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EFFECTIVENESS AND COST-EFFECTIVENESS OF
CARMUSTINE WAFERS AND TEMOZOLOMIDE FOR GLIOMA

1 Summary

1.1 Background

High grade (grade Ill and V) gliomas are rare but very aggressive brain tumours. There are
about 1,700 new cases of high grade glioma diagnosed annually in England (3.6/100,000).
Incidence is highest among those in their early 70s and gliomas are slightly more common in
men than women. High grade gliomas are incurable and treatment aims to increase survival
while maintaining quality of life. Median survival is around one year for those with grade IV
tumours and two to three years for those with grade Il tumours.

Current treatments include surgery which may relieve symptoms through debulking and
provides material for histological diagnosis. Radiotherapy in addition to surgery has been
shown to improve survival over surgery alone. Hitherto, existing approaches to
chemotherapy have not convincingly demonstrated a survival benefit and may be associated
with considerable adverse effects.

Carmustine impregnated wafers (BCNU-W) are used in newly diagnosed grade Ill and grade
IV gliomas as adjuvant therapy to surgery and radiotherapy. BCNU-W are inserted into the
tumour cavity at the time of operation.

Temozolomide (TMZ) is an oral preparation used in newly diagnosed grade IV gliomas as
adjuvant and concomitant therapy to surgery and radiotherapy.

1.2 Objectives
This report assesses the clinical and cost-effectiveness of:

1. Adjuvant BCNU-W compared to surgery alone or with radiotherapy, or to surgery and
radiotherapy combined with antineoplastic agents (other than temozolomide and
BCNU),

2. Adjuvant and concomitant TMZ compared to surgery alone or with radiotherapy, or to
surgery and radiotherapy combined with antineoplastic agents (other than TMZ and
BCNU)

1.3 Methods

1.3.1 Systematic Review

Electronic databases were searched for relevant published research on effectiveness and
cost-effectiveness of BCNU-W or TMZ as treatments for newly diagnosed high grade glioma.
Updated searches were undertaken on 25 August 2005. Included trials were critically
appraised for key elements of internal and external validity. Relevant data were extracted
and a narrative synthesis of the evidence produced. Where possible, data on absolute
survival at a fixed time point was meta-analysed using a random effects model.

A Markov (state transition) model was developed in Excel to assess cost-utility of the two
interventions. The model compared BCNU-W or TMZ separately to current standard
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EFFECTIVENESS AND COST-EFFECTIVENESS OF
CARMUSTINE WAFERS AND TEMOZOLOMIDE FOR GLIOMA Summary

treatment with surgery and radiotherapy. The simulated cohort had a mean age of 55 and
was modelled over five years.

1.4 Results - Carmustine wafers

1.4.1  Number and quality of studies

Two previous systematic reviews of BCNU-W were identified. One used patient level data
from two RCTs to assess the effectiveness of BCNU-W. However, few details of methods
used to identify studies were given and there was no assessment of study quality. The other
was not peer reviewed and gave few details about study quality. We therefore undertook
our own systematic review.

Two randomised trials (n=32, n=240) and two observational studies of BCNU-W compared
to placebo wafers as adjuvant therapy to surgery and radiotherapy for newly diagnosed high
grade glioma were identified. All the studies were in adults and provided data on a total of
193 patients who had received BCNU-W.

The RCTs appear to use adequate randomisation and allocation concealment methods
although blinding was challenged by differences between the active and placebo wafers.
Given the primary endpoint of survival, this is unlikely to have an impact, however it may
have influenced identification of the point at which disease progressed, which allowed
investigators discretion as to salvage therapy to be instigated. Choice of salvage therapy
may also have been influenced by knowledge of first line treatment.

Intention to treat analyses are used. However, the statistical analysis reported in the
published paper for the main trial was not per-protocol and enhances the apparent treatment
effect.

There was a slight imbalance in tumour type between the two arms, with more
chemosensitive types being seen in the group receiving BCNU-W. Further, although these
were defined by a central pathologist, a different central pathologist's assessment suggested
there might be greater imbalance in grade Il tumours between the arms.

The RCT findings may not be widely generalisible due to the exclusion of under 65 year olds
and those with a KPS of less than 60.

1.4.2 Summary of risks and benefits

The previous meta-analysis used patient level data from two RCTs and found a 32%
reduction in the risk of death with BCNU-W compared to placebo wafer (unadjusted HR
0.68; 95% CI1 0.57, 0.87: p=0.006).

The largest multi-centre RCT suggested a possible survival advantage with BCNU-W among
a cohort of patients with grade Ill and grade IV tumours, adding a median of 2.3 months
(95%CIl -0.5, 5.1). However, analysis using per-protocol, unstratified methods show this
difference as not statistically significant (HR 0.77 95%CI 0.57, 1.03, p=0.08). Long term
follow up suggests a significant survival advantage using unstratified analysis. However, this
is based on a small number of the original cohort and may be influenced by tail effects.
Furthermore, there is overlap in the confidence intervals for median survival time reported for
BCNU-W and placebo wafer.
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EFFECTIVENESS AND COST-EFFECTIVENESS OF
CARMUSTINE WAFERS AND TEMOZOLOMIDE FOR GLIOMA Summary

No difference in progression-free survival (PFS) was demonstrated.

Subgroup analysis of those with grade IV (GBM) tumours also showed no significant survival
advantage with BCNU-W (HR 0.82 95% CI 0.55, 1.11, p=0.20, unstratified analysis).

The only adverse effect reported in significantly more of those in the treatment arm was
intracranial hypertension. However, the control arm used a placebo wafer implant and it is
not clear if this wafer itself may lead to increased adverse effects.

1.4.3 Summary of costs

It is estimated that the cost of surgery and radiotherapy, with follow up, treatment of adverse
effects and end of life care is around £16,000 per patient. Treatment with BCNU-W adds an
additional £6,000.

1.4.4 Summary of cost-effectiveness

Across the modelled cohort of 1000 patients, use of BCNU-W costs an additional £6.1
million and confers an additional 107 quality adjusted life years (QALYs). On average, that
is £6,100 per patient for 0.107 QALYs (5.6 quality-adjusted life weeks). The base case
incremental cost-effectiveness ratio (ICER) is £57,000/QALY.

1.4.5 Sensitivity analyses
One way sensitivity analysis showed that the model is particularly sensitive to:

e Median overall survival benefit with treatment,

o Median progression-free survival benefit with treatment,
¢ Quality of life (utility) for “stable” disease,

o Quality of life (utility) for “progressive” disease

e Cost of BCNU-W.

These were investigated through one way threshold analyses. In order for the ICER for
BCNU-W to become £30,000 per QALY, median survival benefit would need to increase to
25 weeks (from the 10 weeks modelled from trial data), or progression-free survival to 20
weeks (from none in the modelled trial data). As utility values have an upper limit of one, it
was not possible for the ICER to be estimated below £30,000. However, if utility values are
lowered, which seems possible as the estimates obtained for the model are high, then the
ICER rises, slightly for lower utility values in stable disease and dramatically for lower utility
values in the progressive disease state.

In probabilistic sensitivity analyses BCNU-W was not cost-effective in 92% of the simulations
assuming a willingness to pay threshold of £30,000/QALY. In 2% of simulations, BCNU-W
was dominated (i.e. did more harm than good, conferring fewer QALYs at greater cost). The
cost-effectiveness acceptability curve (CEAC) suggests that it is very unlikely to be the most
cost-effective option at normal levels of willingness-to-pay (5% probability at £30,000/QALY))
only becoming likely to be the most cost-effective option at much higher levels of willingness
to pay (50% probability at £50,000/QALY).
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1.5 Results — Temozolomide

1.5.1  Number and quality of studies
No previous systematic reviews in newly diagnosed high grade glioma were identified.

Two RCTs (n=130, n=573) and two observational studies were included giving evidence for
a total of 429 adult patients receiving TMZ. Patients in the RCTs were randomised up to six
weeks post-surgery, which may have excluded patients with surgical complications and
those who died soon after surgery. The ftrials were open label but the main outcome,
survival, is unlikely to be affected by this. Detection bias in measuring PFS, however, is
possible. Methods of randomisation were not detailed in either trial.

The trials were limited to those with grade IV tumours. However, 7-8% were re-categorised
as having grade Ill tumours. No analysis restricted to confirmed grade IV tumours was
undertaken. Therefore, it is possible that small humbers of more chemosensitive tumours
may have impacted on findings. Currently, TMZ is licensed for use in those with newly
diagnosed grade IV gliomas only.

The RCTs may not be widely generalisible due to the exclusion of those with lower
performance status and, in the larger RCT, those older than 70.

1.5.2 Summary of risks and benefits

TMZ provides a small but statistically significant median survival benefit of 2.5 months (95%
Cl1 2.0, 3.8), giving a HR of 0.63 (95% CI 0.52, 0.75: p<0.001).

Median PFS is also enhanced with TMZ, giving a median 1.9 months advantage (95% CI
1.4, 2.7: p<0.001).

No analysis of the subgroup of patients with confirmed grade IV tumours was undertaken.

Subgroup analysis of patients by MGMT activity showed a significant treatment advantage
for those with reduced MGMT activity but not for those with normal activity. A median gain
of 6.4 (95% CI 4.4, 9.5) more life months is seen with TMZ among those with reduced
MGMT, giving a HR of 0.51 (p<0.007). PFS is increased by a median of 4.4 months (95%
Cl 1.2, 6.3) giving a HR of 0.48, (p=0.001).

It is possible that the overall trial results are being driven by the chemosensitive tumours, as
indicated either by grade Il tumour types, or those with reduced MGMT activity described
above.

1.5.3 Summary of costs

The model shows a cost per patient for being treated with surgery, radiotherapy, and
including adverse effects of treatment and end of life care of around £17,000 per patient.
TMZ in the adjuvant and concomitant phase adds an additional cost of around £8,500.

1.5.4 Summary of cost-effectiveness

Across the modelled cohort of 1000 patients, use of TMZ costs an additional £8.6 million and
confers an additional 187 QALYs. For the average patient this is £8,600 for an additional
0.187 QALYs (9.7 quality adjusted weeks). The base case ICER is £46,000/QALY.
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1.5.5 Sensitivity analyses
The model is particularly sensitive to:

e Median overall survival benefit,

o Median PFS benefit,

e Quality of life (utility) with “stable” disease

¢ Quality of life (utility) with “progressive” disease
e Costof TMZ.

These were investigated through one-way threshold analyses. In order for the ICER for TMZ
to be £30,000/QALY, median survival benefit would need to increase to 30 weeks (from the
10.8 weeks modelled from trial data), or progression-free survival to 40 weeks (from 8.2
weeks in the modelled trial data). As utility values have an upper limit of one, it was not
possible to estimate an ICER of below £30,000/QALY. However, if utility values are
lowered, which is possible as the estimates obtained for the model seem high, then the
ICER rises, slightly for utility in progressive disease and dramatically in the stable disease
state.

Probabilistic sensitivity analyses shows that TMZ was not cost-effective in more than 99% of
the simulations. The cost-effectiveness acceptability curve (CEAC) suggest that there is
almost no chance that TMZ is the most cost-effective option at a willingness-to-pay level of
£30,000/QALY, only rising to be more cost-effective than no TMZ at much higher levels
(55% probability at £50,000/QALY).

1.6 Discussion

1.6.1 Strengths and weaknesses of analyses and uncertainties
The systematic review is based on few trials which are variable in quality.

No previous cost-utility assessment relevant to the UK exists for either drug. Extensive
sensitivity analyses were undertaken in the PenTAG model.

Utility values obtained using the Value of Health panel are high. Sensitivity analysis showed
that lower utilities increased the ICER.

The impact of specific tumour type needs to be further explored to identify which, if any
patients are likely to benefit from chemotherapy.

1.6.2 Generalisibility of findings

The exclusion criteria of the included trials means a younger, fitter population is studied than
that found in normal clinical practice.

For both drugs, results may be driven by a small number of patients with chemosensitive
tumours. The BCNU-W analysis shows no survival advantage for patients with grade IV
tumours, while the TMZ trial does not provide subgroup analysis in patients with confirmed
grade IV tumours.
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It is not known how delays in receiving radiotherapy in the NHS impact on patient survival,
and what impact this has on the generalisibility of these results.

1.7 Conclusions

BCNU-W has not been proven to confer a significant advantage in survival for patients with
grade Il tumours when treated with the drug, compared to placebo. There does not appear
to be a survival advantage for patients with grade IV tumours. No increase in progression
free survival has been shown.

Limited evidence suggests a small but significant advantage in both overall survival and
progression-free survival with TMZ among a mixed population with grade IV and grade Il (7-
8%) tumours. However, it remains unclear whether this is true in grade IV tumours alone.

On the basis of best available evidence, we consider that neither BCNU-W nor TMZ is likely
to be considered cost-effective by NHS decision makers. However, data for model was
drawn from limited evidence of variable quality.

Tumour type is clearly important in assessing patient prognosis with different treatment.
Grade IV tumours are commonest and appear to have least chance of response. There
were too few Grade Ill tumours included to carry out a formal assessment, but they appear
to respond better and drive results for both drugs. Future use of genetic and biomarkers
may help identify subtypes which will respond, but current licensing indications do not
specify these.

1.7.1 Suggested research priorities

1. The effectiveness and cost-effectiveness of BCNU-W has not been proven. Further
research is needed to investigate this in specific populations.

2. Evidence for effectiveness of TMZ is limited. In particular, it is not known whether
patients with confirmed grade IV tumours (the licensed indication) benefit from TMZ.
Further research should investigate this.

3. The emerging work on genetic markers suggests that Grade Ill and IV tumours can also
be classified according to genetic sub-type with strong implications for their
responsiveness to chemotherapy. Further research on refining these categories/sub-
types is required, followed by studies that explore the feasibility of using these markers
to inform treatment decisions for individual patients in standard clinical settings.

4. Future trials should seek to compare different chemotherapy regimens directly rather
than against placebo, and also seek to specify and evaluate sequences of treatment,
including second and third line treatments, more closely.

5. Future trials should also seek to clarify aspects of quality of life that matter most to
patients and to characterise the changes in quality of life that occur during stable and
progressive disease. More explicit consideration of carer views should also be sought.

6. It is important to explore the value that patients put on small absolute survival
advantages compared to the disadvantages of treatment requirements; these
advantages may be valued differently by those with terminal illness than others in the

population.
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List of abbbreviations

LIST OF ABBREVIATIONS

AA Anaplastic Astrocytoma
AE Adverse Event
AO Anaplastic Oligodendroglioma
AOA Anaplastic Oligoastrocytoma
BCNU Carmustine (1,3-Bis[2-Chloroethyl]-1-NitrosoUrea)
BCNU-W Carmustine Wafer
BNF British National Formulary
CCNU Lomustine (1-[2-Chloroethyl]-3-Cyclohexyl-1-NitrosoUrea)
COSTART Coding Symbols for Thesaurus of Adverse Reaction Terms
CT Computerised tomography (scan)
EORTC European Organisation for Research and Treatment of Cancer
EU European Union
FDA US Food Drug Administration
GBM Glioblastoma Multiforme (grade IV glioma)
HR Hazard Ratio
ICER Incremental Cost-effectiveness Ratio
ITT Intention To Treat
KPS Karnofsky Performance Status
MGMT 0°MethylGuanine-DNA MethylTransferase
MRI Magnetic Resonance Imaging
MTIC Monomethyl triazenoimidazole carboxamide
NCIC National Cancer Institute of Canada
NCI CTC (US) National Cancer Institute Common Toxicity Criteria
NICE National Institute for Clinical Excellence
PCV Procarbazine, Lomustine and Vincristine
PFS Progression-Free Survival
QALY Quality Adjusted Life Year
RCT Randomised Controlled Trial
RT Radiotherapy
T™Z Temozolomide
VoHP Value of Health Panel
L |
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EFFECTIVENESS AND COST-EFFECTIVENESS OF

CARMUSTINE WAFERS AND TEMOZOLOMIDE FOR GLIOMA

DEFINITION OF TERMS

Adjuvant treatment
Anaemia

Aphasia

Ataxia

Concomitant treatment
Encephalopathy
Hemiparesis
Hypermethylation

Intracranial hypertension
Leukopenia
Lymphocytopenia
Metastasis

Methylation

MGMT
Myelosuppression
Nystagmus
Neutropenia

Papilloedema
Thrombocytopenia

Treatment with chemotherapy after surgery and radiotherapy

Too little haemoglobin, resulting in lack of oxygen to tissues and organs

Loss of the ability to speak or write, or of ability to understand spoken or written language
Loss of muscle coordination

Treatment with chemotherapy alongside radiotherapy.

Brain degeneration; may be temporary or permanent.

Paralysis of one side of the body

Excessive methylation that can cause oncogenes to produce proteins causing malignant
behaviour.

Raised intercranial pressure that may cause vomiting and headaches

Abnormal decrease in the number of white blood cells generally.

Abnormal decrease in the number of lymphocytes (a type of white blood cells that fight infection)
Transfer of cancer cells from one part of the body to another.

A hallmark of cancer. The addition of methyl groups to DNA components regulating gene
activity.

A DNA repair protein that interferes with the effect of alkylating chemotherapies. MGMT
concentration in tumours appears to be inversely correlated with sensitivity to chemotherapy.

Reduced bone marrow activity, causing a reduction in the number of circulating platelets, red
blood cells and white blood cells. Myelosuppression is a side effect of some forms of
chemotherapy.

Involuntary rapid eyeball movement.
Abnormal decrease in neutrophils (a type white blood cells that fight bacterial infection).
Swelling of the optic disc caused by raised intracranial pressure.

Abnormal decrease in the number of blood platelets, resulting in potential for increased bleeding
and decreased clotting.
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EFFECTIVENESS AND COST-EFFECTIVENESS OF
CARMUSTINE WAFERS AND TEMOZOLOMIDE FOR GLIOMA

2 Aims

1. Carmustine wafers (BCNU-W) are used in newly diagnosed grade Ill and grade IV
gliomas as adjuvant therapy to surgery and radiotherapy. This report assesses the
clinical and cost-effectiveness of this regimen compared to surgery alone or with
radiotherapy, and to surgery and radiotherapy combined with antineoplastic agents
(other than temozolomide and BCNU)

2. Temozolomide (TMZ) is used in newly diagnosed grade IV gliomas as adjuvant and
concomitant therapy to surgery and radiotherapy. This report assesses the clinical
and cost-effectiveness of this regimen compared to surgery alone or with
radiotherapy, and to surgery and radiotherapy combined with antineoplastic agents
(other than TMZ and BCNU)
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EFFECTIVENESS AND COST-EFFECTIVENESS OF
CARMUSTINE WAFERS AND TEMOZOLOMIDE FOR GLIOMA

3 Background

3.1 Description of underlying health problem

3.1.1 Definition and Classification

Gliomas are a type of brain tumour which develop from the glial cells that support the nerve
cells in the brain and spinal cord. There are four main types:

= Astrocytoma - the most common, which develop from the astrocytes (star shaped cells
which are the largest and most numerous of the glial cells).

