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•  Treatment options for Anaplastic 
Oligodendroglial tumors 

 
•  Perspectives on treatment for elderly 

patients with Glioblastoma (GBM) 

Updates and learnings in CNS malignancies 



•  Anaplastic oligodendrogliomas and anaplastic 
oligoastrocytomas account for up to 25% of all 
newly diagnosed malignant gliomas 

 
•  Standard treatment is surgical resection 

followed by radiotherapy (RT) 
 
•  Median survival time ranges from 3 to 5 years 
 
•  1p/19q codeletion represents a strong and 

independent favourable prognostic factor  

 

Anaplastic Oligodendroglioma 



Evidence that anaplastic oligodendrogliomas 
were sensitive to PCV chemotherapy 
prompted 2 studies:  
     

   - RTOG 9402 trial in 1994 
      PCV + RT 59.4 Gy vs RT 59.4 Gy 

 
       - EORTC 26951 trial in 1995 

      RT 59.4 Gy + PCV vs RT 59.4 Gy 
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RTOG 9402: trial design 
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4 cycles of PCV 
CCNU (lomustine) 130 mg/m2 d 1  
Procarbazine 75 mg/m2 d 8-21  
Vincristine 1.4 mg/m2 d 8 + 29 
                              

                              +  
 

RT 59.4 Gy (1.8 Gy x 33) 

RT 59.4 Gy (1.8 Gy x 33) 

n = 147 

Cairncross G et al. JCO 2006 



RTOG 9402: patient characteristics 

- 291 pts enrolled  
  (1994 – 2002) 
 
- Newly diagnosed 
  anaplastic oligodendroglial 
  tumors 
 
- Age: ≥ 18 years 

Treatment at Progression
Different treatments were prescribed at progression, including

surgery, reirradiation, PCV, temozolomide, and investigational ther-
apies. Surgery rates were similar between the treatment arms, 43%
after PCV plus RT versus 56% after RT. However, rates of use of
salvage chemotherapy were different: 41% after PCV plus RT versus
79% after RT (P ! .001). In the codeleted subset, reoperative rates
were again similar, 43% after PCV plus RT versus 54% after RT, but
rates of chemotherapy were different, 57% after PCV plus RT versus
81% after RT (P " .04). Despite more intense therapy at progression,
1p/19q codeleted cases had inferior survival after RT alone.

Table 1. Clinical and Molecular Characteristics

Characteristic

PCV/RT
(n " 148) RT (n " 143)

No. % No. %

Age, years
Median 43 43
Range 18-75 19-76

Age, years!

! 50 102 69 99 69
! 50 46 31 44 31

Sex
Male 90 61 84 59
Female 58 39 59 41

Neurologic function
No symptoms 47 32 47 33
Minor symptoms 73 49 69 48
Moderate (active) 17 12 12 8
Moderate (inactive) 11 7 14 10
Unknown 0 0 1 1

KPS!

60-70 15 10 15 10
80-100 133 90 128 90

Surgery
Total resection 40 27 53 37
Partial procedure 85 57 75 52
Biopsy only 21 14 14 10
No details 2 1 1 1

Tumor type
AO 77 52 73 51
AOA (oligodendroglioma dominant) 28 19 37 26
AOA (neither element dominant) 24 16 15 11
AOA (astrocytoma dominant) 19 13 18 13

Tumor grade!

Moderately anaplastic 80 54 81 57
Highly anaplastic 68 46 62 43

Multifocal tumor
Yes 15 10 10 7
No 132 89 131 92
Unknown 1 1 2 1

Corticosteroids at baseline
Yes 92 62 79 55
No 56 38 64 45

Chromosome 1p†
Known 134 128
1p deleted 66 49 76 59
1p intact 68 51 52 41
Unknown 14 15

Chromosome 19q†
Known 135 129
19q deleted 85 63 82 64
19q intact 50 37 47 36
Unknown 13 14

Chromosomes 1p & 19q†
Known 135 128
Both deleted 59 44 67 52
One or neither deleted 76 56 61 48
Unknown 13 15

Abbreviations: AO, anaplastic oligodendroglioma; AOA, anaplastic oligoastro-
cytoma; KPS, Karnofsky performance status; PCV, procarbazine, lomustine,
and vincristine; RT, radiotherapy.

!Stratification factors at randomization.
†No. and % of known.
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P = .1
HR, 0.79 (95% CI, 0.60 to 1.04)
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No. at risk
PCV + RT 148 103 75 61 50 42 26
RT 143 104 77 57 36 20 16

 Dead Total
PCV + RT   96 148
RT 113 143

Fig 2. Kaplan-Meier estimates of overall survival by treatment group. The hazard
ratio (HR) for survival of patients treated with procarbazine, lomustine, and
vincristine (PCV) plus radiotherapy (RT) compared with RT alone was 0.79 (95%
CI, 0.60 to 1.04; P " .1).
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No. at risk
1p/19q codeleted 59 53 43 37 32 27 18
One or neither 76 41 28 22 17 14 7

P < .001
HR, 0.36 (95% CI, 0.23 to 0.57)

 Dead Total
1p/19q codeleted 28 59
One or neither 58 76

Fig 3. Kaplan-Meier estimates of overall survival by genotype for procarbazine,
lomustine, and vincristine plus radiotherapy arm. The hazard ratio (HR) for overall
survival of patients with 1p/19q codeleted anaplastic oligodendroglioma (AO)/
anaplastic oligoastrocytoma (AOA) compared with those with AO/AOA in whom
one or neither allele was deleted was 0.36 (95% CI, 0.23 to 0.57; P ! .001).

Cairncross et al
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RTOG 9402: first report in 2006 

•  Progression free survival (PFS), but not 
overall survival (OS), was prolonged by 
adding PCV to RT 

 
•  1p/19q codeletion was associated with 

longer OS independent of treatment 
 
•  The addition of PCV to RT was associated 

with significant toxicity 
Cairncross G et al. JCO 2006 

(median follow - up: 60 months)  



RTOG 9402: long-term results in 2012 
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A B S T R A C T

Purpose
Anaplastic oligodendrogliomas, pure (AO) and mixed (anaplastic oligoastrocytoma [AOA]), are
chemosensitive, especially if codeleted for 1p/19q, but whether patients live longer after
chemoradiotherapy is unknown.

Patients and Methods
Eligible patients with AO/AOA were randomly assigned to procarbazine, lomustine, and vincristine
(PCV) plus radiotherapy (RT) versus RT alone. The primary end point was overall survival (OS).

Results
Two hundred ninety-one eligible patients were randomly assigned: 148 to PCV plus RT and 143 to
RT. For the entire cohort, there was no difference in median survival by treatment (4.6 years for
PCV plus RT v 4.7 years for RT; hazard ratio [HR] ! 0.79; 95% CI, 0.60 to 1.04; P ! .1). Patients
with codeleted tumors lived longer than those with noncodeleted tumors (PCV plus RT: 14.7 v 2.6
years, HR ! 0.36, 95% CI, 0.23 to 0.57, P " .001; RT: 7.3 v 2.7 years, HR ! 0.40, 95% CI, 0.27
to 0.60, P " .001), and the median survival of those with codeleted tumors treated with PCV plus
RT was twice that of patients receiving RT (14.7 v 7.3 years; HR ! 0.59; 95% CI, 0.37 to 0.95;
P ! .03). For those with noncodeleted tumors, there was no difference in median survival by
treatment arm (2.6 v 2.7 years; HR ! 0.85; 95% CI, 0.58 to 1.23; P ! .39). In Cox models that
included codeletion status, the adjusted OS for all patients was prolonged by PCV plus RT
(HR ! 0.67; 95% CI, 0.50 to 0.91; P ! .01).

Conclusion
For the subset of patients with 1p/19q codeleted AO/AOA, PCV plus RT may be an especially
effective treatment, although this observation was derived from an unplanned analysis.

J Clin Oncol 30. © 2012 by American Society of Clinical Oncology

INTRODUCTION

Anaplastic oligodendroglioma (AO) is an uncom-
mon brain cancer with distinctive histopathology;
when copopulated with neoplastic astrocytes, a
diagnosis of anaplastic oligoastrocytoma (AOA)
is rendered.1 In addition to microscopic similarities,
AO/AOA have a common molecular ancestry:
Both harbor mutations of isocitrate dehydroge-
nase (IDH) and display the hypermethylation
phenotype,2-4 which in AO is accompanied by fre-
quent whole-arm losses of chromosomes 1p and
19q and mutations CIC, and in AOA, by mutations
of TP53.5-8 Standard treatment for AO/AOA is sur-
gical resection followed by radiotherapy (RT).9 With
treatment, survival times are much longer for AO/
AOA than for glioblastoma (GBM), a related can-

cer.9 Another distinction between AO/AOA and
GBM is the role of chemotherapy in their initial
management. For GBM, there is strong evidence of
benefit from temozolomide chemotherapy given
during and after RT.10 Currently, there is no such
evidence for AO/AOA despite the widespread use of
chemotherapy to treat these cancers.

Interest in chemotherapy for AO/AOA sur-
faced 25 years ago when responses to procarba-
zine, lomustine, and vincristine (PCV) were
reported in small series of patients with recurrent
tumors,11,12 which subsequently were confirmed
in prospective trials13,14 and when reports describ-
ing the feasibility of pre-RT PCV surfaced.15,16 These
findings led to randomized trials designed to clarify
the role of PCV chemotherapy in AO/AOA. In this
study by the Radiation Therapy Oncology Group
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Purpose
Anaplastic oligodendrogliomas, pure (AO) and mixed (anaplastic oligoastrocytoma [AOA]), are
chemosensitive, especially if codeleted for 1p/19q, but whether patients live longer after
chemoradiotherapy is unknown.

Patients and Methods
Eligible patients with AO/AOA were randomly assigned to procarbazine, lomustine, and vincristine
(PCV) plus radiotherapy (RT) versus RT alone. The primary end point was overall survival (OS).

Results
Two hundred ninety-one eligible patients were randomly assigned: 148 to PCV plus RT and 143 to
RT. For the entire cohort, there was no difference in median survival by treatment (4.6 years for
PCV plus RT v 4.7 years for RT; hazard ratio [HR] ! 0.79; 95% CI, 0.60 to 1.04; P ! .1). Patients
with codeleted tumors lived longer than those with noncodeleted tumors (PCV plus RT: 14.7 v 2.6
years, HR ! 0.36, 95% CI, 0.23 to 0.57, P " .001; RT: 7.3 v 2.7 years, HR ! 0.40, 95% CI, 0.27
to 0.60, P " .001), and the median survival of those with codeleted tumors treated with PCV plus
RT was twice that of patients receiving RT (14.7 v 7.3 years; HR ! 0.59; 95% CI, 0.37 to 0.95;
P ! .03). For those with noncodeleted tumors, there was no difference in median survival by
treatment arm (2.6 v 2.7 years; HR ! 0.85; 95% CI, 0.58 to 1.23; P ! .39). In Cox models that
included codeletion status, the adjusted OS for all patients was prolonged by PCV plus RT
(HR ! 0.67; 95% CI, 0.50 to 0.91; P ! .01).

Conclusion
For the subset of patients with 1p/19q codeleted AO/AOA, PCV plus RT may be an especially
effective treatment, although this observation was derived from an unplanned analysis.
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diagnosis of anaplastic oligoastrocytoma (AOA)
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management. For GBM, there is strong evidence of
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during and after RT.10 Currently, there is no such
evidence for AO/AOA despite the widespread use of
chemotherapy to treat these cancers.

Interest in chemotherapy for AO/AOA sur-
faced 25 years ago when responses to procarba-
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reported in small series of patients with recurrent
tumors,11,12 which subsequently were confirmed
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Purpose
Anaplastic oligodendrogliomas, pure (AO) and mixed (anaplastic oligoastrocytoma [AOA]), are
chemosensitive, especially if codeleted for 1p/19q, but whether patients live longer after
chemoradiotherapy is unknown.

Patients and Methods
Eligible patients with AO/AOA were randomly assigned to procarbazine, lomustine, and vincristine
(PCV) plus radiotherapy (RT) versus RT alone. The primary end point was overall survival (OS).

Results
Two hundred ninety-one eligible patients were randomly assigned: 148 to PCV plus RT and 143 to
RT. For the entire cohort, there was no difference in median survival by treatment (4.6 years for
PCV plus RT v 4.7 years for RT; hazard ratio [HR] ! 0.79; 95% CI, 0.60 to 1.04; P ! .1). Patients
with codeleted tumors lived longer than those with noncodeleted tumors (PCV plus RT: 14.7 v 2.6
years, HR ! 0.36, 95% CI, 0.23 to 0.57, P " .001; RT: 7.3 v 2.7 years, HR ! 0.40, 95% CI, 0.27
to 0.60, P " .001), and the median survival of those with codeleted tumors treated with PCV plus
RT was twice that of patients receiving RT (14.7 v 7.3 years; HR ! 0.59; 95% CI, 0.37 to 0.95;
P ! .03). For those with noncodeleted tumors, there was no difference in median survival by
treatment arm (2.6 v 2.7 years; HR ! 0.85; 95% CI, 0.58 to 1.23; P ! .39). In Cox models that
included codeletion status, the adjusted OS for all patients was prolonged by PCV plus RT
(HR ! 0.67; 95% CI, 0.50 to 0.91; P ! .01).

Conclusion
For the subset of patients with 1p/19q codeleted AO/AOA, PCV plus RT may be an especially
effective treatment, although this observation was derived from an unplanned analysis.
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Anaplastic oligodendroglioma (AO) is an uncom-
mon brain cancer with distinctive histopathology;
when copopulated with neoplastic astrocytes, a
diagnosis of anaplastic oligoastrocytoma (AOA)
is rendered.1 In addition to microscopic similarities,
AO/AOA have a common molecular ancestry:
Both harbor mutations of isocitrate dehydroge-
nase (IDH) and display the hypermethylation
phenotype,2-4 which in AO is accompanied by fre-
quent whole-arm losses of chromosomes 1p and
19q and mutations CIC, and in AOA, by mutations
of TP53.5-8 Standard treatment for AO/AOA is sur-
gical resection followed by radiotherapy (RT).9 With
treatment, survival times are much longer for AO/
AOA than for glioblastoma (GBM), a related can-

cer.9 Another distinction between AO/AOA and
GBM is the role of chemotherapy in their initial
management. For GBM, there is strong evidence of
benefit from temozolomide chemotherapy given
during and after RT.10 Currently, there is no such
evidence for AO/AOA despite the widespread use of
chemotherapy to treat these cancers.

Interest in chemotherapy for AO/AOA sur-
faced 25 years ago when responses to procarba-
zine, lomustine, and vincristine (PCV) were
reported in small series of patients with recurrent
tumors,11,12 which subsequently were confirmed
in prospective trials13,14 and when reports describ-
ing the feasibility of pre-RT PCV surfaced.15,16 These
findings led to randomized trials designed to clarify
the role of PCV chemotherapy in AO/AOA. In this
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RTOG 9402: OS and PFS 

Cairncross G et al. JCO 2012 

Median FU: 11.3 years 

4.6	  years	  

	  
4.7	  years	  

Treatment at Progression
Different treatments were prescribed at progression, including

surgery, reirradiation, PCV, temozolomide, and investigational ther-
apies. Surgery rates were similar between the treatment arms, 43%
after PCV plus RT versus 56% after RT. However, rates of use of
salvage chemotherapy were different: 41% after PCV plus RT versus
79% after RT (P ! .001). In the codeleted subset, reoperative rates
were again similar, 43% after PCV plus RT versus 54% after RT, but
rates of chemotherapy were different, 57% after PCV plus RT versus
81% after RT (P " .04). Despite more intense therapy at progression,
1p/19q codeleted cases had inferior survival after RT alone.

Table 1. Clinical and Molecular Characteristics

Characteristic

PCV/RT
(n " 148) RT (n " 143)

No. % No. %

Age, years
Median 43 43
Range 18-75 19-76

Age, years!

! 50 102 69 99 69
! 50 46 31 44 31

Sex
Male 90 61 84 59
Female 58 39 59 41

Neurologic function
No symptoms 47 32 47 33
Minor symptoms 73 49 69 48
Moderate (active) 17 12 12 8
Moderate (inactive) 11 7 14 10
Unknown 0 0 1 1

KPS!

60-70 15 10 15 10
80-100 133 90 128 90

Surgery
Total resection 40 27 53 37
Partial procedure 85 57 75 52
Biopsy only 21 14 14 10
No details 2 1 1 1

Tumor type
AO 77 52 73 51
AOA (oligodendroglioma dominant) 28 19 37 26
AOA (neither element dominant) 24 16 15 11
AOA (astrocytoma dominant) 19 13 18 13

Tumor grade!

Moderately anaplastic 80 54 81 57
Highly anaplastic 68 46 62 43

Multifocal tumor
Yes 15 10 10 7
No 132 89 131 92
Unknown 1 1 2 1

Corticosteroids at baseline
Yes 92 62 79 55
No 56 38 64 45

Chromosome 1p†
Known 134 128
1p deleted 66 49 76 59
1p intact 68 51 52 41
Unknown 14 15

Chromosome 19q†
Known 135 129
19q deleted 85 63 82 64
19q intact 50 37 47 36
Unknown 13 14

Chromosomes 1p & 19q†
Known 135 128
Both deleted 59 44 67 52
One or neither deleted 76 56 61 48
Unknown 13 15

Abbreviations: AO, anaplastic oligodendroglioma; AOA, anaplastic oligoastro-
cytoma; KPS, Karnofsky performance status; PCV, procarbazine, lomustine,
and vincristine; RT, radiotherapy.

