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Chemotherapy for Glioblastoma
Is Costly Better?

Ute Linz, MD, PhD
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A n international study under the guidance of the European Orga-

nization for Research and Treatment of Cancer (EORTC) and

the National Cancer Institute of Canada caused a furor in 2005.

Patients with glioblastoma who had received temozolomide (TMZ)

during and after radiotherapy lived significantly longer than those

who had received radiotherapy alone. The news was covered widely

by the media as a breakthrough in brain tumor research. Today, the

application of TMZ concomitantly with radiotherapy and thereafter

is considered the new treatment standard for this aggressive brain

tumor. A phase 3 trial performed by the Neuro-Oncology working

Group of the German Cancer Society (NOA) that yielded better sur-

vival data than any prior phase 3 study for glioblastomas had been

published 2 years before. Radiochemotherapy either with nimustine

(ACNU) and teniposide or with ACNU plus cytarabine yielded me-

dian survival and 2-year survival rates at least equal to those of the

EORTC trial. The drugs cost much less than TMZ. However,

although the study results were published in a high-ranking medical

journal as well, they received much less publicity, and none of the

NOA protocols has become generally accepted. After comparing the

2 studies in detail, as well, the author of this report suggests con-

ducting a new phase 3 trial comparing the 2 regimens to determine

whether TMZ is justified further as standard for the treatment of

glioblastoma.

In 2003, the Neuro-Oncology Working Group of the German

Cancer Society (NOA) published a randomized study (NOA-1) in

patients with malignant glioma.1 It compared 2 radiochemotherapy

combinations of nimustine (ACNU) with either teniposide (VM26)

or cytosine arabinoside (ara-C). The median survival and the 2-year

survival rates for both arms were approximately equal but exceeded

those from all prior phase 3 studies. Nevertheless, the results from

that study have remained widely unnoticed.

Two years later, the European Organization for Research and

Treatment of Cancer (EORTC) and the National Cancer Institute of

Canada (NCIC) published a study in which temozolomide (TMZ)

during and after irradiation was compared with radiotherapy only.2

The outcome of the treatment arm was similar to the outcome

reported in the NOA-1 trial. In contrast to the German study, this
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result was communicated widely in the scientific and

lay press. In the meantime, the TMZ regimen has

become the new standard for glioblastoma (GB)

treatment.

It can only be speculated why NOA-1 was

ignored. Maybe the large number of previously

unsuccessful studies with other chloroethylnitro-

soureas (CENUs) played a role. Or perhaps it was

the radiotherapy-only arm of the EORTC study,

which demonstrated the TMZ effect more convin-

cingly. The NOA-1 trial did not include one,

because, when the trial was initiated in Germany,

it was no longer considered ethically justifiable

to have a radiotherapy-only arm for malignant

gliomas.1 The objective of this commentary was to

recall these important results, especially because

the NOA-1 treatment regimen appears to be very

cost effective.

RESULTS
NOA-1 Study
The NOA-1 trial compared 2 radiochemotherapy

arms. In total, 362 patients with GB or anaplastic

astrocytoma (AA) received radiotherapy and up to

5 cycles of either ACNU plus VM26 or ACNU plus

ara-C combination chemotherapy.1 Both treatment

alternatives were proven equally effective. With a

median survival of 16 to 17 months, the GB patients

lived considerably longer than after other forms of

chemotherapy. Also, the 2-year survival rates (25%

and 29%) exceeded those of all prior phase 3 studies

(Table 1).

EORTC Study 26981
In total, 573 patients with glioma were recruited at

85 European and North American centers. All

patients received radiotherapy, and 50% received

TMZ during and after the irradiation phase (Table 1).

The median survival of this group was 2.5 months

longer (14.6 months vs 12.1 months) and their 2-year

survival rate was higher by a factor of 2.5 (26.5% vs

10.4%) compared with the control group that

received radiotherapy only.

Table 2 lists survival data from the NOA-1 and

EORTC 26981 trials arranged according to various

single variables (performance index, age, extent of

surgery), as well as to Radiation Therapy Oncology

Group (RTOG) risk groups (data from previous

reports1-3). The drug costs for a typical treatment pe-

riod, consisting of 5 or 6 cycles of the 3 different

schemes, are provided in Table 3.