= Oligodendroglioma - which develop from the oligodendrocytes that form the myelin
sheaths which insulate axons.

= Mixed tumours — so called when tumour cell morphology resembles both astrocytes and
oligodendrocytes.

= Ependymoma - Very rare tumours which develop from ependymal cells that line the
ventricles of the brain

Gliomas are graded
(based on WHO BOX 1 Classification of high-grade gl/omas

S dified from Souhami et al, 2001
classification) from | to IV (modified from Souhami et a )
based on histological

morphology of the tumour. Glioma Grade Il Grade IV

Grade | and Il tumours are Astroot Aaojas Gliobast it (GBM
1] ” strocytoma naplastic loblastoma muitirtorme

low gradelz : They are astrocytoma (AA) Giant cell glioblastoma (rare)
slow growing, unlikely to Gliosarcoma (rare)

spread and have a better Oligodendroglioma Anaplastic _
prognosis. They can still oligodendroglioma (AO)

be life threatening if they Mixed Anaplastic

occur in areas of the brain oligoastrocytoma (AGA)
such as the brainstem and Ependymoma Anaplastic

they can also progress to ependymoma

become more aggressive.

Grades lll and IV are “high grade” tumours and are the most common form of primary brain
tumour. Of these grade IV Glioblastoma Multiforme (GBM) is the most common (40-45%),
followed by Anaplastic Astrocytoma (AA) (30-35%) and Anaplastic Oligodendrocytomas (AO,
5-15%),2 both of which are grade Il tumours. 40% of GBM evolve through a multi-step
mutation from well differentiated benign glioma through AA to GBM, while 60% of GBM
seem to evolve de novo®.

Diagnosis is provisionally made using computerised tomography (CT) scan or magnetic
resonance imaging (MRI), with or without contrast, but is nearly always confirmed and
classified histologically by brain biopsy. The latter takes place at the time of surgical
treatment or as a single event if surgery is not possible (or not indicated as part of the
treatment plan). Biopsy is important since radiological diagnosis is not always accurate* and
histology is an important factor in determining treatment as well as prognosis. However,
there is evidence of significant interobserver variability among neuropathologists, with regard
to both type and grade of tumour.>®
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3.1.2 Epidemiology of High-Grade Glioma

Primary brain tumours are rare, accounting for only 2% of all primary cancers." However,
due to their often aggressive nature as well as the central role of the brain and the functional
consequences of damage to the central nervous system, they are responsible for 7% of the
years of life lost from cancer before the age of 70.° Primary brain tumours are the 13th most
common primary cancers in men, the 15th most common in women'® and one of the most
frequently occurring in children (second only to the leukaemias)."”" Malignant gliomas are
regarded as incurable, with very poor prognosis, potentially devastating impact on the quality
of life of the patient. More than 80% recur within 2-3cm of the margin of the original tumour.'

Registry data show that, in England from 1990-2001, an average of 1,758 new cases of
malignant glioma were diagnosed each year, equating to a mean incidence rate of 3.56
cases per 100,000 per year. We have not obtained detailed data for Wales. However,
applying the English incidence rate to the Welsh population would amount to a further 103
new cases per year, to give a total of 1,861 cases per year in England and Wales.
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FIGURE 1 Incidence of high-grade gliomas in England (1990-2001) — distribution by age-group
(data from ONS cancer registry'®)

Age-related incidence of high-grade gliomas has four main characteristics:

= a slight peak in incidence in childhood in the 5-9 age-group,

* anincrease in incidence with age,

= maximum incidence at around 70-74 years of around 13 cases per 100,000 per year,

= a gradual decrease in incidence among the older population.
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However, the different types of TABLE 1  Age at diagnosis for types of high-grade

glioma have different incidence glioma

profiles. Average age at diagnosis

is significantly higher in GBM than in study measure  GBM AA AO

grade lll tumours. Patients with AO

may be younger on average than Behin et al., 2003" mean 53 40

those with AA (see Table 1). Laws et al., 2003™ mean 58 45 (grade Ill) -
CBTRUS 2004' median 64 51 48

In children, most gliomas are low- See & Gilbert, 2004 mean 41

grade and most are in the posterior Ino etal., 20017d}13  median 453

fossa, at the back of the brain, or the Fleury et al., 1997" peak « 60-64 — 45-49

diencephalic region. This means ONS™ peak 65-69  60-64  55-59

they often present with a different

set of symptoms to adults. Posterior

fossa tumours may cause unsteadiness and difficulties speaking and swallowing.
Diencephalic syndrome causes failure to thrive, emaciation, amnesia, sleepiness and
unusual eye position. Brainstem tumours are also more common in children than in adults
and tend to be more diffuse, making them more frequently inoperable."

Men are more commonly affected than women, in the ratio of approximately 4:3."® Although
occurring in all races, high-grade gliomas are less common in black and Asian populations.’

3.1.3 Molecular genetics of high-grade gliomas

In recent years, histological classification of tumours has been supplemented by a growing
understanding of the molecular genetics of gliomas. Molecular classification gives a more
accurate indication of prognosis than traditional phenotypic taxonomy.”® It has been
suggested that glioma classification should be reappraised to include genotypic factors.?’

In the context of the present assessment, two features that may be of particular relevance
are, firstly, loss of genetic material in chromosomal arms 1p, 10q and 19q and, secondly,
status of the MGMT gene.

3.1.3.1 -1p, -19qg and -10q

Loss of genetic material in various chromosomes has been the subject of intense research in
recent years, and much attention has focused on chromosomal arms 1p, 10q and 19q.

-1p and -19q are associated with oligodendroglial tumours, while -10q is negatively
correlated with this phenotype. One or both of -1p and -19q are present in the majority of
cases histopathologically categorised as AOs (-1p 50-87%; -19q 58-83%; both
40-78%).%7%2% Conversely, -10q is seldom seen: most studies report an incidence of 0-
24%826272930 (although 50% of one small series showed this feature®'). Moreover, -10q is
negatively associated with -1p,%'"3"?? |eading some to suggest that the two genotypes, -1p
with intact 10q, on the one hand, and intact 1p with -10q, on the other, represent two distinct
subcategories of AO.>"*? More controversially, it has been suggested that all AOs with -10q
may be misdiagnosed astrocytic tumours.*

The opposite picture is seen in tumours with astrocytic phenotype. -1p and/or -19q are only
seen in a minority of GBMs (-1p 0-24%; -19q 0-33%; both 0-14%),%2%2°343" and grade I
AAs appear to be similar.?#%3%% |n astrocytic tumours, -10q appears to increase with
tumour grade: deletions are detected in approximately 35% of AAs,®3"3%%2 with incidence
rising to around 75% in GBMs.#***394 |nterestingly, GBMSs that have been pathologically
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classified as having oligodendroglial characteristics have higher rates of -1p/-199* and no
-10q.**  Similarly, when the histopathology of GBMs with -1p/-19q is re-examined,
oligodendroglial features are frequently identified.*’

3.1.3.2 MGMT

O°-methylguanine-DNA methyltransferase (MGMT) is an enzyme that repairs DNA damage
at a site commonly targeted by cytotoxic drugs, thereby inhibiting the effect of chemotherapy
on tumours. The region of tumour DNA associated with promotion of MGMT sometimes
shows unusual levels of methylation (hypermethylation). In these cases, MGMT activity will
be decreased or absent.

Aberrant MGMT promoter methylation and/or reduced MGMT expression is detectable in a
little under half of GBMs, with reported incidence from 38% to 68%.***® There is some
suggestion that oligodendroglial tumours may have higher rates,?®**° though this has not
been an invariable finding.>? In oligodendroglial tumours, MGMT promoter hypermethylation
appears to be correlated with the -1p/-19q genotype 2>

3.1.4 Aetiology

There are no discernable predisposing factors in the vast majority of cases. However, there
is an association of brain tumours in general, including high-grade glioma, with certain rare
genetic disorders such as neurofibromatosis and tuberous sclerosis." There is also an
association in hereditary immunodeficiency disorders like ataxia telangectasia and in
immun10-compromised patients in general e.g. those with AIDS or taking immunosuppressive
drugs.

Environmental factors can also play a role. Patients having radiotherapy to the head, as
treatment of another cancer for example, have an increased risk of developing brain cancer.’
No definite association has been shown with a variety of suspected chemicals, such as
solvents, pesticides and oil products.” Studies into mobile phone use have not produced any
evidence of an association.®’

3.1.5 Symptoms

The most common symptoms are headaches, vomiting, seizures and changes in cognitive
and/or functional ability.®> Symptoms are dependent on the size, location and degree of
infiltration of the tumour. Tumour mass and swelling around it causes raised intracranial
pressure resulting in headache, nausea, vomiting and papilloedema (on opthalmoscopy).
General neurological deficit may cause symptoms such as drowsiness, loss of
consciousness, seizures, cognitive slowing, mood and personality changes. More focal
neurological deficit (specific to the site of the tumour) may result in difficulties with
movement, hearing, speech, ambulation, dexterity, vision, etc. In children, posterior fossa
tumours result in symptoms of cerebellar involvement such as lack of muscular coordination
(ataxia) and rapid eyeball movements (nystagmus).’

3.1.6 Prognosis

High-grade gliomas almost never metastasise'? but are very malignant due to their ability to
expand and infiltrate local tissue. Despite intensive research, the prognosis for patients
remains very poor.> There are no recent population-based survival data for the UK, but the
general consensus in the literature is that median survival time for AA is around two to three
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years and only one year for GBM.?'> However, survival time does improve the longer
patients survive. In a study in Taiwan, patients with GBM who survived to two years after
surgery had a conditional probability of survival for another three years of 40.2% in
comparison with the observed five-year survival rate for GBM of 12.4%. Likewise for AA,
those surviving to two years had a conditional probability of living for another three years of
50.1% compared to the observed five year survival rate of 28.6%.%* Even so, the outlook for
patients with high-grade glioma remains bleak.

More recently there have been attempts to identify
specific pre-treatment prognostic factors and to | BOX2 Kamofsky Performance Scale
use them to predict response to various
treatments. Thus far, however, no clear pre- 100 Normal; no complaints; no evidence of
therapeutic, outcome-based stratification has disease
_ 90  Able to carry on normal activity; minor
gmerged. Many pre-treatment factor§ have been signs or symptoms of disease
investigated but only three have consistently been L . .
. T 80 Normal activity with effort; some sign or
sh0\4\_/é15 to be significant prognostic indicators. They symptoms of disease
are:” 70  Cares for self; unable to carry on normal
activity or do active work
= Age Younger patients do better and in children 60  Requires occasional assistance, but is
tumours seem to be more sensitive to cytotoxic able to care for most personal needs
drugs3 50 Requires considerable assistance and
’ frequent medical care
There is a known relationship between age and 40  Disabled; requires special care and
tumour histology (see Section 3.1.2) assistance
. . 30 Severely disabled; hospitalisation is
*» Performance status This is commonly indicated, although death not imminent
measured on the Karnofsky Performance 20  Very sick; hospitalisation necessary;
Status (KPS — see Box 2)_ The higher the active support treatment is necessary
score at diagnosis, the better the outcome. 10 MOTL?U”C’? fatal processes progressing
rapialy
» Histology of the tumour Grade IIl tumours do 0 Dead
better than grade IV and tumours with an

ollgodendrocytlc component have improved
survival %%’

In addition, genetic prognostic markers have been identified. In patients with AO, combined
-1p/-19q has been associated with extended over-all and progression-free survival
(PFS).7:222426303388  Other studies have suggested that -1p alone (with or without -19q) is a

marker for enhanced survival and PFS.2"®¥° Conversely, -10q is associated with poor

survival and PFS.1731-32

Some evidence shows the subgroup of GBM patients with -1p or -1p/-19q also have longer
survival.®**"" A review of a small group of GBM patients with exceptional survival all showed
-1p.”? The same team noted that AOs without -1p are analogous to GBMs in clinical profile,
even when histopathological diagnosis is beyond doubt.” Again, -10q is %sg%c;?ted with

| o054

shorter lifespan and has reduced incidence in GBMs with long-term survival.

Reduced MGMT expression — measured directly or by assay of promoter hypermethylation —
has been associated with extended overall and progression-free survival. #0574
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3.2 Current service provision

3.2.1 Management of high grade glioma

High-grade gliomas are incurable. Treatment therefore involves finding an appropriate
balance between aggressive interventions aimed at improving survival and palliative
measures designed to improve patients’ comfort and quality of life.”

Combinations of medical symptom management, surgery, radiotherapy, chemotherapy and
supportive measures are used. However, few evidence-based treatment guidelines can be
drawn from the literature®® such that no “standard treatment” has clearly emerged and
optimal management continues to be controversial.™ In the UK, most patients have surgery
and radiotherapy with chemotherapy usually reserved for treatment at recurrence for some
younger, fitter patients. Despite the aggressive use of surgery, radiotherapy and
chemotherapy, only modest improvements in survival have been achieved for patients with
malignant glioma.

3.2.2 Medical treatment

The aim with medical treatment is alleviation of symptoms including analgaesics for pain,
corticosteroids to relieve cerebral oedema and anti-convulsants to control seizures. |If
surgery is impossible due to patient condition, or tumour size or location, palliative medical
management may be the extent of treatment.

3.2.3 Surgical treatment

High-grade gliomas are generally diffusely invasive and cannot be completely removed,
even with radical resection. The extent of surgery depends on the condition of the patient
and accessibility of the tumour. Debulking (partial removal) may provide symptomatic relief
and, if possible, the tumour will be removed “completely”, at least at the macroscopic level.

Although there may be a macroscopic boundary to the tumour, high-grade gliomas always
infiltrate. The lack of microscopic boundary renders complete excision impossible and
recurrence inevitable. However, some studies have suggested that macroscopically
complete or near complete resection improves both survival and neurological
performance.*®®’®7®  Advances in surgery, such as image directed and image guided
craniotomy, have enhanced excision to the apparent tumour margin, resulting in maximal
excision being recommended as standard treatment in some quarters.'”> However, the
quality of the data in these studies has been challenged®”® and a Cochrane review
concluded that there was insufficient evidence to determine whether resection or biopsy
alone provided superior outcomes.®® In most cases, surgery is at least performed for
histological diagnosis (biopsy) and alleviation of symptoms (debulking).

Perioperative complications include wound infection, seizures, intracranial bleeding, deep
vein thrombosis, depression and pulmonary embolism.®”®"  Perioperative mortality is around
1.5% for first craniotomy and 2.2% for the second.®” Even so, most patients experience
improved neurological status as a result of surgery.?’ There is evidence that the impact of
surgery on survival is influenced by the location of the tumour - tumours in one lobe of the
brain do better than midline tumours; tumours in the frontal lobe do better than in other
lobes; and those in the cortex have better outcomes than deeper ones.®’
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It has been suggested that surgery may push the tumour into a proliferative growth state due
to oxygenation, but also that this may make it more sensitive to chemotherapy.®

3.2.4 Radiotherapy

There is less debate about the benefit of radiotherapy.®® A post operative six-week course of
external beam radiotherapy using linear accelerators is recommended as standard
treatment.®® A systematic review of radiotherapy showed a three to four month survival
advantage for post-operative radiotherapy compared to supportive care or chemotherapy.®*
However, outcome following conventional radiotherapy is poor in older patients with poor
performance status who are more disabled by the tumour.®*® In these cases, supportive
care alone is reasonable.®®> Even in less disabled patients the toxic effects of radiotherapy
can be considerable.®®® The brain and spinal cord are particularly sensitive to
radiotherapy.’

Acute adverse effects, such as swelling, skin irritation, hair loss, tiredness or nausea, occur
during or immediately after treatment. Others effects, such as cognitive impairment, may
occur some months later.” Somnolence syndrome is a common early delayed effect,
occurring some weeks after radiotherapy has ended, where patients experience exhaustion,
drowsiness, lethargy and memory impairment that may last several months." Acute and
early delayed adverse effects may be responsive to steroids. Radiation necrosis is a rare
but serious late adverse effect that may be difficult to diagnose due to similarity with GBM
recurrence on scans. Encephalopathy may also affect long term survivors, causing lack of
concentration, loss of memory, unsteadiness and incontinence up to three years after
radiotherapy. Encephalopathy is related to total radiation dose, fraction size and the age of
the patient.

3.2.5 Chemotherapy

There has been considerable debate about the benefits of cytotoxic drugs in the treatment of
high-grade gliomas, especially when newly diagnosed. Chemotherapy is not yet considered
standard treatment in the UK although it is used more routinely in the USA.%’

Agents have to be lipid soluble in order to cross the blood brain barrier. The most frequently
used in adjuvant chemotherapy have traditionally been a nitrosourea agent such as
carmustine (BCNU) or lomustine (CCNU) as single agents or as part of combination therapy.
The most commonly used combination therapy has been procarbazine, lomustine and
vincristine (known as PCV therapy). More recently temozolomide has been used as second
line chemotherapy. It has the benefit of being administered orally, has good blood brain
barrier penetration® and may be less toxic.*®® Adverse effects of chemotherapy include
haematological changes (low white blood cell counts) with increased risk of infection and
bleeding, fatigue, nausea and vomiting.*°

A Cochrane review of chemotherapy for high-grade gliomas published in 2004 showed small
but clear improvements in survival when chemotherapy was used in addition to radiotherapy,
compared to radiotherapy alone. ' Meta-analysis showed an increase in absolute survival
rate from 40% to 46% at one year and from 10% to 15% at two years. Median survival time
increased by two months. There was no evidence that this improved outcome depended on
tumour type, nor that the relative effects of chemotherapy varied in different patient
subgroups, such as age, sex, KPS, or extent of tumour resection. However, since the
underlying prognosis varies in all these groups the effect of chemotherapy resulted in
different absolute improvement in outcome rates.®’ The results of this meta-analysis have
been criticised due to differences in design of the RCTs included and the fact that eight of
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the 12 trials were published 20 or more
years ago.” Of the four more recent

trials included, only one reports a

survival benefit with chemotherapy.®? DiAGNosls
The lack of conclusive evidence for even _
minimal increase in survival caused by SUSER U= LIS
these agents, together with the

cumulative toxicity associated with both ~ [ |4«
radiotherapy and chemotherapy, has led adjunct /

to recommendations against the use of RADIOTHERAPY concomitant /
chemotherapy during the initial treatment concurrent
phase and its reserve for the treatment =~ | |
may develop resistance to nitrosourea adjuvant /
based regimens which would render sequential /

them even less effective if used in
recurrence.*

of recurrences.*** Furthermore, tumours
maintenance

oligodendroglial tumours, evidence for salvage
chemosensitivity is more positve. @——F——7 S

Around two thirds of AOs treated with

chemotherapy show radiographic ~FIGURE 2 Sequential Categories of Chemotherapy
response, and the contrast with the poor (adapted from Parney & Chang®)
chemosensitivity of astrocytic gliomas is

borne out in one direct comparison between tumour groups.®**°® The improved prognosis for
AO patients with chromosomal losses -1p/-19q has been directly related to increased chemo
in a number of series, including radiographic evidence of objective tumour response.'’#%:26:30
Conversely, AOs with -10q are less likely to respond to chemotherapy.'”

