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List of abbreviations and glossary
Technical terms and abbreviations are used throughout this report. The meaning is usually clear from 
the context, but a glossary is provided for the non-specialist reader. In some cases usage differs in the

literature, but the term has a constant meaning throughout this review. 

List of abbreviations
AA anaplastic astrocytoma

AO anaplastic oligodendroglioma

AOA anaplastic oligoastrocytoma (or
mixed glioma)

BCM20 Brain Cancer Module (consisting 
of 20 questions)

BCNU carmustine (a nitrosourea) 
– a chemotherapy agent

CCNU lomustine (a nitrosourea) 
– a chemotherapy agent

CI confidence interval

CR complete response*

EMEA European Agency for the Evaluation
of Medicinal Products

EORTC European Organisation for Research
and Treatment of Cancer 

GBM glioblastoma multiforme

HRQL health-related quality of life

KPS Karnofsky Performance Status

Complete response A measure of tumour
response. Defined as the disappearance of all
enhancing tumour in neuroimaging.

Cost-effectiveness ratio The incremental cost
of producing an extra unit of a given outcome
(e.g. incremental cost per life-year gained). 
Effect size As defined in Osoba et al., (J Clin Oncol
2000;18(7):1481–91): “Effect sizes were calculated
by dividing the standard deviation of the mean
of the baseline completion score by the mean
of the second, third, and so on, completion.”

Hazard ratio A measure of the relative effect 
of treatments. Used to estimate the difference 
in survival between two groups across the entire
study period. 

Kaplan-Meier A method of calculating survival
curves where censored observations are expected.
Censored observations occur either where a
patient drops out before completion of the 
study or where a patient has not experienced 
the event of interest (e.g. death) at the time 
of the analysis. continued

MR minor response*

MRC Medical Research Council

MRI magnetic resonance imaging

NNT number needed to treat

NS not significant*

PCV procarbazine, CCNU and vincristine

PFS progression-free survival

PR partial response*

PRO procarbazine*

QALY quality-adjusted life-year

QLQ-C30 Quality of Life Questionnaire – 
Cancer (30 questions)

QoL quality of life

RCT randomised controlled trial

SD stable disease (see definitions 
of terms)*

TMZ temozolomide

*Used only in tables

Glossary
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continued

Karnofsky Performance Status A scale for
assessing the clinical status of patients.

Logrank test The most common method of
comparing groups of survival times. Where 
the logrank test is significant (usually p < 0.05)
there is some evidence to suggest a difference
between two groups. Note that the logrank 
test is solely a hypothesis test – it provides no
direct information of the size of any between-
group difference. 

Number needed to treat The number of 
patients who need to be treated to prevent one
given outcome. It is the inverse of the absolute
risk difference.

Objective response Complete response or partial
response (see definitions elsewhere in list). 

Open label A clinical trial in which the investi-
gator is aware of the intervention being given to
any given participant (random allocation may 
or may not be used).

Partial response A measure of tumour response.
Defined as a 50% or more reduction in the 
sums of the products of the largest perpendic-
ular diameters of contrast enhancement for 
all measurable lesions or an assessment of
“definitely better” for all non-measurable lesions.

Performance status A clinician’s assessment of
the clinical status of a patient. Can be assessed
using scales such as the Karnofsky performance
status scale or the WHO scale.

Progressive disease A measure of disease pro-
gression. Defined as a 25% or greater increase in
size of the product of the largest perpendicular

diameters of contrast enhancement for any
measurable lesions or an assessment of
“definitely worse” for any non-measurable 
lesions or any new tumour on MRI scans.

Progression-free survival Survival without
objective growth of tumour. It represents how
long patients survive with improved or stable
disease status.

Quality-adjusted life-year An outcome measure
that combines quantity and quality of life in 
a single index and should reflect preferences
(utility values) for the associated health states. 
A QALY is calculated by the duration spent 
in a health state (in years) weighted by the
preference for that state (utility). 

Stable disease A measure of disease status. 
Comprises all other situations not defined as
complete response, partial response or
progressive disease.

Survival Length of time patients survive from
initiation of treatment or proportion of 
patients surviving at a given time point.

Toxicity grades A common measure of toxicity 
in which higher grades refer to more toxicity. 
For full criteria of Common Toxicity Criteria 
for particular adverse events refer to
http://ctep.info.nih.gov/CTC3/

Utility A measure of preference for a given
health state. Perfect health corresponds to a
weighting of 1.0 and states equivalent to death
are weighted 0. 

WHO status A scale for assessing the clinical
status of patients.
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Background
Brain tumours make up approximately 1.5% 
of all malignant neoplasms in adults in England
and Wales. About 50–60% of brain tumours are
malignant gliomas (approximate incidence rate
3–4 per 100,000 per year), most of which are
anaplastic astrocytoma (AA) or glioblastoma
multiforme (GBM). 

AA and GBM are the highest grades of astrocytoma
and are not considered curable. Patients can suffer
from a range of symptoms and impairments that
can have a profound effect on quality of life
(QoL), as well as their ability to work and to 
care for themselves.

Following diagnosis and primary treatment (usually
with surgery, radiation and corticosteroids), most
patients will experience a tumour recurrence. Sub-
sequent treatment options are limited and palliative.
In the UK, approximately 30% of people with GBM
or AA currently receive chemotherapy on relapse.
Median survival time from initial diagnosis is 27–
36 months for AA and approximately 11–12 months
for GBM. The average cost of treatment is approxi-
mately £11,900 per patient at a cost to the NHS in
the region of £25 million per annum.

Aim of the review

To provide a rapid review of the effectiveness and
cost-effectiveness of temozolomide (TMZ) in the
treatment of primary malignant brain tumours 
(AA and GBM). 

Methods

An extensive literature search was conducted 
using databases including the Cochrane Library,
MEDLINE, EMBASE, CANCERLIT, Toxline, ISI
Web of Science, BIOSIS, and PreMEDLINE.
Searches were conducted using the generic and
trade names for the drug to locate all available
clinical trials involving the drug and its adverse
effects. The primary inclusion criteria were that 
the study should evaluate TMZ in malignant
glioma patients, be a randomised controlled 

trial (RCT) or include more than 45 patients, 
and include effectiveness and/or QoL outcome
measures. The quality of included studies was
assessed using two quality assessment tools: the
scale developed by Jadad was used to assess RCTs,
and all studies were also assessed using a short-
ened version of a check-list developed for an
epidemiological review. 

Two reviewers independently assessed studies for
inclusion, extracted data from the studies and
evaluated the quality of each included study.
Disagreements were resolved through discussion.

Due to the paucity of data, a narrative rather 
than a statistical synthesis of the effectiveness 
data was undertaken.

A simple model was used to explore the cost-
effectiveness of TMZ in comparison with best
alternative care. Estimates of effectiveness and 
QoL (utilities) used in the model were obtained
from the literature review. Direct costs relating 
to incremental cost of TMZ administration and
follow-up were estimated. Both cost-effectiveness
and cost–utility analyses were performed. 
All parameters used in the model (effective-
ness, QoL and costs) were varied in a 
sensitivity analysis. 

Results

Quantity and quality of 
available evidence
Nine full reports of seven effectiveness studies 
were identified for inclusion: one RCT and six
uncontrolled studies (one of which was available
only in abstract format). The RCT was a multi-
centre, open-label study of TMZ versus pro-
carbazine, which did not report the method of
randomisation used and was neither single- nor
double-blinded. The comparator chosen is not
commonly used in the UK, limiting the generalis-
ability of the trial results. The remaining studies
suffer from all of the biases inherent in non-
comparative studies, further limiting the con-
clusions that can be drawn. Furthermore, most of
the included studies applied performance status
and life expectancy criteria such that they may

Executive summary
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have recruited somewhat healthier patients than
would be considered eligible in routine practice. 

Effectiveness of TMZ
Although the quality of the available evidence is
relatively poor, gliomas do appear to show some
response to TMZ. The main benefit in patients
with GBM, demonstrated in one RCT and one
relatively large uncontrolled study, is an increase
(13%) in the estimated proportion of patients
remaining progression-free at 6 months and a
significant increase in median progression-free
survival (PFS) of approximately 4 weeks. No
significant overall survival advantage was found 
in comparison with procarbazine. 

For patients with AA, one large uncontrolled study
suggests some improvement in both PFS and
possibly in survival. The magnitude of any benefit
in AA is difficult to quantify due to the lack 
of a within-study comparison of TMZ with an
alternative treatment regimen.

Subgroup analyses provide some suggestion 
of better outcomes in patients who were
chemotherapy-naïve, although patient numbers
were small. As adjuvant chemotherapy is not
commonly used in the UK, these results may be
more applicable to the UK population, but 
require confirmation in large RCTs. 

TMZ appears to cause few serious adverse 
effects, with vomiting usually well controlled 
by prophylactic anti-emetic regimens. Some
clinicians believe that toxicity, particularly myelo-
suppression, is more predictable with TMZ and 
this has been noted as one of the advantages of
this drug over others. Empirical evidence is,
however, limited.

Quality of life
One of the major claims of benefit from TMZ 
is that conferred on health-related QoL. There 
is some evidence that QoL is improved from
recurrence until the point of disease progression
for patients with GBM or AA. 

Cost-effectiveness and cost–utility
On the basis of current evidence, which suggests
only an increase in PFS, the cost per progression-
free week gained lies between £700 and £1000 for
AA and GBM, respectively. If a moderate impact 
on QoL alongside a moderate increase in PFS is
assumed, the cost per quality-adjusted life-year
(QALY) gained for patients with either GBM or 
AA is around £40,000 (for a QALY gain of 0.09 
and 0.20, respectively). These estimates are 

highly speculative and reflect the adoption 
of a ‘best-case’ outlook. 

Limitations of the analyses

The weaknesses of the primary studies seriously
affect the strength of the conclusions that can 
be drawn about the effectiveness and cost-
effectiveness of TMZ. Only one RCT is available,
the remainder of the evidence to date coming
from relatively small uncontrolled studies. Most 
of the studies were conducted in patients with a
relatively favourable prognosis compared with
those who might be eligible to receive TMZ in
routine care and the RCT did not use a com-
parator commonly used in the UK. These factors
limit the generalisability of the results to 
UK practice.

These factors also impact on the reliability of the
results of the economic analyses. First, the most
appropriate analysis for a UK scenario would be 
to compare TMZ to a current standard treatment
such as the chemotherapy combination of
procarbazine, CCNU and vincristine (PCV).
Although it was possible to obtain cost estimates
for these two regimens, there are no effectiveness
data available that directly compare these two
treatment options. Therefore, alternative sources
of data were used to estimate the results that might
be seen with PCV. 

Secondly, no reliable utility data were available. 
An estimate of the utility experienced at recur-
rence was provided by studies that used psycho-
metric questionnaires to assess QoL. The accuracy
of this estimate may be questioned, but it did at
least allow some exploration of the effect of TMZ
on QoL while progression-free, and the resulting
impact on the cost–utility of the treatment. 

Because there was a further lack of data on utilities
experienced following progression of disease, the
deterioration in QoL during this phase of disease
was assumed to be linear. In practice, it may be
more likely that the utility curve would dip sharply
and then level off, in which case the assumptions
made are likely to have over-estimated the value of
life following progression and any hypothesised
increase in survival.

Finally, only the direct costs of treatment at recur-
rence were considered. No data were available on
the cost of treatment at the end of life, and any
potential impact on such costs from the use of TMZ.
It may be that TMZ introduces some cost savings by

Executive summary
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shortening the period of time from progression to
death, but this was not possible to evaluate. 

Conclusions

It is the authors’ opinion that the evidence is
currently too weak for firm conclusions to be
drawn. However, a speculative economic model
suggests some indication of benefit from TMZ, 
at a cost per QALY gained of around £40,000. 

The incidence of malignant glioma is relatively low
and the overall budgetary impact for the NHS as a
whole is in the order of £4 million per annum.

The true effectiveness of TMZ for recurrent 
glioma will only be determined by large RCTs
comparing TMZ with best alternative care in a
wider population of patients (i.e. not limited to
those with favourable prognosis), with separate
pre-planned analyses for those who are
chemotherapy-naïve.
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Aim of the review
To provide a rapid review of the effectiveness and
cost-effectiveness of temozolomide (TMZ) in the
treatment of primary malignant brain tumours
(anaplastic astrocytoma (AA) and glioblastoma
multiforme (GBM)).

Description of underlying health
problem – brain cancer
Brain tumours make up approximately 1.5% of all
malignant neoplasms in adults in England and
Wales.1 Incidence figures for England and Wales
are provided in Table 1. Brain cancer is slightly
more common in men than in women (1.2:1.0).4

There is a slight peak in incidence in early
childhood, and the brain is the most common site
for solid tumours in childhood.4 Incidence also
rises in later adulthood with a major peak around
the age of 70–74 years, with incidences of
approximately 20–25/100,000.4

There are many different types of brain cancers,
generally presumed to arise from different cell
types. Gliomas, most of which are astrocytomas,
make up the majority of brain tumours. Although
there are different schemes for grading brain
tumours, four grades of astrocytoma can be

distinguished, with higher grades being more
aggressive.5 Grades III and IV glioma usually refer
to AA and GBM, respectively.5 Oligodendrogliomas
(e.g. AO and anaplastic oligoastrocytoma (AOA))
are not astrocytomas, but also vary in aggressiveness
and can be difficult to distinguish from astrocytomas.6

In 1998 there were 3177 deaths from all forms of
brain tumours in the UK, representing 2% of all
cancer deaths.4 Approximately 29% of adult
patients with brain cancer survive for 1 year and
approximately 13% survive for 5 years.7 Although
brain tumours account for less than 2% of primary
tumours, they result in 7% of years of life lost from
cancer before the age of 70 years.4

While the preceding mortality figures combined all
types of brain cancer, AA and GBM carry a particularly
poor prognosis; they spread by expansion and
infiltration and are not considered curable. There
are no recent population-based survival data for
England and Wales; however, general consensus 
in the literature is that median survival time from
initial diagnosis is 27–36 months for AA,5,8,9 and
approximately 11–12 months for GBM.4,5,8 The
prognosis for high-grade gliomas is affected by 
age, histology (i.e. AA or GBM), and performance
status (see glossary).9,10 Older patients, those with
poorer performance status, and those with higher-
grade tumours have a poorer prognosis. Age is also

Chapter 1

Aim and background

TABLE 1  Incidence of brain cancersa

Approx. no. of new Brain cancer Glioma AA GBM AO
cases per annum 7b per 3–4c per 1–1.6d per 1.2–2e per 0.2–0.6 f per

100,000 100,000 100,000 100,000 100,000

England (pop. 49.8 million g) 3486 1494–1992 498–797 598–996 100–299

Wales (pop. 2.9 million g) 203 87–116 29–46 35–58 6–17

Health Authority (pop. 500,000) 35 17–21 5–7 7–10 1–3

a Incidence figures reported are per 100,000 population and are consistent with those reported in data from the Information and
Statistics Division, Common Services Agency, National Health service in Scotland  where the combined incidence of GBM and AA 
was 2.7/100,000. However, some reports from the USA estimate combined incidence of GBM and AA at 5–8/100,0002

b From the Office for National Statistics3

c 50–60% of malignant brain tumours
d 30–35% of gliomas
e 40–50% of gliomas
f 5–15% of gliomas
g Mid-1999 population estimates from Office of National Statistics website (http://www.statistics.gov.uk/popest_mid99.asp) 

AO, anaplastic oligodendroglioma
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related to tumour histology: GBM patients are 
on average approximately 10 years older than AA
patients. However, age may also be an independent
prognostic factor for survival.5 

Patients with malignant glioma can suffer from 
a range of symptoms and impairments. Some
symptoms may be general whereas others may be
specific to the area of brain where the tumour is
located. General symptoms include headache,
anorexia, nausea, vomiting, seizures, drowsiness,
personality changes and cognitive slowing. More
focal symptoms could include difficulties with
hearing, speech, ambulation, dexterity, visual
difficulties, and mood disturbances.5,11,12 These
symptoms can have a profound effect on the
quality of life (QoL) of these patients as well as
their ability to work and to care for themselves. 

Following diagnosis and primary treatment, most
patients will experience recurrence of their
tumour. Once this has happened, treatment
options are limited and palliative. 

Current service provision

Patients with high-grade gliomas are usually treated
with surgery, radiation and corticosteroids. Some
patients with particularly poor prognoses are treated
with corticosteroids or are managed with supportive
care alone. Others, perhaps a quarter, would be
recommended for palliative radiotherapy and
approximately half would receive more aggressive
radical radiotherapy. Among those treated with
radical radiotherapy, perhaps half would receive
chemotherapy on relapse.

Treatment modalities 
Surgery
Surgery is undertaken for three purposes: to obtain
the diagnosis (i.e. to determine tumour histology),
to relieve symptoms (e.g. to reduce effects of
intracranial pressure), and to contribute to
survival.4 Although the relation between the
amount of tumour excised and outcome13 remains
unclear, many believe that a major reduction in
tumour size does prolong survival, particularly in
younger, healthier patients.9,13 However, conclusive
evidence for the benefit of surgery is unavailable.

Surgery to excise the tumour is sometimes not
possible because of the tumour location. Even
when the tumour is accessible, excision can rarely
be complete because of the infiltrative nature of
the tumours and because they are often located in
cognitively vital brain areas (e.g. those responsible

for language).5 Tumours tend to recur at the site of
the original tumour.

Radiotherapy 
Radiotherapy is generally standard treatment.
Randomised studies have shown that it enhances
survival,14,15 although some have suggested that in
patients presenting with poor performance status
there may be little benefit.16 Considerable research
has been conducted on optimal radiation doses,
and results suggest that a dose of 6000 cGy
increases survival over a dose of 4500 cGy.5,17

Additional research is evaluating other methods 
of timing and targeting radiation.

Chemotherapy 
A broad range of chemotherapy agents may 
be used in an attempt to prevent or retard the 
growth of tumour cells, to kill tumour cells, or 
to radiosensitise tumours. Commonly used agents
include the chloroethyl nitrosoureas, epipodo-
phyllotoxins, and platinum compounds.4

The route and schedule of dosing varies across
chemotherapy regimens. Common regimens for
malignant gliomas involve drugs taken orally or
intravenously. Schedules vary from intravenous
treatments for 3 or 4 days every 6–8 weeks to one 
oral dose every 6–8 weeks.5

Steroids 
Corticosteroids (usually dexamethasone) are given
to control the effects of raised intracranial pressure
and to reduce neurological deficits by reducing
tumour-induced oedema.5

Treatment stages
Initial treatment
The first line of treatment is usually surgery with
the aim of major tumour debulking, shortly
followed by radiotherapy. 