DISCUSSION
Careful reading of the original EORTC publication2

reveals a weakness that has remained unnoticed even

in a subsequent report by the study group.3 The title

and abstract in the original article refer to patients

with newly diagnosed GB only. However, only 85% of

the tumors were reviewed centrally; and, among

these, 3% were diagnosed as AA, 3% were diagnosed

as other histologies, and 1% were deemed ‘inconclu-

sive material.’

Patients who have other tumor entities must not

be combined with the GB group, because they have

another, often better prognosis.4-6 The NOA-1 data in

Table 1 illustrate that patients with AA patients, on

average, live 3 to 4 times longer than patients with

GB. Hence, every patient with AA who is erroneously

assigned to the GB group increases the probability

that the calculated survival is falsely extended.

If the AA patients in treatment arm I (ACNU plus

VM26) or treatment arm II (ACNU plus ara-C) are

grouped together with the GB patients, then the me-

dian survival increases by nearly 2 months, and the 2-

year survival increases by up to 12 percentage points

to an impressive 37%. In the EORTC study, the bias

should not be as dramatic. Nevertheless, even a frac-

tion of only 3% of AA patients can increase the me-

dian survival by a couple of weeks and the 2-year

survival rate by 1 or 2 percentage points.7

Table 2 lists survival data from the NOA-1 and

EORTC 26981 trials arranged according to various

subgroups. The results sorted by performance index,

age, and extent of surgery are influenced by the frac-

tion of AA patients. This translates into a possibly

overstated benefit for the NOA-1 treatment arms.

However, the situation is different for the RTOG

risk groups, which classify patient populations with

malignant glioma according to multiple prognostic

variables, including histology. This yields refined

patient subsets that are particularly suited for a direct

comparison of different treatment regimens.4,5 From

Table 2, it is obvious that the NOA-1 trial was more

favorable than the EORTC 26981 trial when the results

are arranged according to these stratification criteria.

New treatment protocols are assessed not only

for prolongation of life. Equally important is whether

the protocols are tolerated well by the patients and

that they have acceptable side effects. The combina-

tion of ACNU and ara-C was associated with signifi-

cantly more toxicity than ACNU and VM26, and the

latter combination caused leukopenia slightly more

often than the TMZ regimen (Table 1). However,

NOA-1 was designed for dose escalation where possi-

ble and deliberately accepted more side effects. In

fact, 40% of patients in the ACNU plus VM26 arm
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TABLE 2
Comparison of Survival Data for Various Subgroups From German Cancer Society Neuro-Oncology Working Group Study NOA-1 Study
and European Organization for Research and Treatment of Cancer Trial 26981

Variable

Median Overall Survival, Mo 2-Year Survival Rate, %

NOA-1 EORTC 26981 NOA-1 EORTC 26981

ACNUþVM26/ACNUþAraC RTþTMZ RT ACNUþVM26/ACNUþAraC RTþTMZ RT

Performance index (WHO 0 or Karnofsky 100)22.2 17.4 13.3 47/40 ND ND

Age, y

<50 24 17.4 13.2 56/47 ND ND

�50 15.8 13.6 11.9 21/29 ND ND

Surgery 18.6 15.8 12.9 37 ND ND

Biopsy only 9.9 9.4 7.9 19 ND ND

RTOG risk groups*

III 24y 21y{ 15 51y 43y{ 20

IV 16y 16y{ 13 23y 28y{ 11

V 15y 10{ 9 20y 17y{ 6

NOA-1 indicates the German Cancer Society Neuro-Oncology Working Group Study; EORTC, European Organization for Research and Treatment of Cancer; ACNU, nimustine; VM26, teniposide; AraC, cytosine

arabinoside; RT, radiotherapy; TMZ, temozolomide; ND, no data available; WHO, World Health Organization; RTOG, Radiation Therapy Oncology Group.

*Patient classification according to Scott 1998.5

yData significantly better than references from the RTOG data base.