In the subgroup of patients with RECURRENCE I recurrent /

3.2.6 Recurrence and Progression

More than 80% of high grade gliomas recur within 2-3cm of the margin of the original
tumour'?.  Recurrence can be defined clinically, based on patients presenting with
progressive symptoms, or radiologically, based on a 25% increase in tumour size on follow
up imaging.'® In the UK, recurrence is usually diagnosed clinically."

Palliative care aims to improve function and quality of life while further aggressive treatment
is considered in relation to the performance status of the patient. Re-operation at recurrence
is usually reserved for small, symptomatic and easily accessible tumours® and is associated
with similar morbidity and mortality to first surgery.'®! Stereotactic radiosurgery (where the
radiation beam can be targeted specifically at the tumour by the use of computer imaging so
that higher doses can be given while minimising toxicity'%?) is sometimes used at this
point."”? To avoid problems of drug resistance, chemotherapy at recurrence usually involves
cytotoxic drugs not previously used but overall the benefit remains small."?

3.3 Quality of Life
Absolute survival differences between treatment regimens for malignant gliomas are small,

making their impact on quality of life particularly important. Quality of life (QoL) in people
with high grade gliomas is difficult to measure. Specific tumour localities will affect the
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nature and location of adverse effects. For example, patients with left hemisphere tumours
have significantly increased memory loss, poorer verbal fluency and verbal learning.'??

Given the potential for mental and physical deterioration caused by the tumours, it is
particularly difficult to measure changes in QoL over the course of the illness. One
assessment found half of patients had dropped out of completing serial QoL assessments
after 6 months.'® Those that continued in the study were younger and fitter than the rest of
the population, and had a greater probability of survival. Such informative censoring gives
rise to considerable scope for bias in serial QoL measurement.

This difficulty in serial measurements also means that it is difficult to ascertain the shape of
any deterioration in QoL. It is not clear whether most people experience steady decline,
stepwise decline, or period of relative wellness followed by a rapid decline. A longitudinal
study, published only in abstract form, of 103 patients with terminal cancer undergoing
palliative care assessed QoL using four measures (including Functional Assessment of
Cancer Therapy [FACT] and the EQ5D) prior to death. This suggests that the decline is
steady initially, and rapid in the last month or two." However, it is uncertain whether this
pattern is similar among those specifically with glioma.

Treatments for glioma, as well as the disease, have an impact on QoL, and it may not be
possible to differentiate between tumour and treatment effects. Radiotherapy, for example,
has a well documented side effect profile causing hair loss, fatigue, somnolence,
deterioration and cognitive problems, some of which may also be caused by tumour
progression.’® In contrast, surgery may initially, at least temporarily, increase QoL
dramatically if it relieves the sometimes severe symptoms related to pressure in the cranium,
such as headache.

A recent (2002) review of glioma treatments found only five RCTs for high grade glioma
reporting QoL outcome measures.'” Of these, two used non-validated measures (the
neuropsychological test battery and an 47 item QoL tool adapted from different
questionnaires); two used a measure with limited validation (the University of Toronto
measure); and one used the validated EORTC QLQ C30/B20.? This latter consists of a 30-
item questionnaire generic to those with cancer plus with an additional 20-item brain specific
module.

It is more common for trials in this disease area to use performance scales, particularly the
Karnofsky performance scale (KPS, see Box 2). However the KPS has been shown to have
poor correlation with self perceived quality of life."® In particular it has been shown to
differentiate poorly between those with better KPS scores. It is also unable to assess
elements of emotional and mental well-being such as depression.’®” Further, KPS score is
highly influenced by age.'”’

The Mini-Mental State Exam (MMSE), which assesses cognitive impairment, has been used
to measure performance status in glioma trials, however it is not known how this measure
relates to QoL.

Quality of life has also been assessed using the Short Form 36, in order to compare QoL for
patients with glioma with that of patients with small cell lung cancer.’® QoL scores in the
two groups were found to be similar, although specific neurological symptoms for patients
with glioma were seen.

@ European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire.
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3.3.1 Disease specific measures

FACT

The general Functional Assessment of Cancer Therapy (FACT) scale has a brain subscale
and both have been validated in 101 patients with high grade gliomas.'®® The mean age of
the population was young, at 41.2 years and most patients had undergone surgery with
radiation and chemotherapy adjuncts. Validation of the measure examined the association
between scores on the FACT subscales, total score and brain subscales and with other
quality of life measures completed at the same time (Ferran and Powers Quality of Life
Index, FP-QLI; the Beck depression inventory, BDI; the State-Trait Anxiety inventory, STAI;
the Norbeck Social Support Questionnaire NSSQ; Marlowe-Crowne Social Desirability
Scale; and clinician rated Karnofsky Performance Status, KPS). Validity coefficients were
generally high. Test-retest reliability was moderate for the brain subscale (r 0.66, p<0.001)
and high for the subscale and generic FACT together (r 0.78, p<0.001).

EORTC

The European Organisation for Research and Treatment of Cancer (EORTC) Core Quality
of Life Questionnaire (QLQ-C30) is a widely used generic scale for people with cancer.'® It
is a 30-item self reported questionnaire covering the following domains - physical functioning
(five items), role functioning (two items), emotional functioning (four items), cognitive
functioning (two items), social functioning (two items), global quality of life (two items),
fatigue (three items), pain (three items),nausea and vomiting (two items) and single items for
dyspnoea, insomnia, anorexia, constipation, diarrhoea and financial impact. (See Appendix
7).

There is also a specific supplementary brain cancer module (BC20). A 24 item version
contains four “emotional functioning” items that are similar to those in the QLQ-C30 and so a
20 item version may be used if the two questionnaires are used in conjunction. This
contains four multi-item scales (future uncertainty, visual disorder, motor dysfunction,
communication deficit) and seven single items on headache, seizures, drowsiness, hair loss,
itching, weakness of both legs and difficulties with bladder control. (See Appendix 1).

Osoba and colleagues (1997)'% assessed these instruments in 105 adults enrolled from

three centres in the USA and UK. Eligibility was based on histological evidence of high
grade glioma, a KPS of 50 or greater, life expectancy of more than 3 months, a stable
steroid maintenance dosage for at least one week, ability to provide informed consent and
ability to complete the questionnaires. Chemotherapy or radiation therapy was allowed at
study entry and throughout. All participants had high grade glioma, either newly diagnosed
(within two weeks of surgery, 39%) or radiologically diagnosed as recurrent (61%). They
had a KPS of more than 50 (75% >80) and about half had GBM.'® Forty six percent were
being treated with chemotherapy and 10% with radiotherapy at the time. This is a relatively
well population compared to that found in clinical practice where more patients are likely to
have GMB and may have poorer KPS scores. It is also not possible to assess the impact of
the tumour and various treatments independently.

The BC20 has been shown to have significant internal and external validity, exhibiting
reasonable test-retest stability over one week as well as differences in the between patients
with recently diagnosed and recurrent tumours, differences in neurological status and with
varying KPS.""
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Patients with newly diagnosed and recurrent disease were found to have significantly
different scores for in physical, role and cognitive functioning as well as global quality of life.
In addition, the brain module found differences in ratings of visual disorder, motor
dysfuncH?n, communication deficit, weak legs and bladder control between these two
groups.

Different impacts were associated with specific neurological impairment. Those with
dysphasia also showed lower physical, role, cognitive and social functioning scores as well
as an increase in future uncertainties, visual disorder, motor dysfunction and weakness of
both legs.""" Dysphasia was not associated with differences in emotional function or global
quality of life measure compared to those without dysphasia. Motor deficit was found to be
associated with decreases in all other functioning domains, including emotional functioning,
as well as global QoL. The authors suggest that emotional functioning may be particularly
important in maintaining global QoL. Where participants showed declining neurological
status (as measured by the KPS or neurological status), significant deterioration in QoL
measures was also seen.

3.3.2 Qualitative research about quality of life

A UK study of 105 patients undergoing surgery and radiation therapy (median age 52, range
21-59) found that of a median survival time of 10 months in the cohort, only four months
were spent without serious disability.2> Content analysis of semi-structured interviews found
that, of those surviving beyond six months, 25% suffered a clinical deterioration or disability
that seemed to be associated with treatment. In addition, 42% suffered from severe
tiredness.

Using similar methods, the same authors undertook an interview study of 75 patients with
malignant glioma as they began radiotherapy. They found that while most understood that
they had a brain tumour, only a quarter were fully aware of the extent of their poor prognosis
and as many as 43% seemed to show no awareness that they were likely to die."'? Similar
findings have been reported elsewhere.'’® Sixty-six close relatives of these patients were
also interviewed and many more (67%) were aware of this poor prognosis. As the illness
progressed, more patients became aware that they were dying, but the authors considered
that a %arter still showed no indication of this awareness and a further 22% were only partly
aware.

The authors rated patient distress as less than might be anticipated, with more than two-
thirds reported as “only occasionally depressed, anxious or dismayed and remain[ing]
generally cheerful or confident.” The level of distress was moderately correlated with
awareness of their prognosis. In most cases, relatives were more distressed, and two-thirds
were considered to be markedly or moderately distressed.'"?

A substantial minority of these patients (42%) expressed negative comments about
radiotherapy. Of the 58 patients who were interviewed again after radiotherapy, only 40%
achieved a period of stability or remission. Those not doing so were more likely to view the
treatment negatively. Lower levels of dissatisfaction were found about surgery (29%).""?

The same authors undertook another study with 56 of these relatives after they had been
bereaved.” The majority (about 60%) were rated as feeling that the quality of life
experienced by their relative with a glioma was poor or unacceptable. About half felt that
people had been satisfied with radiotherapy treatment, with a further fifth uncertain and the
remainder unsatisfied. Views about quality of life and radiotherapy were closely related.
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The authors argue that periods of “normality” where patients could participate as usual in
family, work or social life were highly valued by relatives, even if these periods were short.

A qualitative study among 28 patients with high grade gliomas categorised time spent since
diagnosis as “time of everyday life”; when patients were able to continue with life, at least in
some areas such as work and family activities, as they had before their diagnosis, or “time of
disease”; when patients found their life dominated by their condition, either because of the
extent and impact of treatment, or the tumour effects themselves."”® They found that in
about a third of patients life-continuity was lost after diagnosis, leaving only “time of disease”.

Another qualitative study used grounded theory to analyse interviews with 30 people with
glioma and identified ways in which such patients create a sense of protection and hope.
They found that the adverse effects of treatment, such as hair loss, could be interpreted by
patients as a hopeful sign, as they demonstrated the potential potency of the treatment.”*® In
addition, surgery can provide immediate relief from extreme symptoms, such as severe
headache, and may result in what the authors describe as “post-operative euphoria which
seemed to immunise the patient against intimidating information”, such as the severity of
their condition.

This research suggests that patient reactions to glioma and its treatment are complex. A
substantial minority appear not to recognise the fatal nature of their iliness. The place of
denial and hope in coping with terminal iliness is unclear. This may have implications for the
perceived quality of life of these patients. Some patients find treatment, particularly
radiotherapy, unsatisfactory, especially if it fails to provide a period of disease stability.
Conversely, some side effects are borne because they are felt to indicate the treatment may
be working. For some patients, the time after treatment and diagnosis is dominated by the
disease, while others are able to continue with aspects of their normal life activities. Such
periods of normality may be highly valued by patients.
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3.4 Description of the new interventions

3.4.1 Carmustine Implants

Pharmacology

Carmustine (1,3-bis(2-chloroethyl)-1-nitrosourea; BCNU) is a chemotherapeutic nitrosourea;
an agent that interacts with (alkylates) DNA and RNA in a way that may prevent the
proliferation of tumour cells. Systemic (intra-arterial or intravenous) chemotherapy with
carmustine has been a therapeutic option for patients with malignant brain tumours since the
1970s. However, studies show systemic carmustine, when used with radiotherapy (RT),
confers limited benefit over RT alone.'”'? Moreover, significant reservations have been
expressed about the toxicity profile of systemic carmustine, especially when delivered intra-
arteriallyéj‘z“'126 contributing to doubts about its place in routine chemotherapy for high-grade
gliomas.

The carmustine implant (Gliadel® wafer
BCNU-W, Link Pharmaceuticals, distributor
for Guilford Pharmaceuticals) was developed
in the late 1980s as a direct method of
delivery to optimise exposure to the
chemotherapeutic agent in the affected area
of the brain, whilst minimising the toxicities
inherent in high-dose systemic
chemotherapy.

The implant is made of a biodegradable
polymer impregnated with carmustine. Each
wafer is round, slightly smaller than a five
pence piece and weighs 200mg with 7.7mg
of carmustine (3.85%) loaded evenly
throughout.

Wafers are implanted directly on to the
surface of the resection cavity at the time of
surgery. On exposure to intracranial fluid,
the wafer decomposes (the anhydride bonds
in the copolymer are hydrolysed), releasing
carmustine into the surrounding brain tissue.
The wafers are designed to release
carmustine over a two- to three-week period.
Experimental models suggest that wafers
produce the equivalent of a 113-fold increase
in brain exposure compared to systemic
delivery."®'?®  No evidence of carmustine
can be detected in residual wafer fragments

removed at subsequent re-operation Of LGURE3  Carmustine Wafer(G//adeI®)
(approximately actual s:ze)

’ image source: http://www.hopkinsmedicine.org/hmn/WO05/feature3.cfm
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autopsy.'?*'?° However, around a third of patients have evidence of residual wafer material
on neuroimaging performed three months after surgery.'*

Licensing

The FDA granted approval for the use of BCNU-W (Gliadel®, Link Pharmaceuticals) “as an
adjunct to surgery... in patients with recurrent glioblastoma multiforme for whom surgical
resection is indicated” in 1996. In February 2003, this was extended to permit wafer
implantation in patients with newly diagnosed high-grade glioma “as an adjunct to surgery
and radiation”.

The first European marketing authorisation of BCNU-W was granted in France in December
1998 and, in 1999, the Mutual Recognition procedure in ten European countries was
granted for recurrent GBM. This was extended for use in newly diagnosed high grade
glioma in 2004.

Dosage

Up to 8 wafers (61.6mg of carmustine) may be implanted depending on the size of the
tumour resection cavity.

Costs

The cost of BCNU-W quoted in the British National Formulary is £687.50 per wafer, meaning
the total cost of medication is up to £5,500 per patient. Cost implications of the intervention
are considered in detail in Section 5.5.3.

3.4.2 Temozolomide

Pharmacology

Temozolomide (8-carbamoyl-3-methylimidazo[5,1-d]-1,2,3,5-tetrazin-4(3H)-one; TMZ) is an
oral prodrug, i.e. it is converted within the body into an active agent. In the case of TMZ, the
substance produced is monomethyl triazenoimidazole carboxamide (MTIC). The effect of
MTIC is believed to be methylation of DNA in a way that prevents the proliferation of tumour
cells.®*"" This process occurs rapidly: peak levels of TMZ in the blood are measured 30-90
minutes after a single dose, blood-MTIC reaches a peak 90-120 minutes after TMZ
administration, and maximum levels of a by-product of DNA methylation (AIC) are shown an
average of 150 minutes after administration.'®?'%

The production of MTIC occurs spontaneously when TMZ is exposed to physiological acid,
which means that TMZ can be taken orally, and the active compound is made available
through simple gastrointestinal absorption. Other prodrugs, such as dacarbazine, also
produce MTIC, but these depend on enzymatic conversion in the liver, which can lead to
toxic effects and unpredictable availability of the active substance.

It has been suggested that patients with reduced MGMT activity may derive particular benefit
from TMZ, because their DNA is less able to repair the cytotoxic damage inflicted by the
drug thus preserving its effect.*2°%® As a result, there is interest in agents that may silence
the MGMT gene in patients who would otherwise not obtain this benefit. One such agent,
O°-benzylguanine, has been shown to enhance the sensitivity of chemo-resistant gliomas to
TMZ in experimental settings,’*'*® although there is also some evidence that this
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combination of treatments may have an unfavourable toxicity profile.”*” A phase | clinical
trial has established the tolerability of this combination in patients with recurrent gliomas'*®
and a phase |l trial is underway.'®

Loss of chromosomal arm -1p is associated with response to TMZ in oligodendroglial
tumours. #0142

Licensing

A commercial preparation of TMZ (Temodar®, Schering Plough) was authorised for the
treatment of patients with recurrent high-grade gliomas by the European Agency for the
Evaluation of Medicinal Products in January 1999; this licence has recently been extended
to mandate use in newly diagnosed GBM concomitantly with RT and adjuvantly as
monotherapy treatment.

The TMZ licence does not exclude use in children 3 years and older.

Dosage

In patients with newly diagnosed GBM, TMZ is licensed for use in conjunction with RT and is
administered in two phases. During RT, a daily dose of 75mg/m? is administered for 42
days. On completion of RT, there is a 28-day treatment break, followed by a second phase
of up to 6 28-day cycles of maintenance (adjuvant) TMZ treatment. Dosage is 150mg/m?
once daily for 5 days followed by 23 days without treatment. At the start of cycle 2, the dose
is escalated to 200mg/m?/day, if haematological toxicity is within prescribed limits.

There is no separate recommended dosage for paediatric cases. A recent study'*® adopted

an identical regimen to that used in adult practice, and other studies'*'** have used an
equivalent schedule to the adjuvant phase alone of therapy in adults.

Haematological surveillance is recommended throughout TMZ therapy, in view of the known
risk of myelosuppression (neutropenia and thrombocytopenia).

Costs

The base cost of TMZ is £0.69 per milligram. In an average patient (body surface area
1.8m2), a full course of concomitant and adjuvant TMZ costs about £11,000.

3.4.3 Current service cost and impact of new treatments

Full details of our assessment of cost are given in Section 5.5.3, p.98. For usual care,
providing surgery, RT, second line treatment for a minority of patients, treatment of adverse
effects and end of life care is estimated at an average of £16,000 - £17,000 per patient. This
cost is calculated over the five years of our model, however, about three-quarters of the total
costs occur in the first year. New cases of high grade gliomas occur in 3.56/100,000 people.
For a District General Hospital serving a population of 250,000 people, this represents about
9 people a year, at a total cost of about £144,000-153,000 . In England as a whole, a total of
1,752 new cases are identified each year (see Section 3.1.2). This represents a cost
nationally of around £28-30 million for each cohort over five years, with three-quarters of the
costs coming in the first year.