!Stratification factors at randomization.
†No. and % of known.
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Fig 2. Kaplan-Meier estimates of overall survival by treatment group. The hazard
ratio (HR) for survival of patients treated with procarbazine, lomustine, and
vincristine (PCV) plus radiotherapy (RT) compared with RT alone was 0.79 (95%
CI, 0.60 to 1.04; P " .1).
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 Dead Total
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One or neither 58 76

Fig 3. Kaplan-Meier estimates of overall survival by genotype for procarbazine,
lomustine, and vincristine plus radiotherapy arm. The hazard ratio (HR) for overall
survival of patients with 1p/19q codeleted anaplastic oligodendroglioma (AO)/
anaplastic oligoastrocytoma (AOA) compared with those with AO/AOA in whom
one or neither allele was deleted was 0.36 (95% CI, 0.23 to 0.57; P ! .001).
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Wayne State University, Detroit, MI (Lisa Rogers, MD). Southwest Oncology Group (SWOG): Cleveland Clinic Foundation, Cleveland,
OH (Thomas Budd, MD); Community Clinical Oncology Programs–Columbus, Columbus, OH (Philip Kuebler, MD, PHD), Montana,
Billings, MT (Patrick Cobb, MD), St Louis, St Louis, MO (Bethany Sleckman, MD), Northwest, Puget Sound, WA (Dustan Osborne, MD)
and Wichita, Wichita, KA (Dennis Moore, MD); Henry Ford Hospital, Detroit, MI (Robert Chapman, MD); Loyola University, Chicago,
IL (George Kovach, MD); Ohio State University, Columbus, OH (Paul Manuszak, MD); Providence Hospital, Southfield, MI (Howard
Terebelo, MD); Puget Sound Oncology Consortium, Puget Sound, WA (Alex Spence, MD); University of Colorado, Denver, CO (Russell
Tolley, MD); University of Michigan, Ann Arbor, MI (Laurence Baker, DO); University of New Mexico, Albuquerque, NM (Cheryl
Willman, MD); University of Texas Southwestern, Dallas, TX (Karen Fink, MD, PhD), and University of Utah, Salt Lake City, UT
(Thomas Warr, MD). North Central Cancer Treatment Group (NCCTG): Medcenter One Health Systems, Bismarck, ND (Edward Wos,
DO); Cedar Rapids Oncology Project CCOP, Cedar Rapids, IA (Martin Wiesenfeld, MD); Iowa Oncology Research Association CCOP,
Des Moines, IA (Roscoe Morton, MD); Michigan Cancer Consortium, Ann Arbor, MI (Philip Stella, MD), Meritcare Hospital CCOP,
Fargo, ND (Preston Steen, MD), Geisinger Clinic & Medical Center CCOP, Danville, PA (Albert Bernath, MD); Illinois Oncology
Research Association CCOP, Peoria, IL (John Kugler, MD) and Toledo Community Hospital Oncology Program CCOP, Toledo, OH
(Paul Schaefer, MD); Sylvannia; Mayo Clinic and Mayo Foundation, Rochester, MN (Steven Alberts, MD) and CentraCare Clinic, St
Cloud, MN (Harold Windschitl, MD). National Cancer Institute of Canada Clinical Trials Group (NCIC CTG): British Columbia Cancer
Centre–Fraser Valley Centre, Surrey, BC (Alexander Agranovich, MD), Toronto Sunnybrook Regional Cancer Centre, Toronto, ON and
University Health Network–Princess Margaret Hospital, Toronto, ON (Normand Laperierre, MD). Eastern Cooperative Oncology
Group: Beth Israel Deaconess Hospital, Boston, MA (Michael Atkins, MD); Guthrie Clinic for Education and Research, Sayre, PA (Goran
Broketa, MD); Hennepin County Medical Center, Minneapolis, MN (Daniel Schneider, MD); St Anthony’s Medical Center, Rockford, IL
(Laura Cisneros, MD); University of Florida Medical Center, Gainesville, FA (Robert Marsh, MD) and Western Michigan Cancer Center,
Kalamazoo, MI (Raymond Lord III, MD).

Table A1. Cox Proportional Hazards Model for Overall Survival

Variable P Value Hazard Ratio 95% CI

Assigned treatment, PCV!RT v RT alone .0097 0.67 0.50 to 0.91
Sex, female v male .0055 0.64 0.47 to 0.88
KPS, 80-100 v 60-70 .0003 0.42 0.27 to 0.67
Age, < 50 v ! 50 years ! .001 0.42 0.30 to 0.59
Surgery, resection v biopsy .0059 0.52 0.33 to 0.83
Steroid, no v yes .0259 0.69 0.50 to 0.96
Multifocal disease, no v yes .0009 0.41 0.24 to 0.70
Tumor type, pure v mixed .0023 0.58 0.41 to 0.83
1p/19q, both deleted v not both deleted ! .001 0.43 0.30 to 0.61

NOTE. Bolded values are favorable.
Abbreviations: KPS, Karnofsky performance status; PCV, procarbazine, lomustine, and vincristine; RT, radiotherapy.
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Fig A1. Kaplan-Meier estimates of progression-free survival by treatment group. HR, hazard ratio; PCV, procarbazine, lomustine, and vincristine; RT, radiotherapy.
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RTOG 9402: deletion status and survival 

PCV + RT RT 

Cairncross G et al. JCO 2012 

Median FU: 11.3 years 

14.7	  years	  

Treatment at Progression
Different treatments were prescribed at progression, including

surgery, reirradiation, PCV, temozolomide, and investigational ther-
apies. Surgery rates were similar between the treatment arms, 43%
after PCV plus RT versus 56% after RT. However, rates of use of
salvage chemotherapy were different: 41% after PCV plus RT versus
79% after RT (P ! .001). In the codeleted subset, reoperative rates
were again similar, 43% after PCV plus RT versus 54% after RT, but
rates of chemotherapy were different, 57% after PCV plus RT versus
81% after RT (P " .04). Despite more intense therapy at progression,
1p/19q codeleted cases had inferior survival after RT alone.

Table 1. Clinical and Molecular Characteristics

Characteristic

PCV/RT
(n " 148) RT (n " 143)

No. % No. %

Age, years
Median 43 43
Range 18-75 19-76

Age, years!

! 50 102 69 99 69
! 50 46 31 44 31

Sex
Male 90 61 84 59
Female 58 39 59 41

Neurologic function
No symptoms 47 32 47 33
Minor symptoms 73 49 69 48
Moderate (active) 17 12 12 8
Moderate (inactive) 11 7 14 10
Unknown 0 0 1 1

KPS!

60-70 15 10 15 10
80-100 133 90 128 90

Surgery
Total resection 40 27 53 37
Partial procedure 85 57 75 52
Biopsy only 21 14 14 10
No details 2 1 1 1

Tumor type
AO 77 52 73 51
AOA (oligodendroglioma dominant) 28 19 37 26
AOA (neither element dominant) 24 16 15 11
AOA (astrocytoma dominant) 19 13 18 13

Tumor grade!

Moderately anaplastic 80 54 81 57
Highly anaplastic 68 46 62 43

Multifocal tumor
Yes 15 10 10 7
No 132 89 131 92
Unknown 1 1 2 1

Corticosteroids at baseline
Yes 92 62 79 55
No 56 38 64 45

Chromosome 1p†
Known 134 128
1p deleted 66 49 76 59
1p intact 68 51 52 41
Unknown 14 15

Chromosome 19q†
Known 135 129
19q deleted 85 63 82 64
19q intact 50 37 47 36
Unknown 13 14

Chromosomes 1p & 19q†
Known 135 128
Both deleted 59 44 67 52
One or neither deleted 76 56 61 48
Unknown 13 15

Abbreviations: AO, anaplastic oligodendroglioma; AOA, anaplastic oligoastro-
cytoma; KPS, Karnofsky performance status; PCV, procarbazine, lomustine,
and vincristine; RT, radiotherapy.

!Stratification factors at randomization.
†No. and % of known.
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Fig 2. Kaplan-Meier estimates of overall survival by treatment group. The hazard
ratio (HR) for survival of patients treated with procarbazine, lomustine, and
vincristine (PCV) plus radiotherapy (RT) compared with RT alone was 0.79 (95%
CI, 0.60 to 1.04; P " .1).

0

Ov
er

al
l S

ur
vi

va
l

(%
)

Time Since Random Assignment (years)

100

80

60

40

20

2 4 6 8 10 12

No. at risk
1p/19q codeleted 59 53 43 37 32 27 18
One or neither 76 41 28 22 17 14 7

P < .001
HR, 0.36 (95% CI, 0.23 to 0.57)

 Dead Total
1p/19q codeleted 28 59
One or neither 58 76

Fig 3. Kaplan-Meier estimates of overall survival by genotype for procarbazine,
lomustine, and vincristine plus radiotherapy arm. The hazard ratio (HR) for overall
survival of patients with 1p/19q codeleted anaplastic oligodendroglioma (AO)/
anaplastic oligoastrocytoma (AOA) compared with those with AO/AOA in whom
one or neither allele was deleted was 0.36 (95% CI, 0.23 to 0.57; P ! .001).
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2.6	  years	  
7.3	  years	  

2.7	  years	  

DISCUSSION

RTOG 9402 tested the hypothesis that dose-intense PCV immediately
before RT would prolong the lives of patients with AO/AOA com-
pared with RT alone. When RTOG 9402 began, postoperative RT was
the standard of care for all high-grade gliomas. Although therapy for
GBM has since evolved, RT remains the standard for AO/AOA. Two
aspects of RTOG 9402, dose-intense and pre-RT chemotherapy, were
unusual at the time in brain cancer trials, but reflected schools of
thought that were prevalent in oncology in the early 1990s when
RTOG 9402 began: better tumor control with higher drug doses,

therapeutic synergy when drugs accompany RT, and better drug de-
livery to nonirradiated tumors. Although the idea of dose-intensity
has faded, the goal of combining traditional chemotherapeutics and
targeted agents optimally with radiation treatment remains an impor-
tant therapeutic concept. Indeed, daily TMZ with RT seems to have
been a key step in the evolution of better treatment for GBM.10

Although the contribution of dose-intensity to the results of
RTOG 9402 is unknown, and the sequencing of PCV/RT is likely less
important than once thought,20,25 RTOG 9402 demonstrates the im-
portance of precise diagnosis and long-term follow-up. In RTOG
9402, when histology was the sole metric for diagnostic accuracy, PCV
plus RT did not afford a detectable survival benefit in the unadjusted
analysis. With chromosomal testing, however, it became clear that
patients with 1p/19q codeleted tumors had a doubling of survival after
PCV plus RT. This interpretation is made cautiously, however, be-
cause RTOG 9402 was not powered for a subgroup analysis, and
retrospective stratification by codeletion status was also unplanned.
Furthermore, stricter histologic criteria, such as eliminating AOA
cases, would not have obviated the need for chromosomal assessment
because 29% of AOs had intact 1p or 19q alleles and 24% of AOAs
were codeleted. Best results seem to have occurred when codeleted
cases received PCV plus RT. The apparent doubling of survival in this
subset was not detectable in 2006 when the median follow-up was 5
years and 1p/19q information was available on only 70% of partici-
pants.19 The implication that PCV plus RT may be a superior initial
treatment for codeleted AO/AOA emerged with mature follow-up
and was aided by thorough tissue retrieval.

When RTOG 9402 was planned, molecular heterogeneity, inter-
actions with therapy, and consequences for clinical trials were not
considered in designing randomized studies. This issue, described
elsewhere,26 had the potential to obscure an important therapeutic
effect in 9402 because AO/AOA is genetically heterogeneous: Some are
1p/19q codeleted, whereas others are 1p deleted only, 19q deleted
only, or 1p and 19q intact. AO/AOA with codeletion has a distinctive
biology. This knowledge is now incorporated into clinical trial design.
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Fig 4. Kaplan-Meier estimates of overall survival by genotype for radiotherapy
arm. The hazard ratio (HR) for overall survival of patients with 1p/19q codeleted
anaplastic oligodendroglioma (AO)/anaplastic oligoastrocytoma (AOA) compared
with those with AO/AOA in whom one or neither allele was deleted was 0.40
(95% CI, 0.27 to 0.60; P ! .001).
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Fig 5. Kaplan-Meier estimates of overall survival by treatment for patients with
1p/19q codeleted anaplastic oligodendroglioma (AO)/anaplastic oligoastrocytoma
(AOA). The hazard ratio (HR) for overall survival of patients with codeleted
AO/AOA treated with procarbazine, lomustine, and vincristine (PCV) plus radio-
therapy (RT) compared with those treated with RT alone was 0.59 (95% CI, 0.37
to 0.95; P " .03).
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Fig 6. Kaplan-Meier estimates of overall survival by treatment for patients with
anaplastic oligodendroglioma (AO)/anaplastic oligoastrocytoma (AOA) in whom
one or neither allele (1p or 19q) was deleted. The hazard ratio (HR) for overall
survival of those with noncodeleted AO/AOA treated with procarbazine, lomus-
tine, and vincristine (PCV) plus radiotherapy (RT) compared with those treated
with RT alone was 0.85 (95% CI, 0.58 to 1.23; P " .39).
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•  PCV + RT may be a highly effective 
treatment for patients with codeleted 
anaplastic oligodendroglial tumors 

 
•  1p/19q codeletion is both a predictive 

and prognostic biomarker 

RTOG 9402: conclusions 

Cairncross G et al. JCO 2012 



EORTC 26951: trial design 

Van den Bent MJ et al. JCO 2006 

PCV : 
CCNU (lomustine) 110 mg/m2 day 1
Procarbazine 60 mg/m2 day 8-21
Vincristine 1.4 mg /m2 day 8 + 29 
Planned: 6 cycles of 6 weeks

Focal RT
daily - 33 x 1,8 Gy
Total dose 59,4 Gy

RT 6 cycles Adjuvant PCV

Weeks
6 10 16 22 4028 34
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Treatment Schedule EORTC 26951
Primary endpoints: 

Progression Free Survival 
Overall Survival



EORTC 26951: patient characteristics 

-  368 pts enrolled  
     (1996 – 2002) 
 
-  Newly diagnosed 

anaplastic 
oligodendroglial tumors 

 
-  Age: 16 – 70 years 

Table A1. Main Patient Characteristics per Assigned Treatment Arm

Characteristic

Radiotherapy (n ! 183) Radiotherapy Plus PCV (n ! 185)

No. % No. %

Age, years
Median 49.0 48.0
Range 19.0-68.0 18.0-68.0

Sex
Male 110 60.1 102 55.1
Female 73 39.9 83 44.9

Performance status
0-1 153 83.6 155 83.8
2 30 16.4 30 16.2

Previous surgery for low grade
No 157 85.8 156 84.3
Yes 25 13.7 27 14.6
Missing 1 0.5 2 1.1

Enhancement of tumor
No 30 16.4 33 17.8
Yes 141 77.0 145 78.4
Missing 12 6.6 7 3.8

Tumor location
Frontal 85 46.4 93 50.3
Elsewhere 98 53.6 92 49.7

Mini-mental status examination
" 27 53 29.0 46 24.9
27-30 114 62.3 116 62.7
Missing 16 8.7 23 12.4

Extent of surgery
Biopsy 25 13.7 27 14.6
Partial resection 83 45.4 100 54.1
Total resection 75 41.0 58 31.4

Local diagnosis
Anaplastic oligodendroglioma 126 68.9 140 75.7
Anaplastic oligoastrocytoma 56 30.6 44 23.8
Missing 1 0.5 1 0.5

Central review diagnosis
Anaplastic oligodendroglioma 84 45.9 91 49.2
Anaplastic oligoastrocytoma 42 23.0 40 21.6
Low-grade glioma 22 12.0 17 9.2
Other high-grade glioma 21 11.5 18 9.7
Other 5 2.7 5 2.7
Missing 9 4.9 14 7.6

1p/19q status
1p/19 intact 122 66.7 114 61.6
1p/19q codeletion 37 20.2 43 23.2
Missing 24 13.1 28 15.1

MGMT promoter
Unmethylated 24 13.1 23 12.4
Methylated 62 33.9 74 40.0
Missing 97 53.0 88 47.6

IDH status
Normal 50 27.3 47 25.4
Mutated 36 19.7 45 24.3
Missing 97 53.0 93 50.3

Abbreviation: PCV, procarbazine, lomustine, and vincristine.

EORTC Study on PCV in Anaplastic Oligodendroglioma
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EORTC 26951: first report in 2006 

•  Adjuvant PCV increases progression free 
survival, not overall survival  

 
•  1p/19q codeletion is prognostic but not 

predictive for benefit to adjuvant PCV  
 
•  The addition of PCV to RT is associated with 

significant toxicity 
	  

(median follow - up: 60 months)  

Van den Bent MJ et al. JCO 2006 



EORTC 26951: long-term results in 2012 
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Xuan, Groupe Hospitalier, Pitié-Salpêtrière,
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A B S T R A C T

Purpose
Anaplastic oligodendroglioma are chemotherapy-sensitive tumors. We now present the long-term
follow-up findings of a randomized phase III study on the addition of six cycles of procarbazine,
lomustine, and vincristine (PCV) chemotherapy to radiotherapy (RT).

Patients and Methods
Adult patients with newly diagnosed anaplastic oligodendroglial tumors were randomly
assigned to either 59.4 Gy of RT or the same RT followed by six cycles of adjuvant PCV. An
exploratory analysis of the correlation between 1p/19q status and survival was part of the
study. Retrospectively, the methylation status of the methyl-guanine methyl transferase gene
promoter and the mutational status of the isocitrate dehydrogenase (IDH) gene were
determined. The primary end points were overall survival (OS) and progression-free survival
based on intent-to-treat analysis.

Results
A total of 368 patients were enrolled. With a median follow-up of 140 months, OS in the RT/PCV
arm was significantly longer (42.3 v 30.6 months in the RT arm, hazard ratio [HR], 0.75; 95% CI,
0.60 to 0.95). In the 80 patients with a 1p/19q codeletion, OS was increased, with a trend toward
more benefit from adjuvant PCV (OS not reached in the RT/PCV group v 112 months in the RT
group; HR, 0.56; 95% CI, 0.31 to 1.03). IDH mutational status was also of prognostic significance.

Conclusion
The addition of six cycles of PCV after 59.4 Gy of RT increases both OS and PFS in anaplastic
oligodendroglial tumors. 1p/19q-codeleted tumors derive more benefit from adjuvant PCV com-
pared with non–1p/19q-deleted tumors.

J Clin Oncol 30. © 2012 by American Society of Clinical Oncology

INTRODUCTION

Uncontrolled trials have shown that recurrent
anaplastic oligodendroglioma (AOD) and ana-
plastic oligoastrocytoma (AOA) are chemotherapy-
sensitive tumors, with 60% to 70% of patients
responding to chemotherapy with procarbazine, lo-
mustine, and vincristine (PCV).1,2 This raised the
question whether adjuvant PCV chemotherapy
given at the time of diagnosis as opposed to chemo-
therapy at the time of recurrence would improve
overall outcome. To answer this question, the Euro-
pean Organisation for Research and Treatment

(EORTC) Brain Tumor Group initiated in 1995 a
prospective randomized phase III trial (EORTC
study 26951) to determine whether adjuvant PCV
given after 59.4 Gy of radiotherapy (RT) in fractions
of 1.8 Gy would improve survival. This multicenter
trial accrued 368 patients between August 13, 1996,
and March 3, 2002, and was reported in 2006 when
217 (59%) of the randomly assigned patients had
died.3 The results at that time showed an increase
in progression-free survival (PFS) in adjuvant
PCV-treated patients, but no statistically significant
increase in overall survival (OS). A similar North
American study (Radiation Therapy Oncology
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A B S T R A C T

Purpose
Anaplastic oligodendroglioma are chemotherapy-sensitive tumors. We now present the long-term
follow-up findings of a randomized phase III study on the addition of six cycles of procarbazine,
lomustine, and vincristine (PCV) chemotherapy to radiotherapy (RT).

Patients and Methods
Adult patients with newly diagnosed anaplastic oligodendroglial tumors were randomly
assigned to either 59.4 Gy of RT or the same RT followed by six cycles of adjuvant PCV. An
exploratory analysis of the correlation between 1p/19q status and survival was part of the
study. Retrospectively, the methylation status of the methyl-guanine methyl transferase gene
promoter and the mutational status of the isocitrate dehydrogenase (IDH) gene were
determined. The primary end points were overall survival (OS) and progression-free survival
based on intent-to-treat analysis.