{Data from Mirimanoff 2006.3

TABLE 3
Drug Costs for Therapy According to the German Cancer Society Neuro-Oncology Working Group Study NOA-1 Scheme (Columns 4 and 5) or the
European Organization for Research and Treatment of Cancer Trial 26981 Scheme (Column 6)*

Variable AraC ACNU VM26

NOA-1 EORTC 26981

AraCþACNU VN26þACNU TMZ

Cost, Euroy
5 mg ND ND ND 8

20 mg ND ND ND 29

50 mg ND 57 19 ND

100 mg 7 ND ND 132

250 mg ND ND ND 238

Cycle 1

Dose/d, mg/m2 120 90 60 75

Dose/d, mg/1.86 m2 223.2 167.4 111.6 139.5

Cost/d, Euro 21 228 57 190

Treatment d/cycle 3 1 3 40

Drug cost/Cycle 1 63 228 171 291 399 7600

Cycle 2

Dose/d, mg/m2 120 90 60 150

Dose/d, mg/1.86 m2 223,2 167.4 111.6 279

Cost/d, Euro 21 228 57 283

Treatment d/cycle 3 1 3 5

Drug cost/cycle 2 63 228 171 291 399 1415

Cycle 3-n

Dose/d, mg/m2 120 90 60 200

Dose/d, mg/1.86 m2 223.2 167.4 111.6 372

Cost/d, Euro 21 228 57 399

Treatment d/cycle 3 1 3 5

No. of cycles 3 3 3 3 3 4

Drug cost/Cycle 3-n 189 684 513 873 1197 7980

Total drug cost, Euro 315 1140 855 1455 1995 16,995

NOA-1 indicates the German Cancer Society Neuro-Oncology Working Group Study; EORTC, European Organization for Research and Treatment of Cancer; AraC, cytosine arabinoside; ACNU, nimustine; VM26,

teniposide; TMZ, temozolomide; ND, no data available.

*The data refer to the acquisition costs only and were calculated for a patient with 1.86 m2 body surface area.

yThe prices per unit are taken from published price lists (2007).



had their ACNU doses escalated, but only 6% needed

reductions. The side effects did not cause more treat-

ment discontinuations among patients in the NOA-1

trial (Table 1). With 11% and 13%, respectively, they

were in the same range as in the EORTC trial (13%).

Finally, Table 1 also illustrates that the number of

uncontrollable serious incidents was similar for the 3

chemotherapy arms.

At first sight, the competitive outcome of the

NOA study may be surprising, given the many less

favorable survival data from other, earlier CENU

trials. However, contrary to what often has been

depicted, CENUs have demonstrated different effec-

tiveness and selectivity in vitro and in vivo.

For example, ACNU is less toxic to the lung than

carmustine.8 This is the major reason why ACNU is

preferred in Japan and in some European countries.

In vitro experiments tend to explain this difference

by illustrating the different selectivity of the various

CENUs toward O6-methylguanine-DNA methyltrans-

ferase (MGMT)-expressing cells. ACNU is considered

more discriminating than carmustine and lomustine

(CCNU). Mucous producing Clara cells, which sup-

posedly are very low in MGMT activity,9 are spared

better by ACNU than by the other agents.

Among solid tumors, brain tumors also are con-

sidered low-expressing MGMT tumors. Therefore, it

was predicted that ACNU would be more effective

than other CENUs in conveying a therapeutic

response with less nonspecific toxicity.10 This predic-

tion was confirmed in a recent report. A survival gain

analysis of 24,000 patients with high-grade glioma

who were treated with various CENUs demonstrated

the greatest gain in survival for ACNU-treated

patients (þ8.9 months). CCNU yielded a survival gain

of þ5.9 months, and, for carmustine—the most

widely used CENU—no gain was discernable.11

Effectiveness and toxicity, at least for ACNU and

VM26, seem comparable to those for TMZ. However,

the differences in cost between the study medica-

tions are tremendous.

During the first cycle of the EORTC protocol,

TMZ has to be administered daily. This causes drug

costs of approximately 7600 Euros (Table 3). In the

adjuvant phase, the drug needs to be taken for 5

days per cycle only, although at higher doses. This

results in costs ranging from 1400 to 2000 Euros per

additional cycle. The same patient treated with 1 of

the NOA-1 schemes would require cytostatic drugs

for costs of only 300 or 400 Euros per cycle.

The cost for the whole treatment period amounts

to approximately 17,000 Euros for TMZ, roughly 2000

Euros for ACNU plus VM26, and only 1500 Euros for

ACNU plus ara-C. Even considering the additional

charges to administer VM26 or ara-C as infusions

(�100 Euros per application), the cost for TMZ

remains a multiple of the cost of the other drugs.