The use of chemotherapy as an adjuvant treatment
is more equivocal. A recent meta-analysis by the
Medical Research Council (MRC) reported a 5%
increase in 2-year survival for radiotherapy plus
chemotherapy compared with radiotherapy
alone.18 However, single studies, such as a large,
multicentre randomised controlled trial (RCT) 
by the MRC Brain Tumour Working Party,19

have found no benefit from the addition of
chemotherapy (PCV – procarbazine, CCNU 
and vincristine) to a standard radiotherapy
regimen in patients with high-grade gliomas. 
There has also been some suggestion that
particular subgroups of patients may benefit –
perhaps as many as 25% of patients5,19,20 – 



Health Technology Assessment 2001; Vol. 5: No. 13

3

but the factors that might identify those patients 
a priori have yet to be clearly identified.20

Adjuvant chemotherapy is becoming more common in
the UK, but is currently not considered standard care.

Recurrence
Most patients with malignant glioma will suffer a
recurrence of the tumour after receiving initial
treatment. Some patients will undergo additional
surgery, again with the aim of complete resection. 

Although stereotactic radiotherapy is sometimes 
used as adjuvant treatment, it is more often 
used after recurrence and is only appropriate for 
a small subset of patients (depending on tumour 
size and location). 

Chemotherapy at recurrence usually consists of
some agent(s) not previously administered. In the
UK, a single-agent nitrosourea (e.g. CCNU or
BCNU), or a combination therapy such as PCV is
often used.4 Procarbazine alone is sometimes used
in the USA but is not standard therapy in the UK. 

Two studies have been identified that provide 
some indication as to the effectiveness of current
chemotherapy treatment following tumour
recurrence. One9 combined the results of eight

consecutive chemotherapy studies in recurrent
malignant glioma; the other21 examined a range 
of treatments for recurrent malignant glioma
including four chemotherapy RCTs. The results of
these studies, where possible subdivided according
to tumour histology, are summarised in Table 2.

The results of these studies provide a baseline
against which to evaluate the effectiveness of 
TMZ; however, a direct comparison with the TMZ
studies has not been conducted. Although they
provide the best available information about the
effective-ness of chemotherapy treatments in
recurrent malignant glioma, they are not ideal 
for comparison with TMZ studies. For instance,
many of the patients included in the Wong and 
co-workers9 analysis had suffered more than one
tumour recurrence, whereas many of those in the
TMZ studies were at first recurrence. Therefore,
the possible poorer prognosis of those in the 
Wong analysis may inflate the apparent
effectiveness of TMZ.

Patterns of care and estimated 
costs of treatment
Two studies have been conducted in the UK to
examine the patterns of resource use of glioma
patients. One study aimed to identify the direct
hospital costs of treating 236 patients with biopsy-

TABLE 2  Effectiveness of current treatments for recurrent malignant glioma

Study Objective 6-month PFS % Survival Other outcomes
response (95% CI) (95% CI)

Wong et al., 19999 PR, 9% All patients: Median: 30 weeks Median PFS:
MR, 5% 21 (17 to 26) (26 to 35) 10 weeks (9 to 11)

Combined eight SD, 25%* GBM: 25 weeks GBM: 9 weeks
Phase II chemotherapy GBM: 15 (10 to 19) AA: 47 weeks AA: 13 weeks
trials CR + PR:
n = 458 (375 analysed) GBM, 6% AA: 31 (24 to 39) 6-month survival: 55% 1-year PFS: 12%

AA, 14% 1-year survival: 32% 5-year PFS: 4%
5-year survival: 10%

MR + SD:
GBM, 27% 
AA, 34% 

Huncharek & Muscat, All RCTs: Time to progression:
199821 median, 28 weeks median, 14 weeks

mean, 31.5 ± 13.4 mean, 15.4 weeks
Systematic review of 
treatment in recurrent Four chemotherapy 
high-grade astrocytoma RCTs:
n = 1415 (347 in four median, 25 weeks
chemotherapy RCTs) mean, 26.2 ± 3.1

Note: MR defined as decrease in tumour size by less than 50% with stable or decreasing corticosteroid dose
*One CR reported
CR, complete response; PR, partial response; MR, minor response; SD, stable disease; CI, confidence interval; PFS, progression-free survival
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proven malignant glioma at a neuro-oncology
clinic.22 The other23 assessed the clinical outcomes,
resource use and cost of care for 102 patients with
high-grade glioma treated at two specialist centres. 

Across both studies, all patients bar one underwent
some form of surgery during the initial treatment
phase. Between 66%22 and 99%23 of patients
underwent radiotherapy and approximately 30%
underwent chemotherapy (PCV or BCNU) on
relapse.22,23 No patients in either study appear to
have received adjuvant chemotherapy. Mean length
of inpatient stay per patient was around 40 days
from first admission at which a diagnosis was made
until death.23 This corresponds well with Scottish
data on 818 cases of AA and GBM, which found a
mean number of hospital admissions per patient 
of 4.6, with a mean length of stay of 10.3 days per
admission. (Data from Information and Statistics
Division, Common Services Agency, National
Health Service in Scotland.) Latif and co-workers
broke down hospital admissions according to main
treatment received: mean lengths of stay were 
8 days following surgery, 14 days for radical radio-
therapy, and 7 days for palliative radiotherapy.22

The total costs of care ranged from £1978 to
£26,980 per patient in one study,22 and averaged
£11,900 in the other.23 The largest components of
overall costs in the latter study23 were ward costs
(£7185), surgery (£1292), radiotherapy (£1167),
intensive care unit costs (£799), outpatient costs
(£611), imaging (£494) and community care costs
(£456). A similar pattern was demonstrated by
Latif and co-workers.22

These studies generally support the thesis that up
to 75% of the direct costs of treating malignant
glioma are incurred during the initial treatment
period.24 Given the short life expectancy of glioma
patients (often less than 1 year), the total cost of
treating 1500–2000 new cases each year in England
and Wales, using an average cost per patient of
£11,900 is approximately £20–25 million.

Description of new intervention –
TMZ
Licensed indications
The chemotherapy drug TMZ (trade name
Temodal®) was licensed by the European Agency

for the Evaluation of Medicinal Products (EMEA;
20 Jan, 1999) for the treatment of patients 
(≥ 3 years old) with malignant glioma, such as 
AA and GBM, showing recurrence or progression
after standard therapy.25 TMZ is an alkylating
antitumour agent that is administered orally in 
the form of hard capsules and can therefore be
administered by patients at home.

TMZ is rapidly absorbed and shows good tissue
distribution, including some penetration across 
the blood–brain barrier.26 It is converted to the
active compound monomethyl triazenoimidazole
carboxamide under physiological conditions.2,26

TMZ is generally administered in cycles of 5 days
per 28-day cycle at a dose of 200 mg/m2/day25

(although there have been small trials with
continuous treatment). For patients who had 
prior chemotherapy, treatment is generally 
started at 150 mg/m2/day. TMZ is continued 
until there is unacceptable toxicity or further
disease progression.

Contraindications
TMZ should not be taken by patients who have 
a hypersensitivity to its components or to dacarba-
zine. TMZ is also contraindicated in women who
are pregnant or breastfeeding.

Approximately one in 20 patients’ bone marrow 
is sensitive to TMZ.26 Dose reductions are indi-
cated in these patients. Myelosuppression is
assessed before each cycle of therapy. Little
cumulative toxicity has been noted for the drug,
and myelosuppression occurs on a predictable 
time course.26

Costs
The cost of the drug itself according to the 
British National Formulary27 is about £1175 per 
5-day course (assuming a daily dose of 340 mg; 
see appendix 9 for computation). The median
number of cycles reported in the studies reviewed
in the next chapter ranged from three to seven
courses, corresponding to a cost per patient of
approximately £3525 to £8225.

Degree of diffusion
Discussion with experts suggests that TMZ is not
currently widely funded in the UK and is not
widely used, particularly outside the context of
clinical trials.
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Objectives
The objective of this effectiveness review was 
to evaluate TMZ for its licensed indications, in
comparison with standard alternative chemotherapy
or against best standard care, in terms of both
survival and QoL.

Methods

Inclusion criteria
The initial inclusion criteria were that the study
should evaluate TMZ (at any dose) in malignant
glioma patients (over the age of 3 years), should be an
RCT or include more than 50 patients, and include
effectiveness and/or QoL outcome measures. The
sample size criterion was later revised down to include
studies with a minimum of 45 patients, as two studies
were found with nearly 50 patients and all other
studies had considerably smaller patient numbers. 

Due to the anticipated lack of data on TMZ,
randomised, non-randomised and uncontrolled
studies were eligible for inclusion in the review. 

Literature search
Searches for the drug name (both generic and
trade) were conducted on the following 
electronic databases.

• Cochrane Library, 2000 Issue 3
• MEDLINE, 1966–2000/08
• EMBASE, 1989–2000/06
• CANCERLIT, searched 19 July, 2000
• Toxline, searched 19 July 2000
• ISI Web of Science, searched 19 July 2000
• BIOSIS, searched 19 July 2000
• PreMEDLINE, searched 19 July 2000.

Searches were conducted to locate all clinical trials
involving the drug and its adverse effects (see
appendix 1). Having determined that sufficient data
on adverse effects were available in studies of malig-
nant glioma, studies were then excluded if they were
in another condition, were pharmacokinetic studies,
were reviews or commentaries or were too small.

Additional searches focused on natural history,
prognosis, and QoL in malignant glioma. 

These searches were conducted on the 
following databases.

• MEDLINE, 1980–2000/08
• EMBASE, 1989–2000/06
• ISI Web of Science, searched 27 July 2000.

Abstracts from studies identified by the search
strategy were initially screened by two reviewers
prior to requesting full text articles. Disagreements
were resolved in discussion with a third reviewer.
Reference lists of all full-text articles obtained were
scanned for additional relevant articles. In addition,
the authors of included studies were contacted to
request any additional data or names of researchers
who should be contacted for further information.

Data extraction
Two reviewers performed the data extraction of
included studies. Any discrepancies were resolved
through discussion. Summary tables of the data
extracted from each included study are provided 
in appendices 2 and 3.

Quality assessment 
The quality of included studies was assessed using
two quality assessment tools. For RCTs, the quality
assessment scale developed by Jadad and co-
workers28 was used (see appendix 4). All studies
were also assessed using a shortened version of a
checklist developed by Spitzer and co-workers for
an epidemiological review of smoking.29 The
checklist was modified to include the items of central
relevance to the particular kind of studies being
evaluated (see appendix 4). In addition, guidance
notes for internal interpretation of the checklist
were developed to ensure equivalent interpretation
of the checklist items between the evaluators. 

Two reviewers independently evaluated the 
quality of each included study. Disagreements 
on evaluations were resolved through discussion.
Results of quality evaluations are discussed
narratively and detailed summaries for each
effectiveness study are provided in appendix 2.

Data synthesis
Preliminary searches of the literature on TMZ
indicated that very few relevant studies were
available on the drug. In addition, there are very

Chapter 2
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few comparisons of TMZ with any other treatment.
Because of the paucity and heterogeneity of data,
the data were synthesised in a narrative rather than
a statistical manner. 

Results 

Quantity of research available
Nine reports of seven studies were identified 
for inclusion in the review, one of which was
unpublished at the time of writing.6 One report 
of TMZ effectiveness was available only as an
abstract at the time of writing, and because full
details cannot be evaluated, it will be mentioned
only briefly.31 Six studies provided reports of
effectiveness data for TMZ in patients with glioma.
Three of these30,32,33 also investigated health-related
QoL (HRQL) outcomes that were reported in
more detail in two further papers.34,35 Figure 1
provides an overview of the primary search and
inclusion process for TMZ effectiveness studies.

Twelve studies of TMZ in recurrent malignant
glioma were excluded because the numbers of
patients included were less than 45 (range, 11–41)
(see References for list of excluded studies). Data 
on the use of TMZ in 27 newly diagnosed patients
provided by one of the included studies36 was also
excluded due to sample size.

Although TMZ is licensed for use in children as
young as 3 years old, no studies meeting our

inclusion criteria using TMZ in paediatric
populations were available. 

Included effectiveness studies
Table 3 provides details of the included studies.
Only one RCT was identified.32 The remaining
studies are single-group studies.6,30,31,33,36,37 

Patients 
Detailed patient inclusion criteria are only
available from full reports. Therefore, patient
descriptions are based on the six full reports of
effectiveness studies that are available. All patients
were adults over the age of 18 years with
histologically confirmed recurrent malignant
glioma.  In three studies, patients had to be at first
tumour recurrence.30,32,33 In the remainder it was
not clear whether patients had suffered more than
one recurrence. In four studies patients were
required to have a Karnofsky Performance Status
(KPS) of at least 70,30,32,33 or performance status on
the WHO scale of no more than  337 (see appendix
5 for scales). A further study required a KPS of at
least 60.6 In five studies patients were required to
have a life expectancy of at least 12 weeks.6,30,32,33,37

The remaining study for which a full report was
available did not apply inclusion criteria other 
than appropriate diagnosis.36

Receipt of prior chemotherapy, either as an
adjuvant treatment or at first recurrence, may 
affect patients’ responses to future chemotherapy
regimens; however, it has not been possible to

FIGURE 1 Flow diagram of TMZ effectiveness search results

Studies of TMZ (all indications) n = 227

Abstracts screened for retrieval n = 133

Studies of effectiveness or QoL on TMZ in
malignant glioma n = 21

Included: nine studies (seven effectiveness 
of TMZ (one abstract only); two HRQL

94 duplicates

Excluded: 12 studies with < 45 subjects

Excluded: 112 other indications, pharmacokinetic
studies, reviews/commentaries
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clearly differentiate the response to TMZ in this
way. Most of the studies identified included both
patients who had received prior adjuvant chemo-
therapy and patients who were chemotherapy-naïve.
The proportion of patients who had received prior
adjuvant chemotherapy in the studies of patients
with GBM or AA at first recurrence was 68%32 in
the RCT and 29%30 and 60%33 in the other two
studies. The proportions were 10%36 and 30%37

in the two studies with mixed histological groups.
In these cases, it is not clear whether the chemo-
therapy had been given as an adjuvant treatment 
or administered at a previous tumour relapse. In
the remaining study of patients with oligodendro-
gliomas, all but one patient had received previous
chemotherapy, apparently in an adjuvant setting.6

Additional details of inclusion and exclusion
criteria for included studies can be found in
appendix 2.

Intervention
Except where noted, dosage of TMZ was the same
in all studies. In patients who were chemotherapy-
naïve, the dose was 200 mg/m2/day for 5 days in
each 28-day cycle. In patients who had received
prior chemotherapy, the initial dose was reduced

to 150 mg/m2/day with the dose escalating to 
200 mg/m2/day after the first cycle, if haematology
results were satisfactory. The RCT used pro-
carbazine at a dosage of 150 mg/m2/day for 
28 consecutive days in each 56-day cycle.

Quality of included effectiveness studies
Quality assessments for each included study can be
found on the summary tables in appendix 2. 

RCT
The included RCT was a multicentre, open-label
study that did not report the method of random-
isation used. There do not appear to be substantial
differences in baseline characteristics between the
groups. TMZ patients on average had a shorter
time from diagnosis to recurrence than those
receiving procarbazine. This difference was
considered in the analyses and was not found to
have affected the results. It might reasonably be
assumed that any bias introduced by a shorter 
time to recurrence would lead to poorer outcomes
in the TMZ group rather than augmenting any
potential benefit from TMZ. 

The open-label design means that the study was
not double-blind. Therefore, it is possible that

TABLE 3  Included studies

Study Design No. of patients Outcomes assessed

GBM
Yung et al., 200032 RCT n = 225 TMZ/PRO effectiveness

TMZ = 112 Adverse events
PRO = 113 HRQL (also reported in Osoba et al.,34)

Brada et al., 200130 Single group n = 138 TMZ effectiveness
Adverse events
HRQL (also reported in Osoba et al.,34)

AA or AOA
Yung et al., 199933 Single group n = 162 TMZ effectiveness

Adverse events
HRQL (also reported in Osoba et al.,35)

AO or AOA
Chinot et al., 2000 (submitted)6 Single group n = 48 TMZ effectiveness

Adverse events

Mixed histologies
Bower et al., 199737 Single group n = 116 TMZ effectiveness

Adverse events

Newlands et al., 199636 Single group n = 48 TMZ effectiveness
Adverse events

Spagnolli et al., 200031 Single group n = 62 TMZ effectiveness
(abstract only) Adverse events

PRO, procarbazine
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clinical judgements and patients’ self-reports of
QoL were affected by knowledge of the treatments
being given.

The use of procarbazine as the comparator is
problematic for the generalisability of this trial 
to UK practice. It was chosen as the comparator
because it is orally administered and it is one of
the few options available to patients who have
recurrent glioma, particularly if they have had
previous nitro-sourea therapy. However, it is not
commonly used alone in the UK, but instead is
often used in combination therapy such as PCV
(with procar-bazine in lower doses than used alone
in the cited study). Therefore, the RCT results are
not directly applicable to those UK patients with
recurrence who would be considered for
chemotherapy. 

Quality concerns for all included studies
None of the studies give any assurance that
clinicians and patients were blinded to the
treatments that were being given (and indeed this
would not be possible in an uncontrolled study).
This knowledge is likely to have affected the
subjective assessments of clinical status and the
patients’ self-reports of their QoL.

The method of recruiting subjects affects the
generalisability of results. Only one study reported
the method used to recruit subjects (recruiting
consecutive patients), and in the others there may
been some bias in the recruitment process, such
that the patients enrolled are not representative 
of the population of patients with high-grade
recurrent glioma. This potential for bias is further
compounded by the entry criteria described above
(see Patients). The performance status and life
expectancy criteria will have led to somewhat
healthier patients being selected for inclusion,
such that results from these studies are likely to 
be more favourable than would be found in a
more representative patient population. 

However, not all patients are considered for
chemo-therapy at recurrence, and it is possible 
that those who might be considered for such
treatment may have higher than average perfor-
mance status scores and/or life expectancy. On 
the other hand, a wider range of patients may in
practice be considered ‘fit’ for chemotherapy, not
least because it may be difficult to deny very ill
people the chance of treatment even when the
intent is palliative.

Furthermore, in most studies, the majority of
patients had received a prior chemotherapy

regimen, either as an adjuvant treatment or at
tumour recurrence.  It is plausible that this prior
chemotherapy would reduce patients’ response to
subsequent chemotherapy regimens. In some cases
subgroup analyses were conducted according to
receipt of prior chemotherapy; however, these do
not appear to have been planned a priori, thereby
weakening the strength of the conclusions that 
can be drawn. 

Outcome measures
The outcome measures and factors that may 
affect their interpretation are described below.
More detailed discussion of factors that affect
various outcome measures38 and how the included
studies addressed these factors can be found in
appendix 6.

Objective response
The objective response measure gives some idea as
to whether the drug is having an effect on tumour
growth. In aggressive tumours in which recurrence
has taken place, even a relatively low response rate
may be considered important. In addition, stable
disease (i.e. no improvement in tumour status, 
but no major progression of disease) is an often-
reported outcome although its clinical importance
is debated. 

Criteria for measuring objective response (i.e.
effects on tumour) were similar in all studies. 
(See glossary for definitions; variations from and
refinements to these descriptions are noted in
appendix 2.) 

