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Radiotherapy plus temozolomide or PCV in patients
with anaplastic oligodendroglioma 1p19q codeleted

Alberto Gonzalez-Aguilar, Ignacio Reyes-Moreno, Rosa P. Peiro-Osuna, Alan Hernandez-Hernandez,
Axayacatl Gutiérrez-Aceves, José Santos-Zambrano, Vicente Guerrero-Juarez, Manuel Lopez-Martinez,
Elvira Castro-Martinez

Introduction. Radiotherapy with procarbazine, lomustine, and vincristine (PCV) improves overall survival in patients with
anaplastic oligodendroglioma 1p19q codeleted.

Patients and methods. This retrospective analysis investigated outcomes in patients with anaplastic oligodendroglioma
1p19q codeleted compared two different protocols (radiotherapy plus temozolomide or PCV). The primary end points
were overall survival and progression-free survival. Secondary endpoint was the radiological response.

Results. A total of 48 patients were included. Mean age was 43 years (range: 19-66 years), 26 were male (54.1%).
Twenty-one patients received PCV and 27 temozolomide. The baseline characteristics were not difference between the
groups. The progression-free survival and overall survival in the PCV group were 7.2 and 10.6 years respectively and
temozolomide were 6.1 and 9.2 years, both statistically significant. The radiological response was present in 80.9% in
PCV arm and 70.2% in temozolomide arm there was not statistical differences. The multivariate Cox model showed only
the significant parameters the use of PCV protocol. The toxicity grade 3 or 4 was present in 42.8% in PCV arm and 11.1%
in temozolomide arm.

Conclusions. The most common strategy in the Latin America community is the substitution of the PCV for temozolomide.
This retrospective study showed superior efficacy of PCV than temozolomide. The Latin American community effort must

be made to be able to have the drugs to available for using as a first line of treatment.
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Introduction

Each year, in the United States, 4,500 to 5,000 pa-
tients are newly diagnosed with a grade II or III as-
trocytoma or oligodendroglioma [1,2]. Typically,
patients with low-grade gliomas present between
25 and 45 years of age, whereas patients with ana-
plastic tumors tend to be slightly older. The brain
tumors represent the 2% of all malignant neoplasms.
The anaplastic oligodendroglioma (AO) represent
only about 5% of primary brain tumors, their man-
agement has been the subject of multiple prospec-
tive clinical trials [1,2]. The addition of procarba-
zine, CCNU and vincristine (PCV) chemotherapy,
either before or after RT, has been investigated in
two large phase III randomized trials (RTOG 9402
and EORTC 26951) [3,4]. Both trials recently un-
derwent updated analyses and for the first time it
has been demonstrated in codeleted patients that the
addition of chemotherapy to adjuvant radiotherapy
is associated with an improved overall survival (OS),
thereby establishing the new standard of care for
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these patients [5]. A current conundrum in the neu-
ro-oncology community is whether temozolomide
(TMZ) [6-11] can be substituted for the more toxic
PCV treatment [3,4], and no prospective data are
available to support this strategy. Lomustina or
procarbazine are not available in all Latin America,
as result of this, the most common strategy in the
Latin America community is the substitution of
the PCV for TMZ, although, there is not phase III
study that supports this strategy. The purpose of
this study is to analyze if the TMZ has the same ef-
ficacy of PCV to support the common strategy in
populations where these drugs are not available.

Patients and methods

This is a retrospective study, the inclusion criteria
were: patients aged > 16 years with oligodendro-
glioma grade 3 recently diagnosed, Karnofsky Per-
formance Score (KPS) > 70, patients with histologi-
cal confirmation, patients with the presence of the
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Table I. Chemotherapy regimens.

Temozolomide 75 mg/m? orally, daily including weekends during radiotherapy

TMZ arm

150-200 mg/m?2 orally, days 1-5, 4 weeks for six cycles of maintenance treatment

Lomustine:

110 mg/m?2 orally, day 1

PCV arm

Procarbazine: 60 mg/m2 orally, days 8-21

Vincristine:
for 6 cycles

1.4 mg/m2 intravenously (max. 2 mg), days 8 and 29, every 6-8 weeks
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1p19q codeletion by FISH, patients treated in Na-
tional Institute of Neurology and Neurosurgery and
treated with radiotherapy plus chemotherapy (TMZ
or PCV only) were included.

Fluorescence in situ hybridization (FISH)

Analysis for 1p19q codeletion used for these analy-
ses was performed at Quest diagnostic. We consid-
er as positive codeletion if the mutation is present
in 50% of nuclei or more (Research Committee of
the European Confederation of Neuropathological
Societies criteria) [12].

