS was significantly longer in imatinib-treated 
patients (16.6 months, 95% CI 8.0, 26.1) as compared with 
controls (8.0 months, 95% CI 3.8, 11.3) (HR = 0.64 [95% 
CI 0.41, 1.0], p = 0.049). However, median PFS was not dif-
ferent (4.0 months, 95% CI 2.1, 5.7, vs. 1.9 months, 95% 
CI 1.6, 3.4; HR = 0.71; 95% CI 0.46, 1.1, p = 0.12). No dif-
ference in OS was observed in comparing patients receiv-
ing > vs. ≤ 2 prior chemotherapy regimens (HR = 1.43 [95% 
CI 0.73, 2.8], p = 0.30; Arm E: 15.1 months (95% CI 8.0, 
43.9) and Arm B: 16.6 months (95% CI 7.2, 29.8). Simi-
larly, PFS did not differ (HR = 1.05 [95% CI 0.54, 2.03], 
p = 0.88: Arm E: 4.5 months (95% CI 2.2, 28.1); Arm B: 
4.0 months (95% CI 1.9, 6.2). No differences in PFS or OS 
were observed as a function of ECOG performance sta-
tus (0–1 vs. 2: PFS, p = 0.88; OS, p = 0.89); tumor grade 
(WHO Grade II vs Grade III: PFS, p = 0.93; OS, p = 0.60); 
histology (oligoastrocytoma vs. Oligodendroglioma: PFS, 
p = 0.53; OS, p = 0.44); or age ( < or ≥ 50: PFS, p = 0.89; OS, 
p = 0.92). At time of data lock (September 01, 2017), three 
patients were alive, two still receiving imatinib therapy 7 and 
11 years from registration.

Tumor 1p/19q codeletion status was available from 36/51 
(71%) imatinib-treated patients on the Phase II study (code-
leted- 61.1%; not codeleted − 38.9%). OS was longer in the 
1p/19q codeleted patients (19.2 vs. 6.2 months, HR = 0.43, 
95% CI 0.21, 0.89, p = 0.019), as well as PFS (5.4 vs. 
1.9  months, HR = 0.44, 95% CI 0.21, 0.91, p = 0.023). 
1p/19q codeletion status was not available on the database 
control patients to permit comparisons. Similarly, IDH 
mutation status was not available from enough patients to 
perform meaningful comparisons.

Adverse Events

Adverse events are detailed in Table 3. At least one Grade 
3+ event occurred in 61% of patients, commonly hema-
tologic toxicity, fatigue, nausea, diarrhea, or hypophos-
phatemia. Overall, 15.7% of phase II patients (but no Phase 
I patients) withdrew from treatment due to AE. Six (9.5%) 
developed CNS hemorrhage (Grade 2–two pts; Grade 
3-three; Grade 4-two), resulting in treatment discontinuation 
in three. One patient developed subdural bleeding during 
cycle 49, and after recovery received treatment to cycle 99 
without further event.
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Table 1   Patient demographics

Arm B: ≤ 2 prior thera-
pies (N = 39)

Arm E: > 2 prior thera-
pies (N = 12)

Arm C: Phase I 
(N = 12)

Total (N = 63) p value

Age group (years) 0.8a

 < 50 25 (64.1%) 7 (58.3%) 9 (75.0%) 41 (65.1%)
 >  = 50 14 (35.9%) 5 (41.7%) 3 (25.0%) 22 (34.9%)
ECOG performance score 0.22a

0 10 (25.6%) 6 (50.0%) 7 (58.3%) 23 (36.5%)
1 23 (59.0%) 4 (33.3%) 4 (33.3%) 31 (49.2%)
2 6 (15.4%) 2 (16.7%) 1 (8.3%) 9 (14.3%)
Prior nitrosoureas 0.0036a

Yes 5 (12.8%) 7 (58.3%) 2 (16.7%) 14 (22.2%)
No 34 (87.2%) 5 (41.7%) 10 (83.3%) 49 (77.8%)
Time since radiation Therapy (mos.) 0.95b

Mean (SD) 68.9 (59.3) 66.7 (54.0) 76.3 (72.5) 69.9 (60.1)
Median 46.0 50.5 49.5 47.0
Q1, Q3 20.0, 93.0 23.0, 99.0 27.5, 104.5 21.0, 93.0
Range (0.0–195.0) (12.0–192.0) (9.0–264.0) (0.0–264.0)
Receiving corticosteroids 0.58a

Yes 11 (28.2%) 2 (16.7%) 2 (16.7%) 15 (23.8%)
No 28 (71.8%) 10 (83.3%) 10 (83.3%) 48 (76.2%)
Extent of initial resection 0.98a