The economic model detailed in Chapter 5 suggests that BCNU-W costs an additional
£6,105 per patient, including any management of adverse effects. Not all patients will be
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eligible for BCNU-W as tumours need to be accessible and able to be removed leaving a
large enough space for the insertion of the wafers. Whittle and colleagues estimate that
25% (95%CI 16, 38) of patients presenting to their Edinburgh unit with high-grade glioma
would be eligible for BCNU-W implantation, and that about 21% (95%CIl 13, 34) would
receive it."*® Using the confidence intervals, this represents about one to three people a
year in an average District General Hospital, at a cost of £6,105-18,315 over five years. In
England, this represents about £1.4-3.6 million over five years, three-quarters of the cost
coming in the first year.

The economic model detailed in Chapter 5 suggest that temozolomide costs, on average, an
additional £8,556 per patient over five years, with three-quarters of the costs coming in the
first year. This takes account of patients who do not finish the complete course and the
costs of treating adverse effects over and above standard care. For each cohort of new
cases identified in a year, assuming all patients to be eligible for TMZ, this represents a cost
per District General Hospital of £77,004 and a cost in England of £15 million over five years,
with three-quarters of the cost coming in the first year. If only half of the population were
eligible, the cost would be £38,502 per District General Hospital and £7.5 million for
England.
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4 Systematic review of effectiveness

4.1 Research questions
The following questions were addressed in this review:

1. Compared to current standard treatment, what is the clinical effectiveness of BCNU-W as
adjunct treatment to surgery and radiation therapy to treat newly diagnosed high grade
glioma?

2. Compared to current standard treatment, what is the clinical effectiveness of TMZ as
concomitant and adjuvant treatment to surgery and radiation therapy to treat newly
diagnosed high grade glioma?

4.2 Review team and Advisory Group

The review was carried out by a team comprising Dr Rob Anderson, Dr Matthew Dyer, Ruth
Garside, Stuart Mealing, Dr Martin Pitt, Alison Price, Gabriel Rogers, Dr Margaret Somerville
and Dr Ken Stein.

Experts in the field were approached to be part of an Expert Advisory Group for the project.
Details are given in Appendix 2. The advisory group were consulted about inputs for the
model and asked to comment on an early draft of the report.

4.3 General methods

The review generally adhered to the methodological guidelines published by the NHS Centre
for Reviews and Dissemination (York) Report No. 4."" The project protocol is shown in
Appendix 3.

There is no available evidence detailing the direct comparison of TMZ and BCNU-W.
Because of this, separate reviews were conducted for each intervention.
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4.4 Methods for systematic review of effectiveness

4.4.1 Inclusion and exclusion criteria

4.4.1.1 Inclusion

BCNU-W

Intervention:
BCNU-W as an adjunct to surgery with subsequent radiation therapy with or without
standard systemic chemotherapy.

Comparators:

» Placebo wafer inserted at the time of surgery with or without radiotherapy (RT).

= Surgery with or without RT and systemic chemotherapy with standard antineoplastic
agents (excluding those listed in the intervention).

T™™Z

Intervention:
Surgery followed by RT with concomitant TMZ followed by an adjuvant course of
temozolomide.

Comparators:
Surgery followed by RT with or without systemic chemotherapy with standard antineoplastic
agents (excluding those listed in the intervention).

Inclusion criteria common to both interventions

Population:
Children and adults with newly diagnosed Grade Il or IV primary gliomas.

Stu dy design:
Systematic reviews

= RCTs

= Non randomised evidence was also considered where it gave the best estimates of a
required parameter (for example adverse effects or patient preferences) or where RCT
data was scanty or uninformative.

4.4.1.2 Exclusion

BCNU-W

Studies of BCNU-W in which treatment with carmustine other than as wafers at the time of
surgery and radiation therapy took place but was not reported separately.
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T™™Z

Studies in which the use of TMZ other than as an adjunct to surgery and radiation therapy
took place but was not reported separately.

Exclusion criteria common to both interventions

Population:
= Not primary diagnosis of high-grade glioma (low-grade gliomas, other types of brain
tumour)

* Not newly diagnosed glioma (recurrent or advanced cases)

Study design:

= Narrative or non-systematic reviews
Preclinical or biological studies, animal models
Case studies

Abstract only

Not available in English

4.5 Assessment of the effectiveness of temozolomide and
carmustine implants

451 Search Strategy

Electronic databases were searched for published systematic reviews, RCTs, observational
studies, economic evaluations and ongoing research in March 2005 and updated in August
2005. Appendix 4 shows the databases searched and the strategy in full. Bibliographies of
articles were also searched for further relevant studies, and the FDA website was searched
for relevant material.

Observational studies were considered for inclusion to broaden the evidence-base under
review, as it was suspected that there would be few relevant RCTs. Moreover, it was judged
that the more inclusive eligibility criteria frequently found in observational case series might
result in evidence with a greater degree of generalisibility than the RCTs. Additionally, we
speculated that such studies might provide longer follow-up data and more detailed
description of treatment-related adverse effects.

45.2 ldentification of studies

Identification of relevant studies was made in two stages. Abstracts returned by the search
strategy were examined independently by two researchers (RG and GR) and screened for
inclusion or exclusion. Disagreements were resolved by discussion.  Full texts of the
identified studies were obtained. Two researchers (RG and GR) examined these
independently for inclusion or exclusion and disagreements were resolved by discussion.
The process is shown in Appendix 5.
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453 Data Extraction strategy

Data were extracted by one researcher (GR) and checked by another (RG). Actual numbers
were extracted where possible. Data extraction forms for each included study are
reproduced in Appendix 7.

454 Quality assessment strategy

Assessments of RCT quality were performed using the indicators shown below. Results
were tabulated and these aspects described.

4.54.1 Internal validity

= Sample size
= Power calculation at design

= Selection bias
= Explicit eligibility criteria
= Proper randomisation and allocation concealment
= Similarity of groups at baseline

= Performance bias
= Similarity of treatment other than the intervention across groups

= Attrition bias and intention to treat analysis
Are all patients accounted for?
= Are withdrawals specified and described?
= Was analysis undertaken on an ITT basis?

= Detection bias
= Blinding
= Objective outcome measures
= Appropriate data analysis

We also noted any potential conflicts of interest (for example, financial support provided to
studies and/or authors by manufacturers of the interventions).

For observational studies, we addressed such of these criteria as were applicable to study
design, and also noted whether the study in question was prospective and whether it
explicitly enrolled consecutive patients.

Systematic reviews were assessed against QUOROM guidelines."®

454.2 External validity

External validity was judged according to the ability of a reader to consider the applicability
of findings to a patient group in practice. Study findings can only be effectively generalisable
if they (a) describe a cohort that is representative of the affected population at large or (b)
present sufficient detail in their outcome data to allow the reader to extrapolate findings to a
patient group with different characteristics.

To assess the generalisability of included studies, we focussed on the baseline factors on
which high-grade glioma outcomes are known to be substantially dependent - age,
performance status and tumour histology. Studies that were representative with regard to
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these factors were judged to have high external validity. The age-range of each cohort, in
particular, was seen as an index of a study’s applicability to the patient population in
practice.

455 Methods of analysis

Details of the methodology and results of included studies are tabulated and described in the
text. We have presented results from RCTs and case series in the same tables; where
study design renders cells inapplicable, they have been greyed out. Dashes in the tables
indicate the information was not reported. Where explicitly calculated by PenTAG, ¥
statistics were derived using the CHIDIST function of Microsoft Excel.

Where data were available we combined absolute survival at a fixed time point (e.g. at 12
months). Meta-analysis was undertaken to estimate a weighted treatment effect across
trials. A random effects model was used to avoid the assumption of a single underlying
treatment effect. This is more conservative, but incorporates an estimate of between-study
heterogeneity. Without patient level data, it was not possible pool survival analyses.

Indirect comparison between the two interventions was considered if enough similarities in
study method and population were found.

4.6 Results of the systematic review - Quantity of research
available

Number and type of studies identified
The inclusion/exclusion process is illustrated in Appendix 5.

Our searches returned 805 separate references relating to one or both of the interventions.
From screening of abstracts, we excluded 761 of these, leaving 44 potentially relevant
studies to be reviewed in full. Thirty-four further papers were excluded at this stage (see
Appendix 6 for a list of these, with reasons for exclusion).

Our assessment of BCNU-W is based on six papers: two systematic reviews, two RCTs and
two case series.

Our assessment of TMZ is based on four papers: two RCTs and two case series.
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4.7 Results of the systematic review - Carmustine implants

4.7.1 Quality of included systematic reviews

We identified two previous systematic reviews that were wholly or partially concerned with
the effectiveness of BCNU-W in newly diagnosed high-grade gliomas.”®'®® These were
assessed against the QUOROM statement, details of which can be found in Appendix 7.
Data extraction tables are in Appendix 8.

The paper by Meldorf,"*® describes itself as a meta-analysis rather than a systematic review
and combines patient level data from two BCNU-W RCTs."%"®" No details are therefore
given of search strategy, data extraction or characteristics of the included trials. Clinical
heterogeneity was not assessed but the trial designs are described as “almost identical”.
Only survival data were analysed. Data were adjusted using a Cox proportional hazards
model to account for the impact of KPS, age, country of origin and tumour type.

A total of 272 patients (240 from the Westphal trial’®" and 32 from the Valtonen trial’®?) were
included in the analysis. The estimated hazard ratio for BCNU-W group compared to
placebo wafer was 0.68 (95% CI 0.53, 0.87: p=0.006) or a 32% reduction in the risk of
death. The adjusted hazard ratio was 0.69 (95% CI 0.53, 0.90: p=0.006)

KPS (<=70 vs. >70) and age (>=60 vs. <60) were independent, statistically significant factors
associated with improved survival. Hazard ratios were 1.43 (95% CI 1.09, 1.94: p=0.0002)
and 2.14 (95% CI 1.39, 3.29: p=0.0005) respectively.

As this review did not include a critical assessment of study quality, contained no sub-group
analysis for tumour type and did not provide primary data about included study endpoints, it
was not felt to provide sufficient information to override the need for us to undertake our own
systematic review. However, the meta-analysis does have the advantage of access to
patient level data.

The second systematic review identified was by Brophy and colleagues at the technology
assessment unit of the McGill University Health Centre in Canada.'® This is a web-based
publication and as such has not been peer reviewed.

The review provides a description of the search strategy used but it is not clear how data
were extracted. Details of the inclusion criteria are not made explicit but appear to be RCTs
for BCNU-W in patients with newly-diagnosed or recurrent malignant gliomas. Study quality
is assessed using the Jadad score and all included studies (one in recurrent disease’® and
two in newly diagnosed disease'"'*?) are defined as being “adequate”. Results from the
trials is presented descriptively. There is no detailed presentation of study characteristics to
inform quality assessment and it is not clear that all results have been summarised. We
therefore felt that this review was not sufficient to override the need for us to undertake a
further systematic review.

4.7.2 Quality of included randomised controlled trials and case series

151;152 129;154

Two randomised controlled trials and two observational case series met our

inclusion criteria. Design characteristics of the studies are summarised in Table 2.
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The first RCT'*? took place in Scandinavia in 1992-93 and was followed by a worldwide trial
in 1997-99."" The two trials are comparable in design, with analogous eligibility criteria and
similar treatment protocols (for both intervention and control regimes).

The uncontrolled case series are also broadly analogous. Brem and colleagues’ paper
details a multicentre phase | (open-label safety pilot) trial.'*® Kleinberg and co-workers
provide a retrospective review of all relevant interventions undertaken in day-to-day practice
at a single centre.”™ Because of the design of this study, no explicit inclusion criteria were
stipulated for age and performance status of participants.

*" and, to a lesser extent, the RCT by

The RCT reported by Westphal and colleagues'

Valtonen and colleagues'? and the phase | series by Brem and colleagues,'® were
scrutinised in detail by the United States Food and Drug Administration (FDA), as part of
their authorisation process for BCNU-W for newly diagnosed high-grade gliomas. Extra
evidence from the studies was presented by the manufacturer, and additional analysis was
carried out by the FDA’s experts. The majority of the documentation recording this process
has been made publicly available on the FDA’s website,'**'*® and we have considered this
material where it adds to the published articles. Our data extraction tables (See Appendix 8)

identify the information that has been derived from this source.
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TABLE 2

Study
(Design)

Westphal
et al, 2003™"

(RCT)
(n=240)

Valtonen
et al, 1997'%

(RCT)
(n=32)

Kleinberg
et al, 2004™*

(CS)
(n=45)

Brem
et al, 1995'%°

(Cs)
(n=22)

Setting
(Entry dates)

38 centres in
14 countries

(12/1997-
07/1999)

4 Scandinavian
university
hospital
neurosurgical
units

(03/1992-
03/1993)

Single US
university
hospital
oncology centre

(07/1990-
08/1999)

3 US centres

(07/1990-
08/1991)

Age

18-65

18-65

no
explicit
limits

Inclusion Criteria
Other

Tumour

Grades
& v

Grades
& v

Grades
& v

Grades
& v

PS

KPS
260

KPS
=60

no
explicit
limits

KPS
=60

Single, contrast-
enhancing,
unilateral,
supratentorial
tumour

Surgery within 2
weeks of
baseline MRI

Unilateral,
unifocal tumour
of at least 1cm
in diameter

Surgically
resectable,
unilateral,
contrast-
enhancing
tumour

Single,
unilateral,
supratentorial
tumour of at
least 1cm®

Design characteristics of included studies (carmustine implants)

Exclusion Criteria

Prior cytoreductive therapy
Prior RT to the brain

Known hypersensitivity to
nitrosoureas

“Clinically significant laboratory
abnormalities (in the judgement
of the investigator)”

Significant renal, hepatic or
haematological dysfunction

Other concomitant life-
threatening disease

Pregnancy
Hypersensitivity to radiographic
contrast media

Evidence of systemic disease

Significant renal, hepatic or
haematological dysfunction

Other concomitant life-
threatening disease

Pregnancy

Hypersensitivity to radiographic
contrast media

Treatment Regime

Intervention

Intraoperative
placement of
< 8 wafers
(i.e. £61.6mg
of BCNU)

Intraoperative
placement of
< 8 wafers
(i.e. £61.6mg
of BCNU)

Intraoperative
placement of
< 8 wafers
(i.e. <61.6mg
of BCNU)

Intraoperative
placement of
< 8 wafers
(i.e. £61.6mg
of BCNU)

RT

55-60Gy:
30-33 daily
fractions, 5
days/wk

focal (2-5cm
margin)

“Standard”
RT (regimen
not detailed)

Regimen not
uniform;
most (30)
patients
received
59.5-60Gy at
1.8-2Gy/day

“Standard”
RT (regimen
not detailed)

Outcomes Measured

Primary

Survival

Survival

Surgical
outcome

Complications
Functional status

Secondary

Time-to-KPS
decline

Time-to-
neurological
progression

PFS
QoL
Adverse events

2-year survival

Survival
Toxicity
Steroid dosing

Histopathological
findings at
reoperation

Survival

CS = case series; KPS = Karnofsky performance status; PFS = progression-free survival; PS = performance status; QoL = quality of life; RCT = randomised controlled trial; RT = radiotherapy
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4.7.2.1

Internal validity

Measures of internal validity are tabulated in Table 3.

TABLE 3  Internal validity measures of included BCNU-W studies
Randomised Controlled Trials Case Series
Westphal Valtonen Kleinberg Brem

et al., 2003"*

et al., 1997 et al., 2004

et al., 1995

Power calculation at design? yes no
Proper randomisation? yes yes
Groups similar at baseline? predominantly® no”
Investigators blinded? yes® yes®
Outcome assessors blinded? yes yes
Patients blinded? vyes yes
Prospective? no yes
Consecutive patients enrolled? no not reported
Eligibility criteria stated? yes yes yes yes
Objective outcome measures? predominantlyd yes predominantly® no’
Analysis on ITT basis? yes yes no yes
All patients accounted for? yes yes yes yes
Withdrawal specified? yes yes n/a yes
Withdrawal reasons given? yes yes n/a yes
Inter-centre consistency? yes not reported n/a no
Conflicts of interest? yes yes yes yes

Distribution of grade Il tumours arguably favoured BCNU-W group (see text). Mean tumour size was larger in the
BCNU-W group.

All patients in placebo group had grade IV gliomas, whereas 5/16 of the BCNU-W group had grade Il tumours; slight
differences in KPS in favour of placebo group.

Note that placebo wafers and active implants were visibly different (see text).

Definition of disease progression can be dependent on assessment of treating clinician.

Data extracted from historical patient notes (presumably varying quality).

Some primary outcomes subjective, particularly “severe”v. “mild or moderate” postoperative events.

Sample size

In the major RCT reported by Westphal and colleagues in 2003,"" the initial protocol
specified a sample size of 200 with 90% power to detect a 20% difference in 12-month
survival, at two-sided significance level of 5%. When consulted during study design (1997),
FDA consultees had warned that the assumed treatment effect was “overly optimistic”.">
Following a preliminary review of blinded data in 1999, the investigators amended the
protocol to increase sample size to 240, powering the study to detect an 18% difference in
12-month survival. Analysis at the study’s protocol-specified cut-off, by which time 240

subjects had been recruited, revealed a difference in 12-month survival of less than 10%.
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Post-hoc FDA analysis showed power of “only about 46%” at that stage, with the reviewer
noting, “Even if the data provides 100% events, the power would increase only to 57%”."*°

The study protocol for Valtonen and colleagues’ RCT'*? indicated that a maximum of 100
patients were to be enrolled; however, only 32 patients entered the trial, as the investigators
were unable to source additional wafers. The study was thus underpowered to detect
significant differences in outcomes between arms.

Brem and colleagues detail an uncontrolled multicentre Phase | (open-label safety pilot)
trial.””® Three centres enrolled patients until one of the centres had reached 10 subjects, at
which point enrolment was discontinued in all centres, leading to a sample size of 22.
Kleinberg and colleagues’ uncontrolled case series is a retrospective review of all relevant
interventions at a single university hospital oncology centre during a given period." A total
of 45 cases are reported, 10 of which are common to this study and the Phase | trial.

In total, the evidence-base includes 193 patients who received BCNU-W and 136 who had
placebo wafers implanted (see Table 4 for full details of patient characteristics).

Selection bias

Randomisation methods were identical in the two RCTs and appear relatively sound.
Wafers were provided to each centre in blocks of four unmarked boxes (two BCNU-W, two
placebo). Following intraoperative confirmation of eligible diagnosis, a blinded box of wafers
was chosen for implantation by the investigator. However, the blinding of the wafers was
imperfect (see also comments on Detection bias), and it has been noted that, under such
circumstances (and especially when block size is consistent), investigators can potentially
manipulate a proportion of treatment allocations.’ However, we believe this to be unlikely,
and the multicentre design should minimise any impact.