Neurosurgery and radiological evaluation

Complete resection was considered, such as the re-
moval of the entire macroscopic portion reported
by the neurosurgeon and corroborated by neuroim-
aging. The imaging postoperative was performance
in the first 72 hours. The institutional protocol for
imaging follow-up is to perform MRI every six
months for five years and then once a year. Any
neurological deterioration or changes in the pa-
tient’s clinical condition were indication of new im-
aging study. We use the Radiological Assessment in
Neuro-Oncology (RANO) criteria [11].

Radio and chemotherapy protocol

The institutional treatment is RT given in 1.8 Gy per
fraction (to isocenter), one fraction per day, five days
per week, to a total of 59.4 Gy in 33 fractions. The
chemotherapies protocols are described in table L.

During concurrent radiation TMZ therapy, pa-
tients received prophylaxis against Pneumocystis
jirovecii pneumonia with trimethoprim/sulfame-
thoxazole, three times per week, or alternatively
with either dapsone 50 mg bid (only two protocols
available in our country)

Table II. Baseline characteristic by group at onset and statistical differ-
ences.

TMZ arm PCV arm

(n=27) (n=21) P
Mean age 41years 45.3 years 0.3145
Sex (female/male) 13/14 9/12 0.7962
KPS 80 85 0.1273
Gross total resection 13 (48.1%) 12 (52.3%)
Partial resection 12 (44.4%) 8 (38%) 0.7432
Biopsy 2 (7.4%) 1(4.7%)
Radiological response 19 (70.3%) 17 (80.9%) 0.8319
Progression-free survival 6.1years 7.2 years 0.0132
Overall survival 9.2 years 10.6 years 0.0036
Toxicity 3-4 3 (11.1%) 9 (42.8%) 0.0016

KPS: Karnofsky Performance Score.

Statistics

Frequency tables with counts and percentages were
used to describe pretreatment characteristics, ad-
verse events, and compliance review results. OS and
progression-free survival (PFS) were estimated us-
ing the Kaplan-Meier method. An OS event was de-
fined as death due to any cause. A PFS event was
defined as death due to any cause or radiographic
progression (RANO criteria) [11]. OS and PFS were
estimated from the date of the biopsy. The log-rank
test was used to compare the survival curves of
1p/19q codeleted versus one or neither deleted. The
significant result was p < 0.05. The results were per-
formance in MedCalc statistical software.

Results

From June 2000 to February 2017, 48 patients were
included, mean age was 43 years, 45.8% were wom-
en and 54.2% were men. The KPS was in median 80.
Patients treated with PCV group were 21 patients
and TMZ group were 27 patients. There was no sta-
tistical difference in the baseline characteristics be-
tween the groups (Table II). The PFS in PCV group
was 7.1 years and TMZ group was 6.2 years with
significant differences (p = 0.0132; 95% CI: 0.33-
0.78) (Fig. 1). The OS in PCV group was 10.6 years
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Figure 1. Kaplan Meier curves compared PFS between PCV vs TMZ.

Figure 2. Kaplan Meier curves compared OS between PCV vs TMZ.
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and TMZ group was 9.2 years (p = 0.0036; 95% CI:
0.12-0.56) (Fig. 2). We compared the radiological
response RR (including partial and complete re-
sponse) by group with 80.9% in PCV group vs 70.3%
in TMZ group (p = 0.8319) (Fig. 3). We compared
the toxicity grade 3 or 4 between the groups with a
significant difference in PCV group with 42.8% of
toxicity vs 11.1% in TMZ group (p = 0.0016). The
two principal toxicity were presented, leucopenia
and thrombocytopenia. The patients in PCV group
only 42.8 % completed the protocol, median 5 cy-
cles (range 3-6); in TMZ group the 80.2% complet-
ed the protocol (p < 0.0014). The Cox multivariate
analysis showed only as significant results with the
use of PCV protocol with statistical differences in
both PFS and OS (Table III).

Discussion

A current controversy in the neuro-oncology com-
munity is whether TMZ can be substituted to PCV
because the grade 3 or more toxicity is around 40-
60% with PCV [13-15]. In Latin America are not
available lomustina neither procarbazine as result
of this, the most common conduct in the Latin
America community is the substitution of PCV for
TMZ but there is not phase III study that supports
this change. We analyzed 48 patients, age and sex
are very similar to those already described in the
two largest series performed by EORTC and RTOG,
with the mean age being around 40 years and more
frequent in men. Patients treated with PCV group
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Figure 3. a) Anaplastic oligodendroglioma radiological response after three cycles of PCV; b) Anaplastic
oligodendroglioma radiological response after three cycles of TMZ. Both patients previously received ra-

diotherapy.

were 21 patients and TMZ group were 27 patients.
The PCV was superior in PFS and OS than the
TMZ (Figs. 1 and 2). In the two longest series that
we mentioned above the survival reported in the
patients with the presence of the codeletion 1p19q
were as follows. In study RTOG 9402, the PFS was
not reached (NR) in the radiotherapy arm plus PCV
but with radiation alone was 2.6 years, the OS in
radiotherapy plus PCV, NR and the radiotherapy
arm alone was 6.6 years. In the EORTC 26951 study,
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Table IlI. Cox multivariate analysis.