Severe emesis was rare in the NOA study (grade 3 or

4 events on <1.5% of study days) and did not result

in significant extra cost.

Wasserfallen et al12 calculated similar values for

the drug cost. They estimated that the total cost of

care for the treatment of a GB patient with TMZ was

approximately 34,000 Euros with 55% of that cost at-

tributable to the acquisition of the drug.

Considering the cost-effectiveness data, it is sur-

prising that none of the NOA-1 protocols has found

wider acceptance. Even more surprising, the 2 cyto-

toxic drugs VM26 and ara-C currently are not

approved for the treatment of glioma in Germany.

Application of ara-C was authorized only for the NOA-

1 study. The manufacturer of VM26, conversely, did

not ask for extension of approval of the product in

2006; rather, it was withdrawn completely from the

German market. VM26 still can be imported from

other European countries. However, it can be adminis-

tered only to GB patients within an individual treat-

ment decision but not as a general recommendation.

Whenever differences in survival and objective side

effects are small, large discrepancies in cost can be jus-

tified only by a significant improvement in subjective

quality-of-life (QoL) parameters. Internationally

accepted upper benchmarks for the cost per quality-

adjusted life year are in the range from 40,000 to 45,000

Euros.13 The incremental cost of TMZ per quality-

adjusted life yearmay be above this upper limit.12,14

The enormous costs of TMZ with hitherto undis-

cernable advantages compared with ACNU plus

VM26 suggest the need to start a direct comparison

of the 2 regimens in a new prospective, randomized,

phase 3 trial in patients with GB. According to Wolff

et al,11 it may be sufficient to compare TMZ with

ACNU only. Their survival gain analysis for various

nitrosoureas with or without additional drugs

revealed the highest survival gain for ACNU-based

treatments compared with 6 other nitrosoureas. In

addition, ACNU combination protocols did not result

in significantly higher effectiveness than treatment

with ACNU alone. Therefore, a direct comparison of

TMZ and ACNU may be worth consideration. The

finding that both drugs can be administered orally is

another asset of such an approach.

In contrast to the EORTC study, patients in the

NOA study were not stratified for MGMT methyla-

tion.15 However, the MGMT enzyme removes TMZ

residues as well as chloroethyl residues from O6-gua-

nine in DNA. A recent Japanese study16 correlated

the expression of MGMT measured immunohisto-

Cost-effectiveness of GB Therapy 2621



chemically and the survival of patients with GB after

ACNU-based chemotherapy. Among only 18 patients

with GB, a trend was observed toward longer pro-

gression-free survival for patients who had low

MGMT-expressing tumors (15 months vs 9 months; P

¼ .09), and a statistically significant difference was

observed in overall survival (22 months vs 12

months; P ¼ .01). A second Japanese group that stud-

ied hypermethylation of the MGMT promoter

observed extended survival only for patients with AA,

but not for patients with GB, after ACNU treatment.17

Although the results were discrepant, these first data

indicate that it also may be worthwhile to consider

MGMT status for CENU-based chemotherapy. It is

noteworthy that hypermethylated MGMT gene status

did not appear to provide an additional benefit in

the recursive partitioning analysis (RPA) of the

EORTC patients in any of the RPA classes.3 A direct

comparison between TMZ and ACNU (with or

without VM26) in this respect also would be inter-

esting. Finally, such a study should include full

assessment of QoL and overall cost. This would

make it possible to investigate whether the more

expensive treatment variant would be warranted

because of better QoL.

In conclusion, the treatment results from the

NOA-1 and EORTC 26981 trials appear to indicate

that ACNU plus VM26 (or ara-C) can be as effective

as TMZ for patients with GB but is much less costly.

Therefore, we suggest starting a direct comparison of

these successful regimens in a new prospective, ran-

domized, phase 3 trial. Such a study should include

full assessment of QoL and overall costs to determine

whether the disproportionately higher drug costs for

TMZ are compensated by other costs or are justified

because of better QoL.

REFERENCES
1. Weller M, Muller B, Koch R, Bamberg M, Krauseneck P;

Neuro-Oncology Working Group of the German Cancer

Society. Neuro-Oncology Working Group 01 trial of nimus-

tine plus teniposide versus nimustine plus cytarabine

chemotherapy in addition to involved-field radiotherapy in

the first-line treatment of malignant glioma. J Clin Oncol.