Measurement of objective response does not
involve a specific length of follow-up. In all
included studies objective response was assessed 
by a combination of clinical assessment of neuro-
logical status and by neuro-imaging. In all cases
except one,36 neurological examinations were
conducted monthly and neuro-imaging was
conducted every 2 months. An objective response
was declared when changes in status and tumour
scans (as defined for each study in appendix 2)
occurred across evaluations at least 1 month apart.
Therefore, objective response is a measure of a
defined change in tumour status at any point 
after the initiation of treatment. 

Progression
Several of the studies estimated PFS and/or
survival times using the Kaplan-Meier method,
which allows estimation when there are censored
observations. (A censored observation is one that
cannot be measured precisely but is known to be
beyond a certain limit (e.g. when patients drop 
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out of a trial or when they are still alive at the time
of the analysis). Results based on Kaplan-Meier
estimates are noted on the summary tables
included in appendix 2.)

Two measures of progression were commonly
included: 6-month PFS and median PFS. Six-month
PFS is a measure of how many patients survive
without further tumour progression for 6 months
following the initiation of treatment. In this
extremely aggressive disease, it is important to
evaluate how many patients may achieve a period
of improvement or stability in disease. For this
reason, 6-month PFS was considered one of the
primary outcomes in most of the effectiveness
studies.

Median PFS is also reported in some studies. 

Survival
Survival was considered in all studies (some used
the Kaplan-Meier method for estimation). This is a
measure of the time that patients survive from the
initiation of the treatment.

In reports of times to progression or survival, 
the starting point is an important consideration.
Although not all the studies reported the start date,
those that did reported it as the date of initiation of
treatment. (Although survival would ideally be
measured from diagnosis, a different starting point
does not affect the interpretation of the RCT, as
survival for both treatments was measured from the
same starting point.) For both median PFS and
survival there was no specified length of follow-up.
Measures of progression and survival also depend
on the timing of the baseline and follow-up evalua-
tions. The point at which recurrence is detected
and further treatment is initiated will affect the
estimates of PFS and survival. Furthermore, when
imaging is being performed more regularly than in
clinical practice, initial recurrence may be detected
earlier producing longer estimates of survival.
Likewise, however, additional progression after
recurrence and the initiation of chemotherapy may
also occur earlier than in routine practice, thereby
underestimating PFS. Therefore, the results for
both PFS and survival may not be directly
generalisable to clinical practice.

HRQL
HRQL is a measure of how patients assess their
own functioning. The objective response measure
discussed above generally includes an assessment
of clinicians’ judgements of how patients are
performing in daily life, but the HRQL is a self-
report measure. The measures used in the

included studies focus on how people are
functioning in their daily life and what symptoms
they are experiencing, and are discussed in detail
in appendix 6. Seven QoL domains were selected 
a priori in the included reports as being of partic-
ular interest: global QoL, role functioning, social
functioning, visual disorder, motor dysfunction,
communication deficit and drowsiness. These
domains were selected by the trialists, on the
recommendation of a panel of brain tumour
experts, in order to decrease the possibility of
finding statistically significant associations by
chance alone. 

Given the extremely poor prognosis for malignant
gliomas, it is important to consider not only 
effects of treatment on tumour growth and the
length of survival, but also effects on the QoL
during survival.

Assessment of effectiveness
Results are summarised according to type of
malignant glioma and outcome measures assessed.
The primary results from the included effective-
ness studies are summarised in Table 4 (results
from one abstract are not shown). Detailed results
from each of these studies can be found in
appendix 2. 

For ease of comparison all survival times that were
initially reported in months are reported here in
weeks (i.e. number or months × 30.4 days / 7). All
results have been rounded to one decimal point.

A summary of HRQL results is shown in Table 5,
and more detailed summaries of the two HRQL
reports are given in appendix 3. (A more detailed
narrative of the HRQL results is provided in
appendix 7.) It should be noted that the HRQL
results are reported as a within-subject change
from baseline and not as the difference in effect
between groups.

GBM 
Objective response Overall response rates in the
RCT were higher for TMZ, though the difference
only just reached conventional statistical signifi-
cance levels (p = 0.049).32 The number of patients
with a partial response was virtually identical in the
two groups (5.4% TMZ, 5.3% procarbazine), but
the proportion of patients with stable disease was
40.2% with TMZ and 27.4% with procarbazine.
There were no complete responses. 

In one single-group study, complete response was
reported in 1% of patients.30 The proportion of
objective response was 8% in one study30 and 11%
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TABLE 4  Summary of effectiveness results

Study                     Objective response (%) 6-month PFS Survival (95% CI) Other outcomes
%

CR PR SD (95% CI)

GBM
Yung et al., 200032 TMZ, 0 TMZ, 5 TMZ, 40 TMZ, 21 (13 to 29) 6-month survival Median PFS
RCT PRO, 0 PRO, 5 PRO, 27 PRO, 8 (3 to 14) TMZ: 60% (51 to 70) TMZ: 12.4 weeks
n = 225 PRO: 44% (35 to 53) PRO: 8.32 weeks

TMZ 6-week 
median survival
advantage, NS

HRQL (see 
Osoba, et al., 200034)

Brada et al., 200130 1 7 43 19 (12 to 26) Median 23.4 weeks Median PFS:
Single-group 6-month survival 46% 9.1 weeks
n = 138

HRQL (see
Osoba et al., 200034)

AA or AOA
Yung et al., 199933 8 27 27 46 (38 to 54) Median 59 weeks Median PFS:
Single-group 23.5 weeks
n = 162 

HRQL (see 
Osoba et al., 200035)

AO or AOA
Chinot et al., 2000 17 27 40 50 (36 to 65)* Median 43.4 weeks Median PFS 29 weeks
(submitted)6

Single-group
n = 48 

Mixed histologies
Bower et al., 199737 OR, 11 47 22 (14 to 31) Median 25.2 weeks Median response 
Single-group (20 to 30.4) duration for those
n =116 (results from with OR = 20 weeks
103 eligible)

Newlands et al., OR, 25 In recurrent disease:
199636 1-year survival = 22%
Single-group (12 to 36)
n = 48 

OR, objective response; NS, not statistically significant
* 95% CI calculated by authors from data provided in paper

in another.37 Stable disease was reported in 43% 
of patients in one study.30

6-month PFS In the RCT32 Kaplan-Meier estimates
of PFS at 6 months indicate a higher estimated
proportion of patients surviving in the TMZ group
(21%; 95% CI, 13 to 29) than in the procarbazine
group (8%; 95% CI, 3 to 14). Note, however, that
this is a comparison of estimated survival pro-

portions at one single time point (6 months), as
opposed to a comparison of the total survival
experience of the two groups. Although theoretic-
ally possible, no statistical comparison of the two
proportions was presented.

Using these data, the number needed to treat
(NNT) to achieve an extra progression-free patient
at 6 months is 8 (95% CI, 5 to 23).
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TABLE 5  Summary of statistically significant HRQL results

Study Changes from Global Role Social Communi- Visual Motor Drowsi-
baseline to QoL function function cation disorder dysfunc- ness
6 months disorder tion

GBM
Osoba et al., Without progression:
200034 TMZ, n = 19a • • • • • • +

PRO, n = 7b • • • • • • •
TMZu, n = 22c + • • + • • +

With progression:
TMZ, n = 70a – – – • • – •
PRO, n = 83b • – • – • – –
TMZu, n = 87c – – • • – – –

AA or AOA
Osoba et al., Without progression:
200035 TMZ, n = 63 + • + • • • •

With progression:
TMZ, n = 45 – – – • – • –

+, positive changes in HRQL; –, negative changes in HRQL; •, non-significant results
a TMZ patients treated in the RCT
b Procarbazine patients treated in the RCT
c TMZ patients treated in the uncontrolled study

The logrank test across the whole data set suggested
meaningful differences in PFS across the groups 
(p = 0.008).32 The hazard ratio  (which is the pre-
ferred method of deriving an estimate of survival
differences and is assumed here to apply to the
complete study period (as is the norm) rather 
than the first 6 months only) also indicated that
PFS was higher in the TMZ group (hazard ratio =
1.54, indicating an estimated increase in PFS in 
the TMZ group to 154% of that for procarbazine).
No CIs were provided to support the claimed
statistical significance of this result. 

In a subgroup analysis of the 72 patients who 
were chemotherapy-naïve, 22% (95% CI, 8 to 35)
were progression-free at 6 months in the TMZ
group and 7% in the procarbazine group (95% CI,
0 to 16).39 These estimates suffer from the same
caveats described above. 

In one single-group study, 6-month PFS was 19%
(95% CI, 12 to 26).30

Median PFS In the RCT, estimated median PFS 
was 12.4 weeks for TMZ compared with 8.3 weeks
in the procarbazine group.32 The 95% CI for the
difference in median survival was not presented. 

The logrank test for the whole data set again
suggested significant differences in median PFS

between the groups (p = 0.006).32 The hazard ratio
for the difference in median PFS was 1.47 (95% CI,
1.11 to 1.95), indicating that TMZ was associated
with an estimated significant increase in median
PFS to 147% of that for procarbazine.39

In the chemotherapy-naïve subgroup, median PFS
was 17 weeks in the TMZ group and 8.3 weeks in
the procarbazine group.39 The hazard ratio for 
the difference in median PFS was again significant
(hazard ratio = 1.98; 95% CI, 1.19 to 3.29),
although the CIs were wide. 

In one single-group study, median PFS was 
9.1 weeks.30 Median PFS for the chemotherapy-
naïve subgroup (n = 98) was 9.6 weeks.

Data for an additional outcome, ‘neurological
failure,’ was provided by Schering-Plough in its
submission to the National Institute for Clinical
Excellence.39 Neurological failure is assessed by 
the evaluation of neurological/clinical symptoms
and is more subjective than evaluations of
magnetic resonance imaging (MRI) scans. 
Median time to neurological failure on TMZ was 
18.2 weeks and on procarbazine was 15.2 weeks 
(p = 0.035). Six-month response rates using this
measure were 38% for TMZ (95% CI, 27 to 48)
and 26% for procarbazine (95% CI, 15 to 37) 
(p = 0.03).39
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Survival In the RCT, Kaplan-Meier estimates of
median survival at 6 months indicate an increased
estimated survival proportion in the TMZ group
(60%; 95% CI, 51 to 70) compared with the
procarbazine group (44%; 95% CI, 35 to 53).32

This is again a comparison of estimated survival
proportions at a single time point (6 months), 
as opposed to a comparison of the total survival
experience of the two groups. 

The NNT to prevent one extra death within 
6 months is 7 (95% CI, 4 to 41). 

The logrank test for the whole data set also
indicated that there may have been meaningful
differences in overall survival across the groups 
(p = 0.019).32 The hazard ratio for survival at 
6 months was 1.44, indicating that TMZ is associ-
ated with an estimated increase in survival to 
144% of that for procarbazine (no CIs provided). 

Data from Schering-Plough indicate the median
survival was 31.9 weeks for TMZ and 24.6 weeks 
for procarbazine (difference 7.3 weeks or 
1.7 months).39 The published paper32 reported 
a difference in median survival of 1.5 months. 
Both were stated not to be statistically significant
(no data presented). 

The logrank test also suggests that there were no
meaningful differences in median survival duration
between the groups (p = 0.33).32

For chemotherapy-naïve patients in the trial,
survival was 32.7 weeks in the TMZ group and 23.2
weeks in the procarbazine group. The hazard ratio
was 1.68 (95% CI, 1.03 to 2.75).39

In one single-group study, the median survival time
was 23.4 weeks.30 Among the chemotherapy-naïve
patients, median survival time was 23 weeks.

HRQL The statistically significant changes 
between baseline (start of treatment) and 
6 months later in pre-selected HRQL domains 
are shown in Table 5. The table shows changes 
in patients who remained progression-free for 
6 months (‘without progression’), and changes 
in HRQL status in those who had experienced
disease progression within 6 months (‘with
progression’). Results for patients with GBM are
based on the RCT and one uncontrolled study30

of TMZ. Therefore three sets of results are
presented in the table: TMZ patients treated in 
the RCT (TMZ); procarbazine patients treated 
in the RCT (PRO); and TMZ patients treated 
in the uncontrolled study (TMZu). 

In the RCT,34 those patients on TMZ who remained
progression-free at 6 months showed improve-
ments in five of seven pre-selected QoL domains
(Table 5). Only improvements in drowsiness and
social functioning had an effect size of greater
than 0.2 (0.56 and 0.27, respectively), and only 
the improvement in drowsiness reached statistical
significance. (The magnitude of changes (effect
size) was computed by dividing the standard
deviation of the mean of the baseline completion
score by the mean of the second, third and so on
completion). In contrast, those patients who had
been on procarbazine reported diminished HRQL
in all seven pre-selected domains independent of
whether there had been progression or not
(except global QoL in those who were progression-
free at 6 months in whom there was no change). 

In the single-group study,34 HRQL in the 
22 patients who remained progression-free at 
6 months improved from baseline in all seven 
pre-selected domains. Effect sizes were all 0.20 or
greater (range, 0.2–0.48). However, only improve-
ments in global QoL, communication deficit and
drowsiness achieved statistical significance. 

Progression of disease tended to lead to
deterioration in HRQL scores across all groups,
regardless of treatment. However, in TMZ groups
there were improvements from baseline in the
weeks preceding progression. 

Interim summary – GBM Results from the RCT pro-
vide the most reliable data. In this trial more patients
on TMZ than procarbazine had 6 months free of
disease progression. Median PFS was approximately
4 weeks longer on TMZ than procarbazine. It is
possible that most of the benefit was in the subgroup
of patients who were chemo-therapy-naïve. However,
the number of patients was small, and the subgroup
analyses do not appear to have been planned a priori,
such that strong conclusions cannot be drawn.

Results from the single-group studies must be
interpreted cautiously because they do not provide
controlled comparisons. 

Generally, QoL for patients on TMZ prior to
progression was improved relative to their baseline
scores, whereas QoL was diminished from baseline
for patients on procarbazine independent of
disease progression.

AA
Only one single-group study was available that
considered the effects of TMZ exclusively in 
AA.33 Another study37 that included mixed
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histology patients also reported some results for 
AA separately.

Objective response Complete response was
reported in 8% of patients.33 Objective response
(combined complete and partial responses) was
reported in 35% of these patients. Stable disease
was reported in 27%. Another study of patients
with mixed histologies reported an objective
response in 10% of patients with AA.37

6-month PFS Six-month PFS was 46% (95% CI, 
38 to 54).33 For the subgroup of patients who were
chemotherapy-naïve (n = 65), 6-month PFS was
50% (95% CI, 38 to 63). 

Median PFS Median PFS was 23.5 weeks.33 Median
PFS for patients who were chemotherapy-naïve was
26.9 weeks.

Survival Median survival time was 59 weeks.33

Median survival for chemotherapy-naïve patients
was 49.9 weeks.

HRQL Among patients who were progression-free
at 6 months, scores improved from baseline in all
seven pre-selected domains35 (Table 5). The effect
sizes were greater than 0.2 for global QoL (0.33)
and social functioning (0.45), both of which were
statistically significant. 

HRQL scores at progression were at or below
baseline. In the weeks preceding progression scores
in most domains had been better than at baseline
although gradually declining as progression neared.
It should be noted that the same subjects did not
consistently provide data at all time points.

Interim summary – AA The results from studies 
of TMZ in AA should be considered cautiously
because the studies were single-group studies that
do not provide a controlled comparison with an
alternative treatment.

Objective response was somewhat higher in 
TMZ than in previous chemotherapy studies.9,21

However, in the two studies reporting objective
response, there was a large disparity in the
proportion of patients reported to have achieved
an objective response. 

Six-month PFS, median PFS and survival in the
TMZ study were all greater than in the AA group
from the Wong and co-workers report9 summarised
in chapter 1 (see Table 2). As previously noted,
however, the TMZ patients may have had better
prognoses than those in the Wong analysis.9 

QoL prior to progression generally improved on
TMZ, but deteriorated at progression. 

AO and AOA
One study was available reporting results of TMZ
in a single group of patients with AO or AOA.6

All but one of these patients had received prior
treatment with PCV chemotherapy.

Objective response Complete response was
reported in 16.7%. Objective response (complete
plus partial responses) was reported in 43.8% of
patients with a further 39.6% with stable disease.

6-month PFS Six-month PFS was 50.5%.

Median PFS Median PFS was 29 weeks.

Survival Median survival time was 43.4 weeks.

Interim summary – AO or AOA One study
suggests that effects of TMZ may be substantial 
in patients with AO or AOA. Relatively large pro-
portions of patients achieved objective response
and 6-month PFS, although survival may not have
been affected. However, these results must be
interpreted with extreme caution as there is no
appropriate comparison available.

Mixed histologies
Two full studies and one abstract reported on
results of TMZ in single groups of patients with
mixed histologies including GBM, AA and
AOA.31,36,37

Objective response The objective response rate
ranged from 11% to 25%. In the two full reports, a
further 47% and 38% were reported to have stable
disease or ‘no change’ in disease, respectively.36,37

Similar results were reported in an abstract
reporting objective response in 21% of patients
and stable disease in 37%.31

In the Bower and co-workers study37 65 patients
were chemotherapy-naïve. An objective response was
seen in 15% of these patients (95% CI, 6 to 24).

6-month PFS One study reported 6-month PFS of
22% (95% CI, 14 to 31).37

Survival In the one study reporting survival, the
median was 25.2 weeks.37

Interim summary – mixed histologies Because
these studies are single-group studies and a good
comparison is not available, no strong conclusions
can be drawn.  Bearing in mind the limitations of
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comparing the TMZ results with the chemotherapy
summary studies reported earlier, there appear to
be no improvements in the proportions of patients
with 6-month PFS or in survival. Further caution is
required in the interpretation of results from
mixed histological groups because of the effect of
histology on outcomes.

Adverse effects of TMZ
Table 6 provides a summary of adverse events from
included studies (except for one abstract); further
detail is provided in appendix 2.

Myelosuppression is the most serious adverse effect
and is dose limiting. However, myelosuppression
does not appear to be cumulative and is relatively
easily treated. For those studies reporting percent-
ages of patients rather than number of episodes,
between 6% and 10% of patients suffered grade 3
or 4 thrombocytopenia, 2–4% suffered grade 3 
or 4 neutropenia, 1– 4.5% suffered grade 3 or 4
leukopenia, and 1% suffered grade 3 or 4 anaemia.

A wide range of other grade 3 or 4 adverse effects
were noted, but generally occurred in small
proportions of the patients. Grades 3 or 4 adverse
effects that occurred in more than 5% of patients
in any study were asthenia (6%), headache (6%),
nausea (10%) and vomiting (6%). These effects

were all noted in the Yung and co-workers study33

and occurred in fewer patients in other studies. 
All of the studies routinely included anti-
emetics,6,36,37 or allowed their use as needed30,32,33

and noted that vomiting was generally well
controlled by them. Additional grade 3 or 4 
effects were: fatigue, fever, peripheral oedema,
convulsions, dizziness, somnolence, abdominal
pain, anorexia, constipation, diarrhoea, pruritus,
confusion, hemiparesis, paresis, pulmonary
infection and rash. 