Westphal and colleagues™’ report only one imbalance between trial arms in their published
paper: larger mean tumour size in the BCNU-W group (p=0.047). However, this is not
thought to have much prognostic importance.”® FDA assessors were concerned by
asymmetry in allocation of “favourable” non-GBM diagnoses, especially anaplastic
oligoastrocytomas (eight in BCNU-W arm v. three in placebo arm). As histopathology is a
greater predictor of patient outcome than any current therapy, this may be significant despite
the small absolute numbers. In addition, the diagnoses of one referee pathologist were
considered definitive in the trial and dictated the classification of cases in all subsequent
analyses. By way of verification and sensitivity analysis, FDA assessors requested that the
data be re-examined on the basis of the alternative trial referee pathologist's diagnoses.
This re-analysis showed an increased imbalance in distribution of grade IV tumours (88
BCNU-W v. 99 placebo) which, if accurate, could further bias the trial in favour of the
intervention.

In Valtonen and colleagues’ RCT"*? all patients in the placebo group had GBM, whereas five
(31.3%) of the BCNU-W group had grade Ill tumours. Subgroup analyses on GBM-only
patients are presented, eliminating this bias at the expense of further diminishing an already
substantially underpowered sample. The authors also note a “slight difference” in baseline
KPS that might cause bias in favour of the intervention, but do not report any test of the
significance of this discrepancy.

Bias in patient selection is always possible in uncontrolled case series. However, this is
more properly considered as an issue of external validity (the extent to which biased
selection of participants may compromise the applicability of its findings) and is discussed in
Section 4.7.2.2.
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Performance bias

In Westphal and colleagues RCT'™' there was potential for bias in the administration of
additional conventional (systemic) chemotherapy, which was permitted by protocol only in
patients with AO tumours; known to be especially chemosensitive.'*®'°  Four patients with
AO received chemotherapy (2/6 in the BCNU-W group and 2/5 in the placebo group)
together with four patients with AOA (3/8 in the BCNU-W group and 1/3 in the placebo
group). A small bias in favour of the intervention is possible, particularly in long term
analysis.

Treatment such as repeat tumour resection and “salvage” chemotherapy was permitted by
all studies at investigators’ discretion after diagnosis of tumour progression / disease
recurrence. Although the effectiveness of individual modes of second-line therapy remains
uncertain, treatment of recurrent tumours may confer survival benefit, especially in younger
fitter patients and those with more chemosensitive tumour types.’®®'! Late performance
bias confounding survival rates in the BCNU-W trials is therefore a possibility. The impact of
treatment order is unknown.

The FDA'’s analysis of Westphal and colleagues’ trial reports the frequency of repeat surgical
procedures (for post-implantation complications, as well as for disease progression). There
is a higher rate of reoperation in the BCNU-W arm; 40% v. 31.7% (P=0.178). The
discrepancy is greater in non-GBM cases; the majority of patients with grade Ill tumours in
the BCNU-W group underwent reoperation (10/19 = 52.6%), but surgical reintervention was
undertaken in less than a quarter of comparable patients in the placebo group (3/14 =
21.4%) (P=0.0698). There were also discrepancies favouring the BCNU-W arm in frequency
of post-recurrence chemotherapy (14.2% v. 10.0%; P=0.322) and other treatments
(BCNU-W reimplantation [two v. none], brachytherapy [one v. none] and stereotactic
radiosurgery [one v. none]). Although none of these differences is statistically significant at
conventional levels, all apparent asymmetries favour the BCNU-W group, and it is possible
that small imbalances, in combination, could provide survival advantage for that group.

Valtonen and colleagues'®? do not report post-study treatment.

In uncontrolled case series, the treatment provided is only relevant as an issue of
generalisability so is discussed in Section 4.7.2.2below.

Attrition bias and intention to treat analysis

Westphal and colleagues report that three patients withdrew from their RCT, two were lost to
follow-up and one withdrew consent.”" It is not clear from which arm of the trial these
patients withdrew. Patients who withdrew were censored alive at time of last contact in
survival analyses.

Valtonen and colleagues had complete follow-up in their small RCT, as did Brem and
co-workers in their uncontrolled study.’®®'?® One patient was lost to follow-up in Kleinberg
and colleagues’ case series and was excluded from analysis."**

Detection bias
Blinding
Both RCTs are described as “double-blind”. In their discussion of the Westphal and

colleagues’ RCT,™" the FDA observe that the physical characteristics of the placebo wafers
differed in colour and friability from those containing BCNU (presumably, this would also
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have been true in Valtonen and colleagues’ trial’®?). As a result, individual investigators

would have been able to distinguish between, but not identify, trial arms. It was also
possible to unblind treatment allocation at treating centres, in the event that an individual
investigator deemed access to this information necessary for management of adverse
events. There is no report of whether this occurred.

Assessment

Overall survival is the main outcome measure in the RCTs and appears to have been
assessed consistently. However, both RCTs have definitions of disease progression that
are partially dependent on the subjective assessment of treating clinicians and this is the
basis of which progression-free survival (PFS) times are calculated:

= The overriding criterion is radiological evidence of tumour growth of a specified
magnitude. While in principle this is an objective measure, considerable interobserver
variability has been shown in radiological assessment of tumour response to
chemotherapy.'®?

» Each study also includes an alternative definition of progression based on the patient’s
symptomatic state: “a documented clinical/neurological decline”. Such a definition is
open1g3o interpretation, on the part of treating clinicians (see Chataway and colleagues
1999°™°).

This is a potential source of bias if imperfect blinding allowed outcome assessors to discern
treatment allocation. However, PFS results were ultimately very similar in each arm of the
major RCT (see Section 4.7.3.2).

Analysis

There is concern about the statistical methods adopted in the presentation of Westphal and
colleagues’ results.”" In particular, the following issues should be considered:

= In the published report of the trial, analyses are stratified according to the country in
which treatment took place. The stated justification for this was that randomisation was
stratified by centre, because wafers were sent to each participating unit in sets. The
authors argued that, while analysis by centre would have introduced an excessive degree
of stratification to the model, it was hoped that stratification by country would prove
sufficient to capture any variation between centres without excessively multiplying levels
of stratification.

FDA reviewers criticised this method, especially as it had not been pre-specified in the
study protocol. They demonstrated that this mode of stratification was uniquely well
suited to maximise the apparent effectiveness of BCNU-W, and provided results of
unstratified analyses that tended to generate less significant results. Full details of this
debate are given in transcripts of the FDA hearing at which the extension of BCNU-W'’s
licensed indication was considered.'*®

In reporting results from this trial below, we have provided both published (stratified by
country) and protocol-specified (unstratified) analyses, where both are available. We are
reticent about relying on published findings alone where they are noticeably different from
those generated by unstratified tests (for example, where stratified analyses provide p-
values which achieve significance but unstratified analyses do not).

» The FDA reviewers also criticised the ftrialists’ analysis of two secondary outcome
measures: time-to-decline of KPS and time-to-progression on neurological indices.
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Published results were based on analyses that counted death as an event. When the
FDA repeated the analysis with deaths censored, much of the data was lost and
statistical significance was no longer apparent. These endpoints are clearly not
independent of the primary (survival) analysis. Consequently, the presented statistics are
flawed.

4.7.2.2 External Validity

A priori inclusion/exclusion criteria and treatment design are shown in Table 2. Baseline
patient characteristics including age, sex, tumour type, performance status, and extent of
surgery are shown in Table 4.

The generalisability of the included studies may be compromised by the age profile of the
evidence base; both included RCTs excluded patients over 65, while in practice a third of
patients with high-grade gliomas fall into this category (see Section 3.1.2).

The age profile of Brem and colleagues’ case series (mean 60; range 45-86) appears more
representative of the affected population than the other included studies.'” The
retrospective case series reported by Kleinberg and colleagues is the only study that reports
the use of BCNU-W in clinical practice.”™ Although formal eligibility criteria would not have
applied to their patient selection process, the profile of the reported cohort (median age 57;
range 34-77) suggests the intervention may have been used preferentially in younger
patients.

External validity may also be affected by the exclusion of patients with low performance
indices. Those with multifocal or deeply infiltrative tumours were also excluded, but as
BCNU-W implantation is contingent on physical tumour characteristics, these patients are
also ineligible for BCNU-W in clinical practice. Based on participation in the Westphal and
colleagues’ RCT,™" Whittle and colleagues estimate that 25% (95%CI 16, 38%) of patients
presenting to their Edinburgh unit with high-grade glioma would be eligible for BCNU-W
implantation, with about 21% (95%CI 13, 34%) actually receiving it."*® While increasing the
upper age limit could enhance generalisibility, BCNU-W use in practice is also limited to

larger, accessible tumours.

Finally, post-recurrence treatment provided in included studies compared to clinical practice
was considered. Reoperation rates in the BCNU-W and placebo arms of Westphal and
colleagues’ 2003 RCT were 40% and 31.7%, respectively.’>' In the case series by Brem
and colleagues, nine patients (40.9%) underwent reoperation (one twice).'”® Kleinberg and
colleagues report that 15 patients (33.3%) had repeat tumour resection, of whom four (8.9%)
proceeded to a third operation.”® These rates appear high in comparison to reoperation
rates in published series from units in Germany (17.0%),"®* Turkey (21.1%),"®® and the USA
(15.3%),"®® in UK practice, as few as 10% of patients may receive repeat resection at
recurrence (personal communication, J. Palmer, 15-4-05). These higher rates of re-
intervention may reflect a younger, fitter cohort in the trials compared to clinical practice.
Such patients respond better to aggressive treatment.
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TABLE 4  Patient characteristics at baseline in included BCNU-W studies
Karnofsky
Performance Extent of surgery Subgroups

Study Sample size  Age Sex (%M:F) Histology status Total Partial Lobectomy analysed Follow-up
Westphal n: 240 Mean: BCNU-W: 63:37 Grade IV: Median: BCNU-W:47% BCNU-W:52% BCNU-W:2% GBMonly =12mo
et al, BCNU-W -120 BCNU-W-52.6 placebo: 70:30 BCNU-W:84%  BCNU-W: 80 placebo: 41% placebo: 55% placebo: 3% range - 12-30mo
2003™! placebo - 120 placebo - 53.6 placebo - 88%  placebo: 90

Range: Grade lII: Range: mean % of tumour resection:

BCNU-W - 21-72 BCNU-W: 16%  BCNU-W: 60-100 BCNU-W: 89.9%

placebo - 30-67 placebo - 12%  placebo: 60-100 placebo: 88.3%
Valtonen n: 32 Median: BCNU-W: 50:50 Grade IV: Median: BCNU-W: 6% BCNU-W: 88% BCNU-W:6% GBMonly =24mo
et al, BCNU-W: 16 BCNU-W -55.5 placebo: 63:38 BCNU-W:69% BCNU-W: 75 placebo: 6% placebo: 94% placebo: 0
19972 placebo: 16  placebo - 53.0 placebo: 100% placebo: 90

Range: Grade Il Range:

BCNU-W - 36-67 BCNU-W: 31%  BCNU-W: 60-100

placebo - 36-65 placebo: 0 placebo: 40-100
Kleinberg 45 Median: 57 not reported Grade IV: 87%  <70: 20% not not not GBMonly  median 16.8mo
et aI,154 Range: 34-77 Grade lll: 13% =70: 80% reported reported reported
2004
Brem 22 Mean: 60 68:32 Grade IV: 95%  Mean: 84.3 14% 64% 23% none mean 7mo
et al, Range: 45-86 Grade lll: 5% Range: 40-100
1995'%
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4.7.2.3 Summary of study quality

A summary of the major FDA criticisms of the Westphal and colleagues RCT"" is shown in

Table 5.

TABLE 5

Area of
concern

Sample size
calculation

Selection
bias

Performance
bias

Detection
bias:
Blinding

Statistical
analysis

Outcome
measures

Summary of FDA criticism BCNU-W RCT evidence

FDA critique

This was based on 90% power to detect 20% survival difference at 12 months. FDA felt that

this was an optimistic treatment effect on which to base calculation, and actual difference

was about 10% and the FDA calculated that actual power was about 46%. The possibility of

a Type Il error remains.

Higher numbers of AOs in the active arm (BCNU-W 8 vs. 3 in placebo arm). Long term

survivors (n=11 at 16/8/02, up to 56 mo FU) in the trial are |JJJilij in the BCNU-W arm and
in the placebo arm. Despite the small absolute numbers of tumours with better

prognostic histology, the FDA felt that this could have a significant impact on the results

especially as absolute difference in survival was small.

Subgroup analysis of GBM found no difference in survival.

In addition, when the population was re-examined by another central pathologist’s

diagnoses, the imbalance of tumour types increased (88 GBM vs. 99).

Treatment at recurrence: higher numbers of re-operation, especially in non-GBM cases, as
well as chemotherapy, re-implantation of BCNU-W, brachytherapy, and stereotactic
radiosurgery. None of these is statistically significant but in each case the difference
favours BCNU-W and impact could be cumulative.

Active and placebo wafers differed in colour and friability. Blinding is therefore
compromised. Investigators were also permitted to unbind allocation if they felt this was
needed to address adverse effects. It is not reported whether or not this happened. Given
that the primary outcome is objective (survival) this may not have an impact, however, it
may affect choice of secondary treatment.

Median survival, estimated by Kaplan Meier curves, was adjusted for country, although this
was not a per protocol analysis. This calculation gives a significant median survival
advantage (p=0.03) not seen with the per protocol analysis (p=0.08).

The FDA found that this particular stratification maximised the apparent treatment effect of
BCNU-W

In the published results, analyses of time to KPS decline and time to progression counted
death as an event. These outcomes are not independent of the primary outcome, death.
When analyses were repeated by the FDA censoring death, differences were no longer
significant.

Likely
direction
bias

Placebo

BCNU-W

Not clear.
Possibly

BCNU-W.

Not clear.

BCNU-W

BCNU-W

BCNU-W = carmustine wafers; AOs = Anaplastic Oligodendroglioma; GBM = Glioblastoma Multiforme ; KPS = Karnofsky
performance status

of
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BOX 3 Summary of quality of included BCNU-W studies

= The evidence-base is limited to four studies, including two RCTs (193 patients receiving
BCNU-W.)

= Both RCTs were underpowered.

= Randomisation and allocation concealment were probably adequate in the RCTs. However,
there are imbalances at baseline in both RCTs, especially in grade 11l tumours of types that
may be more responsive to chemotherapy.

= As active and placebo implants used in the RCTs had different physical characteristics,
blinding may have been compromised.

= Survival, as a primary outcome measure, is relatively resistant to detection biases. However,
there is room for subjectivity in the definition of secondary outcome measures such as
progression-free survival.

= |TT methods have been rigorously adopted in the major RCT.

= Allincluded studies allowed treatment at the investigator’s discretion in the post-study period,
so late performance bias may confound survival rates.

= Questionable statistical methods, which tended to enhance the apparent effectiveness of the
intervention, were used in the published report of the major RCT.

= The external validity of the evidence-base is limited by exclusion of older patients.

4.7.3 Results of included randomised controlled trials and case series

4.7.3.1 Outcome measures

The outcome measures for which we have extracted data are described and discussed
below.

Overall survival

All included studies considered survival duration as a primary or secondary outcome of
interest. Survival duration is defined in various terms in the studies, with different authors
describing their start-point as randomisation,”' surgery'? or histological diagnosis.'**
However, as all three of these definitions relate to the intraoperative period, we have

assumed effective equivalence across all included studies in use of the term survival.

All studies report survival in terms of median duration, using the Kaplan-Meier method for
estimation. The RCTs test for difference between trial arms using the log-rank method.
Kaplan-Meier survival curves are also presented in each paper.

Cox proportional hazards models were also fitted and reported in the RCTs, to account for
the effect of known prognostic variables.
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Periodic survival rates

Most included studies present some data showing what proportion of their patients survived
to one or more time-point. Estimates presented in the published studies do not represent
absolute proportions surviving, but are calculated on the basis of survival data censored at
the relevant juncture. As low numbers are censored in all the survival data under review,
this should be inconsequential. However, there are implications for significance testing.
Where data are censored in the manner of a life-table analysis, a log-rank statistic is most
appropriate to test for differences between groups as it takes account of the duration for
which all individual patients survived. Point estimates of absolute survival provide the kind of
cross-categorised frequency data that call for a standard test of association (x? / Fisher's
exact test). Tests of this sort dichotomise subjects (alive / dead) and discard information
about exactly how long each survived. We present both types of estimate with their
appropriate significance test where data was available.

Twelve-month survival

We have presented 12-month survival separately because this is the measure used most
consistently across the evidence-base and the one with the most detailed available data.

Progression-free survival (PFS)

The investigators in several of the included studies collected data on PFS as a secondary
outcome measure.

In assessing the extent to which PFS is both informative and consistent as an outcome
measure, there are three main issues:

= Start-point. As with overall survival, the start-point for PFS duration is taken to be
surgery, and this is consistent in included studies.

» End-point. The definition of the moment at which a patient is categorised as suffering
disease progression / recurrence is crucial to measurement of PFS. Each study has its
own characterisation, but all are substantially based on the standardised definition
proposed by Macdonald and colleagues in 1990 “= 25% increase in size of enhancing
tumor or any new tumor on CT or MRI scans, or neurologically worse, and steroids
stable or increased”.'® There are margins for inconsistency in the subjective
interpretation of neurological decline and/or assessment of steroid dosage.

» Follow-up regime. Systematic differences in follow-up will have a significant effect on
detection of disease progression. For example, more frequent neuroimaging will
inevitably lead to prompter detection of tumour growth, with a consequent decrease in
time-to-progression outcomes. The same may apply to frequency of clinical
assessment, although one might like to assume that a patient with significant
neurological decline would come to the timely attention of his or her physician,
regardless of planned follow-up schedule. Where we report PFS data, below, we have
also presented summaries of endpoints and surveillance regimes, in order to facilitate
comparison between studies.

Where appropriate, we have also considered post-progression survival (estimated by
subtracting median PFS from median overall survival). In the context of newly diagnosed
gliomas, an intervention could be effective by delaying disease progression and/or by
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prolonging survival, and it may be important to distinguish between the relative contributions

of each kind of effect.

4.7.3.2 Effectiveness (all patients)

Overall survival

Median survival estimates in included studies are collected in Table 6.