Biopsy 13 (33.3%) 4 (33.3%) 4 (33.3%) 21 (33.3%)
Subtotal Resection 13 (33.3%) 3 (25.0%) 4 (33.3%) 20 (31.7%)
Gross Total Resection 13 (33.3%) 5 (41.7%) 4 (33.3%) 22 (34.9%)
Histology 0.26a

Oligodendroglioma 20 (51.3%) 8 (66.7%) 4 (33.3%) 32 (50.8%)
Oligoastrocytoma 19 (48.7%) 4 (33.3%) 8 (66.7%) 31 (49.2%)
Histologic Grade 0.79a

2 24 (61.5%) 9 (75.0%) 8 (66.7%) 41 (65.1%)
3 13 (33.3%) 3 (25.0%) 4 (33.3%) 20 (31.7%)
4 2 (5.1%) 0 (0.0%) 0 (0.0%) 2 (3.2%)
Extent of resection for recurrence 0.33a

None 16 (41.0%) 6 (50.0%) 5 (41.7%) 27 (42.9%)
Biopsy 7 (17.9%) 2 (16.7%) 3 (25.0%) 12 (19.0%)
Subtotal resection 13 (33.3%) 4 (33.3%) 1 (8.3%) 18 (28.6%)
Gross total resection 3 (7.7%) 0 (0.0%) 3 (25.0%) 6 (9.5%)
Histology at recurrence 0.911

Missing 9 6 3 18
Oligodendroglioma 18 (60.0%) 4 (66.7%) 5 (55.6%) 27 (60.0%)
Oligoastrocytoma 12 (40.0%) 2 (33.3%) 4 (44.4%) 18 (40.0%)
Recurrent tumor grade 0.89a

2 24 (61.5%) 7 (58.3%) 7 (58.3%) 38 (60.3%)
3 13 (33.3%) 4 (33.3%) 5 (41.7%) 22 (34.9%)
4 2 (5.1%) 1 (8.3%) 0 (0.0%) 3 (4.8%)
Family history of brain tumor 0.80a

Yes 6 (15.4%) 2 (16.7%) 1 (8.3%) 9 (14.3%)
No 33 (84.6%) 10 (83.3%) 11 (91.7%) 54 (85.7%)
Number of prior chemotherapy regimens  < 0.0001b

Mean (SD) 1.2 (0.4) 3.5 (2.0) 1.3 (0.6) 1.7 (1.4)
Median 1.0 3.0 1.0 1.0
Q1, Q3 1.0, 1.0 2.0, 4.0 1.0, 2.0 1.0, 2.0
Range (1.0–2.0) (2.0–9.0) (0.0–2.0) (0.0–9.0)
1p/19q codeletion status 0.1030a

Missing 11 4 6 21
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Table 1   (continued)

a Chi-Square
b Kruskal Wallis ECOG: Eastern Clinical Oncology Group

Fig. 1   Phase II study non-EIAC patients (N = 51): OS and PFS compared with historical database control patients. a Overall survival. b Progres-
sion-free survival

Arm B: ≤ 2 prior thera-
pies (N = 39)

Arm E: > 2 prior thera-
pies (N = 12)

Arm C: Phase I 
(N = 12)

Total (N = 63) p value

No deletions 13 (46.4%) 1 (12.5%) 4 (66.7%) 18 (42.9%)
1p/19q codeletion 15 (53.6%) 7 (87.5%) 2 (33.3%) 24 (57.1%)
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Pharmacokinetic Analysis

Baseline and steady-state (day 28) plasma samples were 
obtained from 21 patients for imatinib and CGP74588 con-
centrations (Non-EIAC: 16, EIAC: 5 patients) (Table 4). 
Sixteen patients had an additional sample at day 56 (Non-
EIAC: 12, EIAC: 4).

There was a trend toward higher day 28 imatinib con-
centrations in non-EIAC patients receiving 600 mg/day 
(2513 ng/ml, 95% CI 1831, 3195), compared with EIAC 
patients receiving 1000 mg/D (1318 ng/ml, 95% CI 189, 
2447, p = 0.06). No differences in CGP74588 concentra-
tions were observed between cohorts (non-EIAC: 676 ng/
ml, 95% CI 477, 875; EIAC: 593 ng/ml, 95% CI 215, 972, 
p = 0.72). No differences were observed between steady-
state concentrations at day 28 versus day 56 (change, day 
28–56: imatinib-199 ng/ml; 95% CI − 925, 528; p = 0.58. 
CGP74588- 98 ng/ml; 95% CI − 239, 44; p = 0.30.) No dif-
ferences in steady-state (Day 28) concentrations of imatinib 
or CGP74588 were observed as a function of baseline ster-
oid treatment (yes/no) (p = 0.44 and p = 0.3, respectively); 
frequency of CTC grade ≥ 3 AEs (yes/no) (p = 0.88 and 
p = 0.72, respectively); or attainment of PFS6 (yes/no) 
(p = 0.18 and p = 1.00, respectively).