In the RCT comparing TMZ with procarbazine, 
the myelosuppressive effects were similar for both
drugs, but nausea, vomiting and fatigue were noted
more often in the procarbazine group. Although
similar proportions of patients suffered adverse
events, these proportions are affected by the
number of cycles administered and length of
treatment: over 90% of patients on TMZ were
treated for more than one cycle whereas only 
33% of patients were treated with more than 
one cycle of procarbazine. The overall toxicity 
of TMZ does appear to be less. 

Overall, TMZ appears to involve few serious
adverse effects. Haematological effects can be
assessed with laboratory tests. Some adverse 
effects are controllable (e.g. vomiting).

TABLE 6 Summary of adverse events

Study                                                            Adverse events (grade 3 or 4 toxicity)

Thrombo- Neutropenia Leukopenia Anaemia Other (> 5%)
cytopenia

GBM
Yung et al.,32 TMZ: 7% TMZ: 4% TMZ: 1% TMZ: 1%

PRO: 4% PRO: 3% PRO: 0% PRO: 2%

Brada et al., 200130 10% 4.5% 7%

AA or AOA
Yung et al., 199933 6% 2% 2% 1% Asthenia, headache, nausea,

vomiting

AO or AOA
Chinot et al., 6.4%
2000 (submitted)6

Mixed histology (no. of episodes)
Bower et al., 199737 13 5 6 1 Lymphopenia (59); nausea,
n = 101 evaluable patients vomiting, lethargy (all > 20 

episodes)

Newlands et al., 199636 7 5 3 Lymphopenia (41)
(data for all patients)*

*Includes 27 patients pre-recurrence



Methods
A simple and speculative cost–utility model 
was developed to illustrate the possible cost-
effectiveness of TMZ in comparison with best
alternative care. 

All parameters used in the model (effectiveness,
QoL and costs) were varied in a sensitivity analysis.
It should be noted that a ‘best-case’ outlook was
adopted (i.e. it made the assumption that, if any-
thing, TMZ may provide additional benefit over
and above existing care). This assumption is based
on the best available evidence, but as the quality of
that evidence is variable it is possible that TMZ
provides no real benefit over and above existing
treatment options. We have not explored in this
section the possibility that TMZ produces worse
outcomes than usual care. 

AA is known to have a somewhat better prognosis
than GBM, and as there was also some indication
from the literature review that AA may be more
chemosensitive than GBM, separate analyses accord-
ing to these histological subtypes were performed.
Economic analyses for the oligodendrogliomas (AO
and AOA) were not performed due to lack of data.

Estimation of net benefits
Estimation of effectiveness
The estimates of effectiveness used in the model
were identified from the literature review as
described in chapter 2. 

The body of literature on the use of TMZ in
malignant glioma is very small and consists largely
of uncontrolled studies, limiting the strength of
any conclusions that can be drawn. However,
evidence to date, though inconclusive, suggests
that TMZ leads to small increases in PFS for both
GBM and AA patients and has little or no impact
on survival, particularly in GBM. The side-effect
profile of TMZ appears to be favourable, and there
is no evidence that it produces worse outcomes
than best alternative care. 

Problems with the data used should be noted.

• The effectiveness estimates provided in the
studies are based on median as opposed to

mean data. Median results may not accurately
summarise average survival times when a treat-
ment increases the life expectancy of some
patients by some weeks but has little or no
impact on the survival of the patients who 
would otherwise live longest. Under such
circumstances, the median difference in 
survival between the two groups is likely to
overestimate the mean difference. In addition
the use of median survival times is problematic
when combining these data with mean costs.

• Usual care for patients eligible for TMZ in the
UK most often consists of one of three chemo-
therapy regimens: PCV, BCNU or CCNU. We did
not find any data on the effectiveness of these
regimens and so alternative sources of data have
been used on the assumption that a reasonable
picture of the outcomes of care will be provided.

GBM Data from the Yung and co-workers RCT32 of
TMZ versus procarbazine was used to provide the
PFS estimates for both groups. In the absence of
alternative data sources, and as the best estimate is
provided by a randomised comparison, we assumed
that the results for the procarbazine arm would be
a reasonable proxy for those that would be seen for
PCV. Only the difference in survival was provided
by the trial, so the survival rate from the combined
analysis of alternative chemotherapy treatments by
Wong and co-workers9 was used to estimate the
survival rate for GBM patients not treated with TMZ
(Table 7 and see Table 2). As discussed in chapter 1
(see Treatment stages), the patients in these trials may
have had a poorer prognosis than those in the TMZ
trials, potentially inflating the effectiveness of TMZ. 

Standard practice is to vary effectiveness estimates
within the 95% CIs provided by the trial data. In
this case, the necessary data were not provided by
the trial, and given the paucity of the available data
only a limited sensitivity analysis was undertaken
with a relatively narrow range of values. 

Given the small but significant result obtained for
PFS, the increased benefit was varied in sensitivity
analyses (range, 0–8 weeks). 

The non-significant result for survival suggested
that any potential benefit from TMZ was likely to
be limited, and was likely to be less than 6 weeks.
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This was supported by the review of uncontrolled
studies, and therefore only one alternative value
for survival was tested in the sensitivity analysis, 
0 weeks. 

AA For patients with AA, the PFS and survival rates
for TMZ were provided by the Yung and co-workers
uncontrolled study.33 Effectiveness data (PFS and
survival) for the comparator group were again
taken from the Wong and co-workers9 combined
analysis of alternative chemotherapy treatments.
Although this does not provide a valid within-study
comparison, it does provide some estimates by
which to evaluate the potential benefit from TMZ. 

Again, the range of values tested in the sensitivity
analyses were relatively narrow (Table 8), due to the
paucity of the available data.

Estimation of utilities
The utility estimates used in the model were
derived from the literature. 

Two studies34,35 discussed in chapter 2 (see
Assessment of effectiveness) were included that used
psycho-metric instruments (European Organisation
for Research and Treatment of Cancer (EORTC)
Quality of Life Questionnaire – Cancer (30 ques-
tions) (QLQ-C30)) to assess the QoL of patients
receiving TMZ. These indicate that TMZ may 
have a significant impact on QoL of patients with
both AA and GBM until the point of disease pro-
gression, when there is a rapid deterioration across
all QoL domains. It is therefore possible that the
main benefit from TMZ lies in the improvement 
in QoL (Figure 2). 

No studies were identified that provided a single
index of QoL (utility) either for patients receiving
TMZ, or for patients with malignant glioma (which
could have provided baseline values). However,
there is a global QoL question included on the
EORTC QLQ-C30 that asks patients: “How would
you rate your overall quality of life during the past
week?” with anchors of ‘very poor’ to ‘excellent’.
When these responses are converted to a scale of
zero to one, thereby treating the question as a
rating scale, responses have been shown to
correlate highly with utilities obtained from
EuroQol and simple QoL rating scales.40

Both of the TMZ studies using the EORTC 
QLQ-C30 provided baseline scores in response 

TABLE 8  Effectiveness estimates used in the model: AA

No TMZa TMZb Difference Range tested

PFS (weeks) 13 24 11 0, 22
Survival (weeks) 47 59 12 0

a Data from Wong et al.9
b Data from Yung et al. uncontrolled study33

TABLE 7  Effectiveness estimates used in the model: GBM

No TMZ TMZ Difference Range tested

Median PFS (weeks) 8a 12a 4b 0, 8
Median survival (weeks) 25c 31 6d 0

a Data from RCT by Yung et al.32

b p = 0.006
c Not provided by RCT, survival for patients not receiving TMZ obtained from Wong et al.9
d NS (p = 0.33)

FIGURE 2 Hypothetical impact of TMZ on QoL

QoL

TMZ

No TMZ 

Weeks
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to the global QoL question, that is scores at
recurrence but before treatment (Table 9). 
Neither of the studies provided data on the
responses to this question over time. However, 
the effect sizes after 6 months generally indicate
that people who remained progression-free
experienced a positive effect on QoL, while 
those who had progressed experienced 
a deterioration. 

The scores on the global QoL question were
transformed from a scale of 0–100 to a scale of 
0–1 to provide utilities for people with AA and
GBM at recurrence (Table 10). These have been
used as the baseline utilities in the economic
model to provide an estimate of QoL following
recurrence but without treatment with TMZ.

Because the data on what happens to QoL are not
particularly robust, three possible scenarios were

examined. These were that, compared with usual
care, TMZ: 

• returns QoL to perfect health until disease
progression 

• has only a moderate impact on QoL until
disease progression 

• has no impact on QoL (i.e. QoL is maintained
at baseline until disease progression).

A ‘worst-case’ scenario, in which QoL deteriorates
from baseline to progression was not examined, as
the literature review provided insufficient data to
evaluate such a scenario.

No data on QoL or utility values following
progression of disease were available, and
therefore the deterioration in utility following
progression was assumed to be linear.

Estimation of life-years gained and quality-
adjusted life-years gained
For the cost-effectiveness analyses, TMZ could
improve outcomes in one of three ways:

• increase in PFS only 
• increase in overall survival only 
• increase in both PFS and overall survival.

The estimates for the increases in each of these
variables were taken from the literature review as
discussed above (see Estimation of effectiveness), and
used to estimate the number of progression-free
weeks gained and number of life-years gained. An
increase in overall survival accompanied by an
increase in PFS did not provide any additional
patient benefit but incurred further costs during
the progression-free period (see below, Estimation
of net costs).

These three scenarios are illustrated in Figure 3. 
An increase in PFS or overall survival implies that 
an individual experiences only an increase in length
of survival with no impact on QoL. For the cost-
effectiveness analyses, the area between the curves
has not been estimated; the costs per progression-
free week gained and per life-year gained were
calculated without any reference to utility values. 

For the cost–utility analyses, utility estimates were
added to the survival gains to estimate the number
of quality-adjusted life-years (QALYs) gained. 
In this case, the area between the two curves was
estimated. Appendix 8 provides an example of 
the resulting utility curves where PFS, survival 
and utility are all increased as a result of 
TMZ treatment.

TABLE 9  Responses to global QoL question

Mean score Effect size at 6 months*

at baseline
(sd)

GBM TMZ: 55.5 TMZ:
(uncon- (23.2) Progression-free (n = 22): 0.48
trolled)34 With progression (n = 87): –0.24

GBM  TMZ: 63.0 TMZ:
(RCT)34 (20.6) Progression-free (n = 19): –0.14

With progression (n = 70): –0.27

PRO: 58.6 PRO:
(22.9) Progression-free (n = 7): 0

With progression (n = 83): –0.45

AA (uncon- TMZ: 61.4 TMZ:
trolled)35 (22.5) Progression-free (n = 63): 0.33

With progression (n = 45): –0.32

Note: Positive changes reflect better QoL and negative changes
reflect poorer QoL
* Measure of the change in score from baseline to 6 months
sd, standard deviation

TABLE 10  Utility values for GBM and AA and range tested

GBM AA

Average score on global QoL itema 59.0 61.4
Baseline utility at recurrenceb 0.60 0.60
Alternative utilities tested 0.80, 1.0 0.80, 1.0
a Global QoL item included in the EORTC QLQ-C30 scale for
assessment of QoL
b The same baseline utility was used for AA and GBM as the
average scores were so similar
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Estimation of net costs
Only direct costs relating to the incremental cost
of TMZ administration and follow-up have been
considered. The costs for the comparator are
based on the PCV regimen, as it is a commonly
used therapy in the UK. Costs incurred at the end
of life, following progression of disease, have been
excluded due to lack of data.

The cost per cycle of each regimen using baseline
costs is given in Table 11. The calculation of the
individual cost components, data sources used and
range of costs tested are provided in appendix 9.
The cost of MRI could not be calculated per cycle
as MRI scans are given at baseline, following two
treatment cycles and at 6-months’ follow-up. This
cost has therefore been calculated per course of
treatment, according to length of PFS.

The main factor influencing the incremental cost
is the period of PFS, as chemotherapy is adminis-
tered until the point of disease progression. The
incremental costs of TMZ for each of the estimates
of PFS tested in the model are given in Table 12.

Given the high incremental cost of TMZ, the impact
of variations in other costs was very small; therefore,

only the results using these baseline costs are
presented (further data available from the authors).

Discounting
Due to the very short timeframe of the analysis
(survival generally under 1 year), no discounting 
of costs or benefits has been undertaken. 

Results – GBM

Data were combined to provide both cost-
effectiveness and cost–utility analyses. The main
results are discussed in the following sections, and
the full results are provided in appendix 10. 

Cost-effectiveness analyses
The cost-effectiveness analyses were undertaken in
two ways. As the literature review indicated little or
no increase in survival from TMZ, the cost per
progression-free week gained was calculated.
However, in the event of a survival advantage from
TMZ the cost per life-year gained was also
estimated. 

Cost per progression-free week gained
Two estimates of the gain in PFS were used: 
4 weeks and 8 weeks. The incremental costs per
progression-free week gained were £1011 and
£691, respectively. 

Cost per life-year gained
Only one estimate of increased survival was tested in
the model. A 6-week gain in survival is equivalent to
a gain of 0.12 life-years (see appendix 10). 

The cost per life-year gained depends on the length
of PFS. A 4-week gain in PFS combined with a 6-

Utility

Time (weeks)

Utility

Time (weeks)

Utility

Time (weeks)

1. Increase in PFS only 2. Increase in overall survival only 3. Increase in PFS and overall
survival

Usual care
TMZ

TABLE 11  Cost per cycle of treatment*

PCV         TMZ

Chemotherapy costs £106 £1176

Anti-emetics (granisetron) £73 £110

Outpatient visits £300 £200

Total cost per cycle £480 £1488

*Costs, including totals, are rounded to the nearest pound

FIGURE 3 Survival curves for patients treated with TMZ and usual care
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week gain in survival provides a cost per life-year
gained of £35,051. Gains in PFS of 0 and 8 weeks
with a 6-week survival gain produce costs per life-
year gained of £22,159 and £47,943, respectively. 

Cost–utility (QALYs gained):
baseline analysis
The impact of TMZ on QoL has a significant
impact on the cost-effectiveness ratios produced. 

The most likely scenario suggested from the
literature review was that TMZ produces a modest
increase in PFS, has no effect (or no significant
effect) on survival, and to some extent improves
QoL while patients remain progression-free. This
provided data for the baseline analysis (Table 13).
This scenario involved an increase in PFS of 
4 weeks and an increase in utility of 0.2 resulting 
in a cost per QALY of £42,920.

Table 13 also outlines more extreme scenarios. If
QoL is not improved while progression-free, an
additional 0.02 QALYS are gained at a cost of
£175,256 per extra QALY. (Cost per QALY gained
can be calculated because of the assumption of
linear decline in utility following progression.) At
the opposite extreme, if QoL were to be returned
to a state of perfect health by TMZ, 0.17 QALYs are
gained at a cost of £24,454 per QALY. The true
value is likely to lie somewhere between £42,920
and £175,256 per QALY gained. 

The extent of the increase in PFS does not make 
a great deal of difference to the cost per QALY
estimates because the longer the PFS, the more
cycles of TMZ administered and the higher the
costs incurred (see appendix 10). 

Cost–utility (QALYs gained):
sensitivity analyses
Several scenarios were explored in the sensitivity
analyses, the most relevant of which are presented
in Table 14. 

The cost per QALY results are largely influenced by:

• the utility gained from TMZ
• the length of PFS (which determines the

incremental costs).

Table 14 demonstrates the influence of the utility
assumptions on the cost per QALY estimates.

TABLE 12  Incremental cost of TMZ for GBM and AA*

GBM AA

PFS (weeks) (TMZ)a 8 12 16 13 24 35

Cycles of TMZb 2 3 4 3.25 6 8.75

Cost per course of TMZc £2,975 £4,463 £5,950 £4,834 £8,925 £13,016
Number of MRI scans (TMZ)d 2 2 2 2 3 3
Cost of MRI (TMZ) £444 £444 £444 £444 £666 £666

Cycles of PCV e 1.33 1.33 1.33 2.17 2.17 2.17

Cost per course of PCV c £640 £640 £640 £1,040 £1,040 £1,040
Number of MRI scans (PCV)d 1 1 1 2 2 2
Cost of MRI (PCV) £222 £222 £222 £444 £444 £444

Incremental cost of TMZ f £2,557 £4,044 £5,532 £3,794 £7,607 £11,396

a PFS estimates tested in the model
b Based on cycle length of 4 weeks
c Number of cycles multiplied by cost per cycle
d MRI scans administered at baseline, following two cycles of treatment and at 6-months’ follow-up
e Based on cycle length of 6 weeks and PFS of 8 and 13 weeks for GBM and AA, respectively 
f Cost per course of TMZ and cost of MRI minus cost per course of PCV and cost of MRI
* Costs, including totals, are rounded to the nearest pound

TABLE 13  Results of GBM baseline analysis

Increase in PFS only

Increase in PFS/increase 4/0 4/0 4/0
in survival (weeks)

Increase in utility from 0.40 0.20 0 
TMZ while progression-free

QALYs gained 0.17 0.09 0.02

Cost per QALY gained £24,454 £42,920 £175,256



Economic analysis of TMZ for malignant glioma

20

When QoL is returned to perfect health (increase
of 0.40), the costs per QALY gained lie between
£15,109 and £22,924, regardless of the increases in
PFS and survival. However, when TMZ does not
improve QoL over that from standard care, the
costs per QALY gained lie at over £70,000 (again,
assumes linear decline in utility following
progression). 

Larger increases in PFS (8 weeks) increased the
costs per QALY gained, ranging from £19,976 to
£119,857, as more costs are incurred the longer
the progression-free period (appendix 10). 

Repeating the analyses using alternative cost 
estimates for the anti-emetic regimen used, the
cost of an outpatient visit, and the cost of an MRI,
also made little difference to the cost per QALY 
(data not shown).

Results – AA

The same analyses were conducted for patients
with AA, using effectiveness and cost data to 
reflect the longer PFS and survival of these 
patients compared with those with GBM (see
appendix 11). The costs per progression-free 
week gained and cost per life-year gained from
TMZ were estimated. 

Cost-effectiveness analyses
Cost per progression-free week gained
Two estimates of the gain in PFS were used: 
11 weeks and 22 weeks. The incremental costs 
per progression-free week gained were £737 and
£554, respectively. 

Cost per life-year gained
Only one estimate of increased survival was 
tested in the model. A 12-week gain in survival 
is equivalent to a gain of 0.23 life-years 
(appendix 11). 

The cost per life-year gained depends on the
length of PFS. An 11-week gain in PFS combined
with a 12-week gain in survival provides a cost per
life-year gained of £35,129. Gains in PFS of 0 and
22 weeks with a 12-week survival gain produce 
costs per life-year gained of £16,441 and 
£52,856, respectively.

Cost–utility (QALYs gained):
baseline analysis
The baseline analysis for AA was also based around
the assumptions that TMZ produces a modest
increase in PFS, has no (or no significant effect)
on survival and to some extent improves QoL while
patients remain progression-free. The most likely
scenario involved an increase in PFS of 11 weeks
and an increase in utility of 0.2 resulting in a cost
per QALY of £40,534 (Table 15).