2003; 21:3276-3284.

2. Stupp R, Mason WP, van den Bent MJ, et al. Radiotherapy

plus concomitant and adjuvant temozolomide for glioblas-

toma. N Engl J Med. 2005;352:987-996.

3. Mirimanoff RO, Gorlia T, Mason W, et al. Radiotherapy and

temozolomide for newly diagnosed glioblastoma: recursive par-

titioning analysis of the EORTC 26981/22981-NCIC CE3 phase

III randomized trial. J Clin Oncol. 2006;24:2563-2569.

4. Curran WJ Jr, Scott CB, Horton J, et al. Recursive partition-

ing analysis of prognostic factors in 3 Radiation Therapy

Oncology Group malignant glioma trials. J Natl Cancer Inst.

1993;85:704-710.

5. Scott CB, Scarantino C, Urtasun R, et al. Validation and

predictive power of Radiation Therapy Oncology Group

(RTOG) recursive partitioning analysis classes for malig-

nant glioma patients: a report using RTOG 90-06. Int J

Radiat Oncol Biol Phys. 1998;40:51-55.

6. Buckner JC. Factors influencing survival in high-grade glio-

mas. Semin Oncol. 2003;30:10-14.

7. Hauch H, Sajedi M, Wolff JEA. Treatment arms summariz-

ing analysis of 220 high-grade glioma studies. Anticancer

Res. 2005;25:3585-3590.

8. Planting AST, Ardizzoni A, Estape J, et al. Phase II study of

ACNU in non-small-cell lung cancer: EORTC study 08872.

Cancer Chemother Pharmacol. 1991;28:145-146.

9. Belinsky SA, Dolan ME, White CM, et al. Cell specific

differences in O6-methylguanine-DNA methyltransferase

activity and removal of O6-methylguanine in rat pulmo-

nary cells. Carcinogenesis. 1988;9:2053-2058.

10. Preuss I, Thust R, Kaina B. Protective effect of O6-methyl-

guanine-DNA methyltransferase (MGMT) on the cytotoxic

and recombinogenic activity of different antineoplastic

drugs. Int J Cancer. 1996;65:506-512.

11. Wolff JE, Berrak S, Koontz Webb SE, Zhang M. Nitrosourea

efficacy in high-grade glioma: a survival gain analysis sum-

marizing 504 cohorts with 24,193 patients. J Neurooncol.

2008;88:57-63.

12. Wasserfallen JB, Ostermann S, Pica A, et al. Can we afford

to add chemotherapy to radiotherapy for glioblastoma

multiforme? Cost-identification analysis of concomitant

and adjuvant treatment with temozolomide until patient

death. Cancer. 2004;101:2098-2105.

13. Dooms CA, Lievens YN, Vansteenkiste JF. Cost-utility analy-

sis of chemotherapy in symptomatic advanced nonsmall

cell lung cancer. Eur Resp J. 2006;27:895-901.

14. Wasserfallen JB, Ostermann S, Leyvraz S, Stupp R. Cost of

temozolomide therapy and global care for recurrent malig-

nant gliomas followed until death. Neuro-Oncol. 2005;7:

189-195.

15. Hegi ME, Diserens A-C, Gorlia T, et al. MGMT gene silen-

cing and benefit from temozolomide in glioblastoma. N

Engl J Med. 2005;352:997-1003.

16. Anda T, Shabani HK, Tsunoda K, et al. Relationship

between expression of O6-methylguanine-DNA methyl-

transferase, glutathione-S-transferase pi in glioblastoma

and the survival of the patients treated with nimustine

hydrochloride: an immunohistochemical analysis. Neurol

Res. 2003;25:241-248.

17. Kamiryo T, Tada K, Shiraishi S, et al. Correlation between

promoter hypermethylation of the O6-methylguanine-DNA

methyltransferase gene and prognosis in patients with

high-grade astrocytic tumors treated with surgery, radio-

therapy, and 1-(4-amino-2-methyl-5-pyrimidinyl)methyl-3-

(2-chloroethyl)-3-nitrosourea-based chemotherapy. Neuro-

surgery. 2004;54:349-357.

2622 CANCER November 15, 2008 / Volume 113 / Number 10