Results
A total of 368 patients were enrolled. With a median follow-up of 140 months, OS in the RT/PCV
arm was significantly longer (42.3 v 30.6 months in the RT arm, hazard ratio [HR], 0.75; 95% CI,
0.60 to 0.95). In the 80 patients with a 1p/19q codeletion, OS was increased, with a trend toward
more benefit from adjuvant PCV (OS not reached in the RT/PCV group v 112 months in the RT
group; HR, 0.56; 95% CI, 0.31 to 1.03). IDH mutational status was also of prognostic significance.

Conclusion
The addition of six cycles of PCV after 59.4 Gy of RT increases both OS and PFS in anaplastic
oligodendroglial tumors. 1p/19q-codeleted tumors derive more benefit from adjuvant PCV com-
pared with non–1p/19q-deleted tumors.

J Clin Oncol 30. © 2012 by American Society of Clinical Oncology

INTRODUCTION

Uncontrolled trials have shown that recurrent
anaplastic oligodendroglioma (AOD) and ana-
plastic oligoastrocytoma (AOA) are chemotherapy-
sensitive tumors, with 60% to 70% of patients
responding to chemotherapy with procarbazine, lo-
mustine, and vincristine (PCV).1,2 This raised the
question whether adjuvant PCV chemotherapy
given at the time of diagnosis as opposed to chemo-
therapy at the time of recurrence would improve
overall outcome. To answer this question, the Euro-
pean Organisation for Research and Treatment

(EORTC) Brain Tumor Group initiated in 1995 a
prospective randomized phase III trial (EORTC
study 26951) to determine whether adjuvant PCV
given after 59.4 Gy of radiotherapy (RT) in fractions
of 1.8 Gy would improve survival. This multicenter
trial accrued 368 patients between August 13, 1996,
and March 3, 2002, and was reported in 2006 when
217 (59%) of the randomly assigned patients had
died.3 The results at that time showed an increase
in progression-free survival (PFS) in adjuvant
PCV-treated patients, but no statistically significant
increase in overall survival (OS). A similar North
American study (Radiation Therapy Oncology

JOURNAL OF CLINICAL ONCOLOGY O R I G I N A L R E P O R T

© 2012 by American Society of Clinical Oncology 1

 http://jco.ascopubs.org/cgi/doi/10.1200/JCO.2012.43.2229The latest version is at 
Published Ahead of Print on October 15, 2012 as 10.1200/JCO.2012.43.2229

 Copyright 2012 by American Society of Clinical Oncology
Information downloaded from jco.ascopubs.org and provided by at Arcuri on November 9, 2012 from 151.100.101.138

Copyright © 2012 American Society of Clinical Oncology. All rights reserved.

Adjuvant Procarbazine, Lomustine, and Vincristine
Chemotherapy in Newly Diagnosed Anaplastic
Oligodendroglioma: Long-Term Follow-Up of EORTC
Brain Tumor Group Study 26951
Martin J. van den Bent, Alba A. Brandes, Martin J.B. Taphoorn, Johan M. Kros, Mathilde C.M. Kouwenhoven,
Jean-Yves Delattre, Hans J.J.A. Bernsen, Marc Frenay, Cees C. Tijssen, Wolfgang Grisold, László Sipos,
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DISCUSSION

RTOG 9402 tested the hypothesis that dose-intense PCV immediately
before RT would prolong the lives of patients with AO/AOA com-
pared with RT alone. When RTOG 9402 began, postoperative RT was
the standard of care for all high-grade gliomas. Although therapy for
GBM has since evolved, RT remains the standard for AO/AOA. Two
aspects of RTOG 9402, dose-intense and pre-RT chemotherapy, were
unusual at the time in brain cancer trials, but reflected schools of
thought that were prevalent in oncology in the early 1990s when
RTOG 9402 began: better tumor control with higher drug doses,

therapeutic synergy when drugs accompany RT, and better drug de-
livery to nonirradiated tumors. Although the idea of dose-intensity
has faded, the goal of combining traditional chemotherapeutics and
targeted agents optimally with radiation treatment remains an impor-
tant therapeutic concept. Indeed, daily TMZ with RT seems to have
been a key step in the evolution of better treatment for GBM.10

Although the contribution of dose-intensity to the results of
RTOG 9402 is unknown, and the sequencing of PCV/RT is likely less
important than once thought,20,25 RTOG 9402 demonstrates the im-
portance of precise diagnosis and long-term follow-up. In RTOG
9402, when histology was the sole metric for diagnostic accuracy, PCV
plus RT did not afford a detectable survival benefit in the unadjusted
analysis. With chromosomal testing, however, it became clear that
patients with 1p/19q codeleted tumors had a doubling of survival after
PCV plus RT. This interpretation is made cautiously, however, be-
cause RTOG 9402 was not powered for a subgroup analysis, and
retrospective stratification by codeletion status was also unplanned.
Furthermore, stricter histologic criteria, such as eliminating AOA
cases, would not have obviated the need for chromosomal assessment
because 29% of AOs had intact 1p or 19q alleles and 24% of AOAs
were codeleted. Best results seem to have occurred when codeleted
cases received PCV plus RT. The apparent doubling of survival in this
subset was not detectable in 2006 when the median follow-up was 5
years and 1p/19q information was available on only 70% of partici-
pants.19 The implication that PCV plus RT may be a superior initial
treatment for codeleted AO/AOA emerged with mature follow-up
and was aided by thorough tissue retrieval.

When RTOG 9402 was planned, molecular heterogeneity, inter-
actions with therapy, and consequences for clinical trials were not
considered in designing randomized studies. This issue, described
elsewhere,26 had the potential to obscure an important therapeutic
effect in 9402 because AO/AOA is genetically heterogeneous: Some are
1p/19q codeleted, whereas others are 1p deleted only, 19q deleted
only, or 1p and 19q intact. AO/AOA with codeletion has a distinctive
biology. This knowledge is now incorporated into clinical trial design.
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Fig 4. Kaplan-Meier estimates of overall survival by genotype for radiotherapy
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Furthermore, stricter histologic criteria, such as eliminating AOA
cases, would not have obviated the need for chromosomal assessment
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considered in designing randomized studies. This issue, described
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biology. This knowledge is now incorporated into clinical trial design.
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Subgroup Analysis by 1p/19q Status and
Pathology Review

The HR reduction of the addition of PCV seemed more pro-
nounced in the patients with 1p/19q-codeleted tumors (Table 1). In 80
(25%) of the 316 cases with tissue available for 1p/19q assessment,
codeletion of 1p/19q was found. In these patients with codeleted
tumors, OS was not reached in the RT/PCV group versus 112 months
in the RT group (HR, 0.56; 95% CI, 0.31 to 1.03; Fig 3A). In the
patients with noncodeleted tumors, the risk reduction was less: OS of
25 versus 21 months (HR, 0.83; 95% CI, 0.62 to 1.10; Fig 3B). The
magnitude of the treatment effect was not significantly different be-
tween the two subgroups defined by 1p/19q status as estimated by the
Peto’s log-rank (P ! .25), which is not unexpected in view of the
number of patients with codeleted tumors.13 PFS increase was also
larger in the codeleted group. In the codeleted group, PFS was 157
months after RT/PCV and 50 months after RT only (HR, 0.42; 95%
CI, 0.24 to 0.74; Fig 4A). In the patients with noncodeleted tumors,
PFS was 15 months in the RT/PCV group and 9 months in the RT only
group (HR, 0.73; 95% CI, 0.56 to 0.97; Fig 4B). In the subgroup with
confirmed anaplastic oligodendroglial histology (n ! 257) at central

review, a similar HR reduction for OS was observed after RT/PCV
(HR, 0.73; 95% CI, 0.55 to 0.96) compared with the intent-to-
treat population.

Other Molecular Factors and Outcome
Patients tested for 1p/19q status, IDH status, and MGMT pro-

moter methylation status had similar clinical characteristics and out-
come compared with the patients who were not tested, except for a
slight increase in resection in the patients tested for IDH and 1p/19q
(91% v 81%, and 87% v 77%, respectively, other data not shown).
Appendix Table A2 (online only) summarizes the median OS and PFS
according to 1p/19q, IDH, and MGMT status. Both PFS and OS were
significantly better in the patients with codeleted tumors compared
with the patients with noncodeleted tumors (PFS, 76 v 11 months;
HR, 0.39; 95% CI, 0.28 to 0.53; OS, 123 v 23 months; HR, 0.36; 95%
CI, 0.26 to 0.50). Similarly, OS and PFS were better in patients with
MGMT promoter methylated and in IDH-mutated tumors. Table 1
summarizes the median and 5-year OS in the various subgroups in
relation to assigned treatment. Patients with MGMT promoter meth-
ylation, IDH-mutated tumors, or confirmed anaplastic oligodendro-
glial histology seemed to derive more benefit from the addition of
PCV. Tests for interaction of these characteristics with assigned treat-
ment remained insignificant.

Both MGMT promoter methylation and IDH mutational status
could be determined in 158 patients and were correlated (correlation
coefficient, 0.51; only two patients with a mutated IDH-1 showed an
unmethylated MGMT; all other IDH-mutated patients [n ! 69]
showed MGMT promoter methylation). The OS was similar in pa-
tients without MGMT promoter methylation compared with patients
with MGMT promoter methylation but no IDH mutation (HR, 0.88;
95% CI, 0.57 to 1.36). In 150 cases, data on both 1p/19q, MGMT, and
IDH results were available. In a multivariate prognostic model with
these three factors, IDH and 1p/19q were independently significant
but not MGMT, with a similar OS HR reduction for IDH-mutated
(0.356) and 1p/19q-codeleted (0.424) tumors.

DISCUSSION

The present long-term survival analysis of EORTC study 26951 is the
first trial of grade 3 glioma to show a clinically relevant and significant
increase in OS in the intent-to-treat population with the addition of
adjuvant chemotherapy to radiotherapy. The 2006 analysis of this
study already showed an increased PFS after adjuvant PCV chemo-
therapy. We assumed that the absence of a significant OS benefit
despite the PFS increase after adjuvant PCV was the result of cross-
over chemotherapy treatment at the time of progression, with 75% of
RT-only patients receiving chemotherapy at that time. With a median
follow-up duration of 140 months, the increase in PFS is now reflected
in a 12-month increase in OS. This increase in OS was achieved despite
the fact that most patients randomly assigned to the RT/PCV arm did
not complete the full series of six adjuvant cycles of PCV. As described
previously, the median number of PCV cycles was three, with 30% of
patients completing the intended six cycles.3 Most patients that dis-
continued PCV prematurely did so for (usually asymptomatic) hema-
tologic toxicity or for tumor progression. A quality-of-life analysis that
was part of this study has shown that patients in the RT/PCV arm
complained more frequently of nausea/vomiting, loss of appetite, and
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slight increase in resection in the patients tested for IDH and 1p/19q
(91% v 81%, and 87% v 77%, respectively, other data not shown).
Appendix Table A2 (online only) summarizes the median OS and PFS
according to 1p/19q, IDH, and MGMT status. Both PFS and OS were
significantly better in the patients with codeleted tumors compared
with the patients with noncodeleted tumors (PFS, 76 v 11 months;
HR, 0.39; 95% CI, 0.28 to 0.53; OS, 123 v 23 months; HR, 0.36; 95%
CI, 0.26 to 0.50). Similarly, OS and PFS were better in patients with
MGMT promoter methylated and in IDH-mutated tumors. Table 1
summarizes the median and 5-year OS in the various subgroups in
relation to assigned treatment. Patients with MGMT promoter meth-
ylation, IDH-mutated tumors, or confirmed anaplastic oligodendro-
glial histology seemed to derive more benefit from the addition of
PCV. Tests for interaction of these characteristics with assigned treat-
ment remained insignificant.

Both MGMT promoter methylation and IDH mutational status
could be determined in 158 patients and were correlated (correlation
coefficient, 0.51; only two patients with a mutated IDH-1 showed an
unmethylated MGMT; all other IDH-mutated patients [n ! 69]
showed MGMT promoter methylation). The OS was similar in pa-
tients without MGMT promoter methylation compared with patients
with MGMT promoter methylation but no IDH mutation (HR, 0.88;
95% CI, 0.57 to 1.36). In 150 cases, data on both 1p/19q, MGMT, and
IDH results were available. In a multivariate prognostic model with
these three factors, IDH and 1p/19q were independently significant
but not MGMT, with a similar OS HR reduction for IDH-mutated
(0.356) and 1p/19q-codeleted (0.424) tumors.

DISCUSSION

The present long-term survival analysis of EORTC study 26951 is the
first trial of grade 3 glioma to show a clinically relevant and significant
increase in OS in the intent-to-treat population with the addition of
adjuvant chemotherapy to radiotherapy. The 2006 analysis of this
study already showed an increased PFS after adjuvant PCV chemo-
therapy. We assumed that the absence of a significant OS benefit
despite the PFS increase after adjuvant PCV was the result of cross-
over chemotherapy treatment at the time of progression, with 75% of
RT-only patients receiving chemotherapy at that time. With a median
follow-up duration of 140 months, the increase in PFS is now reflected
in a 12-month increase in OS. This increase in OS was achieved despite
the fact that most patients randomly assigned to the RT/PCV arm did
not complete the full series of six adjuvant cycles of PCV. As described
previously, the median number of PCV cycles was three, with 30% of
patients completing the intended six cycles.3 Most patients that dis-
continued PCV prematurely did so for (usually asymptomatic) hema-
tologic toxicity or for tumor progression. A quality-of-life analysis that
was part of this study has shown that patients in the RT/PCV arm
complained more frequently of nausea/vomiting, loss of appetite, and

A

0

P = .018

Treatment
RT
RT/PCV

Treatment
RT
RT/PCV

Pe
rc

en
t

Time (years)

100

90

80

70

60

50

40

30

20

10

2 4 6 8 10 12 14 16

101
115

183
185

153
128

NO
RT
RT/PCV

No. at risk
74
87

60
69

47
60

36
49

8
23

1
1

B

0

P = .0003

Pe
rc

en
t

Time (years)

100

90

80

70

60

50

40

30

20

10

2 4 6 8 10 12 14 16

72
92

183
185

161
137

NO
RT
RT/PCV

No. at risk
48
76

33
56

31
51

22
42

6
19

1
1

Fig 2. (A) Overall survival and (B) progression-free survival in both treatment
arms in the intent-to-treat population. N, total number of events; O, observed
events; PCV, procarbazine, lomustine, and vincristine; RT, radiotherapy.

EORTC Study on PCV in Anaplastic Oligodendroglioma

www.jco.org © 2012 by American Society of Clinical Oncology 3
Information downloaded from jco.ascopubs.org and provided by at Arcuri on November 9, 2012 from 151.100.101.138

Copyright © 2012 American Society of Clinical Oncology. All rights reserved.



Van den Bent MJ et al. JCO 2012 

EORTC 26951: deletion status and OS 

25	  months	  
21	  months	  

Median FU: 140 months 

1p/19q codeleted (n = 80) 1p/19q non-codeleted (n = 236) 

NR	  

112	  months	  

DISCUSSION

RTOG 9402 tested the hypothesis that dose-intense PCV immediately
before RT would prolong the lives of patients with AO/AOA com-
pared with RT alone. When RTOG 9402 began, postoperative RT was
the standard of care for all high-grade gliomas. Although therapy for
GBM has since evolved, RT remains the standard for AO/AOA. Two
aspects of RTOG 9402, dose-intense and pre-RT chemotherapy, were
unusual at the time in brain cancer trials, but reflected schools of
thought that were prevalent in oncology in the early 1990s when
RTOG 9402 began: better tumor control with higher drug doses,

therapeutic synergy when drugs accompany RT, and better drug de-
livery to nonirradiated tumors. Although the idea of dose-intensity
has faded, the goal of combining traditional chemotherapeutics and
targeted agents optimally with radiation treatment remains an impor-
tant therapeutic concept. Indeed, daily TMZ with RT seems to have
been a key step in the evolution of better treatment for GBM.10

Although the contribution of dose-intensity to the results of
RTOG 9402 is unknown, and the sequencing of PCV/RT is likely less
important than once thought,20,25 RTOG 9402 demonstrates the im-
portance of precise diagnosis and long-term follow-up. In RTOG
9402, when histology was the sole metric for diagnostic accuracy, PCV
plus RT did not afford a detectable survival benefit in the unadjusted
analysis. With chromosomal testing, however, it became clear that
patients with 1p/19q codeleted tumors had a doubling of survival after
PCV plus RT. This interpretation is made cautiously, however, be-
cause RTOG 9402 was not powered for a subgroup analysis, and
retrospective stratification by codeletion status was also unplanned.
Furthermore, stricter histologic criteria, such as eliminating AOA
cases, would not have obviated the need for chromosomal assessment
because 29% of AOs had intact 1p or 19q alleles and 24% of AOAs
were codeleted. Best results seem to have occurred when codeleted
cases received PCV plus RT. The apparent doubling of survival in this
subset was not detectable in 2006 when the median follow-up was 5
years and 1p/19q information was available on only 70% of partici-
pants.19 The implication that PCV plus RT may be a superior initial
treatment for codeleted AO/AOA emerged with mature follow-up
and was aided by thorough tissue retrieval.

When RTOG 9402 was planned, molecular heterogeneity, inter-
actions with therapy, and consequences for clinical trials were not
considered in designing randomized studies. This issue, described
elsewhere,26 had the potential to obscure an important therapeutic
effect in 9402 because AO/AOA is genetically heterogeneous: Some are
1p/19q codeleted, whereas others are 1p deleted only, 19q deleted
only, or 1p and 19q intact. AO/AOA with codeletion has a distinctive
biology. This knowledge is now incorporated into clinical trial design.
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DISCUSSION

RTOG 9402 tested the hypothesis that dose-intense PCV immediately
before RT would prolong the lives of patients with AO/AOA com-
pared with RT alone. When RTOG 9402 began, postoperative RT was
the standard of care for all high-grade gliomas. Although therapy for
GBM has since evolved, RT remains the standard for AO/AOA. Two
aspects of RTOG 9402, dose-intense and pre-RT chemotherapy, were
unusual at the time in brain cancer trials, but reflected schools of
thought that were prevalent in oncology in the early 1990s when
RTOG 9402 began: better tumor control with higher drug doses,

therapeutic synergy when drugs accompany RT, and better drug de-
livery to nonirradiated tumors. Although the idea of dose-intensity
has faded, the goal of combining traditional chemotherapeutics and
targeted agents optimally with radiation treatment remains an impor-
tant therapeutic concept. Indeed, daily TMZ with RT seems to have
been a key step in the evolution of better treatment for GBM.10

Although the contribution of dose-intensity to the results of
RTOG 9402 is unknown, and the sequencing of PCV/RT is likely less
important than once thought,20,25 RTOG 9402 demonstrates the im-
portance of precise diagnosis and long-term follow-up. In RTOG
9402, when histology was the sole metric for diagnostic accuracy, PCV
plus RT did not afford a detectable survival benefit in the unadjusted
analysis. With chromosomal testing, however, it became clear that
patients with 1p/19q codeleted tumors had a doubling of survival after
PCV plus RT. This interpretation is made cautiously, however, be-
cause RTOG 9402 was not powered for a subgroup analysis, and
retrospective stratification by codeletion status was also unplanned.
Furthermore, stricter histologic criteria, such as eliminating AOA
cases, would not have obviated the need for chromosomal assessment
because 29% of AOs had intact 1p or 19q alleles and 24% of AOAs
were codeleted. Best results seem to have occurred when codeleted
cases received PCV plus RT. The apparent doubling of survival in this
subset was not detectable in 2006 when the median follow-up was 5
years and 1p/19q information was available on only 70% of partici-
pants.19 The implication that PCV plus RT may be a superior initial
treatment for codeleted AO/AOA emerged with mature follow-up
and was aided by thorough tissue retrieval.