TABLE 6
Median survival
BCNU-W
Study mo (95%Cl)

Westphal et al, 2003""  13.9 (12.1,15.3)

updated analysis®. 13.8 (12.1, 15.1)
Valtonen et al, 1997*%  13.4 (9.7,2%
Kleinberg et al, 2004*** -

Brem et al, 1995'*° 9.7

stratified by country (published statistic)

FDA™)

placebo
mo (95%Cl)

11.6 (10.2,12.6)

11.6 (10.2,12.7)
9.2 (8.7,10.4)

insufficient data to calculate upper confidence interval

Median survival estimates in included BCNU-W studies

Effectiveness

Kaplan-Meier log- Cox proportional
method rank hazards model
HR (95%ClI) p HR (95%ClI) p
0.71(0.52,0.96)  0.03° 0.72 (0.53,0.98)° 0.03°
0.77 (0.57,1.03)"  0.08" - 0.08"
0.73(0.56,0.95) 0.02 -
- 0.012  0.27 (0.11,0.68) 0.006

unstratified (protocol-specified statistic extracted from material presented to the FDA’55)
updated unstratified analysis of survival data available at 16 August 2002 (extracted from material presented to the

In both RCTs, Kaplan-Meier estimates of median survival time were longer in patients

treated with BCNU-W (median months gained were 2.3 in Westphal and colleagues'®’

4.2 in Valtonen and colleagues'?).

statistically significant by log-rank
test.

The 9.7-month median survival
reported by Brem and colleagues'?®
is noticeably shorter than that
presented in other series. As noted
in comments on External Validity in
Section 4.7.2.2, this cohort is older
and this may account for the
discrepancy in median survival.
Kleinberg and colleagues 2004 do
not report results for combined
tumour grades; their GBM-only
results are presented in Section
4.7.3.4."*

Westphal and colleagues reported
results are stratified by country (see

Survival Rate (%)

Gliadel®
Placebo

and

Both published papers report this difference to be

Hazard Ratio: 0.71
95% Cl: 0.52 - 0.96
Risk Reduction: 29%
P =0.03"

GLIADEL®

Placebl(')'

139
1.6

14 18 20 22 26

Months from Implant Surgery

4 G 8 10 12 16 24

! Stratified by country

FIGURE 4 Kaplan-Meier curve depicting overall survival

(reproduced from Westphal et al. 2003"")
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Section 4.7.2.1). "' The FDA repeated the test without stratifying the data, in line with the
study protocol. Evidence of effectiveness was thus diminished, both in terms of hazard ratio
(with  95% confidence intervals

rising to encompass one) and log-

rank statistic (p=0.08).  Other B L Gliadel
analyses,  stratified by the ' -~ Placebo
prognostic factors tumour type,
KPS and age also showed no
significant difference between the
arms.  (p=0.14, 0.67, 0.103
respectively.)

i . LT -\"‘-,q_
Figure 4 shows the Kaplan-Meier | [ rogra \L\_%

Survival Rate x 100
E

10 P=0.02 ———___“'___.h'—\_
survival curve for all patients in the o | - )
RCT reported by WeStphal and 0 4 B 12 16 20 24 28 3z 36 40 44 48 52

Months from Randomization

colleagues 2003.™" A difference in
survival rate between the arms FIGURE 5  Kaplan-Mei depicting | ;
becomes apparent at around 10 apran-ivieler curve aepicting long-term

months (by which time about 30% overall survival 55
of the cohort have die d). (reproduced from material presented to the FDA™™)

Despite doubts about the published trial evidence, subsequent long term data (up to 16
August 2002, a little more than 2 years after the protocol-specified cut-off date) presented to
FDA led them to authorise BCNU-W for newly diagnosed patients. In this analysis, the
difference between the treatment groups appeared significant by unstratified log-rank test
(p=0.02). Figure 5 shows the survival curve depicting this long-term data. This difference
was maintained when removing chemosensitive AOA patients from the analysis (p=0.03).
(Three of these were randomised to the placebo and seven to the BCNU-W group). Of the

nine lon term survivors originally receiving BCNU-W, tumour types were

h. Of the two long term survivors originally receivin

placebo, tumour tipes were H
167

However, tail effects may be important in long term follow-up. At two years, 80% of the
study cohort had died and there was no significant difference in survival between the two
groups using the unstratified analysis. After this time, the results are driven by a small
number of long term survivors. Subgroup analysis for those with GBM still shows no
difference in survival at long term follow up (Table 10 on page 48).
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Figure 6 shows the long-term .
Kaplan-Meier  curves  with ey GLIADEL
surviving patients identified by Y1 N Placebo
tumour pathology at the point 80 1 \

at which they have been
censored (i.e. survival at last
contact). Grade Ill tumours,

Survival Rate x 100

. IL
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interesting to know whether permission)

the three long-term survivors
with grade IV tumours share these chromosomal features, in common with the GBM patients
with exceptional survival in other series.’*"

Periodic survival rates

Details of survival rates 12, 18, 24 and 36 months after surgery are tabulated in Table 7.

TABLE 7  12- 18-, 24- & 36-month survival estimates in included BCNU-W studies

12-month 18-month 24-month 36-month
survival survival survival survival
Study % (95%Cl) % (95%CIl) % (95%Cl) % (95%Cl)
Westphal et al, 2003"* BCNU-W: 59.2 (50.4,68) - 15.8 9.2
placebo: 49.6 (40.6,58.6) - 8.3 1.7
Valtonen et al, 1997" BCNU-W: 62.5 - 31.3 [ p?=0.012
placebo: 18.8 - 6.3 p”=0.172
Kleinberg et al, 2004*** BCNU-W: - -
Brem et al, 1995 BCNU-W: 36 18

All estimates calculated on the basis of survival data censored at the relevant juncture.
log-rank test performed on survival data from each arm censored at the specified juncture (published statistic)

b Fisher’s exact test performed on proportion surviving in each arm at the specified juncture (statistic extracted from

additional findings and analysis contained in material presented to the FDA'®).

In the RCTs, a greater proportion of patients treated with BCNU-W survived to each juncture
reported. Twelve-month survival rates are discussed in more detail, below.
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4.7.3.3 Twelve-month survival

Twelve-month survival data are collected in Table 8.

In this instance, we have access to

absolute survival numbers from the two RCTs, which are included in the FDA’s analysis of

the evidence-base.

TABLE 8  12-month survival estimates in included BCNU-W studies
Absolute Survival® Survival Analysis®
BCNU-W placebo BCNU-W placebo
Study n (%) n (%) p % (95%Cl) % (95%Cl) p
Westphal et al, 2003"" 71 (59.2%) 59 (49.2%) 0.120° 59.2% (50.4,68%) 49.6% (40.6,58.6%) 0.108°
Valtonen et al, 1997 10 (62.5%) 3 (18.8%) 0.029° 62.5% 18.8% 0.0087"

Kleinberg et al, 2004***

Brem et al, 1995 -

36%

number of patients surviving at 12 months (data extracted from Link submission® for Westphal et al. and material
presented to the FDA'® for Valtonen et al.)

survival data censored at 12 months (published statistic)

¢ 4 test (calculated by PenTAG)

?  Fisher’s exact test (statistic extracted from material presented to the FDA™®)

log-rank test stratified by country (published statistic)

™ unstratified log-rank test (statistic extracted from material presented to the FDA'®)

Despite applying stratification methods detailed above, Westphal and colleagues were
unable to demonstrate any significant 12-month survival advantage with BCNU-W as
compared to placebo.™’

In Valtonen and colleagues’ RCT, absolute survival proportions and survival rates are
identical (indicating that no observations are censored in the latter calculation). In spite of
very limited sample sizes, test statistics are significant by both methods, suggesting that, in
this small cohort at least, BCNU-W provided real one-year survival benefit. Once more, the

estimate from Brem and
colleagues’ case series is lower
than those presented elsewhere;
again, perhaps due to poorer
baseline prognosis.'*

Using survival numbers, we
performed a meta-analysis of the
odds ratios for 12-month survival
in the two RCTs. Figure 7
provides a Forest plot depicting
our results. No significant
treatment advantage was found.
The test for heterogeneity was
borderline.

Valtonen

Westphal

Favours treatment

Overall (95% CI) _

Favours control

| | | | | | |
' Odds ratio

Heterogeneity (5°): p = 0.068
Estimate of between-study variance (%) = 0.8659

0.14 (0.03,0.69)

0.67 (0.40,1.11)

0.37 (0.08,1.64)
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FIGURE 7 Forest plot showing odds ratio for 12-month
survival in BCNU-W RCTs (random effects
model)
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Progression-free survival
Progression-free survival data are collected in Table 9.

Neither RCT demonstrated any improvement in PFS with BCNU-W."®"""52  The submission
provided by Link Pharmaceuticals to NICE, reports that progression was defined by
neuroimaging in 70% of cases in the major trial."®® While tumour regrowth may precede
symptomatic decline in these cases, scans could be undertaken in response to “clinical

suspicion of tumour progression”, so the two may be conflated.

Neither case series reports PFS.

TABLE 9  Median time-to-progression estimates in included BCNU-W studies

Study Definition of progression Surveillance regime mo  (95%Cl) p
Westphal . = tumour growth = 25% and/or = frequency of clinical evaluations not BCNU-W 5.9 (4.4,8.3) 0.90
etal, 2003 * new lesions on MRI, and/or reported placebo: 5.9 (4.7,7.4)

* MRI performed
o at baseline and within 48hr of
surgery
o at 3 months postoperatively
o “if there was clinical suspicion of
tumor progression”

= “a documented
clinical/neurological decline”

Valtonen . “changes on contrast-enhanced 3-monthly assessment (including BCNU-W 7.8 (3.2,9.7) 0.467
et al, 1997 CT or MRI scan and/or KPS” CT/MRI) placebo: 6.7 (30199) :
Kleinberg - - BCNU-W: -

et al, 2004%**

Brem - BCNU-W: -
et al, 1995'%°

We also considered post-progression survival (estimated by subtracting median PFS from
median overall survival). From the data reported by Westphal and colleagues 2003, we
calculated a median life expectancy following recurrence of 8 months for patients treated
with BCNU-W compared to 5.7 months for those who received placebo wafers.”" In the trial
reported by Valtonen and colleagues 1997, post-progression survival was doubled in the
BCNU-W group at 5.6 v. 2.5 months."?

We are unable to undertake significance testing on these second-order measures without
access to more extensive data. As neither RCT demonstrated a benefit in terms of PFS, any
claimed treatment effect must be due to differences in survival after disease progression.
However, post-recurrence survival benefit may be influenced by asymmetry in post-study
treatment (see Section 4.7.2.1).

4.7.3.4 Effectiveness (GBM only)
Overall Survival (GBM only)

Median survival estimates from GBM-only subgroup analyses in included studies are
collected in Table 10.
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TABLE 10 Median survival estimates in included BCNU-W studies: GBM only

Median survival Effectiveness
Kaplan-Meier log- Cox proportional
BCNU-W placebo method rank hazards model

Study mo (95%Cl) mo (95%Cl) HR (95%Cl) p HR (95%Cl) p
Westphal et al, 2003""  13.5(11.4,14.8) 11.4 (10.2,12.6) 0.76 (0.55,1.05) 0.10° 0.69 (0.49,0.97)" 0.04°
0.82 (0.60,1.11)"  0.20° - 0.20°
updated analysis®:  13.1 (11.4,14.7) 11.4(10.2,12.6) 0.78 (0.59,1.03)  0.08 - 0.045
Valtonen et al, 1997"*  12.3(10.4,17.9)  9.2(8.7,10.4) - 0.008 0.27 (0.10,0.71) 0.008

Kleinberg et al, 2004 12.8 (9.6,15.9)

Brem et al, 1995 -

stratified by country (published statistic)

unstratified (protocol-specified statistic extracted from additional material presented to the FDA’s Oncologic Drugs
Advisory Committee™)

updated analysis of survival data available at 16 August 2002 (extracted from additional material presented to the FDA’s
Oncologic Drugs Advisory Committee™®)

Westphal and colleagues 2003"" presented a stratified-by-country analysis that did not
demonstrate a significant survival advantage for GBM patients treated with BCNU-W. Figure
8 shows the Kaplan-Meier survival curves for treatment and placebo groups. Results
reported from the investigators’ Cox proportional hazards regression suggested that, once
known baseline factors were
accounted for, the effect of
treatment allocation became
significant. However, the
FDA'’s unstratified recalculation
showed no significant evidence
of a treatment effect.

100 Hazard Ratio: 0.76

95%Cl  0.55-1.05
Risk Reduction: ~ 24%
P=0.10'

90
80
70 |
80
50

FDA assessors requested that -

this data be re-examined on
the basis of the "central"

30 4
2p | Median Survival imonths)

GLIADEL®

Survival Rate (%)

. . Gliadel® 135 Placebo
referee pathologist's diagnoses 101 Placebo 114 -
(See Section 4.7.2.1). The r—
observed difference in median 0z 4 6 8 10 1204 M6 18 200 2w

Months from Implant Surgery

I Stratified by country

survival between the arms for
GBM patients fell to 1 month,
and th1e55Iog-ran_k .p-value r0S€  FIGURE 8 Kaplan-Meier curve depicting overall survival of
to 0.4. No similar subgroup GBM-only subgroup

analysis was undertaken for
subjects classified as non-
GBM by the "central" referee pathologist. However, it can be inferred from the effect of
reclassification on GBM results that treatment effect may be increased in these patients
(though numbers would remain small).

(reproduced from Westphal et al. 2003™")
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Periodic survival rates (GBM only)

Details of survival rates for GBM-only subgroups 6, 12, 18 and 24 months after surgery are
tabulated in Table 11. Additional detail for 12-month survival data is collected in Table 12.
In the RCTs, reported differences in survival are not significant.

TABLE 11 6-, 12-, 18- & 24-month survival estimates in included BCNU-W studies - GBM only

6-month 12-month 18-month 24-month
survival survival survival survival
Study % (95%CI) % (95%CI) % (95%Cl) % (95%CI)
Westphal et al., 2003™" BCNU-W: - 57.4 (47.8,67.1) - -
placebo: - 48.6 (39,58.1) - -
Valtonen et al., 1997 BCNU-W: - 54.5 - 18.2 [ p?=0.126
placebo: - 18.8 - 6.3 | p”=0.549
Kleinberg et al., 2004'** BCNU-W: - - - -
Brem et al., 1995 BCNU-W: - - - -

All estimates calculated on the basis of survival data censored at the relevant juncture.

@ log-rank test performed on survival data from each arm censored at the specified juncture (published statistic)

b Fisher’s exact test performed on proportion surviving in each arm at the specn‘/ed juncture (statistic extracted from

additional findings and analysis contained in material presented to the FDA™ )

As in the overall population, we

undertook meta-analysis of the Valtonen - 0.27 (0.05,1.42)
odds ratios for 12-month survival

in the GBM-only subgroup of the ' westphal l 0.71 (0.41,1.24)
two RCTs. Figure 9 provides a

Forest plot depicting our results.
The pooled odds ratio of 0.61
(95% CI 0.30, 1.23) suggests no Overall (95% CI) </> 0.61(0.30,1.23)
significant treatment benefit. The
test for heterogeneity is non-
significant. PR R S S R A

Odds ratio

Heterogeneity (°): p = 0.275
Estimate of between-study variance (r ) =0.0766

FIGURE 9 Forest plot showing odds ratio for 12-month
survival in BCNU-W RCTs — GBM only (random
effects model)
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TABLE 12 12-month survival estimates in included BCNU-W studies - GBM only

Absolute Survival®

BCNU-W placebo BCNU-W
Study n (%) n (%) p % (95%Cl)
Westphal et al., 2003 58 (57.4%) 52 (49.1%) 0.229° 57.4 (47.8,67.1)
Valtonen et al., 1997 6 (54.5%) 3 (18.8%) 0.097° 54.5

Kleinberg et al., - -
2004

Brem et al., 1995"° - -

Advisory Committee’)
survival data censored at 12 months (published statistic)
¢ test (calculated by PenTAG)

log-rank test stratified by country (published statistic)

Committee™)

Progression-free survival (GBM only)

Survival Analysisb

placebo
% (95%CI) p
48.6 (39.0,58.1) 0.206°
18.8 0.059

number of patients surviving at 12 months (data extracted from material presented to the FDA’s Oncologic Drugs

155

Fisher’s exact test (statistic extracted from material presented to the FDA’s Oncologic Drugs Advisory Committee'™)

unstratified log-rank test (statistic extracted from material presented to the FDA’s Oncologic Drugs Advisory

PFS figures for a GBM-only subgroup were available from the extended data from the major
BCNU-W trial that was presented to the FDA. This showed no significant difference
between the arms; 5.8 months (95%ClI 3.9, 8.3) for BCNU-W v. 5.7 months (95%CI 3.6, 6.6)

for placebo; P=0.621 (stratified log-rank).'*®

4.7.4 Adverse effects

4.7.4.1 Data from included studies

Each of the included

studies of BCNU-W BOX 4 Adverse effects routinely monitored in Westphal et al RCT"®'
assessed AEs

according to their own = anaemia = hydrocephalus * healing abnormalities (i) - fluid,
criteria.  In Westphal « aphasia » infection CSF or subdural collections
and colleagues 2003, = brain oedema = intracranial abscess | " Ir:gjll("sng abnormalities (ii) - CSF
partiCipating units = confusion * leukopenia = healing abnormalities (iii) -
collected incidence = convulsions = meningitis woundgdehiscence, breakdown
data for any treatment- = deep thrombophlebitis | = nausea or poor healing

emergent AEs, but - fever (in the absence = pain body whole = healing abnormalities (iv) -
concentr.afted on 23 of infection) - pulmonary embolus scalp or wound effusions
pre-spemﬂed . . » headache - thrombocytopenia

complications (listed in » hemiplegia - vomiitin

Box 4)."' Events were o

dichotomised as

=M
1
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serious (severe or life-threatening) or non-serious (mild or moderate). The trial authors then
standardised AE reports using COSTART (Coding Symbols for Thesaurus of Adverse
Reaction Terms) classifications.

Valtonen and colleagues also used COSTART categories in their RCT to amalgamate AE
data, with severity classified on a four-point scale (mild, moderate, severe, life-
threatening).’® The results were reported for all grades of severity and for a subgroup of
serious (severel/life-threatening) events. Similarly, the case series by Brem and colleagues
1995, classified AEs as severe, moderate or mild, but the latter two categories are
amalgamated in reported results; also effectively divided into serious and non-serious.'®
Kleinberg and colleagues’ 2004 case series provides less detailed information on AEs
suffered by their patients; this may be due to the retrospective design of their study.'**

In theory, the categories of serious and non-serious AEs drawn from these studies should be
broadly equivalent to grades 1/2 and 3/4, respectively, of the NCI CTC (as used in TMZ
trials — see Section 4.8.3). However, the absence of any objective, uniform standard for the
classification of event limits interpretation and generalisation of these results.