Under more extreme scenarios, the number of
QALYs gained ranges from 0.06 at a cost of
£127,743 per extra QALY, to 0.34 at a cost of
£24,089 per extra QALY. These outcomes are
produced by assuming that QoL is either not
improved at all while progression-free or is
returned to perfect health, respectively. 

Cost–utility (QALYs gained):
sensitivity analyses
Table 16 presents the results of some of the
sensitivity analyses. The influence of the utility

TABLE 14  Results of GBM sensitivity analysis

Increase in PFS and survival         Increase in survival only      No increase in PFS or survival

Increase in PFS/ 4/6 4/6 4/6 0/6 0/6 0/6 0/0 0/0 0/0
survival (weeks)

Increase in utilitya 0.40 0.20 0 0.40 0.20 0 0.40 0.20 0

QALYs gained 0.22 0.14 0.06 0.17 0.10 0.03 0.11 0.06 0

Cost per QALY gained £18,130 £28,809 £70,102 £15,109 £25,086 £73,865 £22,924 £45,847 ∞b

a While progression-free
b No incremental benefit from TMZ (i.e. no increase in PFS, overall survival or utility)

TABLE 15  Results of AA baseline analysis

Increase in PFS only

Increase in PFS/increase 11/0 11/0 11/0
in survival (weeks)

Increase in utility from 0.40 0.20 0 
TMZ while progression-free

QALYs gained 0.34 0.20 0.06

Cost per QALY gained £24,089 £40,534 £127,743
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assumptions made can again be clearly seen. If
QoL is returned to perfect health, the cost per
QALY gained is between £12,487 and £20,132. If
TMZ does not improve QoL over standard care
while progression-free, the costs per QALY rise to
over £50,000.

When the analyses were repeated for a 22-week
increase in PFS, there was little difference in the

number of QALYs gained or cost per QALY 
gained (appendix 11). 

The impact of using alternative cost estimates 
for the anti-emetic regimen used, the cost 
of an outpatient visit, and the cost of an 
MRI, were also examined; little impact 
on the cost per QALY was found (data 
not shown).

TABLE 16  Results of AA sensitivity analysis

Increase in PFS and survival         Increase in survival only      No increase in PFS or survival

Increase in PFS/ 11/12 11/12 11/12 0/12 0/12 0/12 0/0 0/0 0/0
survival (weeks)

Increase in utilitya 0.40 0.20 0 0.40 0.20 0 0.40 0.20 0

QALYs gained 0.45 0.29 0.13 0.30 0.19 0.07 0.19 0.09 ~

Cost per QALY gained £17,938 £27,734 £61,095 £12,487 £20,340 £54,804 £20,132 £40,264 ∞b

a While progression-free
b No incremental benefit from TMZ (i.e. no increase in PFS, overall survival or utility)
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Implications for other parties
The impact of a diagnosis of malignant glioma on
families and carers is considerable. A wide range 
of symptoms may be experienced many of which
can be severely debilitating. The disease is almost
always fatal and life expectancy following diagnosis
can be less than 1 year. In all, the disease causes
significant distress to both patients and carers.

Patients are unlikely to be able to continue with
their normal daily activities for any length of time
following diagnosis, and are likely to receive a
significant amount of care at home from carers
and community services. Patients spend an average
of only 40 days in hospital throughout the course
of the disease. Bloor and co-workers23 found a
moderate amount of community service use by
patients, including home visits by hospice care
teams, general practitioners, Macmillan nurses 
and district nurses, at an average cost of £456 per
patient. If TMZ lengthens only PFS, then these
costs may be reduced or may only be postponed.
However, if TMZ also increases overall survival 
(i.e. increases the length of time spent at the end
of life), more costs may be incurred. There are 
no data available on the impact of TMZ on costs
associated with final deterioration. 

The indirect costs of glioma (from loss of pro-
ductivity) are likely to be substantial, as are direct
costs to patients and carers. 

Factors relevant to the NHS

Cancer has been identified as one of the
Government priority areas for health. The recent
NHS Cancer Plan41 emphasises the ‘postcode
lottery of care’ whereby patients in different parts
of the country receive varying quality and types of
treatment. This is particularly relevant to the use 
of TMZ in malignant glioma as current provision
seems to be inconsistent across health authorities. 

There is already considerable ongoing and
proposed research concerning TMZ. The new
National Cancer Research Institute may play an
important role in identifying where research is
most needed and where it is most likely to

contribute to progress both in cancer research as a
whole and within individual cancers. 

There is no suggestion of socio-economic differences
in incidence from malignant gliomas, although
there is some suggestion of higher 1-year survival
of brain tumours among affluent groups. The 
5-year survival across England and Wales does not
appear to be affected by deprivation.1 People with
brain cancer are clearly disadvantaged due to the
nature of their disease. Survival rates are extremely
poor, current treatments are not curative, and few
palliative care options are available.

Discussion

Main results
Evidence for the effectiveness of TMZ for 
recurrent malignant glioma comes mainly from
three Phase II clinical studies, including only one
RCT, conducted in patients with GBM and AA 
(the two most common types of glioma). Several
other small, uncontrolled studies have also been
conducted in a somewhat wider population of
glioma patients (including AO and AOA). 

Evidence to date indicates that glial tumours 
do show some response to TMZ. This response
appears to be related to tumour histology, with
patients with AA experiencing a larger response
than those with GBM.

The main benefit in patients with GBM, demon-
strated in one RCT and suggested in one relatively
large uncontrolled study, is an increase (13%) in
the estimated proportion of patients remaining
progression-free at 6 months, and a significant
increase in median PFS of approximately 4 weeks.
However, there was no significant survival
advantage in comparison with procarbazine.

For patients with AA, one large uncontrolled 
study suggests favourable PFS and possibly survival.
The magnitude of any benefit in AA is difficult to
quantify due to the lack of a within-study comparison
of TMZ with an alternative treatment regimen.

Some subgroup analyses have been conducted 
in patients who were chemotherapy-naïve in the

Chapter 4

Discussion and conclusions



Discussion and conclusions

24

expectation that such patients might show a larger
response to TMZ. The number of patients eligible
for analysis is small; however, there is some suggestion
of better median PFS. It is even possible that most
of the benefit from TMZ to date has been in chemo-
therapy-naïve patients; however, the subgroup
analyses do not appear to have been planned 
a priori and the numbers are too small for any 
real conclusions to be drawn. 

TMZ appears to involve few serious adverse effects.
Vomiting appears to be well controlled by prophy-
lactic anti-emetic regimens. Some clinicians believe
that toxicity, particularly myelosuppression, is more
predictable with TMZ and this has been noted as
one of the advantages of this drug over others.
Nitrosoureas seem to be less predictable in myelo-
suppression and they can produce cumulative
myelosuppression that can require delay or
discontinuation of these agents, and may prevent
subsequent treatment with alternative agents. 
It should be noted, however, that there is
disagreement among clinicians about the toxicity
of TMZ, and little empirical evidence is available. 

On the basis of current evidence, which suggests
only a moderate increase in PFS, the cost per
progression-free week gained is around £1000 for
GBM and £700 for AA. If this were to be combined
with some increase in survival, the cost per life-
year gained would lie at around £30,000 (for a 
life-year gain of 0.12 for GBM and 0.23 for AA),
however such an increase in survival has yet to 
be conclusively demonstrated. 

One of the major claims of benefit from TMZ 
is that conferred on HRQL. Evidence to date
indicates that TMZ does improve HRQL from
recurrence until or near disease progression for
patients with GBM or AA, and appears to confer
considerably better QoL than procarbazine. Given
the cognitive impairments that can be associated
with brain tumours these improvements may be
important in the daily functioning of patients and
in their relationships with family and friends.
However, the studies reported offer no detail about
the occurrence of symptoms that are potentially
important to patients such as fitting.

A highly speculative model assuming a relatively
moderate impact on QoL alongside a moderate
increase in PFS produces a cost per QALY gained
from TMZ for patients with either GBM or AA of
around £40,000 (for a QALY gain of 0.09 and 
0.20, respectively). When these assumptions are
combined with some increase in survival, the cost
per QALY gained drops to just under £30,000 for

both histological subgroups. This latter value should
be interpreted in the light of the desirability of an
increase in the length of time spent at the end of
life when the QoL experienced may be extremely
poor. On the other hand, it can be argued that
time spent at the end of life may be valued more
highly than at any other time.

Current direct costs of treating malignant glioma
in the UK are about £25 million per annum.
Approximately 30% of patients have been considered
for chemotherapy in the past; if this proportion
were to be maintained, then around 600 patients
per year could be eligible to receive TMZ. The
incremental cost of the drug varies according to
tumour type and impact on PFS. Assuming a
moderate impact on PFS, if 300 patients with GBM
and 300 with AA received TMZ at recurrence, 
the annual incremental cost to the NHS would 
be about £4 million per annum.

Assumptions, limitations 
and uncertainties
The implications drawn from both the review 
of effectiveness and from the economic analyses
should be treated with a great deal of caution, due
to both limitations in the evidence available to date
and the assumptions made in the economic model.

Limitations in the evidence
• Only one RCT is available. This trial was con-

ducted only in patients with GBM, did not use 
a comparator that is commonly used in the 
UK, and was not powered to detect a clinically
significant difference in outcomes. Furthermore,
limited details of the methods used in the trial,
including methods of randomisation, were
available. For all other types of glioma
(including AA), only data from uncontrolled
studies are available. Although an attempt was
made to compare the results of the uncontrolled
trials to the results of trials of other forms of
treatment for malignant glioma, such com-
parisons are fraught with difficulties and cannot
provide solid evidence about the effectiveness 
of an intervention. Furthermore, the patients
included in the studies used for comparison
probably had a poorer prognosis than those 
in the TMZ studies. The comparison between
these results and the TMZ studies may suggest
more favourable effectiveness for TMZ than
would be seen in practice. 

• It is likely that the patients included in the
studies reviewed are only a subset of those who
may be eligible for chemotherapy in clinical
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practice, and may provide a more favourable
picture of TMZ than might be seen in routine
care. Most of the studies completed to date
required patients to have relatively high
performance status (KPS > 70) and life
expectancy (at least 12 weeks). In practice, 
all patients considered sufficiently fit are likely
to undergo some form of chemotherapy
(sometimes because it is unacceptable to
patients and/or relatives to do nothing). 

• The effect of TMZ in patients who have
undergone prior chemotherapy regimens
compared with those who are chemotherapy-
naïve has yet to be established. Evidence to date
is based on results in both subgroups of patients
and it has not been possible to fully differentiate
the effect of TMZ in each group. 

• Only median as opposed to mean data were
available. This may provide a poor estimate 
of survival if the survival results are skewed. 

• Many of the outcome measures used are
relatively subjective, particularly those used to
evaluate tumour response. None of the studies
reviewed (including the RCT) used single or
double-blinding, largely due to the uncontrolled
nature of the studies. It is possible that subjective
clinical assessments and patient self-report 
of QoL may have been affected by knowledge 
of the treatment. However, in most studies
radiological data were centrally reviewed and
often by blind reviewers. 

• Measures of progression and survival depend
importantly on the timing of the baseline and
follow-up evaluations. The point at which
recurrence is detected and further treatment 
is initiated will affect the estimates of PFS and
survival. Furthermore, when imaging is being
performed more regularly than in normal practice,
initial recurrence may be detected earlier
producing longer estimates of survival. Likewise,
however, additional progression after recurrence
may also be detected earlier than in routine
practice, thereby underestimating PFS. Therefore,
the results for both PFS and survival may not 
be directly generalisable to clinical practice.

Assumptions made in the 
economic model
The economic analysis relies to a large extent 
on the available effectiveness data and therefore
suffers from all the above caveats. In addition,
several assumptions were required that further
reduce confidence in the results. 

• There are no data directly comparing TMZ to
widely used treatments used in the UK such as
CCNU or PCV. In the absence of such data the

analysis relied on effectiveness data for procar-
bazine produced by the included RCT for
patients with GBM, and on the results of a
summary of trials of chemotherapy for those
with AA. These data can only be assumed to
provide an indication of the potential cost-
effectiveness of TMZ. Because of the caveats
already discussed, the economic evaluations 
may be based on slightly overestimated increases
in PFS and/or survival. Sensitivity analyses 
have been included to allow consideration 
of this possibility.

• Limited data are available on the QoL of
patients with recurrent glioma. Three of the
studies reviewed administered psychometric
questionnaires to patients, the results of which
give a general picture of QoL, but do not
provide reliable utility estimates for use in a
cost–utility analysis. On the basis of a single
study, which found a good correlation between
the responses to a global QoL question, an
estimate of the utility experienced at recur-
rence was obtained. Whether the baseline 
utility used is accurate may be questionable.
However, it did at least allow some exploration 
of the effect of TMZ on QoL while progression-
free, and the resulting impact on the cost–
utility of the treatment. 

• There was a further lack of data on utilities
experienced following progression of disease,
therefore the deterioration in QoL during this
phase of disease was assumed to be linear. In
practice, it is more likely that the utility curve
would dip sharply and then level off, such that
the assumptions made are likely to have over-
estimated the value of life following progression
and any hypothesised increase in survival.

• Finally, no indirect costs were considered and
only the direct costs of treatment at recurrence
were included. No data were available on the
cost of treatment at the end of life, and any
potential impact on such costs from the use 
of TMZ. TMZ may introduce some cost savings
by shortening the period from progression to
death (increasing PFS without impacting on
survival), but this was not possible to evaluate.

Need for further research 
Considerable research on TMZ is ongoing. Much
of the research is similar in design to that reviewed
here – single-group studies of TMZ effectiveness
and toxicity in relatively small patient groups.
There are also studies considering different dosing
regimens for the drug as well as combining TMZ
with other drugs or treatments that may potentiate
its effects. There are trials ongoing in children 
and in other histological subgroups.
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However, the most pressing need is for adequately
powered RCTs of TMZ for recurrent glioma
compared with best alternative care such as PCV, 
in a wider population of patients (i.e. not limited
to those with best prognosis), with subgroup
analysis according to receipt of prior chemo-
therapy. Because malignant glioma is relatively
uncommon, multicentre trials recruiting a large
proportion of eligible patients will be necessary. 

There is also a need for research to be conducted 
in children. However, such research requires
different considerations as the distribution of 
types and locations of tumour vary between
children and adults.4

In addition, ongoing research may point to needed
research into TMZ as adjuvant therapy, or offered
in different doses, etc.

Some of these research needs may be fulfilled by
current ongoing or planned trials.

• An RCT of TMZ versus standard nitrosourea-
based chemotherapy (PCV) in chemotherapy-
naïve patients with recurrent AA and GBM at
first relapse is in development by the Clinical
Trials Unit of the MRC in collaboration with the
UK Coordinating Centre on Cancer Research
Brain Tumour Group. The trial aims to recruit
patients with a wider spectrum of disease, and
will not be confined to patients with favourable
prognosis. If the full application is successful,
the trial is expected to launch in summer 2001
and accrual of patients would require
approximately 3 years.

• An RCT sponsored by the EORTC and the
National Cancer Institute of Canada comparing
radiotherapy with concomitant TMZ with radio-
therapy followed by TMZ in patients with GBM
is underway. The newly opened study (July, 2000)
will recruit 520 patients across Europe and Canada,
but will likely take several years to complete.

• An RCT sponsored by the US National Cancer
Institute and the Radiation Therapy Oncology
Group has been funded to compare TMZ
against carmustine against TMZ plus carmustine
in patients with AA. All chemotherapy regimens
will be administered concurrently with radio-
therapy. A preliminary trial will determine
whether the combined treatment produces
unacceptable toxicity. The recently opened 
study is recruiting in the USA and Canada 
and it is expected that patient accrual of 
570 patients will last 4 years. 

Conclusions

On the basis of the available evidence, TMZ 
does demonstrate some effectiveness in recurrent
malignant glioma. Appropriate comparisons of TMZ
with other chemotherapy regimens are generally
lacking.  The available data suggest that the effects
of TMZ are modest with regard to extending PFS
and survival, but similar results have been reported
in several studies. Effects on HRQL also appear
reliable. The adverse effects of the drug are not
usually severe. There are suggestions that TMZ 
may produce fewer adverse effects and be easier 
to administer than other possible treatments.

A speculative economic model for the cost
effectiveness of TMZ was developed. Assuming
mid-estimate effectiveness gains in PFS but no
increase in survival for TMZ, the cost per QALY
gained from TMZ is likely to be approximately
£40,000. The incidence of malignant glioma is
relatively low and the overall budgetary impact for
the NHS as a whole is in the order of £4 million
per annum.

Appropriate RCTs comparing TMZ with other
alternative therapies need to be conducted in
order to draw firm conclusions about the
effectiveness of TMZ. 
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Primary searches focused on studies of the
effectiveness and adverse effects of TMZ. 

These searches were conducted on the following
databases: Cochrane Library, MEDLINE, EMBASE,
CANCERLIT, Toxline, ISI Web of Science, BIOSIS,
PreMEDLINE.

These searches included the free-text terms:

temozolomide
temoda*

temozol*

MeSH search terms were also chosen to include
side effects, adverse effects, and all clinical trials in
humans. Initial searches were not limited to trials
in malignant glioma in order to include potentially
relevant studies in other conditions for
information on adverse effects. 

QoL searches included the free-text terms:

quality
life
QALY*

qlq*

EORTC
BCM20
QLQ-C30
utility
brain cancer module
qol
hrqol
hrql

as well as MeSH quality of life subheadings.

Searches for information on glioma included
MeSH terms ‘brain neoplasms’ as well as free-text
terms ‘glioma’, ‘glioblastoma multiforme’,
‘anaplastic astrocytoma’, and ‘brain cancer’.

Cost searches included MeSH economics terms as
well as the the free-text terms:

cost
costs
costed
costly
costing
economic
pharmacoeconomic
price
pricing
temoda*

temozol*

utilit*

health status
qol
hrqol
hrql
qaly

Across all searches 539 references of potential
relevance were found. These included 227 articles
describing studies of TMZ as well as articles of
relevance to history and prognosis of malignant
glioma, QoL in malignant glioma, etc. Titles and
abstracts were evaluated by two reviewers, and in
discussion with a third reviewer full-text versions
were requested for 89 articles. Twenty-one of 
these included reports of effectiveness of TMZ in
malignant glioma. Seven of these met our inclusion
criteria for discussion of TMZ effectiveness in
malignant glioma. Two additional reports met our
inclusion criteria including measurement of QoL
in malignant glioma while on TMZ treatment. 
This QoL data had also been briefly reported in
the effectiveness reports, but was reported more
fully in the separate QoL reports. 

Complete search strategies are available from 
the authors.

