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Anaplastic oligodendrogliomas (AOs) are rare brain tumors responsive to chemotherapy 
with procarbazine, lomustine (CCNU) and vincristine (PCV), especially when harboring 
1p19q codeletion. However, with the emergence of temozolomide as an easier to 
administer and less toxic alternative regimen, PCV fell out of favor. Now, long-term results 
of two Phase III studies conceived in the 1990s, Radiation Therapy Oncology Group (RTOG) 
9402 and European Organisation for Research and Treatment of Cancer (EORTC) 26951, 
resurrected debate about the potential role of PCV. No adequately powered prospective 
trial has compared chemotherapy alone with PCV versus temozolomide for newly diagnosed 
1p19q codeleted AOs. Available data suggest responses may be both more frequent and 
more durable with PCV, and survival may be longer. Which regimen is ‘better’, therefore, 
depends on the importance of different metrics (i.e., toxicity, complexity, efficacy), and await 
definitive results from the important ongoing and recently redesigned CODEL international 
Phase III trial.

Practice points

●● 	Anaplastic oligodendroglial tumors (oligodendrogliomas and oligoastrocytomas) are rare primary brain tumors. 
However, they are more responsive to treatment with radiotherapy and chemotherapy than other brain tumor 
subtypes.

●● 	Codeletion of chromosomes 1p and 19q is both a favorable prognostic factor regardless of treatment, and predicts 
benefit from DNA alkylator chemotherapy.

●● 	Radiotherapy and chemotherapy with the combination of procarbazine, lomustine (CCNU) and vincristine (PCV) leads 
to longer survival than radiotherapy alone for patients with 1p19q codeleted tumors.

●● 	No preplanned, powered, randomized study has been conducted comparing PCV versus temozolomide alone for 
newly diagnosed 1p19q codeleted anaplastic oligodendroglial tumors.

●● 	It remains unclear which regimen is ‘better’, PCV or temozolomide, for newly diagnosed 1p19q codeleted anaplastic 
oligodendroglial tumors.

●● 	Definitive results await completion of the important and recently redesigned CODEL international Phase III clinical 
trial. However, that is unlikely to occur for several years if not a decade or more.

●● 	Available data demonstrate with fair clarity that temozolomide is less toxic, easier to prescribe and less complicated 
for the patient.

●● 	Responses may be more frequent and more durable, and survival may be longer with PCV than with temozolomide.

●● 	Nonetheless, it may be that some patients (and practitioners) would want to use temozolomide even if efficacy is 
inferior, depending on the magnitude of survival and response rate differences.

●● 	New discoveries into the molecular biology of gliomas will hopefully lead to newer and ‘better’ therapies.
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Anaplastic oligodendrogliomas (AOs) are rare 
primary brain tumors  [1]. In 1988 it was first 
reported that recurrent, AOs that progressed 
despite radiotherapy respond well to alkylator 
chemotherapy [2]. At that time, the most com-
monly prescribed regimen of chemotherapy was 
PCV, the combination of procarbazine, lomus-
tine (CCNU) and vincristine  [3]. However, 
since then, temozolomide (TMZ) emerged as 
an alternative to PCV. Following publication of 
favorable results in recurrent anaplastic astro-
cytic gliomas in the late 1990s [4], TMZ became 
part of the standard of care for newly diagnosed 
glioblastoma in 2005 [5]. In the ensuing years, 
TMZ replaced PCV as the chemotherapy regi-
men of choice for all gliomas, including newly 
diagnosed AOs [6].

However, surprisingly favorable long-term 
results of two Phase III studies, Radiation 
Therapy Oncology Group (RTOG) trial 9402 
and European Organisation for Research and 
Treatment of Cancer (EORTC) trial 26951, first 
conceived in the early 1990s but not published 
in mature form until 2013 [7,8], have now resur-
rected debate about the potential role of PCV in 
treatment of newly diagnosed AOs.

Which is ‘better’?
The evaluation depends on how ‘better’ is 
defined. Merriam-Webster’s online dictionary 
defines ‘better’ first as ‘higher in quality’  [9], 
which does not clarify the issue. Certainly if 
one regimen were less toxic, simpler, induced 
responses more frequently, and improved survival 
versus the other, then it would be easy to define 
one as ‘better’. The analysis, unfortunately, is 
more complex.