Results from all studies are tabulated in Table 13, which lists serious AEs occurring in at
least 5% of patients in any study, and Table 14, which lists AEs occurring at any severity
level in 10% or more of patients in any study. The tables detail the incidence of each AE in
the studies that report them, and the median of these values. In view of the potential for
between-study variability in the reporting of AEs and the small sample size in other series, it
may be most informative to concentrate on findings from the major RCT. Accordingly, we
have identified all data-points drawn from Westphal and colleagues 2003"" in our tables.
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TABLE 13 Adverse effects reported in included BCNU-W studies — Severe or life-threatening
(Effects occurring in = 5% of patients in any series [either arm in RCTs])

Adverse effect

Body as awhole
Abscess
Aggravation reaction
Fever
Headache
Infection

Cardiovascular system
Deep thrombophlebitis
Pulmonary embolus
Thrombophlebitis

Metabolic and nutritional disorders

Diabetes Mellitus

Musculoskeletal
Spondylitis VIII-IX

Nervous system
Aphasia
Brain oedema
Coma
Confusion
Convulsion
Depression
Grand mal convulsion
Hemiplegia
Hydrocephalus
Meningitis
Somnolence
Speech disorder
Stupor
Tremor

Other
Rapid Deterioration

Respiratory system
Pneumonia

Special senses
Visual field defect

BCNU-W
Median (Data Points)

5.0% (5.0%")
70.8% (70.8%*)
5.8% (5.8%")
5.8% (5.8%")
4.8% (4.5%, 5.0%")

4.2% (4.2%")
7.3% (6.3%, 8.3%")
3.5% (0.8%", 6.3%)

6.3% (6.3%)
6.3% (6.3%)

8.3% (4.2%", 12.5%)
5.8% (4.5%, 5.8%*, 6.3%)
1.7% (0.0%, 3.3%")

12.4% (6.7%", 18.2%)

13.6% (6.3%, 13.6%, 33.3%")
6.3% (6.3%)

5.0% (5.0%*)
23.5% (15.8%", 31.3%)
6.3% (6.3%)
6.3% (6.3%)
2.5% (2.5%*)
5.0% (5.0%*)
4.0% (1.7%", 6.3%)
5.0% (5.0%*)

6.3% (6.3%)
3.5% (2.5%*, 4.5%)

6.3% (6.3%)

Placebo

Median (Data Points)

2.5% (2.5%")
69.2% (69.2%")
4.2% (4.2%")
5.8% (5.8%")
2.5% (2.5%")

5.8% (5.8%")
7.3% (6.3%, 8.3%")
4.0% (1.7%", 6.3%)

0.0% (0.0%)
0.0% (0.0%)

2.5% (0.0%, 5.0%")
3.3% (0.0%, 6.7%*)
5.0% (5.0%*)

3.3% (3.3%")

18.3% (0.0%, 36.7%*)
0.0% (0.0%)

4.2% (4.2%")

20.0% (15.0%", 25.0%)
0.0% (0.0%)

6.3% (6.3%)
5.0% (5.0%*)
1.7% (1.7%*)
1.7% (0.0%, 3.3%")
1.7% (1.7%*)

0.0% (0.0%)
5.0% (5.0%*)
0.0% (0.0%)

151

* Data marked with an asterisk are those extracted from the most extensive RCT under review (Westphal et al., 2003"")

By far the most common serious AE is that classed as “aggravation reaction”; a term only
used by Westphal and colleagues 2003."" The FDA investigation found that this had been
used in non-US centres only, and was used to describe the kind of disease progression that
was captured as an end-point in the trial (see Sponsor Table 45, on p. 51 of the FDA

Clinical Review'®)

. It does not therefore appear to provide additional information.
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TABLE 14 Adverse effects reported in included BCNU-W studies — All reported

(Effects occurring in = 10% of patients in any series [either arm in RCTs])

Adverse effect

Body as awhole
Aggravation reaction
Asthenia
Fever
Headache
Infection
Pain
unspecified

Cardiovascular system
Deep thrombophlebitis
unspecified

Digestive system
Constipation
Nausea
Vomiting

Haemic and Lymphatic
unspecified

Metabolic and nutritional disorders

Healing Abnormality

Nervous system
Amnesia
Aphasia
Brain edema
Confusion
Convulsion
Depression
Hemiplegia
Necrosis
Neuropathy
Somnolence
Speech disorder
unspecified

Respiratory system
Pneumonia

Skin and appendages
Alopecia
Rash

Special Senses
unspecified

Urogenital system
Urinary tract infection

BCNU-W
Median (Data Points)

81.7% (81.7%")
21.7% (21.7%")
17.5% (17.5%")
27.5% (27.5%")
11.4% (4.5%, 18.3%")
13.3% (13.3%"%)
12.5% (12.5%)

10.0% (10.0%%)
18.8% (18.8%)

19.2% (19.2%")
21.7% (21.7%")
12.7% (4.5%, 20.8%")

0.0% (0.0%)
10.2% (4.5%, 15.8%")

9.2% (9.2%*)
17.5% (17.5%")
15.8% (9.1%, 22.5%")
20.8% (18.2%, 23.3%")
43.9% (33.3%", 54.5%)
15.8% (15.8%")
40.8% (40.8%*)
13.6% (13.6%)
6.7% (6.7%*)
10.8% (10.8%")
10.8% (10.8%")
62.5% (62.5%)

13.3% (8.3%", 18.2%)

10.0% (10.0%)
11.7% (11.7%")

12.5% (12.5%)

11.0% (8.3%", 13.6%)

Placebo
Median (Data Points)

79.2% (79.2%")
15.0% (15.0%")
17.5% (17.5%")
36.7% (36.7%")
20.0% (20.0%*)

(15.0%*)

(12.5%)

15.0%
12.5%

9.2% (9.2%")
6.3% (6.3%)

11.7% (11.7%%)
16.7% (16.7%")
15.8% (15.8%")

12.5% (12.5%)
11.7% (11.7%")

10.0% (10.0%")
18.3% (18.3%")
19.2% (19.2%")
20.8% (20.8%")
37.5% (37.5%")
10.0% (10.0%")
44.2% (44.2%*)

10.0% (10.0%")
15.0% (15.0%")
8.3% (8.3%*)
37.5% (37.5%)
7.5% (7.5%*)

11.7% (11.7%")
10.8% (10.8%")

0.0% (0.0%)

10.8% (10.8%")

* Data marked with an asterisk are those extracted from the most extensive RCT under review (Westphal et al., 2003™")

One AE was found to have significantly increased incidence in one arm of the RCT by
Westphal and colleagues, intracranial hypertension was reported in 11 patients (9.2%) in the
BCNU-W group and 2 patients (1.7%) in the placebo group (p=0.019).""" The authors
emphasise that this complication emerged 6 months or more after wafer implantation in most
cases, and conclude that the events were more likely to be related to tumour recurrence
than to the intervention.

Use of a placebo wafer may be a consideration as we cannot be certain that this has no
adverse effects. Comparing incidence of AEs between arms may mask any increase in
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complications that is attributable to the implantation of wafers in general. To investigate this
possibility, FDA analysts compared the incidence of three key postoperative AEs (seizures,
abscesses and cerebral haemorrhage/stroke) in Westphal and colleagues’ RCT with data in
other published surgical series. Their findings are shown in Table 15. Although the rate of
all selected complications appeared to be higher in the study under scrutiny, FDA reviewers
emphasised that the apparent difference could be attributed to variations in AE collection in
the presented series.'®

TABLE 15 Selected postoperative complications in BCNU-W RCT and other reported series
(adapted from FDA155)

Incidence of AEs

Postop.

Study Design Tumours N Seizure Abscess CH/ Stroke
Lee et al, 1990° R  AA med., met. 321 1.8% - -
Cabantog et al, 1994 R  GBM, AA 207 1% 1.9% 1%
Suri et al, 1998'" R  GBM, AA 511 5.9% - -
Sawaya et al, 1998 P  GBM, AA, LGG 327 2.5% 1.5% 0.5%
Brell et al, 2000"" R  GBM, AA, Med 200 4% 1.5% 3%
Buckner et al, 2001'" P  GBM, AA 275 2% - -
Westphal et al, 2003"** P  GBM, AA BCNU-W: 120 9.2% 3.3% 5.0%

Placebo: 120 13.3% 1.7% 2.5%

R = Retrospective; P = Prospective; CH = cerebral haemorrhage LGG = low grade glioma; med = medulloblastoma;
met = metastasis

4.7.4.2 Case reports of adverse effects

We also identified literature reporting the occurrence of noteworthy complications arising
after BCNU-W implantation as trials may not identify rare but significant adverse effects.

Tumour bed cysts: Two separate US units have reported a total of six occurrences of
intracranial cyst formation at the site of tumour resection and BCNU-W implantation.
Patients developed symptomatic mass effect one to nine weeks after surgery, and required
high-dose steroid therapy and/or reoperation for drainage. One patient later died of
opportunistic infection secondary to steroid-related immunosuppression.’”"'"®  Although cyst
formation is a known complication of intracerebral tumours, the relatively rapid onset in each
of these cases has been taken as evidence that they were a direct complication of wafer
implantation. It is speculated that such events may be an inflammatory response to the
implants themselves.""®

Cerebral oedema: Two instances of critical cerebral oedema following BCNU-W
implantation, one fatal, have been reported.”” Gottfried and colleagues have shown that a
significant increase in cerebral oedema is to be expected postoperatively and 1 month after
BCNU-W implantation, although the cases reviewed in their series were all asymptomatic.'”®
Brain oedema may necessitate reoperation and, in some cases, removal of residual wafer
material.
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Wound infection: One unit has reported a high incidence of post-craniotomy surgical site
infections, affecting nine of the 32 patients in their series (28%)."® The BCNU-W product
package insert reports that there was an increased incidence of healing abnormalities in the
multicentre RCT assessing BCNU-W in recurrent gliomas: 15 of 110 (14%) of the treatment
group, compared to six of 112 (5%), suffered this complication (P=0.04). This finding was
not included in the published report of the trial.”®* Similarly, Subach and colleagues found
increased frequency of wound infections in their retrospective case-matched cohort study:
four of 22 (18%) of the treatment group, compared to one of 45 (2%) of the control cohort,
suffered this complication (P=0.027)."®° They suggested that wound-related complications
were likely to be a result of inhibition of epithelial cell growth and fibroblast proliferation
caused by diffusion or leakage of BCNU. This study was carried out in those with recurrent
gliomas.

" 2 test, calculated by PenTAG

T Fisher's exact test, calculated by PenTAG
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BOX5 Summary of results from systematic review of carmustine implants

In the BCNU-W RCT, reported by Westphal et al 2003,

= QOverall survival results, calculated at the protocol-specified cut-off date of at least 12
months after surgery (range 12-30 months) suggest that the intervention is not associated
with statistically significant survival benefit -

median of 2.3 (95%CI -0.5, 5.1) life-months gained in treatment arm
unstratified hazard ratio of 0.77 (95%Cl 0.57,1.03)
p=0.08 by unstratified log-rank
However, analysis stratified by country in the published analysis shows a statistically
significant result (p=0.03)

= Results show no benefit in terms of PFS:
median of 0 (95%CI -3.0, 3.6) progression-free months gained in treatment arm
p=0.90 by unstratified log-rank

= The GBM-only subgroups showed no statistically significant survival advantage:
median of 2.1 (95%CI -1.2, 4.6) life-months gained in treatment arm
unstratified hazard ratio of 0.82 (95%Cl 0.60, 1.11)
p=0.20 by unstratified log-rank

= Long-term outcome data provides some evidence of survival benefit, but tail effects may
apply. Overall survival in GBM-only subgroup is not significantly different to placebo:
median of 2.2 (95%CI 0.6, 4.9) life-months gained in treatment arm (HR 0.73 [95%ClI
0.56, 0.95]; p=0.02 by unstratified log-rank)
median of 1.7 (95%CI -1.2, 4.5) life-months gained in GBM-only treatment arm (HR
0.78 [95%CI 0.59, 1.03]; p=0.08 by unstratified log-rank)

= Adverse effects:
Intracranial hypertension was the only AE found to have significantly increased
incidence in the BCNU-W arm (9.2% v. 1.7%; p=0.019). However, the event occurred
long after surgery in most cases.
Across the whole trial, the incidence of postoperative seizures, abscesses, cerebral
haemorrhages and strokes, though similar in both arms, appeared high in comparison
with other published surgical series. This could be due to variations in AE collection,
but it may reflect AEs associated with the implantation of wafers (active or placebo).

The additional included studies add little to the evidence-base. Valtonen et al.’s 1997 RCT
appears to be broadly conS|stent W|th the larger trial, but the very small sample size makes it
difficult to draw any conclusions.'® The results reported in Brem et al.’s 1995 uncontrolled
case series are consistently less posmve than those presented in other series, which may
reflect the higher age of their cohort.
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4.8 Results of the systematic review - Temozolomide

We did not identify any previous systematic reviews relating to the use of TMZ in newly
diagnosed high-grade gliomas.

Although TMZ is licensed for use in children aged three years and older, we did not identify
any studies of TMZ in paediatric populations that met our inclusion criteria.

4.8.1 Quality of included randomised controlled trials and case series

Two randomised controlled trials and two observational case series met our inclusion
criteria. Design characteristics are summarised in Table 16.

The RCT reported by Stupp and colleagues in 2005 is a relatively large, multicentre ftrial
conducted under the joint supervision of the European Organisation for Research and
Treatment of Cancer (EORTC) and the National Cancer Institute of Canada (NCIC)."®" A
subgroup analysis of a sample from this cohort according to genetic status (MGMT
methylation) has also been published.*®

Athanassiou and colleagues’ 2005 RCT, which was conducted across several Greek
oncology departments, investigated a higher dose regimen for adjuvant TMZ (two 5-day
courses of 150mg/m?/day per 28-day cycle, instead of one 5-day block at 150-
200mg/m?/day)."®?

Both included observational studies were prospective case series. Stupp and colleagues’
2002 paper describes a two-centre, open-label phase Il pilot study and Lanzetta and
colleagues’ 2003 study details a review of all relevant interventions at a single university
neurosurgical department during a given period.8%18

4.8.1.1 Internal validity

Indicators of internal validity are tabulated in Table 17.

Sample size

Stupp and colleagues’ RCT is the largest under review here, with a total of 573 participants
(286 RT only; 287 RT+TMZ)."®" The study was designed with 80% power at a significance
level of 0.05 to detect a 33% increase in median survival (hazard ratio for death, 0.75),
assumed that 382 deaths occurred during the study period. These assumptions were
realised in the trial (HR 0.63; 480 deaths).

A total of 130 patients were enrolled in Athanassiou and colleagues’ smaller RCT."®? Twenty
patients were excluded from analysis (for details, see Attrition bias and intention-to-treat
analysis); of those that were included, 57 received RT+TMZ and 53 received RT alone. The
paper does not report any details of a priori sample size calculation.
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TABLE 16 Design characteristics of included studies (temozolomide)

Study
(Design)

Stupp
et al, 2005

(RCT)
(n=573)

Athanassiou
et al, 2005

(RCT)
(n=130)

Lanzetta
et al, 2003'*

(CS)
(n=24)

Stupp
et al, 2002'%

(CS)
(n=64)

Setting
(Entry dates)

85 centres in
15 countries

(08/2000-
03/2002)

Multiple (?5)
Greek
oncology
departments

(01/2000-
12/2002)

Single Italian
neurosurgical
department

(10/1999-
03/2001)

2 Swiss
university
hospitals

(entry dates
not reported)

Age

18-70

Inclusion Criteria

Tumour PS

Grade
IV only

Grade
IV only

Grade
IV only

Grade
IV only

WHO
PS<2

KPS
=60

ECOG
PS <2

ECOG
PS<2

Other

Adequate
haematological,
renal and
hepatic function

Adequate
haematological,
renal and
hepatic function

Adequate
haematological,
renal and
hepatic function
Life expectancy
2> 12 weeks at
study entry

Adequate
haematological,
renal and
hepatic function
< 28 days since
surgery (biopsy
or resection)

Exclusion Criteria

Unstable or increasing
dose of corticosteroids <14
days before randomisation

“Poor medical condition
because of non-malignant
systemic disease or acute
infection”

Any medical condition that
could interfere with oral
administration of TMZ

Previous chemotherapy
Any medical condition
interfering with oral
administration of TMZ
Previous or concurrent
malignancies at other sites
Other severe underlying
disease

Pregnancy

Other severe underlying
disease

Any medical condition that
could interfere with the oral
administration of TMZ
Previous or concurrent
malignancies at other sites

Treatment Regime

Intervention (TM2)

Daily TMZ (75mg/m?/day)
during RT (£ 7 wk)

+ Adjuvant TMZ for first 5
days of < 6 28-day cycles at
150mg/m?’/day (escalated to
200mg/m?/day if tolerated)

Daily TMZ (75mg/m?/day)
during RT (6 wk)

+ Adjuvant TMZ
(150mg/m?/day) on days 1-5

& 15-19 of < 6 28-day cycles

Daily TMZ (75mg/m?/day)
during RT (6 wk)

+ Adjuvant TMZ for first 5
days of < 6 cycles at
200mg/m?/day

TMZ (75mg/m?/day) during
RT (6-7 wk) for 5 (pts 1-16)
or 7 (pts 17-) days/wk

+ Adjuvant TMZ for first 5
days of < 6 28-day cycles at
200mg/m*/day

RT

60 Gy - 2 Gy/day,
5 days/wk for 6 wk

focal (2-3cm
margin)

60 Gy - 2 Gy/day,
5 days/wk for 6 wk
focal (2-2.5cm
margin)

60 Gy - 2 Gy/day,
5 days/wk for 6 wk

60Gy - 2Gy/day,
5 days/wk for 6 wk

focal (2-3cm
margin)

PS = performance status; ECOG PS = Eastern Cooperative Oncology Group performance status; WHO PS = World Health Organisation performance status

QOutcomes Measured

Primary Secondary

= Survival = PFS
= Safety
= QoL

= PFS = Safety

= Survival

= Safety = Survival

= Tumour
response

= QoL

= Safety = Survival
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Stupp and colleagues’ uncontrolled case series includes 64 patients.”®® Lanzetta and
colleagues’ report on the 21 patients who received relevant treatment at their institution
during the course of their study.'®

In total, our evidence-base comprises 429 patients who received TMZ in addition to RT and
339 who had RT alone under control conditions.

TABLE 17 Internal validity measures of included TMZ studies
Randomised Controlled Trials Case Series
Stupp Athanassiou Lanzetta Stupp

Power calculation at design?

Proper randomisation?

Groups similar at baseline?
Investigators blinded?
Outcome assessors blinded?
Patients blinded?
Prospective?

Consecutive patients enrolled?
Eligibility criteria stated?
Objective outcome measures?
Analysis on ITT basis?