Appendix 1

Search strategy
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Appendix 2

Summary of TMZ effectiveness studies

TABLE 17  Yung et al., 200032

Study Intervention Subjects Outcome measures

Yung et al., 200032 TMZ, oral administration n = 225 Objective response
112 TMZ, 113 PRO

Multicentre, international, Chemotherapy-naïve: Six-month PFS*

open-label, Phase II  200 mg/m2/day for 5 days in Adults age ≥ 18
randomised trial of TMZ 28-day cycle Median age: Median PFS
vs PRO in GBM at TMZ = 52 (range, 21–76)
first relapse Prior chemotherapy: PRO = 51 (range, 21–74) Survival

150 mg/m2/day for 5 days in 
28-day cycle Inclusion: Adverse events*

Histologically proven 
PRO, oral administration supratentorial GBM or HRQL (QLQ-C30[+3]

gliosarcoma at first relapse and BCM20)
Chemotherapy-naïve:
150 mg/m2/day for 28 consecutive Recurrence of progression 
days in 56-day cycle evaluated by imaging

Prior chemotherapy: KPS ≥ 70
125 mg/m2/day in same cycle

Life expectancy ≥ 12 weeks
Treatment until unacceptable at entry
toxicity, disease progression or
2 years’ treatment completed Exclusion (see comments)

Results
•  Objective response
TMZ: 5.4% PR; 40.2% SD; PRO: 5.3% PR; 27.4% SD
Overall response (PR + SD) greater in TMZ; p = 0.049

• Six-month PFS
TMZ: 21% (95% CI, 13 to 29); PRO: 8% (95% CI, 3 to 14)
Hazard ratio, n = 1.54, p = 0.008
In histologically eligible population:TMZ: 19% (95% CI, 11 to 27); PRO: 9% (95% CI, 3 to 14)

•  Median PFS
TMZ: 12.4 weeks; PRO: 8.32 weeks; p = 0.0063
Hazard ratio, n = 1.47 (95% CI, 1.11 to 1.95) 

•  Survival
At 6 months 60% of TMZ surviving (95% CI, 51 to 70); 44% of PRO surviving (95% CI, 35 to 53)
Hazard ratio, n = 1.44, p = 0.019
1.5 months longer in TMZ, but not statistically significant

•  Adverse events (% patients in days 1–56)
Haematologic grade 3 or 4: thromocytopenia 7% in TMZ, 4% in PRO; neutropenia 4% in TMZ, 3% in PRO; anaemia 1% in
TMZ, 2% in PRO; leukopenia 1% in TMZ, 0% in PRO
No other adverse events of grade 3 or 4 in more than 5% of patients in either group
No evidence of cumulative myelotoxicity in TMZ
Drop-outs due to adverse events: three in TMZ, 11 in PRO

•  HRQL
Data reported in more detail in Osoba et al., 200034 (see appendix 3)

*Primary outcomes

continued
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TABLE 17 contd Yung et al., 200032

Comments

Subjects

• Additional inclusion criteria: MRI scans timed relative to surgery and corticosteroid use to allow good imaging of
tumour. Could have one prior course of chemotherapy that must have contained a nitrosourea

• Exclusion criteria: more than one prior chemotherapy; previous chemotherapy with single-agent PRO or dacarbazine;
chemotherapy (excluding vincristine, nitrosourea or mitomycin C) within 4 weeks prior to study drug; vincristine within
2 weeks prior to study drug; nitrosourea or mitomycin C within 6 weeks prior to study drug; history of PRO-induced
rash; previous interstitial radiotherapy or stereotactic radiosurgery; pregnancy; breastfeeding; toxicity from prior
therapy; HIV positive; previous or concurrent solid tumour at other sites (except basal cell carcinoma)

• 91% of TMZ confirmed histologically eligible, 96% of PRO confirmed histologically eligible. Other histologies primarily
AA or AO

• Five patients randomised but not treated

Outcomes

• Monthly performance, clinical, neurological, and HRQL assessments.Tumour imaging every 2 months 
• See glossary of terms for objective response criteria plus the following refinements: scan results were to be found on

consecutive MRI scans at least 1 month apart. CR required no corticosteroid use except for physiologic doses with
stable or improved neurologic condition. PR required stable corticosteroid use for 7 days before each scan at the same
dose administered at the previous scan or at a reduced dose with stable or improved neurologic condition 

• Neurologic exam based on changes in signs and symptoms graded from –2 (definitely worse) to +2 (definitely better) 
• Blinded central review of neuropathology and neuroradiology 
• PFS measured from start date of treatment to event date or last evaluation
• Survival measured from start date of treatment to date of death or the last evaluation
• Kaplan-Meier method was used to estimate PFS and survival

Adverse events

• No specific information on use of anti-emetics. Implied use as needed 

Attrition

• 15 TMZ, 31 PRO discontinued for reasons other than progression 
• Most PRO patients not treated for more than one cycle
• At end of week 12, 56% of TMZ patients and 30% of PRO patients remained in study. Drop-outs primarily due to

progression or toxicity

Quality assessment for RCTs (Jadad Score28)

Question Score

Was the study randomised? 1
Was the study described as double-blind?
Was there a description of withdrawals and drop-outs?
What proportion of sample (intervention and control groups separately withdrew or dropped out? 1

Quality assessment (revised from Spitzer et al.29)

Yes U/I/S No DK/NR N/A Comments

Proper random assignment • No method described

Proper sampling •

Adequate sample size •

Objective outcomes • Neuro status and scans subjective

Blind assessment • • Blinded central review of histology
and scans; neuro assessment not blind

Objective eligibility criteria • Performance status and life expectancy
subjective

Reported attrition •

Comparability of groups • TMZ shorter time to relapse

Generalisability • Performance status and life expectancy
criteria may select patients with better
prognosis

U/I/S, uncertain/incomplete/substandard; DK/NR, don’t know/not reported; BCM20, Brain Cancer Module (20 questions)
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TABLE 18  Brada et al., 200130

Study Intervention Subjects Outcome measures

Brada et al., 200130 TMZ, oral administration n = 138 Objective response

Multicentre, international, Chemotherapy-naïve: 128 with GBM or GS (n = 2) Six-month PFS*

open-label, uncontrolled 200 mg/m2/day for 5 days 
Phase II trial of TMZ in 28-day cycle Adults age ≥ 18 Median PFS
in GBM

Prior nitrosourea-containing Median age 54 (range, 24–77) Adverse events*

chemotherapy: 150 mg/m2/day 
for 5 days in 28-day cycle Inclusion: HRQL (QLQ-C30[+3] 
increasing to 200 mg on Histologically proven supra- and BCM20)
successive cycles if no grade tentorial GBM at first relapse;
3 or 4 haematologic toxicity eligible histology also 

included GS
Max treatment = 1 year or 
until unacceptable toxicity Recurrence of progression 
and/or disease progression evaluated by imaging

Recurrence > 12 weeks following
conventional radiation therapy
and not more than one course
of adjuvant nitrosourea-
containing chemotherapy

KPS ≥ 70

Life expectancy of >12 weeks

Exclusion (see comments)

Results
•  Objective response
ITT group: 8% CR or PR; 43% SD 
Eligible histology group: 8% CR or PR; 45% SD

•  Six-month PFS
ITT group: 19% (95% CI, 12 to 26) 
Eligible histology group: 18% (95% CI, 11 to 24) 

•  Median PFS
2.1 months

•  Survival
Median 5.4 months
6-month survival rate 46%

•   Adverse events
Haematologic (grade 3 or 4): thrombocytopenia 10%; leukopenia 7%; neutropenia 4.5%
Three patients discontinued due to adverse events 
No other adverse events of grade 3 or 4 in more than 5% of patients

•   HRQL
Data reported in more detail in Osoba et al., 200034 (see appendix 3) 
A Cox regression analysis showed only time from initial diagnosis to first relapse predicted PFS and survival

*Primary outcomes

continued
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TABLE 18 contd  Brada et al., 200130

Comments

Subjects

• Exclusion criteria: inadequate haemotologic laboratory values
• Six patients did not receive TMZ

Outcomes

• MRI performed at trial entry within 2 weeks before first TMZ treatment and after every second course of TMZ 
• Criteria for objective response described in definitions of terms 
• Neurologic evaluation: definitely better (+2), possibly better (+1), unchanged (0), possibly worse (–1),

definitely worse (–2) 
• Scans centrally reviewed. Unclear whether reviewers aware of treatment
• PFS measured from start of TMZ treatment 
• Kaplan-Meier method used to estimate the PFS and event-free survival at 6 months

Adverse events

• Adverse events on NCIC-CTC scale 
• Prophylactic anti-emetics allowed

Quality assessment (revised from Spitzer et al.29)

Yes U/I/S No DK/NR N/A Comments

Proper random assignment •

Proper sampling •

Adequate sample size •

Objective outcomes • Neuro status and scans subjective

Blind assessment • • Neuro assessment not blind;
status of scan reviews unknown

Objective eligibility criteria • Performance status and life
expectancy subjective

Reported attrition •

Comparability of groups •

Generalisability • Performance status and life
expectancy criteria may select
patients with better prognosis

GS, gliosarcoma; ITT, intention-to-treat
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TABLE 19  Yung et al., 199933

Study Intervention Subjects Outcome measures

Yung et al., 199933 TMZ, oral administration n = 162 Objective response

Multicentre, international, Chemotherapy-naïve: 111 with AA or AOA Six-month PFS*

open-label, uncontrolled, 200 mg/m2/day for 5 days 19 with GBM
Phase II trial of TMZ in in 28-day cycle Median PFS
AA or AOA Adults age ≥ 18  

Prior chemotherapy: Median age 42 (range, 19–76) Survival
150 mg/m2/day for 5 days 
in 28-day cycle increasing to Inclusion: Adverse events*

200 mg on successive cycles Histologically proven supra-
if no grade 3 or 4 tentorial anaplastic glioma HRQL (QLQ-C30[+3] 
haematologic toxicity (AA or AOA) at first relapse and BCM20)

Follow-up: 6 months Recurrence or progression 
evaluated by imaging

Max treatment: 2 years
KPS ≥ 70

Life expectancy > 12 weeks
at entry

Exclusion (see comments)

Results

•   Objective response
ITT group: 8% CR, 27% PR; 27% SD
AA + AOA group: 7% CR, 28% PR; 29% SD

•   6-month PFS
46% (95% CI, 38 to 54); 48% in histologically confirmed AA + AOA group (95% CI, 39 to 58)

•   Median PFS
ITT group: 5.4 months 
AA + AOA group: 5.5 months
Kaplan-Meier estimates: 24% progression free at 12 months

•   Survival
ITT group: 13.6 months
AA + AOA group: 14.5 months
Kaplan-Meier estimates for 6 and 12 month survival: 75% (95% CI, 68 to 82) and 56% (95% CI, 48 to 64)
Kaplan-Meier 6-month survival estimates: AA 78% (95% CI, 70 to 86); AOA 79% (95% CI, 57 to 100)

•   Adverse events
Hematologic grade 3 or 4: thrombocytopenia 6%; leukopenia 2%; neutropenia 2%; anaemia 1%
Other adverse events > 5%: asthenia, headache, nausea, vomiting 
Nine patients discontinued due to adverse effects (six attributed to drug)
Myelosuppression was non-cumulative

•   HRQL
Data reported in more detail in Osoba et al., 200035 (see appendix 3)
In Cox regressions of possible prognostic factors, only baseline KPS significantly predicted PFS and survival

Comments

Subjects

• Exclusion criteria: prior chemotherapy (other than with nitrosourea), inadequate haematologic laboratory values
• Four patients did not receive TMZ 

*Primary outcomes

continued
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TABLE 19 contd  Yung et al., 199933

Outcomes

• See glossary for criteria for objective response plus the following refinements: scan results were to be found on
consecutive MRI scans at least 1 month apart; CR required no corticosteroid use except for physiologic doses with
stable or improved neurologic condition; PR required stable corticosteroid use for 7 days before each scan at the same
dose administered at the previous scan or at a reduced dose with stable or improved neurologic condition; progressive
disease required stable corticosteroid use for 7 days before each scan at the same dose administered at the time of the
previous scan or at an increased dose without or without neurologic progression

• Neurologic exam based on changes in signs and symptoms graded from –2 (definitely worse) to +2 (definitely better) 
• Scans centrally reviewed by committee. Unclear whether reviewers were aware of treatment

Adverse events

• Prophylactic anti-emetics allowed 

Quality assessment (revised from Spitzer et al.29)

Yes U/I/S No DK/NR N/A Comments

Proper random assignment •
Proper sampling •
Adequate sample size •
Objective outcomes • Neuro status and scans subjective
Blind assessment • • Neuro assessment not blind;

status of scan reviews unknown
Objective eligibility criteria • Performance status and life

expectancy subjective
Reported attrition •
Comparability of groups •
Generalisability • Performance status and life

expectancy criteria may select
patients with better prognosis

TABLE 20  Chinot et al., 20006

Study Intervention Subjects Outcome measures

Chinot et al., 2000 TMZ, oral administration n = 48 Objective response*

(submitted)6

150 mg/m2/day for 5 days 39 with AO Six-month PFS
Open-label, uncontrolled, in 28-day cycle increasing  
single-centre (France), to 200 mg on successive  9 with AOA Median PFS
Phase II trial of TMZ cycles if no grade 3 or 4 
in AO or AOA haematologic toxicity Adults age ≥ 18 Survival

Max treatment: 2 years Median age 41 Adverse events

Inclusion:
Histologically confirmed recurrent
pure AO or AOA 

At least 12 weeks post-radiotherapy

KPS ≥ 60

Life expectancy > 12 weeks at entry

At least one contrast-enhancing 
lesion measurable by MRI

Exclusion (see comments)

*Primary outcomes

continued
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TABLE 20 contd  Chinot et al., 20006

Results
•   Objective response
16.7% CR, 27.1% PR; 39.6% SD

•   Six-month PFS
50.5%

•   Median PFS
6.7 months (7.5 months for those achieving OR; > 11.5 months for those achieving CR)
Kaplan-Meier estimate: 25.4% progression-free at 12 months

•   Survival
Median 10 months (> 26 months for those achieving CR)
6-month survival rate: 77.1%
12-month survival rate: 45.8%

•   Adverse events
Haematologic grade 3 or 4: thrombocytopenia 6.4%
No patients discontinued due to treatment-related toxicity

Comments

Subjects

• Exclusion criteria: more than one prior course of chemotherapy; chemotherapy or radiotherapy within 8 weeks prior;
HIV positive;AIDS-related disease; inadequate recovery from prior toxicities; inadequate haematologic laboratory values

• 47 patients received prior PCV chemotherapy 
• Histology reviewed by single reviewer

Outcomes

• Baseline assessments within 1 week prior to initiating TMZ. MRI every two cycles 
• See glossary for criteria for objective response plus the following refinements: scan results were to be found on

consecutive MRI scans at least 1 month apart; CR required no corticosteroid use except for physiologic doses; PR 
≥ 50% and < 100% reduction in enhancing tumour volume on consecutive MRI scans with stable steroid use and stable
or improved neurologic status; progressive disease as in glossary or necessity of increasing steroids; all responses
confirmed by another MRI 1 to 2 months later

• No information about MRI scan reviews. Unclear whether reviewers were aware of treatment
• PFS at 12 months and survival analysed by Kaplan-Meier method
• Final follow-up: physical and neurologic examination, determination of performance status, haematologic evaluation,

clinical chemistry assessment and MRI within 30 days following last cycle and every 2 months thereafter
• Median six cycles TMZ given

Adverse events

• Prophylactic anti-emetics administered with TMZ

Quality assessment (revised from Spitzer et al.29)

Yes U/I/S No DK/NR N/A Comments

Proper random assignment •

Proper sampling •

Adequate sample size •

Objective outcomes • Neuro status and scans subjective

Blind assessment • • Neuro assessment not blind;
status of scan reviews unknown

Objective eligibility criteria • Performance status and life
expectancy subjective

Reported attrition •

Comparability of groups •

Generalisability • Performance status and life
expectancy criteria may select
patients with better prognosis
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TABLE 21  Bower et al., 199737

Study Intervention Subjects Outcome measures

Bower et al., 199737 TMZ oral administration n = 116, 103 eligible Objective response*

Multicentre (UK), 750 mg/m2 divided as equally One drop-out Response duration*

uncontrolled Phase II as possible over 5 days given 
every 28 days One loss to follow-up Six-month PFS

If no grade 2 or greater myelo- Median age 44 (range, 24–78) Survival
suppression on cycle 1, dose 
increased to 1000 mg as above Inclusion: Adverse events*

See additional details Histologically confirmed supra-
in comments tentorial grade III or IV glioma 

and imageable lesions that had 
progressed within past 2 months 
continuing neurological impairment 
WHO performance status ≤ 3

Life expectancy > 3 months

Exclusion (see comments)

Results
•   Objective response
103 eligible patients (including 18 not evaluable for response): 11%, 47% SD
Objective response rate 3% (95% CI, 0 to 9) in 31 patients who had received prior chemotherapy (after surgery and
radiation); 15% (95% CI, 6 to 24) in 65 patients who had received surgery and radiotherapy only
Objective response 2/20 in AA, 8/73 in GBM and 1/9 in unclassified high-grade glioma
Median response duration for 11 patients achieving objective response: 4.6 months
•   Six-month PFS: 22% (95% CI, 14 to 31)
•   Survival
Median of eligible patients 5.8 months (95% CI, 4.6 to 7.0)
•   Adverse events (episodes)
Haematological: lymphopenia 59; thrombocytopenia 13; neutrophils 5; leukopenia 6; anaemia 1. Other effects > 20 episodes:
nausea, vomiting, lethargy

Comments

Subjects

• Exclusion criteria: radiotherapy within past 10 weeks, or prior chemotherapy within past 4 weeks (6 weeks for
nitrosoureas); inadequate bone marrow, hepatic or renal function; if on dexamethasone, no change in dose in prior 
2 weeks

• Declaration of 13 patients as ineligible may have affected results. Several were not suffering from target disease, but
others seemed more ill (three not on stable corticosteroids, one with WHO status of 4) or perhaps less ill (one with
no persisting neurological deficit, one with no evaluable disease at entry)

• 18 patients were “not evaluable for response”

*Primary outcomes

continued
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TABLE 21 contd  Bower et al., 199737

Outcomes

• Radiological evaluation prior to first and third cycles of TMZ and after alternate cycles thereafter
• Objective response: improvement in one or more neurological symptoms sufficient to improve the neurological status

by one grade on the MRC scale across two observations not less than 4 weeks apart, no deterioration or other
neurological symptoms or signs and no new neurological deficits. Imaging criteria only used in association with clinical
improvement

• SD: neither improvement nor deterioration in neurological status over minimum of 8 weeks, irrespective of a
radiological change in tumour size but without an increase in the corticosteroid dose except on days of TMZ
administration when dose could be increased for prophylactic cover of cerebral oedema

• Progressive disease: deterioration of neurological status and/or an escalation in the corticosteroid dose
• MRC scale of neurological status: 0 = no neurological deficit; 1 = function adequate for useful work; 2 = moderate

function impairment; 3 = major functional impairment; 4 = no useful function
• Survival calculated from first day of TMZ until death or date of last follow-up
• Duration of response from commencement of TMZ until documentation of progression

Adverse events

• Prophylactic anti-emetics with each course of TMZ
• Adverse events cannot be evaluated in terms of % of patients suffering as same events may have occurred in same

patients more than once

Quality assessment (revised from Spitzer et al.29)

Yes U/I/S No DK/NR N/A Comments

Proper random assignment •

Proper sampling •

Adequate sample size •

Objective outcomes • Neuro status and scans subjective

Blind assessment • • Clinical assessment not blind;
status of scan reviews unknown