Toxicity
There is general agreement that PCV is more 
toxic than TMZ. For example, among 24 patients 
who received an intensified PCV regimen in a 
Phase II study published in 1994 by the National 
Cancer Institute of Canada, toxicities were both 
frequent and harsh. These included the loss of 
more then 5% of body weight in approximately 
one-half of patients, debilitating fatigue in 
approximately a third and neuropathy in the 
majority, including paralytic ileus in 8% [10].

More recent studies also demonstrated that 
PCV is a toxic regimen. For example, in pro-
spective Phase III studies, up to 38% of patients 
were required to discontinue PCV (either stand-
ard  [11,12] or intensified  [13] dosing) because of 

toxicity  [11–13] versus up to 8% for TMZ  [5,11], 
and up to 9% refused to continue  [12,13] ver-
sus 4% for TMZ (Table 1) [5]. Moreover, severe 
toxicities were more frequent with PCV [11–13], 
including fatalities [13]. Finally, dose reductions 
were necessary more frequently and dose inter-
ruptions were both more frequent and longer 
with PCV than TMZ [11].

Complexity
In addition to the more frequent and more 
severe toxicities associated with PCV in com-
parison to TMZ, PCV is also more difficult 
to administer. The regimen is complex – three 
agents administered over a period of 6  [10,13] 
to 8 [2,3,12] weeks depending on the intensity. 
For example, a typical regimen of PCV con-
sists of CCNU at 110 mg/m2 on day 1 fol-
lowed by procarbazine at 60 mg/m2/day on 
days 8–21, all oral and at home. Patients with 
brain tumors often have cognitive impair-
ments, which can contribute to treatment 
noncompliance. Complicating matters fur-
ther, procarbazine is available only in flat 
doses of 50 mg per tablet, forcing the total 
dose to be rounded off and then divided over 
the 14 days of administration. By the time 
day 29 is reached, myelosuppresion may pre-
clude intravenous vincristine (administered at 
1.3 mg/m2 with a 2 mg cap on days 8 and 29). 
In brief, this is a more difficult regimen for the 
patient to take, and also a complicated one to 
prescribe. When intensified with higher doses 
and shorter cycle length, the complexities and 
risks become more substantial.

By contrast, TMZ is relatively simple. At a 
typical dose of 150–200 mg/m2 for days 1–5 
of 28 [5], the flat dose is typically 250–400 mg. 
This is easily calculated from available capsule 
sizes. While a calendar is typically important 
in prescribing PCV, it is often unnecessary in 
prescribing TMZ.

These differences in toxicity and treatment 
logistics led to abandonment of PCV in the field 
until recently. For example, analysis of treatment 
patterns over time from a large (1013) retrospec-
tive series of patients with anaplastic oligoden-
droglial tumors revealed that since 2005, 3% of 
patients prescribed chemotherapy received PCV 
versus 97% who received TMZ [6]. This almost 
certainly resulted from the perception that the 
regimens were equi-efficacious, or at least that 
any superior of PCV in efficacy did not justify 
the increased toxicity and/or complexity.
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Figure 1.  Schema for clinical trials RTOG 
0131 (single-arm Phase II study), RTOG 9402, 
and EORTC 26951. The number (n) of patients 
with 1p19q co-deleted tumors treated with 
chemotherapy (TMZ or PCV) is indicated. 
AO: Anaplastic oligodendrolglioma; 
AOA: Anaplastic oligoastrocytoma; 
iPCV: Intensive PCV; RT: Radiotherapy; 
TMZ: Temozolomide.
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Efficacy
Going back in time, RTOG 9402 and EORTC 
26951 were conceived in the early 1990s when 
PCV was the standard, and arguably the only, 
chemotherapy regimen available. They were 
both designed to determine whether the addi-
tion of chemotherapy with PCV to radiotherapy 
improved survival relative to radiotherapy alone 
for newly diagnosed AO or anaplastic oligoas-
trocytoma (AOA) (Figure 1). They were simul-
taneously reported in 2006 as demonstrating 
no survival benefit from the addition of PCV 
to radiotherapy [12,13]. This reinforced the view, 
already prominent, that PCV was a toxic regi-
men that was no more effective than TMZ, 
despite an absence of any comparative data. 