When RTOG 9402 was planned, molecular heterogeneity, inter-
actions with therapy, and consequences for clinical trials were not
considered in designing randomized studies. This issue, described
elsewhere,26 had the potential to obscure an important therapeutic
effect in 9402 because AO/AOA is genetically heterogeneous: Some are
1p/19q codeleted, whereas others are 1p deleted only, 19q deleted
only, or 1p and 19q intact. AO/AOA with codeletion has a distinctive
biology. This knowledge is now incorporated into clinical trial design.
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drowsiness during and shortly after PCV chemotherapy.14 There
were, however, no long-term effects of PCV chemotherapy on quality
of life identified.

As opposed to the similar North American RTOG 9402 study on
neoadjuvant intensified PCV in anaplastic oligodendroglial tumors,
patients were entered based on the local histologic diagnosis with
central pathology review after inclusion. The central pathology review
confirmed the anaplastic oligodendroglial histology in almost 70% of
patients. This rate of interobserver variation is typical for studies in
grade 2 and 3 glioma.15-17 The morphologic criteria for oligodendro-
glioma have been subject to trends over time, with recently a shift
toward a more strict use of the criteria to diagnose oligodendroglial
tumors.18,19 Obviously, inclusion based on locally diagnosed oligo-
dendroglial tumors results in a more heterogeneous patient study
population. Although that is a caveat for the interpretation of this
study, it does reflect the day-to-day clinical situation more accurately
as patients are treated based on a local diagnosis.20 Still, the HR
reduction after adjuvant PCV in the central pathology review–
confirmed AOD tumors was similar to HR reduction in the intent-to-
treat population (0.73 v 0.75).

Although a trend (HR, 0.83; P ! .185 in the 236 patients with
noncodeleted tumors) toward improved OS after RT/PCV is present
in the patients with noncodeleted tumors, our study shows a larger risk
reduction (HR, 0.56; upper limit of the 95% CI of 1.03; P ! .0594) in
the 80 patients with 1p/19q-codeleted tumors. This is consistent with
the major increase in PFS after adjuvant PCV in patients with 1p/19q-
codeleted tumors: from 50 months with RT only to 156 months with
RT/PCV. Of note, in most studies, the response duration of 1p/19q-
codeleted AOD tumors relapsing after RT and treated with PCV
chemotherapy varies between 12 and 24 months.5,21,22 The present
trial demonstrates, therefore, that the addition of PCV chemotherapy
to RT as opposed to PCV at the time of progression results in a major
improvement of outcome in 1p/19q-codeleted tumors. Further sup-
port for the major increase in OS after adjuvant PCV is derived from
the RTOG study 9402, which observed in 120 patients with 1p/19q-
codeleted tumors a similar risk reduction with the addition of PCV to
RT (OS, 14.7 years after RT/PCV v 7.3 years after RT only; HR for
1p/19q codeleted, 0.59; HR after PCV/RT for the entire study popula-
tion, 0.79).22a
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Fig 3. Overall survival in both treatment arms for (A) the patients with
1p/19q-codeleted tumors (n ! 80) and (B) the patients with non–1p/19q-
codeleted tumors (n ! 236). N, total number of events; O, observed events; PCV,
procarbazine, lomustine, and vincristine; RT, radiotherapy.
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drowsiness during and shortly after PCV chemotherapy.14 There
were, however, no long-term effects of PCV chemotherapy on quality
of life identified.

As opposed to the similar North American RTOG 9402 study on
neoadjuvant intensified PCV in anaplastic oligodendroglial tumors,
patients were entered based on the local histologic diagnosis with
central pathology review after inclusion. The central pathology review
confirmed the anaplastic oligodendroglial histology in almost 70% of
patients. This rate of interobserver variation is typical for studies in
grade 2 and 3 glioma.15-17 The morphologic criteria for oligodendro-
glioma have been subject to trends over time, with recently a shift
toward a more strict use of the criteria to diagnose oligodendroglial
tumors.18,19 Obviously, inclusion based on locally diagnosed oligo-
dendroglial tumors results in a more heterogeneous patient study
population. Although that is a caveat for the interpretation of this
study, it does reflect the day-to-day clinical situation more accurately
as patients are treated based on a local diagnosis.20 Still, the HR
reduction after adjuvant PCV in the central pathology review–
confirmed AOD tumors was similar to HR reduction in the intent-to-
treat population (0.73 v 0.75).

Although a trend (HR, 0.83; P ! .185 in the 236 patients with
noncodeleted tumors) toward improved OS after RT/PCV is present
in the patients with noncodeleted tumors, our study shows a larger risk
reduction (HR, 0.56; upper limit of the 95% CI of 1.03; P ! .0594) in
the 80 patients with 1p/19q-codeleted tumors. This is consistent with
the major increase in PFS after adjuvant PCV in patients with 1p/19q-
codeleted tumors: from 50 months with RT only to 156 months with
RT/PCV. Of note, in most studies, the response duration of 1p/19q-
codeleted AOD tumors relapsing after RT and treated with PCV
chemotherapy varies between 12 and 24 months.5,21,22 The present
trial demonstrates, therefore, that the addition of PCV chemotherapy
to RT as opposed to PCV at the time of progression results in a major
improvement of outcome in 1p/19q-codeleted tumors. Further sup-
port for the major increase in OS after adjuvant PCV is derived from
the RTOG study 9402, which observed in 120 patients with 1p/19q-
codeleted tumors a similar risk reduction with the addition of PCV to
RT (OS, 14.7 years after RT/PCV v 7.3 years after RT only; HR for
1p/19q codeleted, 0.59; HR after PCV/RT for the entire study popula-
tion, 0.79).22a
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procarbazine, lomustine, and vincristine; RT, radiotherapy.
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Group: Beth Israel Deaconess Hospital, Boston, MA (Michael Atkins, MD); Guthrie Clinic for Education and Research, Sayre, PA (Goran
Broketa, MD); Hennepin County Medical Center, Minneapolis, MN (Daniel Schneider, MD); St Anthony’s Medical Center, Rockford, IL
(Laura Cisneros, MD); University of Florida Medical Center, Gainesville, FA (Robert Marsh, MD) and Western Michigan Cancer Center,
Kalamazoo, MI (Raymond Lord III, MD).

Table A1. Cox Proportional Hazards Model for Overall Survival

Variable P Value Hazard Ratio 95% CI

Assigned treatment, PCV!RT v RT alone .0097 0.67 0.50 to 0.91
Sex, female v male .0055 0.64 0.47 to 0.88
KPS, 80-100 v 60-70 .0003 0.42 0.27 to 0.67
Age, < 50 v ! 50 years ! .001 0.42 0.30 to 0.59
Surgery, resection v biopsy .0059 0.52 0.33 to 0.83
Steroid, no v yes .0259 0.69 0.50 to 0.96
Multifocal disease, no v yes .0009 0.41 0.24 to 0.70
Tumor type, pure v mixed .0023 0.58 0.41 to 0.83
1p/19q, both deleted v not both deleted ! .001 0.43 0.30 to 0.61

NOTE. Bolded values are favorable.
Abbreviations: KPS, Karnofsky performance status; PCV, procarbazine, lomustine, and vincristine; RT, radiotherapy.
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drowsiness during and shortly after PCV chemotherapy.14 There
were, however, no long-term effects of PCV chemotherapy on quality
of life identified.

As opposed to the similar North American RTOG 9402 study on
neoadjuvant intensified PCV in anaplastic oligodendroglial tumors,
patients were entered based on the local histologic diagnosis with
central pathology review after inclusion. The central pathology review
confirmed the anaplastic oligodendroglial histology in almost 70% of
patients. This rate of interobserver variation is typical for studies in
grade 2 and 3 glioma.15-17 The morphologic criteria for oligodendro-
glioma have been subject to trends over time, with recently a shift
toward a more strict use of the criteria to diagnose oligodendroglial
tumors.18,19 Obviously, inclusion based on locally diagnosed oligo-
dendroglial tumors results in a more heterogeneous patient study
population. Although that is a caveat for the interpretation of this
study, it does reflect the day-to-day clinical situation more accurately
as patients are treated based on a local diagnosis.20 Still, the HR
reduction after adjuvant PCV in the central pathology review–
confirmed AOD tumors was similar to HR reduction in the intent-to-
treat population (0.73 v 0.75).

Although a trend (HR, 0.83; P ! .185 in the 236 patients with
noncodeleted tumors) toward improved OS after RT/PCV is present
in the patients with noncodeleted tumors, our study shows a larger risk
reduction (HR, 0.56; upper limit of the 95% CI of 1.03; P ! .0594) in
the 80 patients with 1p/19q-codeleted tumors. This is consistent with
the major increase in PFS after adjuvant PCV in patients with 1p/19q-
codeleted tumors: from 50 months with RT only to 156 months with
RT/PCV. Of note, in most studies, the response duration of 1p/19q-
codeleted AOD tumors relapsing after RT and treated with PCV
chemotherapy varies between 12 and 24 months.5,21,22 The present
trial demonstrates, therefore, that the addition of PCV chemotherapy
to RT as opposed to PCV at the time of progression results in a major
improvement of outcome in 1p/19q-codeleted tumors. Further sup-
port for the major increase in OS after adjuvant PCV is derived from
the RTOG study 9402, which observed in 120 patients with 1p/19q-
codeleted tumors a similar risk reduction with the addition of PCV to
RT (OS, 14.7 years after RT/PCV v 7.3 years after RT only; HR for
1p/19q codeleted, 0.59; HR after PCV/RT for the entire study popula-
tion, 0.79).22a
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Fig 3. Overall survival in both treatment arms for (A) the patients with
1p/19q-codeleted tumors (n ! 80) and (B) the patients with non–1p/19q-
codeleted tumors (n ! 236). N, total number of events; O, observed events; PCV,
procarbazine, lomustine, and vincristine; RT, radiotherapy.
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drowsiness during and shortly after PCV chemotherapy.14 There
were, however, no long-term effects of PCV chemotherapy on quality
of life identified.

As opposed to the similar North American RTOG 9402 study on
neoadjuvant intensified PCV in anaplastic oligodendroglial tumors,
patients were entered based on the local histologic diagnosis with
central pathology review after inclusion. The central pathology review
confirmed the anaplastic oligodendroglial histology in almost 70% of
patients. This rate of interobserver variation is typical for studies in
grade 2 and 3 glioma.15-17 The morphologic criteria for oligodendro-
glioma have been subject to trends over time, with recently a shift
toward a more strict use of the criteria to diagnose oligodendroglial
tumors.18,19 Obviously, inclusion based on locally diagnosed oligo-
dendroglial tumors results in a more heterogeneous patient study
population. Although that is a caveat for the interpretation of this
study, it does reflect the day-to-day clinical situation more accurately
as patients are treated based on a local diagnosis.20 Still, the HR
reduction after adjuvant PCV in the central pathology review–
confirmed AOD tumors was similar to HR reduction in the intent-to-
treat population (0.73 v 0.75).

Although a trend (HR, 0.83; P ! .185 in the 236 patients with
noncodeleted tumors) toward improved OS after RT/PCV is present
in the patients with noncodeleted tumors, our study shows a larger risk
reduction (HR, 0.56; upper limit of the 95% CI of 1.03; P ! .0594) in
the 80 patients with 1p/19q-codeleted tumors. This is consistent with
the major increase in PFS after adjuvant PCV in patients with 1p/19q-
codeleted tumors: from 50 months with RT only to 156 months with
RT/PCV. Of note, in most studies, the response duration of 1p/19q-
codeleted AOD tumors relapsing after RT and treated with PCV
chemotherapy varies between 12 and 24 months.5,21,22 The present
trial demonstrates, therefore, that the addition of PCV chemotherapy
to RT as opposed to PCV at the time of progression results in a major
improvement of outcome in 1p/19q-codeleted tumors. Further sup-
port for the major increase in OS after adjuvant PCV is derived from
the RTOG study 9402, which observed in 120 patients with 1p/19q-
codeleted tumors a similar risk reduction with the addition of PCV to
RT (OS, 14.7 years after RT/PCV v 7.3 years after RT only; HR for
1p/19q codeleted, 0.59; HR after PCV/RT for the entire study popula-
tion, 0.79).22a
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1p/19q-codeleted tumors (n ! 80) and (B) the patients with non–1p/19q-
codeleted tumors (n ! 236). N, total number of events; O, observed events; PCV,
procarbazine, lomustine, and vincristine; RT, radiotherapy.
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•  Addition of PCV to RT results in 
improvement of OS and PFS in anaplastic 
oligodendroglial tumors 

 
•  1p/19q codeleted tumors derive more 

benefit from PCV compared with 
non-1p/19q deleted tumors 

	  

EORTC 26951: conclusions 

Van den Bent MJ et al. JCO 2012 



Summary 

RTOG	  9402	   EORTC	  26951	  

Median	  FU	   11.3	  years	   11.6	  years	  

Overall	  

	  	  	  	  	  	  	  	  RT	   4.7	  years	   2.5	  years	  

	  	  	  	  	  	  	  	  RT/PCV	   4.6	  years	   3.5	  years	  

Codeleted	  

	  	  	  	  	  	  	  	  RT	   7.3	  years	   9.3	  years	  

	  	  	  	  	  	  	  	  RT/PCV	   14.7	  years	   NR	  

Non-‐codeleted	  

	  	  	  	  	  	  	  	  RT	   2.7	  years	   1.7	  years	  

	  	  	  	  	  	  	  	  RT/PCV	   2.6	  years	   2.1	  years	  



Open issues 
•  The combination of RT and PCV should be 

the new standard of care in codeleted 
patients?  

 

•  Optimal timing of PCV and RT? 
 

•  How patients with non-codeleted tumors 
should be treated? 
Ongoing CATNON trial (EORTC) in non-1p/19q  
codeleted tumors must further define which patients 
benefit from chemotherapy  



•  Treatment options for Anaplastic 
Oligodendroglial tumors 

 
•  Perspectives on treatment for elderly 

patients with Glioblastoma (GBM) 

Updates and learnings in CNS malignancies 



•  Approximately 50% of GBM, the most common 
primary brain tumor, are diagnosed in patients 
aged ≥ 65 years 

 
•  Concomitant and adjuvant temozolomide 

(TMZ) in addition to RT is currently the 
standard treatment for adult patients with 
GBM 

 
•  Treatment of elderly GBM patients remains a 

challenge 

Treatment of elderly GBM patients 



Short-course RT is not 
inferior to standard RT in 
patients > 65 years 

	  

RT in elderly: what do we know? 

too low to provide meaningful comparisons between the
standard and abbreviated RT groups (Table 2).

Corticosteroid requirement at the start and completion
of RT was available for the 78 patients who completed the
treatment. Seventeen (49%) of 35 patients in the 6-week
group required a posttreatment increase in total daily dose
from the beginning of treatment compared with 10 (23%)
of 43 patients in the 3-week group (!2 test, P ! .02).

DISCUSSION

Shorter courses of RT are commonly used in older patients
with GBM despite the fact that there have been no prospec-
tive randomized trials comparing different RT approaches.
In this randomized controlled trial, we found no significant

differences in overall survival, survival at 6 months, or
HRQoL between standard RT versus shorter-course treat-
ment in older patients with GBM. Although the study was
not sufficiently powered to conclude that the two treat-
ments are equivalent, a greater than 14% difference in the
proportion of patients surviving 6 months or longer was
confidently excluded. Similarly, we did not see any signifi-
cant difference in KPS over time between the two groups.
The FACT-Br questionnaire applied in this study was orig-
inally designed to assess quality of life for patients with brain
tumors but proved to be impractical in this specific patient
population. On the other hand, patients who were treated
with the shorter RT course required less increment in post-
treatment corticosteroid dosage. For the purposes of our
clinical practice, we now regard the shorter course of RT as
a reasonable treatment option for older patients with GBM.

These findings are important in two respects. First, they
provide clinicians with data justifying the option of using
less-intensive RT schedules for older adults with aggressive
GBMs. Short-course RT might be especially appropriate for
those with poor performance status where survival after
standard RT is known to be extremely short. Moreover,
these results set the stage for clinical trials that compare RT
with other management strategies that may be substantially
less intensive, such as selective chemotherapy, judicious
corticosteroid use only, or palliative care only. Future com-
parisons between radically different management strategies
would be difficult to contemplate without our trial compar-
ing two active radiation treatments, one of which was ad-
ministered over a shorter time. Health maintenance orga-
nizations or governments might be especially interested in
sponsoring these types of clinical trials in neuro-oncology,
where the goal is not to enhance survival per se, but instead
to determine whether management approaches that con-

Table 2. Health-Related Quality of Life

Baseline 3 Weeks 6 Weeks First Follow-Up Second Follow-Up

KPS!

6-week regimen
Completion rate, n 47/47 42/45 34/38 25/34 13/21
Median 70 65 70 70 60
IQR 60-80 50-80 60-80 50-70 60-70

3-week regimen
Completion rate, n 48/48 43/45 8/40 34/38 21/27
Median 70 70 70 65 60
IQR 60-80 60-80 50-80 50-80 40-70

FACT-Br†
6-week regimen

Completion rate, n 44/47 6/45 8/38 18/34 12/21
3-week regimen

Completion rate, n 43/48 7/45 2/40 23/38 10/27

Abbreviations: KPS, Karnofsky performance status; IQR, interquartile range; FACT-Br, Functional Assessment of Cancer Therapy–Brain.
!There was no difference in either average KPS over time or change in KPS over time between the two groups (P ! .99 and .15, respectively).
†Completion rates for the FACT-Br were too low to compare the two groups.

Fig 1. Overall survival from randomization by treatment group. There was
no difference in the overall survival between the standard 6-week (thick line)
versus abbreviated 3-week (thin line) course of radiation therapy (Log-rank
test, P ! .57).

Roa et al

1586 JOURNAL OF CLINICAL ONCOLOGY

151.100.101.138
Information downloaded from jco.ascopubs.org and provided by at Universita La Sapienza on November 9, 2012 from

Copyright © 2004 American Society of Clinical Oncology. All rights reserved.