Objective eligibility criteria • Performance status and life
expectancy subjective

Reported attrition •

Comparability of groups •

Generalisability • Performance status and life
expectancy criteria may select
patients with better prognosis
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TABLE 22  Newlands et al., 199636

Study Intervention Subjects Outcome measures

Newlands et al., 199636 TMZ oral administration n = 48 consecutive patients Objective response
with recurrent glioma treated 

Consecutive cases of malignant 150 mg/m2/day for 5 days at Charing Cross Hospital Duration of response
glioma treated with TMZ escalating if no significant myelo-

suppression on day 22 to Median age (n = 75): Survival (1 year)
200 mg/m2/day for 5 days 46.6 (range, 20–72)
at 4-week intervals

(27 patients with newly 
Treatment until progression diagnosed disease 
in those responding were excluded) 

Two treated in Phase I study

Results
•   Objective response
25% OR (see criteria in comments), 38% no change
Duration of response: median 6.1 months (range, 3.4–16.9)

•   Survival (1 year)
22% (95% CI, 12 to 36)

•   Adverse events (episodes grades 3 or 4 (including newly diagnosed patients)): haematologic: lymphopenia 4; leukopenia
5; platelets 1; anaemia 3
No other grade 3/4 adverse events > 10 episodes

Comments

Outcomes

• Scans at baseline (after 2 weeks stable dexamethasone dose), after two cycles of treatment, after 5–6 cycles and at any
clinical indication of disease progression

• Objective response: MRC neurological status scale improvement of 1 or more for minimum of 4 weeks with clear
reduction in tumour mass on CT or MRI

• OR assessed at maximum neurological and CT/MRI improvement, usually 2 or 5 months after starting TMZ
• Scans reviewed by neuroradiologist blinded to treatment
• Duration of response measured from start of therapy
• Number of TMZ courses median 7 (range, 1–29)

Adverse events

• Prophylactic anti-emetics with each course of TMZ
• Adverse events cannot be evaluated in terms of % of patients suffering as same events may have occurred in same

patients more than once

Quality assessment (revised from Spitzer et al.29)

Yes U/I/S No DK/NR N/A Comments

Proper random assignment •

Proper sampling • Consecutive patients at 
Charing Cross Hospital

Adequate sample size • Fairly wide CIs

Objective outcomes • Neuro status and scans subjective

Blind assessment • • Reviews of scans blinded;
neuro assessment not blind

Objective eligibility criteria • Only recurrent high-grade 
glioma required

Reported attrition •

Comparability of groups •

Generalisability • Patients from single centre may
not be representative
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Appendix 3

Summary of HRQL studies

TABLE 23  Osoba et al., 200034

Study Intervention Subjects Outcome measures

Osoba et al., 200034 TMZ, oral administration n = 109 in uncontrolled TMZ trial Changes in HRQL 
(QLQ-C30 and 

HRQL results from Yung  Chemotherapy-naïve: n = 89 in TMZ arm of BCM20) in seven pre-
et al.,32 and Brada et al.,30 200 mg/m2/day for 5 days randomised trial selected domains*

studies in GBM in 28-day cycle
n = 90 in PRO arm of Effect of changes in 

See effectiveness  Prior chemotherapy: randomised trial disease status on 
summaries in appendix 2 150 mg/m2/day for 5 days HRQL*

in 28-day cycle Adults age ≥ 18
Proportion of patients 

PRO, oral administration Mean age in uncontrolled trial with clinically significant 
53.2 (range, 24–77) changes in HRQL

Chemotherapy-naïve:
150 mg/m2/day for 28 Mean age in TMZ arm 51.2 Duration of HRQL 
consecutive days in (range, 21–72) improvements 
56-day cycle 

Mean age in PRO arm 49.3 
Prior chemotherapy: (range, 23–73)
125 mg/m2/day in same cycle

Inclusion:
24-week follow-up Histologically proven supratentorial

high-grade glioma at first relapse
with recurrence or progression
confirmed by imaging

KPS ≥ 70

Exclusions (see comments) 

Results 
•   6-month HRQL change
TMZ patients without progression (19 in RCT and 22 in single-group study) associated with improved HRQL scores.
Improvements significant in several domains including global QoL in uncontrolled trial 
TMZ patients with progression associated with reduced HRQL including significant declines in several domains including
global QoL in both uncontrolled and randomised trials
PRO associated with declines in HRQL independent of disease progression although the declines only reached significance
in the group with progression

•   Effect of progression
HRQL scores improved or stable for TMZ patients up to progression when scores were dramatically worse
In PRO patients, HRQL scores generally worse than baseline throughout

•   Proportion of patients with HRQL changes
Among patients whose scores could improve,TMZ improvements ranged from 15% (global QoL in randomised TMZ
group) to 40% (in communication deficit in randomised TMZ group) across domains
In the PRO group, improvement ranged from 14% (in drowsiness) to 24% (in visual disorder)

•   Duration of HRQL changes
Medians varied from 11.3 weeks to 21.6 weeks in the TMZ groups and from 9.8 to 12.7 weeks in the PRO group 
Changes were longest lasting in patients with CR or PR, a little shorter in those with SD, and shortest in those with
progressive disease

*Primary outcomes

continued
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TABLE 23 contd  Osoba et al., 200034

Comments

• Pre-selected HRQL domains were role functioning, social functioning, global QoL, visual disorder, motor dysfunction,
communication deficit and drowsiness

• Clinically significant change in HRQL defined as change of ≥ 10 (on scale of 0–100) lasting for at least two assessments
4 weeks apart

• Not known when baseline evaluations taken in relation to assignment to treatment groups
• Patients were in open-label studies so knowledge of treatment may have affected results
• Relatively large proportion of groups did not complete HRQL questionnaires (79% completed both baseline and at least

one assessment on treatment)
• Due to high attrition (disease progression or death) the numbers of patients in groups is difficult or impossible to

establish and often quite small
• Much larger patients numbers in progression than progression-free groups
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TABLE 24  Osoba et al., 200035

Study Intervention Subjects Outcome measures

Osoba et al., 200035 TMZ, oral administration n = 162 Changes in HRQL
(QLQ-C30[+3] and 

HRQL results from  Chemotherapy-naïve: 138 with both baseline and BCM20) in seven pre-
Yung et al.,33 study in AA 200 mg/m2/day for 5 days in on-treatment evaluations selected domains*

28-day cycle
See effectiveness summary  Adults age ≥ 18 Effect of changes in 
in appendix 2 Prior chemotherapy: disease status on 

150 mg/m2/day for 5 days in Mean age 42.5 (range, 19–76) HRQL*

28-day cycle
Inclusion: Proportion of patients 

Chemotherapy to be given Histologically proven supra- with clinically significant 
for 1 year and could be tentorial astrocytoma at first changes in HRQL
continued longer in relapse with recurrence or
responding patients, progression confirmed by imaging Duration of HRQL 
if desired improvements 

KPS ≥ 70
24-week follow-up

On stable dose of cortico-
steroid for at least 10 days 
before therapy 

Life expectancy ≥ 12 weeks

Exclusion (see comments) 

Results
•   Baseline scores reflect considerable difficulties in role and social functioning, global QoL, and motor dysfunction,
communication deficit and drowsiness

•   6-month HRQL change
Patients without progression (n = 63) associated with maintenance or improved HRQL scores in all seven pre-selected
domains. Improvements in social functioning and global QoL were statistically significant, but small
Patients with progression reported statistically significant deterioration in five of seven of the pre-selected domains

•   Effect of progression
HRQL scores were either at baseline or worse than baseline for the seven pre-selected domains
Changes in HRQL prior to progression showed an initial improvement over baseline in most domains with a gradual
decrease in scores as progression neared and deterioration below baseline scores at progression

•   Proportion of patients with HRQL changes
Among patients whose scores could improve, proportion of HRQL responses ranged from 35% to 49% regardless of
tumour response

•   Duration of HRQL changes
Median varied from 12 weeks (for global QoL and drowsiness) to 20 weeks (for social functioning, motor dysfunction and
communication deficit). Duration of response tended to be longer in those with complete or partial tumour response, but
were nearly as long in those with SD

Comments

• Pre-selected HRQL domains were role functioning, social functioning, global QoL, visual disorder, motor dysfunction,
communication deficit and drowsiness

• Clinically significant change in HRQL defined as change of ≥10 (on scale of 0–100) lasting for at least two assessments 
4 weeks apart

• HRQL changes associated with progression at 6 months may have been underestimated as the last available HRQL
scores were used prior to death or inability to complete the questionnaire rather than estimating a final score

• Patients are not unaware of treatment given

*Primary outcomes
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Jadad scale

The quality of the RCT was assessed using the
Jadad scale.28

Questions to assess the likelihood 
of bias
• Is the study described as randomised (this

includes the use of the words such as 
randomly, random and randomisation)?

• Is the study described as double-blind?
• Is there a description of withdrawals and 

drop-outs?

Scoring the items
Either give a score of 1 point for each ‘yes’ or 0
points for each ‘no.’ There are no in-between
marks.

Give 1 additional point if:
For question 1, the method to generate the
sequence of randomisation is described and 
it is appropriate (table of random numbers,
computer-generated, etc.)
and/or
If, for question 2, the method of double-blinding is
described and it is appropriate (identical placebo,
active placebo, dummy, etc.)

Deduct 1 point if:
For question 1, the method to generate the
sequence of randomisation is described and it is
inappropriate (patients were allocated alternately
or according to date of birth, hospital number,
etc.)
and/or
For question 2, the study is described as double-
blind but the method of blinding is inappropriate
(e.g. comparison of tablet versus injection with no
double dummy).

Guidelines for assessment
Randomisation
A method to generate the sequence of random-
isation will be regarded as appropriate if it 
allows each study participant to have the same
chance of receiving each intervention and the
investigators could not predict which treatment 

was next. Methods of allocation using date 
of birth, date of admission, hospital numbers, 
or alternation should not be regarded 
as appropriate. 

Double-blinding
A study must be regarded as double-blind if the
term ‘double-blind’ is used. The method will be
regarded as appropriate if it is stated that neither
the person doing the assessment nor the study
participant could identify the intervention being
assessed, or if, in the absence of such a statement,
the use of active placebos, identical placebos, or
dummies is mentioned.

Withdrawals and drop-outs
Participants who were included in the study but
did not complete the observation period or were
not included in the analysis must be described.
The number and the reasons for withdrawal in
each group must be stated. If there were no
withdrawals, it should be stated in the report 
of the study. If there is no statement on with-
drawals, this item must be given 0 points. 

Spitzer checklist 
(with guidance notes)
In addition to the Jadad scale an assessment 
was used for all included studies that would be
appropriate for single group, uncontrolled studies.
These quality criteria were adapted from Spitzer
and co-workers.29 The original checklist was
modified by the authors to include items of
particular relevance to single-group studies.

1. Does the trial use proper random assignment?
A study with proper random assignment 
would include multiple conditions with 
random assignment and would use an
appropriate method for the assignment 
(e.g. random numbers table, computer
generated, etc.) with allocation 
concealment. 

2. Did the study use proper sampling? 
A study with proper sampling would allow for 
all patients to be equally likely to enter the 

Appendix 4

Methods for assessing the quality 
of included studies
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study (e.g. patients selected consecutively or
randomly sampled).

3. Was the sample size adequate?
Proper sample size enables adequately 
precise estimates of priority variables found 
to be significant (e.g. can compute CI within
relatively small range or relatively small 
standard error).

4. Were the criteria for definition or measurement
of outcomes objective or verifiable?
Good outcome measures would be defined by
clear methods for measuring outcomes (i.e. an
operational definition) that are public, verifiable
and repeatable.

5. Were outcomes measured with blind assessment?
In studies with blind assessment those evaluating
outcomes are unaware of the treatment status 
of those being evaluated. 

6. Were objective criteria used for the eligibility 
of subjects?
Good eligibility criteria would use clear, public,
verifiable characteristics that are applied for
inclusion and exclusion. 

7. Were attrition rates (%) provided?
A study should report the number of patients
who could not be contacted for outcome
measures or later (e.g. drop-outs or withdrawals
due to treatment toxicity).

8. Were groups under comparison comparable?
Comparable groups show similar results across a
reasonable range of baseline characteristics that
could be expected to affect results.

9. Are the results generalisable?
Generalisable results come from a sample
population that is representative of the
population to which results would be applied.
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Performance status scales

KPS WHO Status

100 Normal, no complaints: no evidence of disease 0 Fully active, able to carry on all predisease
performance without restriction

90 Able to carry on normal activity; minor signs of symptoms 
of disease

80 Normal activity with effort, some signs of symptoms 1 Restricted in physically strenuous activity but
of disease ambulatory and able to carry out work of a light or

sedentary nature (e.g. light house work, office work)

70 Cares for self but unable to carry on normal activity or 
to do work

60 Requires occasional assistance but is able to care 2 Ambulatory and capable of self-care but unable to
for most of personal needs carry out any work activities. Up and about more than

50% of waking hours

50 Requires considerable assistance and frequent medical care

40 Disabled; requires special care and assistance 3 Capable of only limited self-care, confined to bed or
chair more than 50% of waking hours

30 Severely disabled; hospitalisation is indicated although 
death is not imminent

20 Very ill; hospitalisation and active supportive 4 Completely disabled. Cannot carry on any self-care.
care necessary Totally confined to bed or chair

10 Moribund

0 Dead 5 Dead
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Objective response

All included studies evaluated objective response
(defined in the glossary), although the criteria for
response varied. In all studies there was concern
about evaluating response on the basis of imaging
alone. Interpretation of radiological images of
these tumours is variable and dependent upon
surgery, radiotherapy, and corticosteroid levels.38

Baseline images were taken under stable cortico-
steroid doses for a minimum of 3 days prior to scan
in all studies. In all included effectiveness studies
scans were centrally reviewed, which should also
minimise variation in their interpretation. 

In addition, evaluations of objective response also
included assessments of clinical status. Changes in
clinical status are closely related to tumour status
and are therefore used as additional evidence of
treatment effects.36 There is some concern about
the clinical assessments, which are subjective in
nature and not centrally reviewed. There is
considerable variation in the assessment of clinical
status using measures such as the KPS or the MRC
neurological status scale.38 (See appendix 5 for
clinical status scales.) Variations in the use of such
scales may be particularly problematic in multi-
centre trials. Four of six included effectiveness
trials were multicentre trials and some variability 
in the results may be attributable to the use of
subjective clinical status evaluations. In addition, 
in none of the studies were treating clinicians or
patients unaware of the treatment that they were
receiving. This may also affect subjective 
evaluations of clinical status.

One response category that is often reported is
‘stable disease’. Because this outcome has been
reported in several studies, it is included in our
report. However, it should be noted that there is
no consensus on how to measure this outcome and
therefore it may be particularly unreliable.

Progression

When considering progression as an outcome
measure, it is important to consider how evidence
of progression will be collected.38 In all included
studies clinical evaluations were conducted at

regular intervals. More importantly, in four of six
of the full reports, imaging scans were obtained 
at regular 2-month intervals (Yung et al., 199933

did not specify) helping to assure that times to
progression were not unduly affected by variable
assessment methods. The use of a particular time
at which to measure the proportion of progression-
free survivors also aids in reducing variation in
results due to different timing of assessment. 

Survival

It should be noted that survival is affected by
tumour histology, age and performance status.9,38

Three studies considered the effectiveness of 
TMZ in patients with AA (and AO),33 GBM,30,32

or AO and AOA6 separately. However, two trials
consisted of a mix of patients with AA and
GBM.36,37 The proportion of patients with each
tumour grade would be expected to affect the
outcomes. These trials included 71% and 77%
GBM patients, respectively, and 19% AA. These
distributions include more than the usual fraction
of patients with GBM, and therefore results in
these trials may be affected by the poorer prog-
nosis of GBM.  In addition, age affects survival 
and is related to tumour histology, with GBM
patients being approximately 10 years older 
than AA patients. Finally, performance status 
is related to survival. 

The studies summarised here reported medians 
for PFS and for survival. It should be noted that
medians may not provide a good estimate of
survival when the distribution of survival times is
skewed. Treatments that prolong life, but do not
cure will produce medians that are overestimates
of mean survival.

Health-related quality of life

The primary questionnaire used was developed 
by the EORTC (QLQ-C30 with version 2.0
scoring)42 along with a specific questionnaire on
brain cancer, the BCM20.43 Both questionnaires
focus on patients’ self-report of their HRQL. 
Both questionnaires have been shown to have
adequate validity and reliability, although the 
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role functioning and cognitive functioning scales
of the QLQ-C30 have shown some internal
consistency problems.42,44 The QLQ-C30 consists 
of five functional scales (physical, role, cognitive,
emotional and social), three symptom scales
(fatigue, pain, and nausea and vomiting) and a
global health and QoL scale along with several
single-item symptom questions. The BCM20
contains five scales (emotional distress, future
uncertainty, visual disorder, motor dysfunction 
and communication deficit) along with seven,
single-item symptom questions. After translating
scores onto a scale of 0–100, it has been found 
that changes in these scales of 10 or more points
were considered clinically significant and to be
subjectively noticeable by patients.45 It has been
noted that baseline HRQL measures should be
taken before randomisation and/or treatment 
to prevent knowledge of assignment or treatment
affecting results. Although the reports are unclear
in this regard, in none of the reported studies 
does it seem that baseline measures were taken
before randomisation. 

The HRQL questionnaires were administered at
baseline prior to the start of chemotherapy and
just before each subsequent chemotherapy cycle.
The primary outcomes were changes from baseline
in seven pre-selected HRQL domains (global 
QoL, role functioning, social functioning, visual
disorder, motor dysfunction, communication
deficit and drowsiness). Additional data were
reported, but in order to limit the possibility of
claiming effects on the basis of chance, these
additional data must be interpreted with caution
and are not discussed here. HRQL changes were
assessed at 6 months in those who remained

progression-free and at progression for all patients
from whom data were available. The duration of
HRQL improvements was also of interest along
with the proportion of patients who achieved
HRQL improvements.

Because the nature of high-grade glioma 
means that many subjects will die or otherwise 
be unable to continue participation over time,
these HRQL results are based primarily on
comparisons between the baseline scores and 
on-treatment scores of the same subjects. In this
way, each subject serves as his or her own control
and attrition is less problematic. Nonetheless, 
it is true that in some evaluations there are 
very few patients surviving and in evaluations 
of effects of progression, for instance, the 
results are collected at different times for 
different subjects. 

Questionnaire completion rates were considerably
less than 100% creating some concern for whether
the subjects completing questionnaires at both
baseline and during treatment were representative
or whether more ill patients may not have been
included. The technique of considering changes in
HRQL scores within subjects allays this concern
somewhat. It is also of concern that the studies in
which HRQL data were obtained were open-label
studies. The knowledge of patients that they were
on an experimental drug trial may have affected
their evaluations. Finally, it should be noted that
because there are often small numbers of subjects
contributing to particular cells, statistical signifi-
cance does not always coincide with what are
considered clinically or subjectively significant
changes in assessments.
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Baseline scores

In the Osoba and co-workers report of HRQL in
GBM,34 there were data from a single-group study30

of TMZ as well as patients who were randomised 
to either TMZ or procarbazine. On a scale of
0–100 with higher scores reflecting better func-
tioning, patients with GBM reported means for
global QoL ranging from 55.5 to 63.0 across the
three study groups. 