Shortly thereafter, NOA-04, a Phase III trial 
by the Neuro-Oncology Working Group of the 
German Cancer Society, also supported that 
conclusion [11]. NO-04 randomized patients with 
newly diagnosed anaplastic gliomas (including 
AOs, AOAs and anaplastic astrocytomas that are 
generally considered more chemotherapy resist-
ant) to receive either RT followed by chemo-
therapy or vice versa, and the chemotherapy 
was further randomized to PCV or TMZ. On 
first glance, the results suggested TMZ was 
not only less toxic than PCV but was also not 
associated with an inferior progression-free or 
overall survival [11]. However, when evaluating 
the results in more detail, it was underpowered 
for such a conclusion. For example, there were 
only 33 patients with 1p19q codeleted anaplas-
tic gliomas treated with primary chemotherapy 
for whom the comparison is most clear [14,15]. In 
addition, the results overall were immature with 
only 43% reaching the primary end point of time 

to progression after radiotherapy + chemother-
apy [15]. More time is required to allow the results 
to mature, as in studies of other grade II and III 
gliomas that require long follow-up periods [16].

RTOG 9402 and EORTC 26951 were also, in 
retrospect, reported prematurely in 2006. [12,13] In 
2013, long-term results were published (median 
follow-up of over 11 years). In addition, since their 
launch in 1994, it became clear that most histologi-
cally typical oligodendrogliomas were observed to 
harbor chromosome 1p and 19q codeletion [17], and 

Table 1. Toxicities from PCV and temozolomide causing treatment cessations in Phase III studies 
of newly diagnosed anaplastic gliomas or glioblastoma.

 Result  Procarbazine, iomustine and vincristine  Temozolomide

Discontinued treatment     

Toxicity (%) 9–38 [11–13] 0–8 [5,11]
Refusal (%) 5–9 [12,13] 4 [5]

Toxicity     

Grade 3–4 (%) 20–56 [11–13] 4–14 [5,11]
Grade 5 (death) 2 (of 148) [13] 0 [5,11]

Treatment modifications    

Dose reductions 16 [11] 6 [11]

Interruptions    

Frequency (%) 18 [11] 6 [11]
Duration (median, days) 14 [11] 10 [11]
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codeletion appeared to predict response in small pro-
spective or retrospective series [18,19]. The favorable 
prognostic value of 1p19q deletion was confirmed 
by the initial report of RTOG 9402 and EORTC 
26951 [12,13]. When mature results were analyzed, 
both surprisingly demonstrated that codeletetion 
also predicted benefit from PCV [7,8]. Most impres-
sively, survival was doubled among patients with 
AOs harboring deletion of chromosomes 1p and 19q 
treated with PCV and radiotherapy in comparison 
to radiotherapy alone [7,8]. In RTOG 9402, median 
survival among 1p19q codeleted cases treated with 
(intensive) PCV and radiotherapy was 14.7 years 
versus 7.3 years among those treated with radio-
therapy alone (n = 59 vs 67; hazard ratio (HR): 
0.59; 95% CI: 0.37–0.95; p = 0.03) [7]. In EORTC 
26951, median survival was not reached versus 9.3 
years (n = 43 vs 37, hazard ratio (HR): 0.56–1.03; 
95% CI: 0.31–1.03; p = 0.0594) [8].

Neither RTOG 9402 nor EORTC 26951 
compared PCV against TMZ. They also did 
not treat patients with chemotherapy alone. 
However, the surprising final results, and the 
magnitude of the survival benefit observed, led 
to a renewed interest in PCV. It also forced a 
redesign of the international CODEL trial, 
initially entitled ‘Phase III Intergroup Study 
of Radiotherapy Versus Temozolomide Alone 
Versus Radiotherapy With Concomitant and 
Adjuvant Temozolomide for Patients With 
1p/19q Codeleted Anaplastic Glioma’, led the 
North Central Cancer Treatment Group (now 
the ALLIANCE). CODEL now includes an arm 
containing PCV and radiotherapy in light of the 
results of RTOG and EORTC.

To date, no level 1 evidence exists compar-
ing PCV against TMZ for newly diagnosed 
1p19q codeleted AOs. RTOG 0131 was a sin-
gle arm Phase II trial in which patients with 