    60 Gy, 2 Gy x 30 (6 wks) 
                    vs 
40 Gy, 2.66 Gy x 15 (3 wks) 

Abbreviated Course of Radiation Therapy in Older
Patients With Glioblastoma Multiforme: A Prospective
Randomized Clinical Trial
W. Roa, P.M.A. Brasher, G. Bauman, M. Anthes, E. Bruera, A. Chan, B. Fisher, D. Fulton, S. Gulavita,
C. Hao, S. Husain, A. Murtha, K. Petruk, D. Stewart, P. Tai, R. Urtasun, J.G. Cairncross, and P. Forsyth

A B S T R A C T

Purpose
To prospectively compare standard radiation therapy (RT) with an abbreviated course of RT in older
patients with glioblastoma multiforme (GBM).

Patients and Methods
One hundred patients with GBM, age 60 years or older, were randomly assigned after surgery to receive
either standard RT (60 Gy in 30 fractions over 6 weeks) or a shorter course of RT (40 Gy in 15 fractions
over 3 weeks). The primary end point was overall survival. The secondary end points were proportionate
survival at 6 months, health-related quality of life (HRQoL), and corticosteroid requirement. HRQoL was
assessed using the Karnofsky performance status (KPS) and Functional Assessment of Cancer
Therapy-Brain (FACT-Br).

Results
All patients had died at the time of analysis. Overall survival times measured from randomization were
similar at 5.1 months for standard RT versus 5.6 months for the shorter course (log-rank test, P ! .57).
The survival probabilities at 6 months were also similar at 44.7% for standard RT versus 41.7% for the
shorter course (lower-bound 95% CI, "13.7). KPS scores varied markedly but were not significantly
different between the two groups (Wilcoxon test, P ! .63). Low completion rates of the FACT-Br (45%)
precluded meaningful comparisons between the two groups. Of patients completing RT as planned,
49% of patients (standard RT) versus 23% required an increase in posttreatment corticosteroid dosage
(!2 test, P ! .02).

Conclusion
There is no difference in survival between patients receiving standard RT or short-course RT. In view of
the similar KPS scores, decreased increment in corticosteroid requirement, and reduced treatment time,
the abbreviated course of RT seems to be a reasonable treatment option for older patients with GBM.

J Clin Oncol 22:1583-1588. © 2004 by American Society of Clinical Oncology

INTRODUCTION

Glioblastoma multiforme (GBM) is the
most common glioma and accounts for
40% of primary CNS malignancies.
Among older patients, GBM accounts
for the majority of primary brain tumors.
The age-adjusted incidence of brain tu-
mors in older patients (" 60 years old)
has been increasing steadily (ie, indepen-
dent of the increase in the number of older
patients) and will continue to do so.1

The most significant prognostic factor in
GBM is age, followed by Karnofsky per-

formance status (KPS), histology, and
mental status.2 Older patients with a
limited functional status do particularly
badly and have median survivals of only
a few months, and there are no long-term
survivors.3,4 Current treatment for pa-
tients with GBM, including surgical
resection, radiation therapy (RT), and
chemotherapy, is partially effective; rare-
ly patients are cured of their disease.
As yet, no clinical, radiographic, patho-
logic, or molecular alteration in GBM
predicts a favorable response to either RT
or chemotherapy.
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Abbreviated Course of Radiation Therapy in Older
Patients With Glioblastoma Multiforme: A Prospective
Randomized Clinical Trial
W. Roa, P.M.A. Brasher, G. Bauman, M. Anthes, E. Bruera, A. Chan, B. Fisher, D. Fulton, S. Gulavita,
C. Hao, S. Husain, A. Murtha, K. Petruk, D. Stewart, P. Tai, R. Urtasun, J.G. Cairncross, and P. Forsyth

A B S T R A C T

Purpose
To prospectively compare standard radiation therapy (RT) with an abbreviated course of RT in older
patients with glioblastoma multiforme (GBM).

Patients and Methods
One hundred patients with GBM, age 60 years or older, were randomly assigned after surgery to receive
either standard RT (60 Gy in 30 fractions over 6 weeks) or a shorter course of RT (40 Gy in 15 fractions
over 3 weeks). The primary end point was overall survival. The secondary end points were proportionate
survival at 6 months, health-related quality of life (HRQoL), and corticosteroid requirement. HRQoL was
assessed using the Karnofsky performance status (KPS) and Functional Assessment of Cancer
Therapy-Brain (FACT-Br).

Results
All patients had died at the time of analysis. Overall survival times measured from randomization were
similar at 5.1 months for standard RT versus 5.6 months for the shorter course (log-rank test, P ! .57).
The survival probabilities at 6 months were also similar at 44.7% for standard RT versus 41.7% for the
shorter course (lower-bound 95% CI, "13.7). KPS scores varied markedly but were not significantly
different between the two groups (Wilcoxon test, P ! .63). Low completion rates of the FACT-Br (45%)
precluded meaningful comparisons between the two groups. Of patients completing RT as planned,
49% of patients (standard RT) versus 23% required an increase in posttreatment corticosteroid dosage
(!2 test, P ! .02).

Conclusion
There is no difference in survival between patients receiving standard RT or short-course RT. In view of
the similar KPS scores, decreased increment in corticosteroid requirement, and reduced treatment time,
the abbreviated course of RT seems to be a reasonable treatment option for older patients with GBM.
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The age-adjusted incidence of brain tu-
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dent of the increase in the number of older
patients) and will continue to do so.1

The most significant prognostic factor in
GBM is age, followed by Karnofsky per-

formance status (KPS), histology, and
mental status.2 Older patients with a
limited functional status do particularly
badly and have median survivals of only
a few months, and there are no long-term
survivors.3,4 Current treatment for pa-
tients with GBM, including surgical
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R adiother apy for Glioblastoma

n engl j med 356;15 www.nejm.org april 12, 2007 1531

14.9 weeks (95% CI, 10.9 to 22.1) with radiother-
apy plus supportive care and 5.4 weeks (95% CI, 
4.4 to 7.6) with supportive care alone (Fig. 3). The 
hazard ratio for disease progression in the radio-
therapy group was 0.28 (95% CI, 0.17 to 0.47; 
P<0.001 by the log-rank test).

We used Cox proportional-hazard models to 
adjust the hazard ratio for death. In addition to the 
stratification factor (the treatment center to which 
the patient was assigned), other possible confound-
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Figure 2. Kaplan–Meier Estimates of Overall Survival According to Treatment 
Group.

The hazard ratio for death among patients who received radiotherapy plus 
supportive care as compared with those who received supportive care alone 
was 0.47 (95% CI, 0.29 to 0.76; P = 0.002).
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The hazard ratio for disease progression among patients who received radio-
therapy plus supportive care as compared with those who received supportive 
care alone was 0.28 (95% CI, 0.17 to 0.47; P<0.001).
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Background
There is no community standard for the treatment of glioblastoma in patients 70 
years of age or older. We conducted a randomized trial that compared radiotherapy 
and supportive care with supportive care alone in such patients.

Methods
Patients 70 years of age or older with a newly diagnosed anaplastic astrocytoma or 
glioblastoma and a Karnofsky performance score of 70 or higher were randomly 
assigned to receive supportive care only or supportive care plus radiotherapy (focal 
radiation in daily fractions of 1.8 Gy given 5 days per week, for a total dose of 50 Gy). 
The primary end point was overall survival; secondary end points were progression-
free survival, tolerance of radiotherapy, health-related quality of life, and cognition.

Results
We randomly assigned 85 patients from 10 centers to receive either radiotherapy 
and supportive care or supportive care alone. The trial was discontinued at the first 
interim analysis, which showed that with a preset boundary of efficacy, radiotherapy 
and supportive care were superior to supportive care alone. A final analysis was 
carried out for the 81 patients with glioblastoma (median age, 73 years; range, 70 to 
85). At a median follow-up of 21 weeks, the median survival for the 39 patients who 
received radiotherapy plus supportive care was 29.1 weeks, as compared with 16.9 
weeks for the 42 patients who received supportive care alone. The hazard ratio for 
death in the radiotherapy group was 0.47 (95% confidence interval, 0.29 to 0.76; 
P = 0.002). There were no severe adverse events related to radiotherapy. The results 
of quality-of-life and cognitive evaluations over time did not differ significantly 
between the treatment groups.

Conclusions
Radiotherapy results in a modest improvement in survival, without reducing the 
quality of life or cognition, in elderly patients with glioblastoma. (ClinicalTrials.gov 
number, NCT00430911.)
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alone for malignant astrocytoma in the elderly: the NOA-08 
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Summary
Background Radiotherapy is the standard care in elderly patients with malignant astrocytoma and the role of primary 
chemotherapy is poorly defi ned. We did a randomised trial to compare the effi  cacy and safety of dose-dense 
temozolomide alone versus radiotherapy alone in elderly patients with anaplastic astrocytoma or glioblastoma.

Methods Between May 15, 2005, and Nov 2, 2009, we enrolled patients with confi rmed anaplastic astrocytoma or 
glioblastoma, age older than 65 years, and a Karnofsky performance score of 60 or higher. Patients were randomly 
assigned 100 mg/m² temozolomide, given on days 1–7 of 1 week on, 1 week off  cycles, or radiotherapy of 60·0 Gy, 
administered over 6–7 weeks in 30 fractions of 1·8–2·0 Gy. The primary endpoint was overall survival. We assessed 
non-inferiority with a 25% margin, analysed for all patients who received at least one dose of assigned treatment. This 
trial is registered with ClinicalTrials.gov, number NCT01502241.

Findings Of 584 patients screened, we enrolled 412. 373 patients (195 randomly allocated to the temozolomide group 
and 178 to the radiotherapy group) received at least one dose of treatment and were included in effi  cacy analyses. 
Median overall survival was 8·6 months (95% CI 7·3–10·2) in the temozolomide group versus 9·6 months (8·2–10·8) 
in the radiotherapy group (hazard ratio [HR] 1·09, 95% CI 0·84–1·42, pnon-inferiority=0·033). Median event-free survival 
(EFS) did not diff er signifi cantly between the temozolomide and radiotherapy groups (3·3 months [95% CI 3·2–4·1] 
vs 4·7 [4·2–5·2]; HR 1·15, 95% CI 0·92–1·43, pnon-inferiority=0·043). Tumour MGMT promoter methylation was seen in 
73 (35%) of 209 patients tested. MGMT promoter methylation was associated with longer overall survival than was 
unmethylated status (11·9 months [95% CI 9·0 to not reached] vs 8·2 months [7·0–10·0]; HR 0·62, 95% CI 0·42–0·91, 
p=0·014). EFS was longer in patients with MGMT promoter methylation who received temozolomide than in those 
who underwent radiotherapy (8·4 months [95e% CI 5·5–11·7] vs 4·6 [4·2–5·0]), whereas the opposite was true for 
patients with no methylation of the MGMT promoter (3·3 months [3·0–3·5] vs 4·6 months [3·7–6·3]). The most 
frequent grade 3–4 intervention-related adverse events were neutropenia (16 patients in the temozolomide group vs 
two in the radiotherapy group), lymphocytopenia (46 vs one), thrombocytopenia (14 vs four), raised liver-enzyme 
concentrations (30 vs 16), infections (35 vs 23), and thromboembolic events (24 vs eight).

Interpretation Temozolomide alone is non-inferior to radiotherapy alone in the treatment of elderly patients with 
malignant astrocytoma. MGMT promoter methylation seems to be a useful biomarker for outcomes by treatment and 
could aid decision-making.

Funding Merck Sharp & Dohme.

Introduction
Gliomas account for half of all intrinsic brain tumours. 
WHO grade IV glioblastomas are the most malignant 
variant of glioma and make up around half of such 
tumours. At a population level, median survival for 
patients with glioblastoma remains less than 6 months, 
and age is the most important therapy-independent 
prognostic factor.1 In a few years, more than half of 
patients with glioblastoma will be elderly (older than 
65 years).2 Anaplastic astrocytoma (WHO grade III), a 
less common malignant glioma with an overall better 
prognosis than grade IV glioblastoma, shares molecular 
fea tures and poor outcome with glioblastomas in the 
elderly.3,4

The current standard of care in elderly patients with 
glioblastoma or anaplastic astrocytoma is resection or 
biopsy followed by involved-fi eld radiotherapy.5 The 
classic radiotherapy treatment schedule is 60 Gy in 
30 fractions of 2·0 Gy, although hypofractionated 
schedules, such as 15 fractions of 2·66 Gy, are used in 
some centres.6 Concomitant and adjuvant radiochemo-
therapy with the alkylating agent temozolomide has 
become the standard of care in non-elderly patients with 
glioblastoma.7 The benefi t from this treatment, however, 
is largely restricted to patients with tumours exhibiting 
promoter methylation of the O⁶-methylguanine-DNA 
methyltransferase gene (MGMT), which encodes a DNA 
repair protein associated with alkylator resistance.8,9 
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Guido Reifenberger, Michael Weller, for the NOA-08 Study Group* of the Neuro-oncology Working Group (NOA) of the German Cancer Society

Summary
Background Radiotherapy is the standard care in elderly patients with malignant astrocytoma and the role of primary 
chemotherapy is poorly defi ned. We did a randomised trial to compare the effi  cacy and safety of dose-dense 
temozolomide alone versus radiotherapy alone in elderly patients with anaplastic astrocytoma or glioblastoma.

Methods Between May 15, 2005, and Nov 2, 2009, we enrolled patients with confi rmed anaplastic astrocytoma or 
glioblastoma, age older than 65 years, and a Karnofsky performance score of 60 or higher. Patients were randomly 
assigned 100 mg/m² temozolomide, given on days 1–7 of 1 week on, 1 week off  cycles, or radiotherapy of 60·0 Gy, 
administered over 6–7 weeks in 30 fractions of 1·8–2·0 Gy. The primary endpoint was overall survival. We assessed 
non-inferiority with a 25% margin, analysed for all patients who received at least one dose of assigned treatment. This 
trial is registered with ClinicalTrials.gov, number NCT01502241.

Findings Of 584 patients screened, we enrolled 412. 373 patients (195 randomly allocated to the temozolomide group 
and 178 to the radiotherapy group) received at least one dose of treatment and were included in effi  cacy analyses. 
Median overall survival was 8·6 months (95% CI 7·3–10·2) in the temozolomide group versus 9·6 months (8·2–10·8) 
in the radiotherapy group (hazard ratio [HR] 1·09, 95% CI 0·84–1·42, pnon-inferiority=0·033). Median event-free survival 
(EFS) did not diff er signifi cantly between the temozolomide and radiotherapy groups (3·3 months [95% CI 3·2–4·1] 
vs 4·7 [4·2–5·2]; HR 1·15, 95% CI 0·92–1·43, pnon-inferiority=0·043). Tumour MGMT promoter methylation was seen in 
73 (35%) of 209 patients tested. MGMT promoter methylation was associated with longer overall survival than was 
unmethylated status (11·9 months [95% CI 9·0 to not reached] vs 8·2 months [7·0–10·0]; HR 0·62, 95% CI 0·42–0·91, 
p=0·014). EFS was longer in patients with MGMT promoter methylation who received temozolomide than in those 
who underwent radiotherapy (8·4 months [95e% CI 5·5–11·7] vs 4·6 [4·2–5·0]), whereas the opposite was true for 
patients with no methylation of the MGMT promoter (3·3 months [3·0–3·5] vs 4·6 months [3·7–6·3]). The most 
frequent grade 3–4 intervention-related adverse events were neutropenia (16 patients in the temozolomide group vs 
two in the radiotherapy group), lymphocytopenia (46 vs one), thrombocytopenia (14 vs four), raised liver-enzyme 
concentrations (30 vs 16), infections (35 vs 23), and thromboembolic events (24 vs eight).

Interpretation Temozolomide alone is non-inferior to radiotherapy alone in the treatment of elderly patients with 
malignant astrocytoma. MGMT promoter methylation seems to be a useful biomarker for outcomes by treatment and 
could aid decision-making.

Funding Merck Sharp & Dohme.

Introduction
Gliomas account for half of all intrinsic brain tumours. 
WHO grade IV glioblastomas are the most malignant 
variant of glioma and make up around half of such 
tumours. At a population level, median survival for 
patients with glioblastoma remains less than 6 months, 
and age is the most important therapy-independent 
prognostic factor.1 In a few years, more than half of 
patients with glioblastoma will be elderly (older than 
65 years).2 Anaplastic astrocytoma (WHO grade III), a 
less common malignant glioma with an overall better 
prognosis than grade IV glioblastoma, shares molecular 
fea tures and poor outcome with glioblastomas in the 
elderly.3,4

The current standard of care in elderly patients with 
glioblastoma or anaplastic astrocytoma is resection or 
biopsy followed by involved-fi eld radiotherapy.5 The 
classic radiotherapy treatment schedule is 60 Gy in 
30 fractions of 2·0 Gy, although hypofractionated 
schedules, such as 15 fractions of 2·66 Gy, are used in 
some centres.6 Concomitant and adjuvant radiochemo-
therapy with the alkylating agent temozolomide has 
become the standard of care in non-elderly patients with 
glioblastoma.7 The benefi t from this treatment, however, 
is largely restricted to patients with tumours exhibiting 
promoter methylation of the O⁶-methylguanine-DNA 
methyltransferase gene (MGMT), which encodes a DNA 
repair protein associated with alkylator resistance.8,9 
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-  Age: > 65 years 
 
-  KPS: ≥ 60 
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disease progression or unacceptable toxic eff ects (grade 4 
toxic eff ects and subjective patient-related factors), which 
were graded according to the common terminology 
criteria for adverse events, version 3·0. Adverse events 
were reported by investigators with free-text descriptions 
on an adverse-event form and classifi ed into 12 main 
categories by WW.

Baseline assessments included physical examination, 
MRI, full blood-cell counts, blood chemistry, mini-
mental state examination, and the European 
Organisation for Research and Treatment of Cancer 
(EORTC) QLQ C-30 and QLQ-BN-20 quality-of-life 
questionnaires. During treatment, patients underwent 
monthly clinical assess ments. Additionally, 3 months 
after the start of temozolomide and every 3 months 
thereafter, or 4 weeks after the completion of radio-
therapy, patients were assessed with MRI, mini-mental 
state examination, and the quality-of-life questionnaires. 
In the temozolomide group, full blood-cell counts were 
done weekly and blood chemistry was done every 
4 weeks during treatment. In the radiotherapy group, 
full blood-cell counts and blood chemistry were done 
4 weeks after the start of treatment. Toxic eff ects were 
assessed every 2 weeks.

Tumour response or progression were defi ned 
according to the Macdonald criteria: complete response, 
partial response, stable disease, or progressive disease on 
MRI.17 An apparent increase in tumour volume or 
contrast enhancement in the radiation fi eld on the fi rst 
scan after radiotherapy was started was not taken to be 
disease progression, but was assessed with MRI 
4–6 weeks later. Patients with com plete resection who 
had non-measurable disease—ie, only unidimensionally 
measurable lesions, masses without clearly defi ned 
margins, or lesions less than 10 mm in diameter—could 
not achieve a complete response; the best response 
possible was stable disease.