Progression-free survival Overall survival

p 95% CI HR p 95% C| HR

Gross total resection

0.3232

0.39-1.35 1.6420 0.6815 0.48-1.59 1.8057

PCV treatment

0.0075

0.19-0.77 0.4925 0.0218 0.24-0.89 0.4439

Radiological response

0.0974

0.26-1.1 1.1491 0.9973 0.50-1.95 1.4289

IDH mutation

0.9423

0.45-2.31 0.9813 0.3361 0.29-1.51 1.4060
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the PFS was 13.1 years in patients codeletion and
radiotherapy plus PCV, the OS, the result was: not
reached vs 9.3 years in arm with radiotherapy alone.
The PFES and OS of our study are in accordance to
the previously reported with an important benefit
of adding chemotherapy in codeleted patients [16].
In the case of series of patients codeleted, treated
with TMZ plus radiotherapy compared with radio-
therapy plus PCV were not differences in PFS nei-
ther OS [17]. We evaluated the RR according to
RANO criteria, PCV showed 80.9% CRR vs 70.3%
in TMZ group not differences were found it. The
CRR were similar and probably the difference with
PCV is probably because there is evidence that
the PCV protocol may have a longer chemothera-
peutic effect [18-20].

We compared the toxicity grade 3 or 4 between
the groups finding a significant difference in PCV
than the TMZ group. The two principal’s toxicities
were presented, leucopenia and thrombocytopenia.
This toxicity is similar to reported in different clini-
cal trials. Our study shows that the PCV protocol
presents much more toxicity than the TMZ but
more importantly it improves PFS and OS both sta-
tistically significant. In Latin America using TMZ
instead of PCV is due to the lack of availability of
these drugs but our work shows evidence that PCV
treatment is superior in comparison to TMZ, the
Latin American scientific community should pres-
sure the regulatory agencies to have access to these
chemotherapeutic regimens. We consider that PFS
and OS greater than 1 year is a significant value to
assume the risk of toxicity of the PCV protocol and
to use it. Randomized articles are essential to be
able to answer this discrepancy, each patient will
have to be analyzed individually and probably in
patients with multiple comorbidities the risk ex-
ceeds the benefits to choose PCV as first line thera-
py, but more studies are necessary. The present work

shows superiority of PCV vs TMZ. It presents sev-
eral limitations of being a retrospective study but
also allows us to see that a Latin American commu-
nity effort must be made to be able to have the
drugs to give them as a first line of treatment.
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Radioterapia mds temozolomida o PCV en pacientes con oligodendroglioma anaplasico con codelecion 1p19q

Introduccion. La radioterapia con procarbacina, lomustina y vincristina (PCV) mejora la supervivencia global en pacientes
con oligodendroglioma anapldsico con codelecidn 1p19q, pero no esta disponible en América Latina.

Pacientes y métodos. Andlisis retrospectivo comparando dos protocolos diferentes, radioterapia mds temozolomida o
PCV, en pacientes con oligodendroglioma anaplasico con codelecidn 1p19q. Los objetivos primarios fueron la superviven-
cia global y la supervivencia libre de progresidn, y el objetivo secundario, la respuesta radiolégica.

Resultados. Se incluyd a 48 pacientes, 26 de ellos varones (54,1%), con una edad media de 43 afios (rango: 19-66 afios).
Veintidn pacientes recibieron PCV, y 27, temozolomida. Las caracteristicas iniciales no tuvieron diferencias entre los gru-
pos. La supervivencia libre de progresién y la supervivencia global en el grupo con PCV fueron de 7,2 y 10,6 afios, y en el
grupo de temozolomida, de 6,1y 9,2 afios, respectivamente, unos resultados estadisticamente significativos. Hubo res-
puesta radioldgica en el 80,9% en el brazo de PCV y el 70,2% en el brazo de temozolomida. El analisis multivariado de
Cox mostré como Unico parametro significativo el uso del protocolo PCV. El grado de toxicidad 3-4 estuvo presente en el
42,8% en el brazo de PCV y en el 11,1% en el brazo de temozolomida.

Conclusiones. La estrategia mas comun en América Latina es |a sustitucion de PCV por temozolomida. Este estudio retrospec-
tivo mostré una eficacia superior de PCV que de la temozolomida. La diferencia obliga a la comunidad latinoamericana a
hacer un esfuerzo colectivo para poder tener acceso a los medicamentos para su uso como primera linea de tratamiento.

Palabras clave. Codelecién 1p19q. Oligodendroglioma. PCV. Temozolomida.
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