AOs or anaplastic oligoastrocytomas were 
treated with an intensified regimen of TMZ 
and those with less than a complete response 
then received radiotherapy (Figure 1). Results 
were favorable (Table 2), with 0% of patients 
with codeleted tumors suffering progression 
during chemotherapy versus 10–15% progress-
ing during pre-radiotherapy intensive-PCV in 
RTOG 9402  [13,20,21,13] (Gregory J Cairncross, 
personal communication). Perhaps most intrigu-
ing, long-term follow-up demonstrated that the 
6 years overall survival rate was 82% in RTOG 
0131  [21], which compared favorably against 
RTOG 9402 (67%; p = 0.07) [21] and 69% in 
EORTC 26951 (Martin van den Bent, personal 
communication). However, RTOG 0131 was a 
single-arm study, it was not designed as a com-
parator against PCV, and such analysis neither 
preplanned nor was it nor appropriately pow-
ered, enrolling only 40 eligible patients among 
whom 23 harbored 1p19q codeleted tumors. 
Nonetheless, these results of this small study 
generate the hypothesis that TMZ may not 
be inferior to PCV, and CODEL will test that 
hypothesis formally (with radiotherapy).

Other studies have reported response rates to 
PCV that appear higher than for TMZ (Table 3) 
among chemotherapy-naive patients treated for 
progressive disease  [10,18,22–25] and newly diag-
nosed patients treated with chemotherapy 
alone [20,26–28]. However, these studies used dif-
ferent response criteria, included heterogeneous 
histologies, and were not consistently reported 
according to predictive or prognostic biomarkers 
such as 1p19q deletion. Restricting the analysis 
to studies reporting by 1p19q deletion status, 
response rates are also higher for PCV (Table 4). 
While intriguing, any such comparisons must 
be interpreted with substantial caution given the 

Table 2. Efficacy results from trials RTOG 0131, RTOG 9402 and EORTC 26951.

1p19q codeleted population RTOG 9402/EORTC 26951 procarbazine, 
iomustine and vincristine (+ radiotherapy)

RTOG 0131 temozolomide  
(+ radiotherapy)

3-year progression-free survival rate (%)  70–80 [12,13,20] 77 [20,21]
Progressive disease during chemotherapy (%) 10–15 [13] 0 [21]
6-year overall survival rate (%) 67–69 [7,8,12,13,21] 82 [21]

Table 3. Radiographic response rates to procarbazine, lomustine and vincristine or temozolomide.

  Response rate (%)

  Procarbazine, iomustine and vincristine Temozolomide

Recurrent anaplastic oligodendrogliomas, chemotherapy naive 63 [22] 53 [26]
Newly diagnosed anaplastic oligodendrogliomas  63–79 [10,23,24,10] 9–75 [20,27,28,20]
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small cohort sizes (n = 7–22, Table 4), and mixed 
reporting methods.

Nonetheless, it is of interest that responses 
to PCV appear not only more frequent but 
also more durable. For example, several stud-
ies (not exclusively AO) demonstrated that 
responses to PCV continued after the regimen 
was stopped  [31–33]. Peyre  et al. reported that 
tumor size did not reach nadir until an average 
of 2.7 years after PCV was discontinued [31–33]. 
By contrast, tumor growth appeared to resume 
immediately upon cessation of TMZ [34].

Perhaps the most important efficacy measure is 
survival. An international multicenter retrospec-
tive study also demonstrated that progression-free 
survival was more than twice is long following 
PCV (any iteration) than TMZ alone in 1p19q 
codeleted tumors (7.2 vs 3.2 years, n = 21 vs 68; 
p = 0.0186) [14]. Survival was also longer (10.5 vs 
7.6 years) although immaturity of results (median 
of 7 years among surviving patients treated with 
PCV, 3.6 years for TMZ) contributed to a lack 
of statistical significance (p = 0.16).

Therefore, all of the available data is imper-
fect, and cross-comparisons are fraught with dif-
ficulty because of differences in response criteria, 
histopathologic diagnostic criteria, and other 
factors over time. Nonetheless, available data 

suggest PCV efficacy may, in fact, be ‘better’ 
than that of TMZ.

Thus, beauty is in the eye of the beholder 
when weighing the importance of toxicity, com-
plexity and efficacy, and taking into account the 
levels of evidence for the available comparative 
data of PCV versus TMZ. However, that these 
regimens remain in common use despite dec-
ades of research, is not beautiful by any meas-
ure; rather it gives the field a black eye [35]. New 
discoveries in the molecular biology of brain 
tumors will hopefully lead to ‘better’ therapies.
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Table 4. Radiographic response rates to procarbazine, lomustine and vincristine or 
temozolomide for 1p19q codeleted anaplastic oligodendroglial tumors.

Procarbazine, iomustine and vincristine Temozolomide

93%–100% (n = 14–22) [18,25] 35–82% (n = 7–19) [20,27,29,30]
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