Discussion

Amplification of the PDGF-A gene and overexpression of 
PDGFR-A and B receptors and PDGF-A ligand is observed 
in oligodendroglioma [1, 2, 4]. PDGFR gene overexpression 
associates with proliferation and anaplastic transformation 
of oligodendroglioma in murine models [10, 11]. Imatinib 
mesylate is an ATP-mimetic type III tyrosine kinase inhibitor, 
with affinity for PDGF-A and PDGF-B receptors, c-KIT, CSF-
IR, discoidin domain receptor, c-fms, Abl and arginine kinases 
[12, 13]. Imatinib is metabolized by CYP3A4 and CYP3A5 
to the active N-demethylated piperazine derivative CGP7488. 
In U87-MG and U373-MG glioma cell lines, imatinib inhibits 
Akt-mTOR signaling, activates ERK 1/2, and induces cyto-
toxicity [14]. Imatinib is approved by the US Food and Drug 
Administration for chronic myeloid and acute lymphoblastic 
leukemia, and gastrointestinal stromal tumors [15].

Imatinib is highly protein bound in plasma, has limited 
blood–brain barrier penetration [16], and is a substrate for 
efflux transporters [17]. In GBM, intratumoral concentra-
tions of 1530 ng/g (range, 180–3323) have been attained, 
with evidence of target activity, characterized by increase 
in p27 checkpoint expression, reduction in phospho-AKT-1 
or MAPK expression [18].

Table 2   Comparison of OS and PFS by prognostic variable

ECOG Eastern Clinical Oncology Group, OS overall survival; PFS progression-free survival; KM Kaplan–Meier method; Cox Cox model
a Logrank test

Overall survival Progression free survival

Event/total Median (95% 
CI)KM

Hazard ratio (95% 
CI)Cox

P-value Event/total Median (95% 
CI)KM

Hazard ratio (95% 
CI)Cox

P-value

ECOG Perfor-
mance Score

0.89a 0.88a

0, 1 40/43 14.6 (6.2–29.8) 1.06 (0.49–2.27) 41/43 3.8 (1.9–6.2) 1.06 (0.49–2.29)
2 8/8 18.6 (16.6–67.9) Reference 8/8 4.7 (4.0–24.0) Reference
Histologic Grade 0.60a 0.93a

Grade 2 31/32 17.2 (13.6–43.7) 0.85 (0.46–1.56) 32/32 4.6 (3.8–7.9) 0.97 (0.53–1.79)
Grade 3/4 16/18 10.4 (3.9–29.8) Reference 16/18 2.2 (1.8–9.0) Reference
Histology of 

Primary
0.44a 0.53a

Oligoastrocytoma 22/23 8.0 (5.6–25.9) 1.25 (0.71–2.23) 22/23 4.0 (2.1–6.2) 1.20 (0.68–2.13)
Oligodendro-

glioma
26/28 17.8 (12.8–43.7) Reference 27/28 4.5 (1.8–9.3) Reference

Age Group 0.92a 0.89a

 < 50 31/32 18.8 (8.0–39.4) 0.97 (0.54–1.76) 32/32 4.4 (2.2–8.7) 0.96 (0.53–1.74)
≥ 50 17/19 13.6 (6.2–43.9) Reference 17/19 2.3 (1.8–7.9) Reference
Co-deletion Status 0.019a 0.027a

1p/19q Co-dele-
tion

20/22 19.2 (16.6–43.9) 0.43 (0.21–0.89) 20/22 5.4 (4.2–9.3) 0.44 (0.21–0.93)

No Deletion 14/14 6.2 (3.9–23.6) Reference 14/14 1.9 (1.5–7.4) Reference
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There are prior published studies of imatinib in treat-
ment of recurrent glioma patients [19–23]. In a study of 55 
patients with recurrent high-grade gliomas, PFS6 was 10% 
and 3% for Grade III and IV tumors respectively, with over-
all response (CR + PR) rate of 6% [22]. Imatinib has been 
combined with hydroxyurea as well, with PFS6 of 24% for 
Grade III and 11% for Grade IV patients, and median PFS 
of 43.5 weeks for Grade II patients [20, 21, 23]. Probably 
the most relevant prior report involved imatinib treatment of 
35 recurrent oligodendroglial tumor patients, in which PFS6 
of  4%, median OS of 5.3 months, and a CR + PR rate of 3% 
was observed [24]. The authors are keenly aware of the the 
caveats involved in cross-study comparisons involving mod-
est patient numbers. However, these prior outcome results 
[23] were somewhat inferior to that observed in our current 
study (PFS6-33%, median OS 16.6 months, CR + PR 5%). 
Nevertheless, in our study, the primary endpoint (PFS6) did 
not meet our pre-specified threshold for success (45%).