MGMT promoter methylation status was assessed with 
two distinct methylation-specifi c PCR assays.18,19 Only 
tissue samples with histologically estimated tumour-cell 
content of at least 80% underwent molecular analysis. 
DNA was extracted from paraffi  n-embedded tumour 
tissue with the DNeasy blood and tissue kit (Qiagen, 
Hilden, Germany). The EZ DNA Methylation-Gold Kit 
(HISS Diagnostics, Freiburg, Germany) was used to treat 
DNA with sodium bisulphite (200 ng per tumour). A172 
glioma cells were used as a positive control for MGMT 
promoter methylation, and genomic DNA extracted from 
peripheral blood leucocytes served as a control for 
unmethylated tumour. Quantitative testing on real-time 
PCR of 182 samples was done at MDxHealth, Liège, 
Belgium.19 The same samples, along with 70 stereotactic-
biopsy samples, were assessed by conventional 
methylation-specifi c PCR at the Brain Tumour Reference 
Centre.18 For discrepant results (detected in four samples, 
twice in each direction), the results from MDxHealth 
were used.

Statistical analysis
Minimum follow-up was 12 months. The primary end-
point was overall survival, measured in days from 
surgery to death. Secondary effi  cacy endpoints included 
event-free survival (EFS), best response, health-related 
quality of life, and safety. EFS was defi ned as the time 
from surgery to fi rst progression for patients whose 
disease progressed, or to death for patients without 
progression. Patients without progression who were 
alive at the end of the study were censored at the day of 
the last contact. Univariate descriptive analysis of overall 
survival and EFS was done with Kaplan-Meier estimates 
and a Cox’s proportional hazards model to estimate 
hazard ratios (HRs) and medians, both with two-sided 
95% CI. To test for non-inferiority of temozolomide, we 

Temozolomide (n=195) Radiotherapy (n=178)

Median (range) age (years) 72 (66–84) 71 (66–82)

Sex

Female 107 (55%) 90 (51%)

Male 88 (45%) 88 (49%)

Central histopathology

Anaplastic astrocytoma 17 (9%) 23 (13%) 

Glioblastoma 178 (91%) 153 (86%)

Not confi rmed 0 2 (1%)

Karnofsky performance score

Overall 80 (60–100) 80 (60–100)

Before treatment* 70 (20–100) 80 (50–100)

After primary treatment† 70 (0–100) 70 (20–100)

Mini-mental state examination score

Overall 27 (9–30) 27 (13–30)

Before treatment 28·5 (17–30) 28 (12–30)

After primary treatment† 28 (0–30) 27 (11–30)

Resection

Complete 53 (27%) 51 (20%)

Partial 61 (31%) 62 (35%)

Biopsy 80 (41%) 65 (37%)

Missing 1 (<1%) 0

Steroids

None 97 (50%) 36 (20%)

At start of treatment only 8 (4%) 26 (15%)

At start and end of treatment 27 (14%) 24 (13%)

At end of treatment only 63 (32%) 90 (51%)

No data 0 2 (1%)

Median (range) duration of treatment (days) 77 (1–1137) 43 (1–65)

Time from surgery to start of study treatment (days) 19·0 (4·0–47·0) 30·5 (11·0–76·0)

MGMT promoter methylation status

Methylated 31 (16%) 42 (24%)

Unmethylated 77 (39%) 59 (33%)

Missing/inconclusive 87 (45%) 77 (43%)

Data are number (%) or median (95% CI), unless state otherwise. *Some patients with scores <60 were included. 
†Measured at fi rst assessment after start of radiotherapy or 3 months after start of temozolomide (both roughly 3 
months after randomisation).

Table 1: Characteristics of patients who received at least one dose of assigned treatment
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discontinuation of temozolomide were disease 
prog  ression (n=141) and toxic eff ects (n=28).

After a minimum follow-up of 12 months after the last 
patient had been randomised (median follow-up from 
start of study 25·2 months, range 20·0 to not reached), 
228 patients had died: 121 in the temozolomide group and 
107 in the radiotherapy group. Overall survival at 6 months 
was 66·7% (95% CI 60·0–73·0) in the temozolomide 
group and 71·7% (65·0–78·4) in the radio therapy group, 
and at 1 year, it was 34·4% (27·6–41·4) in the temozolomide 
group and 37·4% (30·1–44·7) in the radiotherapy group. 
Median overall survival was 8·6 months (95% CI 
7·3–10·2) in the temozolomide group and 9·6 months 
(8·2–10·8) in the radiotherapy group (HR 1·09, 95% CI 
0·84–1·42, pnon-inferiority=0·033; fi gure 2), which indicates that 
temozolomide was non-inferior to radiotherapy. Non-
inferiority of temozolomide was also demonstrated in the 
per-protocol population (pnon-inferiority=0·028).

Disease progression or death occurred within 12 months 
of surgery in 325 patients (169 in the temozolomide group 
and 156 in the radiotherapy group). No pseudoprogressions 
were seen. EFS at 6 months was 30·1% (95% CI 23·6–36·6) 
in the temozolomide group and 35·1% (28·0–42·3) in the 
radiotherapy group, and at 1 year it was 12·0% (7·9–17·1) in 
the temozolomide group and 9·3% (5·5–14·2) in the 
radiotherapy group. Median EFS was 3·3 months 
(95% CI 3·2–4·1) in the temozolomide group and 
4·7 months (4·2–5·2) in the radiotherapy group (HR 1·15, 
95% CI 0·92–1·43, pnon-inferiority=0·043; fi gure 2). The non-
inferiority of temozolomide for EFS was confi rmed in the 
per-protocol population (pnon-inferiority=0·041).

Among the 141 patients in the temozolomide group and 
106 in the radiotherapy group in whom disease prog-
ression was seen, 88 (62%) and 74 (70%), respectively, 
received salvage therapy (p=0·227), which mainly 
consisted of radiotherapy in the temozolomide group and 
vice versa (appendix). The likelihood of second surgery 
was higher in the temozolomide group than in the 
radiotherapy group, but not signifi cantly so (relative risk 
1·6, 95% CI 0·9–2·9, p=0·102]. The likelihood of 
receiving salvage therapy did not diff er between groups 
by MGMT promoter methylation status (data not shown).

Data on MGMT promoter methylation status was 
available in 209 patients (table 1). The baseline charac-
teristics of these patients were similar to those of the 
164 patients without MGMT promoter methylation data 
and were deemed representative of the population 
included in the effi  cacy analyses (data not shown). MGMT 
promoter methylation was detected in 73 (35%) of 
209 patients (table 1). This frequency was similar to that 
found in the stereotactic-biopsy samples (20 [34%] of 59 
conclusive results). The results in the stereotactic-biopsy 
samples resembled those for study tests overall (data not 
shown). MGMT promoter methylation was associated 
with longer overall survival (median 11·9 months [95% CI 
9·0 to not reached] vs 8·2 months [7·0–10·0]; HR 0·62, 
95% CI 0·42–0·91, p=0·014) and EFS (median 5·7 months 

[5·0–7·4] vs 3·5 months [3·3–3·7]; HR 0·50, 0·36–0·68; 
p<0·0001) than was unmethylated status (fi gure 3).

Extent of resection (complete vs incomplete vs biopsy) 
was an independent prognostic factor for overall survival 
in the multivariate Cox’s analysis (table 3). Tumour 
MGMT promoter methylation was not signifi cant in the 
multivariate analysis (table 3), but was in the univariate 
analysis (fi gure 3). Age, as a continuous variable or 
dichotomised at age 70 years, and histology (anaplastic 
astrocyte vs glioblastoma) were not independent 
prognostic factors (table 3). We found an interaction 
between MGMT promoter methylation status 
(methylated vs unmethylated) and treatment (table 3, 
fi gure 3). Similar results were found for EFS (table 3, 
fi gure 3).

MGMT promoter methylation was associated with 
improved EFS in the temozolomide group, where median 
EFS for patients with a methylated MGMT promoter was 
8·4 months (95% CI 5·5–11·7) compared with 3·3 months 

30024012060 1800 33027015090 21030 360 390

Time (days)

30024012060 1800 33027015090 21030 360 390

Ov
er

al
l s

ur
vi

va
l (

%
)

100

80

50

40

20

0

30

10

90

70

60

Ev
en

t-
fre

e s
ur

vi
va

l (
%

)

100

80

50

40

20

0

30

10

90

70

60

Number at risk
RT 178 176 168 154 142 130 123 110 100 90 79 67 59 53 

TM2 195 194 187 170 152 140 122 111 96 85 78 69 60 52

Number at risk
RT 178 176 164 145 108 75 62 41 34 23 21 16 14 10 

TM2 195 194 168 119 83 68 58 50 42 33 29 25 23 22

B

A
RT
TMZ

HR 1·09 (95% CI 0·84–1·42), p=0·033

HR 1·15 (95% CI 0·92–1·43), p=0·043

Figure 2: Kaplan-Meier analysis of overall and event-free survival
(A) Overall survival. (B) Event-free survival presented as non-proportional curves, which are deemed 
non-problematic in the context of non-inferiority. RT=radiotherapy. TMZ=temozolomide. HR=hazard ratio.

See Online for appendix

Articles

www.thelancet.com/oncology   Vol 13   July 2012 711

discontinuation of temozolomide were disease 
prog  ression (n=141) and toxic eff ects (n=28).

After a minimum follow-up of 12 months after the last 
patient had been randomised (median follow-up from 
start of study 25·2 months, range 20·0 to not reached), 
228 patients had died: 121 in the temozolomide group and 
107 in the radiotherapy group. Overall survival at 6 months 
was 66·7% (95% CI 60·0–73·0) in the temozolomide 
group and 71·7% (65·0–78·4) in the radio therapy group, 
and at 1 year, it was 34·4% (27·6–41·4) in the temozolomide 
group and 37·4% (30·1–44·7) in the radiotherapy group. 
Median overall survival was 8·6 months (95% CI 
7·3–10·2) in the temozolomide group and 9·6 months 
(8·2–10·8) in the radiotherapy group (HR 1·09, 95% CI 
0·84–1·42, pnon-inferiority=0·033; fi gure 2), which indicates that 
temozolomide was non-inferior to radiotherapy. Non-
inferiority of temozolomide was also demonstrated in the 
per-protocol population (pnon-inferiority=0·028).

Disease progression or death occurred within 12 months 
of surgery in 325 patients (169 in the temozolomide group 
and 156 in the radiotherapy group). No pseudoprogressions 
were seen. EFS at 6 months was 30·1% (95% CI 23·6–36·6) 
in the temozolomide group and 35·1% (28·0–42·3) in the 
radiotherapy group, and at 1 year it was 12·0% (7·9–17·1) in 
the temozolomide group and 9·3% (5·5–14·2) in the 
radiotherapy group. Median EFS was 3·3 months 
(95% CI 3·2–4·1) in the temozolomide group and 
4·7 months (4·2–5·2) in the radiotherapy group (HR 1·15, 
95% CI 0·92–1·43, pnon-inferiority=0·043; fi gure 2). The non-
inferiority of temozolomide for EFS was confi rmed in the 
per-protocol population (pnon-inferiority=0·041).

Among the 141 patients in the temozolomide group and 
106 in the radiotherapy group in whom disease prog-
ression was seen, 88 (62%) and 74 (70%), respectively, 
received salvage therapy (p=0·227), which mainly 
consisted of radiotherapy in the temozolomide group and 
vice versa (appendix). The likelihood of second surgery 
was higher in the temozolomide group than in the 
radiotherapy group, but not signifi cantly so (relative risk 
1·6, 95% CI 0·9–2·9, p=0·102]. The likelihood of 
receiving salvage therapy did not diff er between groups 
by MGMT promoter methylation status (data not shown).

Data on MGMT promoter methylation status was 
available in 209 patients (table 1). The baseline charac-
teristics of these patients were similar to those of the 
164 patients without MGMT promoter methylation data 
and were deemed representative of the population 
included in the effi  cacy analyses (data not shown). MGMT 
promoter methylation was detected in 73 (35%) of 
209 patients (table 1). This frequency was similar to that 
found in the stereotactic-biopsy samples (20 [34%] of 59 
conclusive results). The results in the stereotactic-biopsy 
samples resembled those for study tests overall (data not 
shown). MGMT promoter methylation was associated 
with longer overall survival (median 11·9 months [95% CI 
9·0 to not reached] vs 8·2 months [7·0–10·0]; HR 0·62, 
95% CI 0·42–0·91, p=0·014) and EFS (median 5·7 months 

[5·0–7·4] vs 3·5 months [3·3–3·7]; HR 0·50, 0·36–0·68; 
p<0·0001) than was unmethylated status (fi gure 3).

Extent of resection (complete vs incomplete vs biopsy) 
was an independent prognostic factor for overall survival 
in the multivariate Cox’s analysis (table 3). Tumour 
MGMT promoter methylation was not signifi cant in the 
multivariate analysis (table 3), but was in the univariate 
analysis (fi gure 3). Age, as a continuous variable or 
dichotomised at age 70 years, and histology (anaplastic 
astrocyte vs glioblastoma) were not independent 
prognostic factors (table 3). We found an interaction 
between MGMT promoter methylation status 
(methylated vs unmethylated) and treatment (table 3, 
fi gure 3). Similar results were found for EFS (table 3, 
fi gure 3).

MGMT promoter methylation was associated with 
improved EFS in the temozolomide group, where median 
EFS for patients with a methylated MGMT promoter was 
8·4 months (95% CI 5·5–11·7) compared with 3·3 months 
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discontinuation of temozolomide were disease 
prog  ression (n=141) and toxic eff ects (n=28).

After a minimum follow-up of 12 months after the last 
patient had been randomised (median follow-up from 
start of study 25·2 months, range 20·0 to not reached), 
228 patients had died: 121 in the temozolomide group and 
107 in the radiotherapy group. Overall survival at 6 months 
was 66·7% (95% CI 60·0–73·0) in the temozolomide 
group and 71·7% (65·0–78·4) in the radio therapy group, 
and at 1 year, it was 34·4% (27·6–41·4) in the temozolomide 
group and 37·4% (30·1–44·7) in the radiotherapy group. 
Median overall survival was 8·6 months (95% CI 
7·3–10·2) in the temozolomide group and 9·6 months 
(8·2–10·8) in the radiotherapy group (HR 1·09, 95% CI 
0·84–1·42, pnon-inferiority=0·033; fi gure 2), which indicates that 
temozolomide was non-inferior to radiotherapy. Non-
inferiority of temozolomide was also demonstrated in the 
per-protocol population (pnon-inferiority=0·028).

Disease progression or death occurred within 12 months 
of surgery in 325 patients (169 in the temozolomide group 
and 156 in the radiotherapy group). No pseudoprogressions 
were seen. EFS at 6 months was 30·1% (95% CI 23·6–36·6) 
in the temozolomide group and 35·1% (28·0–42·3) in the 
radiotherapy group, and at 1 year it was 12·0% (7·9–17·1) in 
the temozolomide group and 9·3% (5·5–14·2) in the 
radiotherapy group. Median EFS was 3·3 months 
(95% CI 3·2–4·1) in the temozolomide group and 
4·7 months (4·2–5·2) in the radiotherapy group (HR 1·15, 
95% CI 0·92–1·43, pnon-inferiority=0·043; fi gure 2). The non-
inferiority of temozolomide for EFS was confi rmed in the 
per-protocol population (pnon-inferiority=0·041).

Among the 141 patients in the temozolomide group and 
106 in the radiotherapy group in whom disease prog-
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Whether the addition of chemotherapy to radiotherapy7 
will improve outcomes in the elderly is currently being 
explored, but many elderly patients do not even receive 
chemotherapy at recurrence.25 To challenge this current 
practice, new trial data are needed. In a study of patients 
older than 70 years, including those with Karnofsky 
performance scores lower than 70, benefi ts were seen for 
temozolomide alone in comparison with historical 
controls.26 Our fi ndings support the use of dose-dense 
temozolomide as an alternative option to radiotherapy 
alone in patients aged at least 65 years, even if followed 
by radiotherapy as salvage (panel). In view of the limited 
life expectancy in these patients, dose-dense 
temozolomide might be particularly useful for those 
without easy access to radiation oncology facilities or 
who prefer oral medication that can be administered and 
monitored close to home.

The major fi nding in this study is the strong predictive 
power of MGMT promoter methylation status for 
EFS: MGMT promoter methylated tumours responded 
better to temozolomide than radiotherapy, whereas the 
opposite was true for unmethylated tumours. A similar 
but non-signifi cant eff ect was seen for overall survival; 
the data suggest that this fi nding was not due to 
resolving pseudoprogressions after radiotherapy, but 
rather to a good response to salvage temozolomide 
treatment. The concept of pseudoprogression was well 
known at all study centres and was regularly ruled out 
by MRI assessments repeated after short intervals. 
Stratifi cation of patients by the use of one biomarker is 
not an estab lished approach in neuro-oncology, despite 
supportive landmark data,7,8 or in general oncology. 
Although testing for MGMT promoter methylation 
poses known chal lenges,9 our data, in conjunction with 
those from the German Glioma Network,27 justify or 
even call for the routine testing of the MGMT promoter 
methylation status in elderly patients with anaplastic 
astrocytoma or glioblastoma. We believe this approach 
will improve outcomes, prevent unnecessary toxic 
eff ects, and save money.

Limitations of the NOA-08 study were weaknesses 
inherent to a non-inferiority design, the selection of a 
generous tolerance level, a one-sided test procedure, 
and possible non-proportional hazards for EFS. Only 
56% of tissue samples available for MGMT testing 
showed conclusive results, mainly because of the high 
percentage collected during stereotactic biopsies, which 
can yield limited amounts of tumour DNA owing 
to small specimen sizes. The results from the 
stereotactic-biopsy samples were, however, deemed to 
be representative of those for the effi  cacy analysis popu-
lation in all relevant aspects.

Although temozolomide was associated with haem-
atological toxic eff ects, raised liver-enzyme con-
centrations, asthenia and fatigue, and gastrointestinal 
side-eff ects in a notable number of patients, few were 
grade 4 adverse events (table 2). The events might be due 

to the dose-dense schedule and particularly careful 
monitoring owing to the age of the patients, in whom 
even grade 2 adverse events can aff ect quality of life. In 
another trial, dose intensifi cation in the adjuvant setting 
of primary combined modality treatment was not 
associated with increased overall survival in patients 
younger than 65 years who had glioblastoma.28 Likewise, 
no diff er ences were seen between patients with 
methylated and unmethylated MGMT promoter status.28 
Thus, temozolomide alone administered according to a 
conventional schedule might also be useful in elderly 
patients who have malignant glioma with positive 
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Figure 4: Kaplan-Meier analysis of overall and event-free survival in relation to MGMT promoter methylation 
status and treatment
(A) Overall survival. (B) Event-free survival. The p values were calculated for any signifi cant diff erence in at least 
two of the curves. See also table 3. RT=radiotherapy. TMZ=temozolomide. 
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56% of tissue samples available for MGMT testing 
showed conclusive results, mainly because of the high 
percentage collected during stereotactic biopsies, which 
can yield limited amounts of tumour DNA owing 
to small specimen sizes. The results from the 
stereotactic-biopsy samples were, however, deemed to 
be representative of those for the effi  cacy analysis popu-
lation in all relevant aspects.