Patients with AA35 reported a mean global QoL 
of 61.4. These patients also reported the presence
of symptoms, in particular motor dysfunction,
communication deficit and drowsiness. The report-
ing of symptoms in these patients was significantly
greater than in another group of newly diagnosed
patients in motor dysfunction, communication
deficit, weakness of both legs, and trouble con-
trolling the bladder.12 The baseline scores of these
patients were found to be similar to those of
patients with advanced ovarian and lung cancer
and patients with metastatic heterogeneous cancers
except that patients with recurrent brain cancer
had worse cognitive functioning and less pain.12

Comparison of the baseline HRQL of these
patients with normal populations in Denmark and
Norway demonstrate that scores in the patients are
much lower than in the general population.12

Changes in HRQL from baseline
to 6 months (or progression)
In the single-group study of TMZ in GBM, HRQL
in the 22 patients who remained progression-free at
6 months demonstrated improvements from base-
line in all seven pre-selected domains. Effect sizes
were all greater than 0.20, which was considered
clinically significant. However, only improvements
in global QoL, communication deficit and drowsi-
ness achieved statistical significance. The HRQL
results in the TMZ group from the RCT portion of
the report were similar but slightly less unequivocal.
Those patients on TMZ who remained progression-
free at 6 months showed improvements in five of
the seven pre-selected domains. Only improvements
in drowsiness and social functioning had an effect
size of greater than 0.2 and only the improvement
in drowsiness reached statistical significance. 

By contrast, however, those patients who had 
been on procarbazine reported diminished HRQL
in all seven pre-selected domains independent of
whether there had been progression or not (except
global QoL in those who were 6-month progression-
free in whom there was no change). The effect 
sizes of the changes were greater than 0.2 among
those in whom there was not progression in all
domains except global QoL. None of these changes
reached statistical significance. For the patients on
pro-carbazine in whom there had been progression
within 6 months, effect sizes of negative changes 
at the 6-month assessment in all seven pre-selected
domains were greater than 0.2 with the exception
of visual disorder. Changes in drowsiness, communi-
cation deficit, motor dysfunction, and role function
reached statistical significance.

When comparing HRQL in TMZ and procarbazine
there is a possibility that responses favouring TMZ
are partially attributable to the shorter cycle length
for TMZ (5 days each 28 days versus 28 days each
56 days). 

In the Osoba and co-workers report of HRQL in
AA there was a single group of patients treated
with TMZ. At the 6-month assessment 63 patients
(39%) were progression-free. For the seven pre-
selected HRQL domains, scores improved from
baseline in all domains in these patients. The 
effect sizes were greater than 0.2 for global QoL
and social functioning, which also were statistically
significant. In those patients whose disease had
progressed, scores in all seven domains were worse
than baseline with scores in global QoL, drowsi-
ness, visual disorder, social functioning and role
functioning being statistically poorer than 
baseline with effect sizes of greater than 0.2. 

Effect of progression

Generally, progression produced deterioration in
HRQL scores. In the study of patients with GBM,
the mean change in all pre-selected domain scores
deteriorated below baseline levels with the excep-
tion of visual disorder in patients randomised to
TMZ in the RCT portion of the study. In the weeks
preceding progression there were improvements
from baseline in the TMZ groups and the HRQL
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changes were relatively stable until 4 weeks prior 
to progression (although it should be noted that
different subjects contributed data to the assess-
ments at different time points). In general, the
procarbazine group demonstrated poorer HRQL
than at baseline across all assessments in most
domains. The few improvements in HRQL in the
procarbazine group were small in magnitude.

In the study of HRQL in AA, scores at progression
were at or below baseline. In the weeks preceding
progression, scores in most domains had been
better than at baseline although gradually declin-
ing as progression neared. (Again, it should be
noted that the same subjects did not consistently
provide data at all time points.)

Proportions of patients with
clinically significant change 
in HRQL
Previous work on these questionnaires suggests 
that patients subjectively notice changes of at least 
10 on the scale of 0–100.45 Therefore the pro-
portion of patients experiencing changes of at 
least 10 were computed. In addition, only patients
in whom this improvement lasted for at least 
8 weeks were counted. (These proportions were
computed on patients in whom function scale
scores were no more than 90 and symptom 
scores were at least 10 at baseline in order that
improvement would be possible. Function scores 
of 100 cannot improve, nor can symptom scores 
of zero.) 

In the study of patients with GBM, the proportion
of TMZ-treated patients demonstrating improve-
ment ranged from a low of 15% (for global QoL)
to a high of 40% (for communication deficit).
Proportions of improvement in the procarbazine
group were lower ranging from 14% (for drowsi-
ness) to 24% (for motor dysfunction).

In the study of patients with AA, the proportion 
of patients showing improvement ranged from a
low of 35% (for visual disorder) to a high of 49%
(for social functioning). 

Duration of HRQL improvements
Using the criteria outlined above for HRQL
improvement, the duration of improved scores 
was computed for those showing improvement. 
(It should be noted that different patients contrib-
uted to different means and that patient numbers
were relatively small, ranging from 11 to 29.)

In the study of patients with GBM, durations of
response were greater in patients receiving TMZ
than in those receiving procarbazine, with the
exception of improvements in visual disorder in
which improvement in the procarbazine group was
slightly longer. However, there were no statistical
comparisons of these differences. The duration of
HRQL response was longest in patients achieving
complete or partial tumour response, somewhat
shorter in those with stable disease, and shortest 
in those with progressive disease. 

In the study of patients with AA, the median
duration of HRQL response varied from 12 weeks
(for global QoL and drowsiness) to 20 weeks 
(for social functioning, motor dysfunction and
communication deficit). 

Summary

Taken together, the QoL results demonstrate 
that patients with recurrent malignant glioma 
have a diminished QoL and are suffering from 
a number of debilitating symptoms. A reasonable
proportion of patients who are treated with TMZ
report improvements in QoL measures that gen-
erally last until near progression. In comparison
with procarbazine, TMZ seems to confer con-
siderably better QoL perhaps partly because
current treatment regimens involve taking the
drug on fewer days in addition to effects of TMZ
on tumour growth. QoL improvements are more
pronounced in patients who remain progression-
free. Large proportions of patients who have an
objective response to TMZ demonstrate improve-
ment in some domains of HRQL;30 however, the
absolute number of patients this includes is 
quite small.
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FIGURE 4

Appendix 8

Utility curves for patients treated with 
TMZ and PCV
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Where a represents a gain in utility
d represents a gain in PFS
f represents a gain in overall survival

The QALY gain is estimated by calculating the area between the two curves using simple algebra as follows:

For treatment with PCV: b x c + 1/ 2 b(d + e) (A)

For treatment with TMZ: (a + b)(c + d) + 1/ 2 (a + b)(e + f) (B)

QALY gain: (B – A)/52

The baseline assumption was that TMZ provides an increase in PFS and utility but no increase in overall survival 
(i.e. f = 0).
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Chemotherapy costs
All drug costs were obtained from the British
National Formulary, No. 39, March 2000, and 
have been rounded to the nearest pound within
calculations (Tables 26 to 28).

Anti-emetic costs

It was assumed that prophylactic anti-emetics
would be given to every patient for 5 days in the
TMZ group and for 3 days following administration
of CCNU (Tables 29 to 31). 

Granisetron was used for all analyses presented in
chapter 3. The use of metoclopramide as a cheaper
alternative was evaluated in a sensitivity analysis.

Outpatient visits

TMZ is administered orally and requires two
hospital visits per cycle:

• on Day 1, for provision of 5 days of TMZ capsules
• on Day 22, for full blood count.

PCV is a combination of drugs that are adminis-
tered both orally and intravenously, requiring
three hospital visits per cycle:

• on Day 1, for oral administration of CCNU
• on Day 8, for intravenous administration of

vincristine, and provision of 14-day course 
of procarbazine

Appendix 9

Calculation of individual cost components

TABLE 26  Unit costs of chemotherapy

Drug Pack size Costa Cost per 
unit

TMZ (p.o.) 5 × 5 mg £17.30 £3.46
20 × 5 mg £69.20 £3.46
5 × 20 mg £69.20 £13.84
20 × 20 mg £276.80 £13.84
5 × 100 mg £346.00 £69.20
5 × 250 mg £865.00 £173.00

CCNU (p.o.) 20 × 40 mg £171.35 £8.57

PRO (p.o.) 50 × 50 mg £37.44 £0.75

Vincristineb (i.v.) 1 mg vial £10.92 £10.92
2 mg vial £21.17 £21.17
5 mg vial £44.16 £44.16

a See British National Formulary27

b Non-proprietary

p.o., oral administration; i.v., intravenous administration

TABLE 27  Cost per cycle of TMZ

Recommended Required dose Obtained Cost per Days per Cost per 
dose per day* from day cycle cycle

TMZ 200 mg/m2 340 mg 3 × 100 mg £235.28 5 £1176
2 × 20 mg

*For average body surface area of 1.7 m2

TABLE 28  Cost per cycle of PCV

Recommended Required dose Obtained Cost per Days per Cost per 
dose per daya from day cycle cycle

CCNU 110 mg/m2 187 mg 5 × 40 mg £42.84 1 £42.84
PRO 60 mg/m2 102 mg 2 × 50 mg £1.50 14 £20.97
Vincristine 1.4 mg/m2 2.38 mg 1 × 2 mgb £21.17 2 £42.34

Total cost per cycle £106

aFor average body surface area of 1.7 m2

bMaximum dose per day



• on Day 29, for intravenous administration 
of vincristine.

The cost of an outpatient attendance was 
obtained from the NHS in Scotland Cost Book, 
1999 (Table 32).46 The cost used is the mean 
cost across all hospitals in Scotland. 

Although the cost may be higher than those in
England and Wales, it is the most reliable cost
available. Discussions with the Finance Department
at Southampton General Hospital confirm that 
it is a reasonable estimation of the cost of an
outpatient attendance. They estimate the costs 
of an outpatient attendance at £86 for a neurol-
ogy visit, £159 for neurosurgery, £54 for clinical
oncology, and £333 for medical oncology. 
The latter cost includes the cost of drugs
administered during these visits.

(These contacts have been classed as outpatient visits
but will vary in intensity.  For instance, some blood
count data may be obtained through GP visits. The
latter two visits for PCV administration are consid-
ered to be minor outpatient attendances, however
no costs were available distinguish between resource
use at full outpatient visits and minor visits.)

MRI scans

Following recurrence, glioma patients undergo 
an MRI scan at baseline, after two cycles of treat-
ment, regardless of cycle length and then at 
6-months’ follow-up. 

The cost of MRI was estimated at £222 (data 
from Planning Department, Royal Infirmary 
of Edinburgh).
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TABLE 30  Cost per cycle of granisetron

Recommended Obtained Cost per Days per Cost per 
daily dose from day cycle cycle

Granisetron 1–2 mg pre-treatment 1 × 2 mg £18.29 1 £18.29
2 mg 2 × 1 mg £18.29 5 £91.43

3 £54.86

Total cost per cycle of TMZ £110
Total cost per cycle of PCV £73

TABLE 31  Cost per cycle of metoclopramide

Recommended Obtained Cost per Days per Cost per 
daily dose from day cycle cycle

Metoclopramide 3 × 10 mg 3 × 10 mg £0.28 5 £1.39
3 £0.84

Total cost per cycle of TMZ £1.39
Total cost per cycle of PCV £0.84

TABLE 32  Outpatient attendance visits

TMZ PCV

Full visits per cycle 2 1
Minor visits per cycle 0 2
Cost per attendance £100 £100

Cost per cycle £200 £300

TABLE 29  Unit costs of anti-emetics

Drug Pack size Cost* Cost per 
unit

Granisetron 10 × 1 mg £91.43 £9.14
5 × 2 mg £91.43 £18.29

Metoclopramide 28 × 10 mg £2.60 £0.09

*See British National Formulary27



Table 33 describes the effectiveness and cost
parameters that were examined in the economic
models. As the data for overall survival were felt to
be weak, only two options were explored: either a
6-week increase in overall survival, or no increase
in overall survival. 

The results of each combination of these variables
are described in the Tables 34–39.

Results of the economic analyses

Cost per progression-free week gained
When there is no increase in overall survival, 
the incremental cost-effectiveness of TMZ will 
still be affected by the effect on PFS (longer PFS
affects the incremental cost of TMZ). Two options
were explored: increase in PFS of 4 weeks or 
8 weeks (Table 34).

Cost per life-year gained
When an increase in overall survival is expected, 
a cost per life-year gained can be calculated. As
above, the cost-effectiveness ratio is again affected
by the impact of TMZ on PFS. Three options for
the effect on PFS were explored (increases of 4, 0

and 8 weeks), each combined with an increase in
overall survival of 6 weeks (Table 35).

Cost–utility analyses
When the impact of TMZ on QoL is included 
in the analysis, a cost per QALY gained can be
estimated. The combination of the eight para-
meters outlined in Table 33 produces 18 possible
scenarios (described in Tables 36 and 37). The
baseline analyses discussed in chapter 3 (Cost–utility
(QALYs gained):baseline analysis) are provided where
there is a moderate increase in PFS (4 weeks) and
no effect on overall survival (see shaded cells).

Sensitivity analyses where no increase in 
overall survival
See Tables 36 and 37.

TABLE 33  Parameters tested

Health Technology Assessment 2001; Vol. 5: No. 13

61

Appendix 10

GBM cost-effectiveness and 
cost–utility analyses

TABLE 34  Cost per progression-free week gained

TABLE 35  Cost per life-year gained

Gain in overall survival (weeks)

+6

Gain in PFS +0 £22,159
(weeks) +4 £35,051

+8 £46,943

Gain in overall survival (weeks)

+0

Gain in PFS +4 £1011
(weeks) +8 £691

TABLE 36  Number of QALYs gained

Gain in utility

0 +0.2 +0.4

Gain in PFS +0                  ∞ 0.02 0.05
(weeks) +4 0.06 0.09 0.13

+8 0.11 0.17 0.22

Shaded cells represent baseline analyses

TABLE 37  Cost per QALYs gained

Gain in utility

0 +0.2 +0.4

Gain in PFS +0             ∞ £175,246 £119,857
(weeks) +4 £45,847 £42,920 £41,689

+8 £22,924 £24,454 £25,233

Shaded cells represent baseline analyses

PFS Survival Gain in utility (while
progression-free)

+0 weeks +0 weeks 0
+4 weeks +6 weeks 0.20
+8 weeks 0.40

Shaded cells represent baseline parameters
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Note also that where TMZ does not increase 
QoL while patients are progression-free (utility
gain of 0), a QALY gain can still be estimated 
from the increases either in PFS or in overall
survival. As noted in chapter 3 (Estimation of
utilities), no data were available on the utility
experienced by patients from progression 

to death, and a linear deterioration in utility from
progression has been assumed.

Sensitivity analyses where overall survival is
increased by 6 weeks
See Tables 38 and 39.

TABLE 39  Cost per QALYs gained

Gain in utility

0 +0.2 +0.4

Gain in PFS +0 £73,865 £70,102 £68,490
(weeks) +4 £25,086 £28,809 £30,931

+8 £15,109 £18,130 £19,976

TABLE 38  Number of QALYs gained

Gain in utility

0 +0.2 +0.4

Gain in PFS +0 0.03 0.06 0.08
(weeks) +4 0.10 0.14 0.18

+8 0.17 0.22 0.28



Table 40 describes the effectiveness and cost
parameters that were examined in the economic
models. As the data for overall survival were felt to
be rather weak, only two options were explored:
either a 12-week increase in overall survival, or 
no increase in overall survival. 

The results of each combination of these variables
are described in Tables 41–46.

Results of the economic analyses

Cost per progression-free week gained
When there is no increase in overall survival, the
incremental cost-effectiveness of TMZ will still be
affected by the effect on PFS (longer PFS affects
the incremental cost of TMZ). Two options were
explored: increase in PFS of 11 weeks or 22 weeks
(Table 41).

Life-years gained and cost per 
life-year gained
When an increase in overall survival is expected, 
a cost per life-year gained can be calculated. As
above, the cost-effectiveness ratio is again affected
by the impact of TMZ on PFS. Three options for

the effect on PFS were explored (increases of 11, 
0 and 22 weeks), each combined with an increase
in overall survival of 12 weeks (Table 42).

QALYs gained and cost per QALY gained
When the impact of TMZ on QoL is included 
in the analysis, a cost per QALY gained can be
estimated. The combination of the eight para-
meters outlined in Table 40 produces 18 possible
scenarios (described below). The baseline analyses
discussed in chapter 3 (Cost–utility (QALYs gained):
baseline analysis) are provided where there is a
moderate increasein PFS (11 weeks) and no 
effect on overall survival (see shaded cells). 

Sensitivity analyses where no increase in 
overall survival
See Tables 43 and 44.

TABLE 40  Parameters tested
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AA cost-effectiveness and 
cost–utility analyses

TABLE 41  Cost per progression-free week gained

TABLE 42  Cost per life-year gained

Gain in overall survival (weeks)

+6

Gain in PFS +0 £16,441
(weeks) +11 £35,129

+22 £52,856

TABLE 43  Number of QALYs gained

Gain in utility

0 +0.2 +0.4

Gain in PFS +0                ∞ 0.09 0.19
(weeks) +11 0.06 0.20 0.34

+22 0.13 0.31 0.48

Shaded cells represent baseline analyses

TABLE 44  Cost per QALY gained

Gain in utility

0 +0.2 +0.4

Gain in PFS +0               ∞ £40,264 £20,132
(weeks) +11 £127,743 £40,534 £24,089

+22 £96,101 £39,891 £25,169

Shaded cells represent baseline analyses

PFS Survival            Gain in utility
(while progression-

free)

+0 weeks +0 weeks 0
+11 weeks +12 weeks 0.20
+22 weeks 0.40

Shaded cells represent baseline parameters

Gain in overall survival (weeks)

+0

Gain in PFS +11 £737
(weeks) +22 £554
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Note that where TMZ does not increase QoL while
patients are progression-free a QALY gain can still
be estimated from the increases either in PFS or in
overall survival. As noted in chapter 3 (Estimation 
of utilities), no data were available on the utility
experienced by patients from progression to 

death, and a linear deterioration in utility has 
been assumed.

Sensitivity analyses where overall survival is
increased by 6 weeks
See Tables 45 and 46.

TABLE 45  Number of QALYs gained

Gain in utility

0 +0.2 +0.4

Gain in PFS +0 0.07 0.19 0.30
(weeks) +11 0.13 0.29 0.45

+22 0.20 0.40 0.60

TABLE 46  Cost per QALY gained

Gain in utility

0 +0.2 +0.4

Gain in PFS +0 £54,804 £20,340 £12,487
(weeks) +11 £61,095 £27,734 £17,938

+22 £62,183 £30,641 £20,239
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