In non-EIAC patients (600 mg/day), the observed steady-
state plasma imatinib concentration (mean, 2513 ng/ml, 95% 
CI 1831, 3195) did exceed that which is considered nomi-
nal for efficacy in CML patients (1099 ng/ml) treated with 
400 mg/D [25]. However it is important to note in the CML 
study, CNS relapse rate was 20%, and mean CSF concentra-
tion (0.088 ± 0.029 micromoles) was below that necessary 
to inhibit BCR-ABL [25].

Interestingly, the frequency of CNS hemorrhage (9.5%) 
was higher in our population than previously reported 
( ≤ 1.5%) for imatinib-treated astrocytoma patients [19–23] 
Although the reasons are unclear, oligodendrogliomas are 
relatively vascular tumors, and CNS hemorrhage has repeat-
edly been reported in this population [26, 27].

It is important to point out that N0272 was conducted 
prior to the current WHO 2016 criteria for diagnosis of 
oligodendroglioma, which now requires characteristic his-
tologic features, 1p/19q codeletion, and IDH mutation [28] 
We recognize that our outcome results theoretically might 

Table 3   Adverse events (NCI CTC Grade 3+) by treatment arm, all 
attributions

Evaluable patients: Arm  B: <  = 2 prior regimens, N = 4; Arm  C: 
Phase I = N = 12 Arm E: > 2 prior regimens, N = 12

Arm N (%)

Patients with a maximum
 Grade 3 event B 16 (40.0)

C 5 (41.7)
E 5 (41.7)

 Grade 4 event B 9 (22.5)
C 0 (0.0)
E 1 (8.3)

 Grade 5 event B 3 (7.5)
C 0 (0.0)
E 0 (0.0)

Hematologic adverse events
 Grade 3 event B 5 (12.5)

C 0 (0.0)
E 2 (16.7)

 Grade 4 event B 3 (7.5)
C 0 (0.0)
E 0 (0.0)

 Grade 5 event B 0 (0.0)
C 0 (0.0)
E 0 (0.0)

Non-hematologic adverse events
 Grade 3 event B 14 (35.0)

C 5 (41.7)
E 4 (33.3)

 Grade 4 event B 8 (20.0)
C 0 (0.0)
E 1 (8.3)

 Grade 5 event B 3 (7.5)
C 0 (0.0)
E 0 (0.0)

Table 4   Pharmacokinetic 
analysis: steady state plasma 
concentrations of IMATINIB 
and CGP72488

EIAC enzyme-inducing anti-convulsants
a Wilcoxon Rank-Sum test
b Wilcoxon Signed-Rank test
c Pooled to include both non-EIAC and EIAC

Non-EIAC patients (600 mg/D)
Mean (95% CI)

EIAC patients (1000 mg/D)
Mean (95% CI)

p-value

IMATINIB steady-state plasma concentrations (ng/ml)
 Day 28 2513 (1831, 3195) 1318 (189, 2447) 0.06a

 Day 56 2297 (1323, 3272) 1052 (0, 2317) 0.13a

 Change: Day 28–56 − 199 (− 925, 528)c 0.58b

CGP72488 steady-state plasma concentrations (ng/ml)
 Day 28 676 (477, 875) 593 (215, 972) 0.72a

 Day 56 540 (297, 784) 533 (145, 921) 1.0a

 Change: Day 28–56 − 98 (− 239, 44)c 0.30b
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vary from that which might be observed in a population 
defined by current WHO 2016 criteria, due to inclusion 
of non-1p/19q codeleted patients in the analysis. At the 
time of initiation of N0272, 1p/19q codeletion was not 
required for eligibility. The authors recognize that poten-
tial imbalance for these parameters might have introduced 
bias, which may be pertinent to our observations of longer 
OS in our imatinib-treated patients versus our database 
controls.

Conclusion

In patients with recurrent oligodendroglial tumors, imatinib 
administered in this dose and schedule did not meet our pre-
study threshold (PFS6) for success. Although a significant 
increase in median OS was observed in imatinib-treated 
patients compared with our NCCTG database controls, cave-
ats are warranted given the limitations of historical database 
comparison. We can conclude that systemic administration 
of imatinib as a single agent in this dose and schedule to 
this cohort is unlikely to provide clinically relevant survival 
benefit. However, it is possible that genomic profiling might 
identify patients with upregulation of PDGF-related signal-
ing events or other targets of imatinib, permitting enrichment 
of a population more likely to respond to treatment. Addi-
tionally, there is rationale for studies confirming entry of 
and target engagement by imatinib or other PDGF inhibitors 
in tumor tissue, or include a strategy to overcome limiting 
factors. Finally, given the modest adverse event profile of 
imatinib, there might be rationale for additional study of 
combination therapy (beyond hydroxyurea) in an enriched 
population.
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