Although temozolomide was associated with haem-
atological toxic eff ects, raised liver-enzyme con-
centrations, asthenia and fatigue, and gastrointestinal 
side-eff ects in a notable number of patients, few were 
grade 4 adverse events (table 2). The events might be due 

to the dose-dense schedule and particularly careful 
monitoring owing to the age of the patients, in whom 
even grade 2 adverse events can aff ect quality of life. In 
another trial, dose intensifi cation in the adjuvant setting 
of primary combined modality treatment was not 
associated with increased overall survival in patients 
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can yield limited amounts of tumour DNA owing 
to small specimen sizes. The results from the 
stereotactic-biopsy samples were, however, deemed to 
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•  TMZ alone is non-inferior to RT alone in the 
treatment of elderly patients with malignant 
gliomas 

 
•  The rate of adverse and serious adverse events 

is higher with TMZ  
 
•  MGMT promoter methylation status is a strong 

predictive biomarker for outcomes by 
treatment and could aid decision-making 

NOA-08: conclusions 

Wick W et al. Lancet 2012 



 
 
•  NOA-08 (Methvsalem) trial (> 65 y) 
    RT 60 Gy vs TMZ 7/7 

 
•  Nordic trial (> 60 y) 
    RT 60 Gy vs RT 34 Gy vs TMZ 5/28 

Treatment of elderly GBM patients: 2012 



Nordic Trial 

916 www.thelancet.com/oncology   Vol 13   September 2012

Articles

Introduction
Glioblastoma is the most frequent primary brain tumour 
and is mainly seen in people older than 60 years. Median 
survival is less than 1 year.1,2 Chemoradiotherapy with 
temozolomide became the standard of care in 2004, but 
its introduction was based on a pivotal study in which 
patients were aged 70 years or younger; increasing age 
was found to be a negative prognostic factor.3,4 Elderly 
and frail patients might, therefore, not be viewed 
as candidates for combined therapy, and extensive 

treatment might not be seen as justifi able owing to the 
short survival.5–10

Alternatives to the standard 6 weeks of radiotherapy 
that are associated with similar or improved survival 
and quality of life would be benefi cial. Outpatient 
treatment or short treatment times could also lessen 
demands on medical resources and reduce the risk of 
treatment being withheld. Chemotherapy with 
temozolomide, an oral alkylating agent, has been 
effi  cacious as a treatment for glioma with low risk of 

Temozolomide versus standard 6-week radiotherapy versus 
hypofractionated radiotherapy in patients older than 60 years 
with glioblastoma: the Nordic randomised, phase 3 trial
Annika Malmström, Bjørn Henning Grønberg, Christine Marosi, Roger Stupp, Didier Frappaz, Henrik Schultz, Ufuk Abacioglu, Björn Tavelin, 
Benoit Lhermitte, Monika E Hegi, Johan Rosell, Roger Henriksson, for the Nordic Clinical Brain Tumour Study Group (NCBTSG)

Summary
Background Most patients with glioblastoma are older than 60 years, but treatment guidelines are based on trials in 
patients aged only up to 70 years. We did a randomised trial to assess the optimum palliative treatment in patients 
aged 60 years and older with glioblastoma.

Methods Patients with newly diagnosed glioblastoma were recruited from Austria, Denmark, France, Norway, 
Sweden, Switzerland, and Turkey. They were assigned by a computer-generated randomisation schedule, stratifi ed by 
centre, to receive temozolomide (200 mg/m² on days 1–5 of every 28 days for up to six cycles), hypofractionated 
radiotherapy (34·0 Gy administered in 3·4 Gy fractions over 2 weeks), or standard radiotherapy (60·0 Gy administered 
in 2·0 Gy fractions over 6 weeks). Patients and study staff  were aware of treatment assignment. The primary endpoint 
was overall survival. Analyses were done by intention to treat. This trial is registered, number ISRCTN81470623.

Findings 342 patients were enrolled, of whom 291 were randomised across three treatment groups (temozolomide n=93, 
hypofractionated radiotherapy n=98, standard radiotherapy n=100) and 51 of whom were randomised across only two 
groups (temozolomide n=26, hypo fractionated radiotherapy n=25). In the three-group randomisation, in comparison 
with standard radiotherapy, median overall survival was signifi cantly longer with temozolomide (8·3 months [95% CI 
7·1–9·5; n=93] vs 6·0 months [95% CI 5·1–6·8; n=100], hazard ratio [HR] 0·70; 95% CI 0·52–0·93, p=0·01), but not with 
hypofractionated radiotherapy (7·5 months [6·5–8·6; n=98], HR 0·85 [0·64–1·12], p=0·24). For all patients who received 
temozolomide or hypofractionated radiotherapy (n=242) overall survival was similar (8·4 months [7·3–9·4; n=119] vs 
7·4 months [6·4–8·4; n=123]; HR 0·82, 95% CI 0·63–1·06; p=0·12). For age older than 70 years, survival was better with 
temozolomide and with hypofractionated radiotherapy than with standard radiotherapy (HR for temozolomide vs 
standard radiotherapy 0·35 [0·21–0·56], p<0·0001; HR for hypofractionated vs standard radiotherapy 0·59 [95% CI 
0·37–0·93], p=0·02). Patients treated with temozolomide who had tumour MGMT promoter methylation had 
signifi cantly longer survival than those without MGMT promoter methylation (9·7 months [95% CI 8·0–11·4] vs 
6·8 months [5·9–7·7]; HR 0·56 [95% CI 0·34–0·93], p=0·02), but no diff erence was noted between those with methylated 
and unmethylated MGMT promoter treated with radiotherapy (HR 0·97 [95% CI 0·69–1·38]; p=0·81). As expected, the 
most common grade 3–4 adverse events in the temozolomide group were neutropenia (n=12) and thrombocytopenia 
(n=18). Grade 3–5 infections in all randomisation groups were reported in 18 patients. Two patients had fatal infections 
(one in the temozolomide group and one in the standard radiotherapy group) and one in the temozolomide group 
with grade 2 thrombocytopenia died from complications after surgery for a gastrointestinal bleed. 

Interpretation Standard radiotherapy was associated with poor outcomes, especially in patients older than 70 years. 
Both temozolomide and hypofractionated radiotherapy should be considered as standard treatment options in elderly 
patients with glioblastoma. MGMT promoter methylation status might be a useful predictive marker for benefi t from 
temozolomide.
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hypofractionated radiotherapy n=98, standard radiotherapy n=100) and 51 of whom were randomised across only two 
groups (temozolomide n=26, hypo fractionated radiotherapy n=25). In the three-group randomisation, in comparison 
with standard radiotherapy, median overall survival was signifi cantly longer with temozolomide (8·3 months [95% CI 
7·1–9·5; n=93] vs 6·0 months [95% CI 5·1–6·8; n=100], hazard ratio [HR] 0·70; 95% CI 0·52–0·93, p=0·01), but not with 
hypofractionated radiotherapy (7·5 months [6·5–8·6; n=98], HR 0·85 [0·64–1·12], p=0·24). For all patients who received 
temozolomide or hypofractionated radiotherapy (n=242) overall survival was similar (8·4 months [7·3–9·4; n=119] vs 
7·4 months [6·4–8·4; n=123]; HR 0·82, 95% CI 0·63–1·06; p=0·12). For age older than 70 years, survival was better with 
temozolomide and with hypofractionated radiotherapy than with standard radiotherapy (HR for temozolomide vs 
standard radiotherapy 0·35 [0·21–0·56], p<0·0001; HR for hypofractionated vs standard radiotherapy 0·59 [95% CI 
0·37–0·93], p=0·02). Patients treated with temozolomide who had tumour MGMT promoter methylation had 
signifi cantly longer survival than those without MGMT promoter methylation (9·7 months [95% CI 8·0–11·4] vs 
6·8 months [5·9–7·7]; HR 0·56 [95% CI 0·34–0·93], p=0·02), but no diff erence was noted between those with methylated 
and unmethylated MGMT promoter treated with radiotherapy (HR 0·97 [95% CI 0·69–1·38]; p=0·81). As expected, the 
most common grade 3–4 adverse events in the temozolomide group were neutropenia (n=12) and thrombocytopenia 
(n=18). Grade 3–5 infections in all randomisation groups were reported in 18 patients. Two patients had fatal infections 
(one in the temozolomide group and one in the standard radiotherapy group) and one in the temozolomide group 
with grade 2 thrombocytopenia died from complications after surgery for a gastrointestinal bleed. 

Interpretation Standard radiotherapy was associated with poor outcomes, especially in patients older than 70 years. 
Both temozolomide and hypofractionated radiotherapy should be considered as standard treatment options in elderly 
patients with glioblastoma. MGMT promoter methylation status might be a useful predictive marker for benefi t from 
temozolomide.
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Introduction
Glioblastoma is the most frequent primary brain tumour 
and is mainly seen in people older than 60 years. Median 
survival is less than 1 year.1,2 Chemoradiotherapy with 
temozolomide became the standard of care in 2004, but 
its introduction was based on a pivotal study in which 
patients were aged 70 years or younger; increasing age 
was found to be a negative prognostic factor.3,4 Elderly 
and frail patients might, therefore, not be viewed 
as candidates for combined therapy, and extensive 

treatment might not be seen as justifi able owing to the 
short survival.5–10

Alternatives to the standard 6 weeks of radiotherapy 
that are associated with similar or improved survival 
and quality of life would be benefi cial. Outpatient 
treatment or short treatment times could also lessen 
demands on medical resources and reduce the risk of 
treatment being withheld. Chemotherapy with 
temozolomide, an oral alkylating agent, has been 
effi  cacious as a treatment for glioma with low risk of 

Temozolomide versus standard 6-week radiotherapy versus 
hypofractionated radiotherapy in patients older than 60 years 
with glioblastoma: the Nordic randomised, phase 3 trial
Annika Malmström, Bjørn Henning Grønberg, Christine Marosi, Roger Stupp, Didier Frappaz, Henrik Schultz, Ufuk Abacioglu, Björn Tavelin, 
Benoit Lhermitte, Monika E Hegi, Johan Rosell, Roger Henriksson, for the Nordic Clinical Brain Tumour Study Group (NCBTSG)

Summary
Background Most patients with glioblastoma are older than 60 years, but treatment guidelines are based on trials in 
patients aged only up to 70 years. We did a randomised trial to assess the optimum palliative treatment in patients 
aged 60 years and older with glioblastoma.

Methods Patients with newly diagnosed glioblastoma were recruited from Austria, Denmark, France, Norway, 
Sweden, Switzerland, and Turkey. They were assigned by a computer-generated randomisation schedule, stratifi ed by 
centre, to receive temozolomide (200 mg/m² on days 1–5 of every 28 days for up to six cycles), hypofractionated 
radiotherapy (34·0 Gy administered in 3·4 Gy fractions over 2 weeks), or standard radiotherapy (60·0 Gy administered 
in 2·0 Gy fractions over 6 weeks). Patients and study staff  were aware of treatment assignment. The primary endpoint 
was overall survival. Analyses were done by intention to treat. This trial is registered, number ISRCTN81470623.

Findings 342 patients were enrolled, of whom 291 were randomised across three treatment groups (temozolomide n=93, 
hypofractionated radiotherapy n=98, standard radiotherapy n=100) and 51 of whom were randomised across only two 
groups (temozolomide n=26, hypo fractionated radiotherapy n=25). In the three-group randomisation, in comparison 
with standard radiotherapy, median overall survival was signifi cantly longer with temozolomide (8·3 months [95% CI 
7·1–9·5; n=93] vs 6·0 months [95% CI 5·1–6·8; n=100], hazard ratio [HR] 0·70; 95% CI 0·52–0·93, p=0·01), but not with 
hypofractionated radiotherapy (7·5 months [6·5–8·6; n=98], HR 0·85 [0·64–1·12], p=0·24). For all patients who received 
temozolomide or hypofractionated radiotherapy (n=242) overall survival was similar (8·4 months [7·3–9·4; n=119] vs 
7·4 months [6·4–8·4; n=123]; HR 0·82, 95% CI 0·63–1·06; p=0·12). For age older than 70 years, survival was better with 
temozolomide and with hypofractionated radiotherapy than with standard radiotherapy (HR for temozolomide vs 
standard radiotherapy 0·35 [0·21–0·56], p<0·0001; HR for hypofractionated vs standard radiotherapy 0·59 [95% CI 
0·37–0·93], p=0·02). Patients treated with temozolomide who had tumour MGMT promoter methylation had 
signifi cantly longer survival than those without MGMT promoter methylation (9·7 months [95% CI 8·0–11·4] vs 
6·8 months [5·9–7·7]; HR 0·56 [95% CI 0·34–0·93], p=0·02), but no diff erence was noted between those with methylated 
and unmethylated MGMT promoter treated with radiotherapy (HR 0·97 [95% CI 0·69–1·38]; p=0·81). As expected, the 
most common grade 3–4 adverse events in the temozolomide group were neutropenia (n=12) and thrombocytopenia 
(n=18). Grade 3–5 infections in all randomisation groups were reported in 18 patients. Two patients had fatal infections 
(one in the temozolomide group and one in the standard radiotherapy group) and one in the temozolomide group 
with grade 2 thrombocytopenia died from complications after surgery for a gastrointestinal bleed. 

Interpretation Standard radiotherapy was associated with poor outcomes, especially in patients older than 70 years. 
Both temozolomide and hypofractionated radiotherapy should be considered as standard treatment options in elderly 
patients with glioblastoma. MGMT promoter methylation status might be a useful predictive marker for benefi t from 
temozolomide.
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Nordic: trial design 

Malmstrom A et al. Lancet 2012 
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Nordic: patient characteristics 

-  342 pts enrolled (2000 – 2009) 
-  Newly diagnosed GBM 
-  Age: ≥ 60 years 

Malmstrom A et al. Lancet 2012 
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neurological defecits), any disorder that was likely to 
interfere with the study treatment, previous therapy for 
any brain tumour, except surgery or medical treatment 
within 3 years for other malignant diseases, and previous 
radiotherapy to the head that would prevent further 
irradiation.

The protocol was approved by the ethics committees of 
all participating institutions and all patients gave written 
informed consent. Study data were monitored at study 
centres and collected in a database by an inde pendent 
company (NS-CRI) in Umeå, Sweden.

Randomisation and masking
Randomisation was done by the Oncology Centre, 
University Hospital, Linköping, Sweden. The random-
isation lists were generated by computer and were only 
available to the Oncology Centre staff . Each time a new 
patient was to be randomised, the participating insti-
tution sent a randomisation form to the Oncology Centre 
by fax, which was returned by fax to the investigator with 
the relevant treatment information.

At the time the study started, common practice 
included refraining from standard radiotherapy and 
off ering a hypo fractionated short course of radiotherapy 
or withholding antitumour therapy for patients older 
than 60 years who had a poor outlook. For these reasons, 
some centres were permitted to randomise patients to 
only two of the treatment groups (temozolomide or hypo-
fractionated radio therapy) if this represented their 
standard of care. Therefore, patients were randomised in 
a ratio of 1:1:1 in blocks of nine to receive temo zolomide, 
hypo fractionated radiotherapy, or standard radiotherapy, 

or in a ratio of 1:1 in blocks of eight to receive temo-
zolomide or hypofractionated radiotherapy. Investi gators 
and patients were aware of treatment assignment.

Treatment
Temozolomide was administered orally in 200 mg/m² 
doses on days 1–5 of every 28 days for up to six cycles or 
until radiological progression, clinical progression, or 
both, unacceptable adverse eff ects were seen, or until a 
physician or patient chose to discontinue treatment.13 We 
based the hypofractionated radiotherapy schedule on a 
previously documented schedule of 30·0 Gy administered 
in six fractions of 5·0 Gy on 3 days per week over 
2 weeks,11 although we allowed for daily fractionation, 
which is often preferred. The hypo fractionated 
radiotherapy schedule, therefore, was 34·0 Gy delivered 
in ten fractions of 3·4 Gy on 5 days per week over 
2 weeks. Planning target volumes for both radiotherapy 
groups were calculated from dedicated CT or MRI scans 
of the whole brain, with the patient positioned in an 
immo bilisation device and in the treatment position. 
A multiple-fi eld technique was used to obtain the 
optimum dose distribution. Standard radiotherapy was 
60·0 Gy administered in 30 fractions of 2·0 Gy on 
weekdays for 6 weeks.

Monitoring and follow-up
Baseline assessments consisted of physical and neuro-
logical examinations, full blood counts, chemistry tests, 
and administration of the EORTC quality-of-life 
questionnaire 30 (EORTC QLQ-30), version 3, with the 
brain cancer module 20.16 Patients were reassessed 

Temozolomide (n=93) Hypofractionated radiotherapy 
(n=98)

Standard radiotherapy (n=100)

All 60–70 years 
(n=51)

>70 years 
(n=42)

All 60–70 years 
(n=58)

>70 years 
(n=40)

All 60–70 years 
(n=59)

>70 years 
(n=41)

Sex

Male 55 (59%) 32 (63%) 23 (55%) 50 (51%) 28 (48%) 22 (55%) 68 (68%) 39 (66%) 29 (71%)

Female 38 (41%) 19 (37%) 19 (45%) 48 (49%) 30 (52%) 18 (45%) 32 (32%) 20 (34%) 12 (29%)

WHO performance score

0–1 73 (78%) 40 (78%) 33 (79%) 78 (80%) 48 (83%) 30 (75%) 72 (72%) 42 (71%) 30 (73%)

2–3* 20 (22%) 11 (22%) 9 (21%) 20 (20%) 10 (17%) 10 (25%) 28 (28%) 17 (29%) 11 (27%)

Surgery type

Biopsy 24 (26%) 10 (20%) 14 (33%) 26 (27%) 13 (22%) 13 (33%) 27 (27%) 12 (20%) 15 (37%)

Resection (partial or complete) 69 (74%) 41 (80%) 28 (67%) 72 (73%) 45 (78%) 27 (67%) 73 (73%) 47 (80%) 26 (63%)

Taking steroids at baseline

Yes 47 (51%) 24 (47%) 23 (55%) 50 (51%) 27 (47%) 23 (57%) 56 (56%) 32 (54%) 24 (59%)

No 32 (34%) 17 (33%) 15 (36%) 37 (38%) 24 (41%) 13 (33%) 30 (30%) 18 (31%) 12 (29%)

Not reported 14 (15%) 10 (20%) 4 (9%) 11 (11%) 7 (12%) 4 (10%) 14 (14%) 9 (15%) 5 (12%)

Median (range) time from surgery† to 
start of treatment (days)

26 
(11–78)

26 
(12–78)

27 
(11–60)

40 
(14–105)

41 
(14–73)

38 
(20–105)

46 
(14–119)

46 
(17–96)

46 
(14–119)

*Seven were deemed to have a score of 3 because of neurological defi cits. †Where no date of surgery was reported it was substituted with date of diagnosis.  

Table 1: Baseline characteristics and times to treatment for patients in the three-group randomisation, by treatment and age groups
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6 weeks, 3 months, and 6 months after the start of therapy. 
For patients treated with temozolomide, full blood counts 
were repeated on day 21 and within 72 h of day 28 of each 
cycle. Adverse events were reported according to the 
WHO grading system,17 except for nausea and vomiting, 
for which we used the National Cancer Institute Common 
Toxicity Criteria version 2.0. Second-line therapy was 
provided at the discretion of the treating physician.

Pathology review and molecular markers
Central pathology review was done by BL, according to 
WHO 2007 criteria,18 at Lausanne University Hospital, 
Lausanne, Switzerland. Slides were stained with 
haematoxylin and eosin, and immune histochemistry for 
glial fi brillary acidic protein, microtubule-associated 
protein 2, and reticulin silver stains were also used for 
most cases.

The presence of the IDH1 Arg132His mutation was 
determined by immuno histochemistry with a mutation-
specifi c antibody19 (internal clone H14, Dianova, 
Hamburg, Germany) either on tissue microarray20,21 or 
on whole sections.

Promoter methylation status of the O⁶-methylguanine 
DNA-methyltransferase gene (MGMT) was assessed 
on DNA isolated from paraffi  n-embedded tumour sam-
ples obtained at initial surgery. The test was done by 
MDxHealth, Liège, Belgium, with quantitative methy-
lation-specifi c PCR.22 The copy number of methylated 
MGMT was normalised to the β-actin gene (ACTB). 
A ratio of 2·0 or more, calculated as (methylated MGMT/
ACTB)×1000, was taken to indicate methylation. 
A minimum of 1250 copies of ACTB were required, 

unless the copy number for methylated MGMT was ten 
or more, which was also scored as methylated MGMT 
promoter. 

Statistical analysis
We calculated we would need to recruit 480 patients— 
160 per treatment group—to be able to detect a 10% 
survival diff erence (from 10% to 20%)14,15 between 
temozolomide or hypofractionated radiotherapy and 
standard radiotherapy at 1 year, with 90% power at the 
5% signifi cance level, according to the log-rank test. 
A planned interim analysis in April, 2004, and an 
additional one in September, 2005, were done to enable 
exclusion of a treatment group if results were inferior to 
the two others at a 1% level. The fi ndings resulted in the 
independent data moni toring board recommending 
continuation of all treat ments after both analyses.

The primary endpoint was overall survival from the 
date of randomisation, and was estimated by the Kaplan-
Meier method with a two-sided log-rank test. Secondary 
endpoints were health-related quality of life and safety. 
Analyses were done by intention to treat. Randomisation 
was stratifi ed by study centre.

All statistical analyses were done with SPSS version 
18.0. For statistical reasons, comparisons with standard 
radiotherapy for survival, adverse events, or second-line 
therapy, were done only in patients who had been initally 
randomised across all three treatment groups. For the 
same analyses for temozolomide versus hypofractionated 
radiotherapy, all patients in these two treatment groups 
were assessed irrespective of whether they had been 
intially randomised across three or two groups. We used 
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Figure 2: Kaplan-Meier analysis of overall survival in patients randomised across three treatment groups
(A) All patients. (B) Patients aged 60–70 years. (C) Patients older than 70 years. TMZ=temozolomide. 34 Gy=hypofractionated radiotherapy. 60 Gy=standard radiotherapy. *Patient censored at 
35 months.
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between patients included before and after Oct 15, 2004, 
when patients younger than 65 years fi t for 
radiochemotherapy were excluded (log-rank p=0·36). 
At the time of data analysis (Jan 1, 2011), only four 
patients remained alive, and a further three were lost to 
follow-up.

Adverse events were reported for all patients who 
started randomised treatment (n=329). Common adverse 

events were seizures, seen in 32 (10%) of patients, fatigue 
in 28 (9%), and thromboembolic disease in 17 (5%), and 
were probably disease related. Nausea and vomiting and 
haematological toxic eff ects were more frequently seen 
in patients treated with temozolomide than in those 
treated with radiotherapy. Grade 3–5 infections were 
similar among patients who received temozolomide or 
radiotherapy. Two patients had fatal infections (one in 
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Figure 3: Kaplan-Meier analysis of overall survival in patients tested for MGMT promoter methylation status
Hypofractionated and standard radiotherapy were combined in a pooled analysis. (A) mMGMT versus uMGMT status in the temozolomide group. (B) mMGMT versus 
uMGMT status in the combined radiotherapy group. (C) Comparison of mMGMT versus uMGMT status in the temozolomide group and mMGMT versus uMGMT status in 
the combined  radiotherapy group (data from parts A and B combined). (D) Comparison of mMGMT versus uMGMT status, irrespective of treatment. OS=overall survival; 
mMGMT=methylated MGMT promoter; uMGMT=unmethylated MGMT promoter; TMZ=temozolomide; RT=radiotherapy. *Patient censored at 35 months. 



Nordic: conclusions 

•  Standard RT 60 Gy was in no case superior 
to RT 34 Gy or TMZ alone  

 
•  Both TMZ and hypofractionated RT should 

be considered as standard treatment 
options in elderly patients with GBM 

 
•  MGMT promoter methylation status might 

be a useful predictive marker for benefit 
from TMZ   

Malmstrom A et al. Lancet 2012 



Summary 

NOA-‐08	   Nordic	  

OS	  

	  	  	  	  	  	  	  	  TMZ	   8.6	  months	   8.3	  months	  

	  	  	  	  	  	  	  	  RT	  54-‐60	  Gy	   9.6	  months	   6	  months	  

	  	  	  	  	  	  	  	  RT	  34	  Gy	   /	   7.5	  months	  

MGMT	  status	  

	  	  	  	  	  	  	  	  	  Methylated	   11.9	  months	   9	  months	  

	  	  	  	  	  	  	  	  	  Unmethylated	   8.2	  months	   6.9	  months	  



Open issues 

•  Radiotherapy or temozolomide? 
 

•  Or maybe both? 
 
    

 
 

•  Should we decide on the basis of MGMT 
promoter methylation status? 

Elderly GBM patients -
temozolomide or radiotherapy ?

TMZ/RT* Adjuvant TMZ (max 12 cycles)

Ongoing EORTC/NCIC Intergroup Trial (EORTC 26062-22061 / NCIC CE.6)

Inclusion Criteria / Design
 Newly diagnosed GBM

or maybe both ?

weeks3 7 11 1
5

1
9

2
3

2
7

RT alone  (15 x 2.66 Gy)

0
R

 Newly diagnosed GBM
 Age ≥ 65 years
 560 pts to be randomized
 Target hazard ratio < 0.75



•  Hodgkin’s lymphoma 
 
•  Non-Hodgkin’s lymphoma 

Updates and learnings in lymphomas 



•  Hodgkin’s lymphoma 
 
•  Non-Hodgkin’s lymphoma 

Updates and learnings in lymphomas 



	   	   	   	   The treatment of early-stage HL evolved over time, 
resulting in continuous improvement in the cure rate 
and reductions in treatment-related toxicity. 

   
     Today, combined modality programs are considered the 

standard of care for the majority of these patients, with 
an expected cure rate exceeding 80% and survival rate 
exceeding 90%. 

 
     Despite these outstanding results, several groups 

continue to develop treatment programs in the hopes of 
achieving better cure and safe outcome. 	  	  

Hodgkin’s Disease/Lymphoma Treatment 



Early-‐Stage	  Hodgkin’s	  Lymphoma:	  in	  pursuit	  of	  perfecNon.Younes	  et	  al.	  JCO	  	  2012	  

Definition of stage disease and treatment 







Since relapse rates were higher than desirable after treatment 
with radiation therapy alone, and radiation was associated 
with long-term side effects, clinical trials have focused on 

combined modality therapy using abbreviated chemotherapy 
with reduced radiation fields 



Reduction of the dose of radiation therapy has no impact on outcome in patients 
with favorable early-stage Hodgkin’s lymphoma. 



ABVD alone could be a reasonable choice of treatment for younger patients  with favorable  
presentations  of stage I to II nonbulky disease, especially if they experience 

 prompt and complete response to the first 2 cycles of ABVD 



        
    Stage IA to IIA (Favorable Disease): Combined modality 

therapy (ABVD plus 20–30 Gy of IFRT or Stanford V 
chemotherapy plus 30 Gy of IFRT) is the preferred 

treatment for patients with favorable disease. The panel has 
also included ABVD alone as an alternative treatment 
option with a category 2B recommendation. Highly 

selected patients who are unable to tolerate chemotherapy 
because of the presence of comorbidities may be treated 

with radiotherapy alone.  

NCCN  Recommendations  





Stage I to II (Unfavorable Disease) 

IFRT  30 - 36 Gy 





	      In conclusion, a dose-intensification with two cycles of 
BEACOPPesc followed by two cycles of ABVD results in 
better tumor control with increased PFS as compared with 
standard treatment with four cycles of ABVD.  

 
    The increased rate of acute toxicities in the intensified arm is 

overcome by fewer relapses and less second-line toxicity.  
 

    The regimen of 2 + 2 plus 30 Gy IFRT is the new GHSG 
standard for patients with early unfavorable HL age 60 years 

or younger. 





Changes  
in Radiotherapy  
fields over time 
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Comparing long-term toxicity and efficacy of combined modality treatment including 

extended- or involved-field radiotherapy in early-stage Hodgkin's lymphoma. 
Sasse S et al. GermanHodgkin Study Group (GHSG). 

 
Patients and methods: One thousand two hundred and four patients were randomized to four cycles of 

chemotherapy followed by either 30 Gy EF- or 30 Gy IF-RT (HD8 trial); 532 patients in each 
treatment arm were eligible. 

 
Results: At 10 years, no arm differences were revealed with respect to freedom from treatment 

failure (FFTF) (79.8% versus 79.7%), progression-free survival (79.8% versus 80.0%), and overall 
survival (86.4% versus 87.3%). Non-inferiority of IF-RT was demonstrated for the primary end 
point FFTF (95% confidence interval for hazard ratio 0.72-1.25). Elderly patients had a poorer 
outcome when treated with EF-RT. So far, 15.0% of patients in arm A and 12.2% in arm B died, 
mostly due to secondary malignancies (5.3% versus 3.4%) or HL (3.2% versus 3.4%). After EF-RT, there 
were more secondary malignancies overall (58 versus 45), especially acute myeloid leukemias (11 
versus 4).  

 
Conclusion: Radiotherapy intensity reduction to IF-RT does not result in poorer long-term outcome but 

is associated with less acute toxicity and might be associated with less secondary malignancies. 



Eich	  HT	  et	  al.	  	  Involved-‐node	  radiotherapy	  in	  early-‐stage	  Hodgkin’s	  lymphoma:	  DefiniNon	  and	  guidelines	  of	  the	  
German	  Hodgkin	  Study	  Group	  (GHSG).	  Strahlenther	  Onkol	  2008	  

      The clinical target volume 
encompasses the initial volume of the 
Lymph node(s) before chemotherapy 
and incorporates the initial Location 
and extent of the disease taking the 
displacement of the normal tissues 

into account. The margin of the 
planning target volume should be 2 

cm in axial and 3 cm in craniocaudal 
direction. If necessary, it can be 

reduced to 1-1.5 cm. To minimize 
Lung and cardiac toxicity, the target 

definition in the mediastinum is 
different. 

Radiotherapy of Hodgkin's Lymphoma has evolved from extended-field to 
involved-field (IF) radiotherapy reducing toxicity whilst maintaining high cure 

rates. Recent publications recommend further reduction in the radiation field to 
involved-node (IN) radiotherapy  
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Use of PET/CT to evaluate response to therapy in lymphoma 

     1) initial staging 
 2) assessment of early response to chemotherapy  
 3) assessment of residual masses at completion of initial treatment  
 4) follow-up  
 5) radiotherapy planning 











 
 

Future research should continue to work to eliminate treatment 
related toxicity while maintaining or even improving the 
cure rate for patients with early- and advanced-stage HL.  

 
DECREASING THE FIELD SIZE AND DOSE OF 
RADIATION THERAPY REDUCED THE RISK OF 

SECONDARY MALIGNANCIES AND OTHER ORGAN 
DAMAGE. 

 
 



•  Hodgkin’s lymphoma 
 
•  Non-Hodgkin’s lymphoma 

Updates and learnings in lymphomas 



Radiotherapy in 
 Non-Hodgkin Lymphomas 

Knowledge of histology, extent and pattern of 
disease is essential to select the appropriate 

therapeutic strategy. 

	  	  	  	  	  Most patients with localized non-Hodgkin 
lymphoma (NHL) who receive radiotherapy 
(RT) are treated with the intent of achieving 

local control of disease. A palliative approach is 
used only when, due to the condition of the 
patient and/or the extent or location of the 

disease, a radical course of treatment carries no 
chance  of local control. 

	  
    

 Involved field RT is routinely used, whether for 
cure or local control. 



Uncertainty remains regarding the optimal radiation dose required. 
  

The studies were mainly retrospective series of heterogeneous 
populations. Radiation fields and techniques varied within  

and across studies, 
 

The difficulties in comparison between studies and 
application of results from older studies to current practice are 

compounded by the use of many different histological classification 
systems for NHL over the past 50 years. 

Radiotherapy in non-Hodgkin Lymphomas 

Radiotherapy      Chemotherapy     Radioimmunotherapy 
  
            Rituximab              PET 
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Radiotherapy in non-Hodgkin Lymphomas 





…	  To minimising clinical side-effects, the use of lower doses of radiation results in 
fewer hospital attendances for the patient, and a reduction in the use of radiotherapy 
resources. Another approach to reduce toxicity from radiotherapy is to reduce the 
volume treated …  

	  
… In conclusion, this large, randomised trial shows that doses of radiotherapy can 

safely be reduced to 24 Gy in indolent lymphoma and 30 Gy in more 
aggressive histological subtypes, without compromising local tumour control in 
the short- or long-term. These radiation doses should become the new standard of 
care for patients receiving radiotherapy for NHL. Even lower doses of 
radiotherapy may be as efficacious in some settings, but this has yet to be 
confirmed in the setting of large, randomised trials. In follicular lymphoma doses of 
4 Gy in two fractions have been shown to achieve effective local control. We are 
currently recruiting patients into a randomised, phase III trial of 24 Gy vs. 4 Gy 
palliative or radical radiotherapy in patients with FL or MZL …  



These	  guidelines	  have	  been	  developed	  to	  define	  the	  use	  of	  radiotherapy	  for	  lymphoma	  in	  the	  current	  era	  of	  
combined	  modality	  treatment	  taking	  into	  account	  increasing	  concern	  over	  the	  late	  side-‐effects	  associated	  with	  

previous	  radiotherapy.	  

A	  reducNon	  in	  both	  treatment	  volume	  and	  overall	  treatment	  dose	  should	  now	  	  
be	  considered	  to	  minimise	  the	  risks	  of	  late	  sequelae	  











Generally,	  	  the	  scienNfic	  literature	  published	  so	  far,	  has	  found	  lower	  predicNve	  values	  than	  in	  HL..	  	  
The	  lower	  NPV	  (NegaNve	  predicNve	  value)	  is	  probably	  due	  to	  the	  intrinsically	  worse	  prognosis	  of	  NHL.	  The	  lower	  	  

PPV	  (PosiNve	  predicNve	  value)	  is	  instead	  related	  to	  the	  higher	  risk	  of	  infecNons	  among	  paNents	  treated	  with	  higher	  
dose-‐density	  and	  intensity	  strategies	  and	  among	  typically	  older	  paNents.	  	  

	  
In	  addiNon	  the	  use	  of	  Rituximab	  may	  produce	  a	  high	  incidence	  of	  false	  posiNve	  results	  by	  	  Inducing	  an	  inflammatory	  	  

response	  by	  acNvaNon	  of	  anNbody	  dependent	  cellular	  cytotoxicity	  and	  	  complement	  dependent	  cytotoxicity.	  	  









Leuk	  Lymphoma.	  2012	  Oct	  26	  
Risk of second malignant neoplasms after cyclophosphamide-based 

chemotherapy with or without radiotherapy for non-Hodgkin's 
lymphoma  

Yuanlin	  Xu,	  Huaqing	  Wang,	  Shiyong	  Zhou	  	  
	  
•  Abstract	  
	  	  	  	  	  	  Rela\vely	  li^le	  informa\on	  is	  available	  on	  quan\ta\ve	  risks	  of	  therapy-‐induced	  second	  malignant	  neoplasm	  

(SMN)	   in	  pa\ents	  with	  non-‐Hodgkin's	   lymphoma	  (NHL).	  A	  nested	  case-‐control	  study	  was	  conducted	   in	  a	  
cohort	  of	  3,412	  paNents	  treated	  for	  NHL	  between	  1990	  and	  2006,	  including	  118	  paNents	  with	  SMN	  and	  
472	   controls.	   Risks	   of	   leukemia	   /	   lung	   /	   breast	   /	   colorectal	   and	   bladder	   cancer	   were	   higher	   in	   NHL	  
compared	  with	  general	  populaEon.	  A	  higher	  risk	  of	  leukemia	  was	  restricted	  to	  paEents	  given	  cumulaEve	  
dose	   of	   cyclophosphamide	  more	   than	   11250	  mg/m(2).	   However,	   no	   significant	   associa\on	  was	   found	  
between	   SMN	   risk	   with	   rituximab,	   fludarabine,	   anthracyclines,	   epipodophyllotoxins	   and	   pla\num,	  
respec\vely.	  In	  combined	  modality,	  involved	  regional-‐field	  radiaEon	  therapy	  (IRRT)	  had	  a	  higher	  risk	  for	  
second	   solid	   cancers	  as	   compared	   to	   involved-‐nodal	   radiaEon	   therapy	   (INRT).	  With	  paEents	   receiving	  
radiaEon	  doses	  exceeding	  40Gy,	  the	  risk	  of	  lung	  cancer	  and	  breast	  cancer	  was	  increased.	  In	  conclusion,	  
we	   found	   that	   cyclophosphamide-‐based	   therapy	   increased	   the	   risk	   of	   SMN	   in	   NHL.	   Leukemia	   risk	   was	  
linked	   with	   high	   dose	   cyclophosphamide.	   Received	   larger	   radia\on	   field	   or	   higher	   radia\on	   dose	   also	  
could	  be	  important	  risk	  factor	  for	  the	  development	  of	  SMN.	  



 
 

Lymphomas are characterized by a high degree of 
radioresponsiveness and therefore RT is an important modality 
in controlling these malignancies. Recent progress in biology 
and histopathology as well as cytogenetic techniques have 
allowed us to study homogeneous patient populations and 
have given an opportunity to reassess the role of RT in their 
management. 

 
 Late effects of treatment manifesting as normal tissue toxicity and 

especially second cancers are continuing concerns following 
curative therapy. Attention to late morbidity while we devise 
treatments to improve the cure rate remains an important goal. 



In	  the	  era	  of	  Personalized	  
medicine,	  treatment	  is	  likely	  to	  
become	  more	  adapNve	  to	  the	  
individual	  clinical	  situaNon	  



 
 

Grazie per l’attenzione….. 