All patients accounted for?
Withdrawal specified?
Withdrawal reasons given?
Inter-centre consistency?

Conflicts of interest?

et al, 2005™"

yes

yes

predominantly®
no
not reported

no

yes
predominantly®
yes

no

yes

yes

not reported

yes

et al, 2005'*

no

methods not
reported

yes
no
not reported

no

yes®

predominantly®
no

yes

yes

not in full

not reported

no

et al, 2003'*

yes
not reported
yes®
predominantly®
no

yes

yes

yes

n/a

no

et al, 2002

yes
not reported
yes®

yes

yes

no

yes

yes

not reported

yes

significantly more patients in the RT only group were receiving corticosteroids at the time of randomisation (see text)
exclusion criteria are not necessarily completely reported

definition of disease progression can be dependent on assessment of treating clinician

definition of tumour response and disease progression substantially dependent on assessment of treating clinicians

Selection bias

In Stupp and colleagues’ multicentre RCT, randomisation was performed centrally, with
patients stratified according to performance status, extent of previous surgery and treatment
centre.” Exact methods are not reported, so it is not possible to appraise whether they
were appropriate (especially whether the allocation sequence was adequately concealed
from investigators). Randomisation took place after surgery in this trial with patients enrolled
within 6 weeks of histological diagnosis (which we take to be synonymous with surgery, as in
the BCNU-W frials; see Section 4.7.3.1); this has implications as regards interpretation of the
findings (see Section 4.7.2.1).
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In Hegi and colleagues’ subgroup analysis based on MGMT methylation status of
participants from the same trial, it is demonstrated that the sample analysed were
representative of the wider cohort in terms of overall survival (p=0.23 by the log-rank test).*

Athanassiou and colleagues do not report their randomisation methods.'®?

In Stupp and colleagues’ RCT, more patients in the RT only group than in the RT+TMZ
group were receiving corticosteroids at the time of randomisation (75% v. 67%; p=0.036")."®’
It has been suggested that steroid dependency is a reliable indicator of shorter survival in
patients with high-grade gliomas, although the evidence is limited.'®"% Steroid medication
is unlikely to have an impact on survival, but it is possible that it indicates poorer patient
condition. However, performance status index (WHO) between the arms was similar.

Although the Stupp and colleagues’ RCT was explicitly limited to patients with GBM, around
7-8% of subjects were found to have grade Ill tumours when histological slides were
subjected to central pathological review. Grade Il cases appear to be fairly evenly
distributed between arms. However, around 15% of cases were not submitted for central
review, and an undetected imbalance of tumour histology amongst these is conceivable.
Precise final diagnoses are not presented, so the distribution of the most chemosensitive
grade Il tumours (those with an oligodendroglial component) is unknown. Any asymmetry
could have an impact on apparent treatment effect. Subgroup analysis of confirmed GBM
cases would have been extremely helpful.

There were no significant differences in baseline factors in the RCT reported by Athanassiou
and colleagues.’® Once more, a proportion of patients (4.6%) were found to have grade |lI
tumours; these subjects were excluded from analysis (see comments on ITT
considerations).

As above, we consider selection bias as an issue of external validity in uncontrolled case
series (see Section 4.8.1.2).

Performance bias

The risk of performance bias is particularly important in open-label RCTs. As all included
studies allowed treatment at the investigator’s discretion in the post-study period; that is after
diagnosis of tumour progression/disease recurrence, this may be a concern. Late
performance bias confounding survival rates may be possible (see analogous discussion
with regard to BCNU-W studies, Section 4.7.2.1).

In the larger RCT, by Stupp and colleagues, reoperation was undertaken in 23% of each
arm."®' Post-recurrence chemotherapy was given to 58% of the RT+TMZ group and 72% of
the RT only group. The chemotherapeutic agent was TMZ in 60% of patients in the RT only
group and 25% of patients in the RT+TMZ group. However, the authors emphasise that the
‘response to salvage chemotherapy was not recorded as part of our study.” This is a
shortcoming as overall survival benefit is the primary outcome. The effectiveness of TMZ as
second-line chemotherapy has not been conclusively established.? However, unmonitored
crossover may confound any evidence as to survival advantage in the first-line use of TMZ.

Similarly, in the RCT by Athanassiou and colleagues, salvage TMZ was administered in
18.9% of the RT only arm (none of the TMZ group received a second course at recurrence).

No details are given of reoperations or other second-line treatment.'®?

’ xz statistic calculated by PenTAG
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The case series by Lanzetta and colleagues and Stupp and colleagues do not report post-

study treatment.'83184

Attrition bias and intention-to-treat analysis

Stupp and colleagues report that 178 (62%) of the RT+TMZ arm withdrew from treatment
compared to only 26 (9%) of the RT only group (p<0.001")."®" While these numbers include
patients who withdrew because of disease progression, there is still a clear imbalance
between the arms when analysis is limited to discontinuations for other reasons (toxic effects
/ decision by patient / unspecified): 70 (24%) of the RT+TMZ group v. 9 (3%) of the RT only
group (p<0.001"). It should be emphasised that, due to the potentially extended period of
adjuvant therapy, < 34 weeks for RT+TMZ compared to < 6 weeks for RT alone accordingly,
an increased number of treatment withdrawals is to be expected. The bias that might be
introduced by this asymmetry is minimised by the authors’ consistent ITT approach
(although, due to postoperative randomisation, the treatment pathways that define the two
ITT groups discount surgical treatment; see Detection bias).

Athanassiou and colleagues do not adopt ITT principles, excluding from analysis a total of
20 patients as ineligible (5 who were randomised but not treated, 6 who had ineligible
histology and 9 who received off-protocol RT)."®*> Any asymmetry in drop-out may tend to
inflate survival rates in the group with most excluded patients but, because the arm from
which these subjects were discounted is not specified, it is not possible to account for any
possible impact on results.

Detection bias
Blinding

Neither RCT was blinded, with no placebo used in the control arms. This means that
response to therapy may have been affected by treatment allocation, and any placebo effect
of the intervention cannot be accounted for. However, this should have no effect on the
main outcome of survival.

Assessment

Overall survival is the main outcome measure in the RCTs, and appears to have been
assessed consistently. However, as in the BCNU-W papers, each of the included TMZ
studies features definitions of disease progression (on the basis of which PFS times are
calculated) that may be dependent on the subjective assessment of treating clinicians (see
discussion in Section 4.7.2.1). Such ambiguities could be a source of bias, and may be a
cause for concern in non-blinded RCTs. Studies in which outcome assessors are not
blinded to treatment allocation may suffer an increased risk of type | error (see, for example,
the investigation of Noseworthy and colleagues 1994'%").

Randomisation took place after surgery in both RCTs and, since performance status was
one of the ftrial entry criteria, patients dying or suffering significant complications following
surgery may not have been considered for inclusion. Assuming adequate randomisation,
this effect would apply equally to both arms. However, all estimates of outcome are likely to
appear inflated in comparison with trials of this or other interventions that enrol subjects at
the time of surgery.

’ xz statistic calculated by PenTAG
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Analysis

In general, statistical methods appear sound. As stated above, subgroup analysis for
patients with confirmed GBM would have been useful in Stupp and colleagues’ RCT."™"
Neither RCT reports absolute numbers of survivors at given time-periods (all published
proportion-surviving estimates are calculated on the basis of survival data censored at the
relevant juncture), which is a limitation.

4.8.1.2 External Validity

A priori inclusion/exclusion criteria and treatment design are shown in Table 16. Baseline
patient characteristics including age, sex, tumour type, performance status, and extent of
surgery are shown in Table 18.

There is very little data in the included studies that applies to older people. Stupp and
colleagues’ RCT excluded patients over 70."®' Athanassiou and colleagues appear not to
have applied an upper age limit to their RCT (although it is possible that inclusion criteria are
not completely reported).'® Their study does not provide detailed data on the age profile of
their recruited cohorts, reporting age as a dichotomised variable (< 50 v. >50) only. The
authors state that higher age was one of the “unfavorable baseline characteristics” of their
patients in comparison with other series (they cite Stupp and colleagues’ 2005 RCT'®" and
Stupp and colleagues’ 2002 case series'®®). The proportion of over-50s (82% across both
arms) does appear high when compared with the age profiles reported in other included
studies. Nevertheless, without more detailed information on study demographics, it is
difficult to draw conclusions about the generalisability of findings.

Furthermore, Athanassiou and colleagues state that, in comparison to Stupp and colleagues’
cohort,’ their patients were more likely to have low preoperative performance status, and
were less likely to undergo total surgical resection (with more biopsy-only procedures). This
may make their findings more applicable to the general clinical population.

Neither included case series describes exclusion of older patients. However, the maximum
ages reported by Stupp and colleagues and Lanzetta and colleagues (70 and 75,
respectively) seem low. '8%18

Finally, Stupp and colleagues’ failure to report confirmed GBM cases separately is an issue
for external as much as internal validity. Without knowing what influence tumour grade had
on observed treatment effect, it is difficult to apply this data to grade Ill or grade IV patients
with confidence. "’
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TABLE 18 Patient characteristics at baseline in included studies (temozolomide)

Days from
Performance diagnosis to Extent of surgery Subgroups Follow-
Study Sample size  Age Sex (%M:F) Histology status treatment Total (%) Partial (%) Biopsy (%) analysed Up
Stupp n: 573 Median: RT+TMZ: 63:37 confirmed GBM: WHO PS 0: Median: RT+TMZ: 44 RT+TMZ:39 RT+TMZ:17 by age median
etal, 2005 RT+TMZ: 287 RT+TMZ: 56 RT only - 64:36 RT+TMZ:92%  RT+TMZ:39% RT+TMZ: 35 RTonly- 45 RTonly-40 RTonly- 16 by sex 28 mo
RTonly- 286 RT only- 57 RTonly- 93% RTonly- 38% RTonly- 35
Range: WHO PS 1: Range: by WHO PS
RT+TMZ: 19-70 RT+TMZ: 47% RT+TMZ: 12-75 by extent of
RT only - 23-71 RT only - 49% RT only - 14-90 surgery
= 50: WHO PS 2: by baseline
RT+TMZ: 69% RT+TMZ: 13% steroid use
RT only - 72% RT only - 12% by genetic
(MGMT) status
Athanassiou n: 130 >50: RT+TMZ: 64:36 - KPS < 80: Mean: RT+TMZ: 18 RT+TMZ:40 RT+TMZ:42 KPS <80 median
et al, 2005' excluded: 20 RT+TMZ:84%  RT only - 61:39 RT+TMZ: 53% RT+TMZ: 34 RTonly- 15 RTonly- 43 RT only - 42 11 mo
RT+TMZ: 57 RT only - 79% RT only - 68% RT only - 36
RT only - 53 KPS >80: Range:
RT+TMZ: 47% RT+TMZ: 28-41
RT only - 32% RT only - 29-43
Lanzetta 24 Median: 44 63:37 - ECOG PS: Median: 25 - 85 15 - median
et al, 2003'* Range: 25-75 0-1: 85% Range: 14-45 18 mo
2: 15%
KPS:
290: 67%
<80: 33%
Stupp 64 Median: 52 61:39 confirmed GBM: ECOG PS: Median: 25 23 34 42 confirmed median
et al, 2002'% Range: 24-70 95.3% 0-1: 86% Range: 14-45 GBM 23 mo
2: 14%
ECOG PS = Eastern Cooperative Oncology Group performance status; MGMT = O°-methylguanine-DNA methyitransferase; WHO PS = World Health Organisation performance status
| N | _ 63 _
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4.8.1.3 Summary of study quality

BOX 6 Summary of quality of included TMZ studies

= The evidence-base comprises 429 patients receiving TMZ in the four included studies — two
RCTs and two case series.

= One of the RCTs is adequately powered (meeting all assumptions on which a priori sample
size calculation was based).

= The RCTs enrolled and randomised patients after surgery, thereby excluding patients who
died perioperatively or suffered complicated recoveries.

= Neither RCT reports randomisation methods.
= Both RCTs are open label so may be susceptible to performance bias.

= Open-label RCTs are also susceptible to detection bias, especially for the secondary
outcome, progression-free survival, which may be judged subjectively. The primary outcome,
survival, should not be affected.

= By design, all included studies were limited to patients with GBM; however, pathological
reviews revealed that a proportion of the enrolled cohort had grade Ill tumours. Their
inclusion may distort reported treatment effect. No subgroup analysis of confirmed GBM
cases was provided in Stupp and colleagues’ RCT.

= Late performance bias is possible as all included studies allowed treatment at the
investigator’s discretion in the post-study period (including the use of second-line TMZ in the
control group).

= |TT methods have been rigorously adopted in the major RCT.

= The external validity of the evidence-base is limited by study entry criteria. The smaller RCT
may be more applicable to the population at large, as it appears to be based on an older
patient-group, who were more likely to have low baseline performance, and less likely to have
undergone extensive tumour resection. However, the study was based on a relatively small
sample, and is underpowered to provide robust findings.

4.8.2 Results of included studies

4.8.2.1 Outcome measures

The outcomes for which we have extracted and considered data — overall survival, periodic
survival rates, twelve-month survival and progression-free survival — are the same as those
used in the analysis of BCNU-W (as detailed at Section 4.7.3.1) and, in the main, the same
considerations apply.

One dissimilarity is the measurement of time-to-event outcomes. Where the BCNU-W ftrials
began measuring these outcomes at the time of surgery, TMZ studies have adopted a later
start-point.

Stupp and colleagues’ published report of the EORTC/NCIC RCT does not provide any
relevant definitions.’®" However, according to Schering-Plough’s submission to NICE,
survival was “measured from the date of randomisation until death”.*® We assume that PFS
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was defined with a similar start-point, although this is not explicitly stated. The precise
juncture at which randomisation took place is unclear. The study protocol stipulated that
treatment (i.e. RT + TMZ) had to begin within one week of randomisation, and that median
time from diagnosis to the commencement of RT was 5 weeks. Accordingly, we estimate
that randomisation took place around 4 weeks after surgery.

In the RCT reported by Athanassiou and colleagues in 2005, survival and PFS were
explicitly estimated from the date at which patients commenced RT (an average of 35 days
after diagnosis).'®?

4.8.2.2 Effectiveness (all patients)

Overall survival

Median survival estimates in included studies are collected in Table 19. Both RCTs show
significant increases in survival with RT+TMZ compared to RT alone.

TABLE 19 Median survival estimates in included TMZ studies

Median survival Effectiveness
Kaplan-Meier log- Cox proportional
RT+TMZ RT only method rank hazards model
Study mo (95%Cl) mo (95%Cl) HR (95%ClI) p HR (95%ClI) p
Stupp et al, 2005™ 14.6 (13.2,16.8) 12.1(11.2,13.0) 0.63 (0.52,0.75) <0.001 0.54 (0.45,0.64) <0.001
Athanassiou et al, 2005'® 13.4 (9.5,17.1) 7.7 (5.3,9.2) - <0.0001  0.66 0.0003

Lanzetta et al, 2003 15.7 (10.3,30.5)
Stupp et al, 2002'% 16.0 (10.9,21.2)

The estimate provided by Athanassiou and colleagues 2005 is slightly shorter than that in
the other studies.'® However, the start-point from which they measured survival was the
commencement of RT (see Section 4.8.2.1), which may slightly shorten time-to-event
measures in comparison with other studies. In addition, the authors state that the studied
population included those with poorer baseline characteristics than other trials and this may
affect overall survival.

In both RCTs, unadjusted measures of relative effectiveness suggest that TMZ treatment
confers significant survival benefit (median months gained 2.5 in Stupp and colleagues'®’
and 5.7 in Athanassiou and colleagues 2005'®?). In each case, this association was
preserved when Cox multivariate regressions were fitted to adjust for confounding factors at
baseline.

E.. PENINSULA - 65 -

‘g \-IEUI!. A] S( HU()]
- OuTH

PenTAG



EFFECTIVENESS AND COST-EFFECTIVENESS OF Results of the systematic
CARMUSTINE WAFERS AND TEMOZOLOMIDE FOR GLIOMA review - Temozolomide

Figure 10 Shows the Kaplan-
Meier survival curve for all
patients in the major
EORTC/NCIC RCT reported by
Stupp and colleagues 2005."'
This appears to show a
steadily widening difference in
survival probability between
the trial arms .

Radiotherapy plus temozolomide

Radiotherapy

Probability of Overall Survival (%)
S
1

Months

FIGURE 10 Kaplan-Meier curve depicting overall survival

(reproduced from Stupp et al, 2005'")

Periodic survival rates

Details of survival rates 6, 12, 18 and 24 months after surgery are tabulated in Table 20. In
the RCTs, a greater proportion of patients treated with TMZ survived to each time point. For
the trial by Stupp and colleagues, there is an overlap in confidence intervals at 6- and 12-
months, but not for longer term follow up. Survival at 2-years with RT+TMZ is high at 26.5%.
For the Athanassiou trial, confidence intervals overlap at 6-months only. Log-rank tests for
the significance are not reported. Twelve-month survival rates are discussed in more detail
below.

TABLE 20 6-, 12-, 18- & 24-month survival estimates in included TMZ studies

6-month 12-month 18-month 24-month

survival survival survival survival
Study % (95%ClI) % (95%ClI) % (95%Cl) % (95%Cl)
Stupp et al, 2005 RT+TMZ: 86.3 (82.3,90.3 61.1 (55.4,66.7) 39.4 (33.8,45.1) 26.5(21.2,31.7)

RT only: 84.2(80.0,88.5 50.6 (44.7,56.4)  20.9(16.2,26.6)  10.4 (6.8,14.1)

Athanassiou et al, 2005'®  RT+TMZz: 80.2 (70.4,91.4 56.3 (44.1,71.6)  24.9 (14.7,42.1) -

o o=

RT only: 58.3 (46.4,73.3 15.7 (8.2,30.1) 5.4 (1.5,19.6) -
Lanzetta et al, 2003'®* RT+TMZ: - 58 36 -
Stupp et al, 2002'% RT+TMZ: - 58 (46.0,70.0) 36 (24.0,50.0) 31 (19.0,44.0)

All estimates calculated on the basis of survival data censored at the relevant time period.

Twelve-month survival

Twelve-month survival data are collected in Table 21. The RCTs report that the proportion
of patients that survived one year was greater for those patients who received TMZ. Log-
rank tests for significance are not reported. Our 3 test for difference in absolute survival
proportions in Stupp and colleagues’ trial are significant (p=0.013).
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TABLE 21 12-month survival estimates in included TMZ studies

Absolute Survival® Survival Analysisb
TMZ+RT RT only TMZ+RT RT only
Study n (%) n (%) p° % (95%Cl) % (95%Cl) p
Stupp et al, 2005"" 174 (60.6%) 144 (50.3%) 0.0133 61.1% (55.4,66.7%) 50.6% (44.7,56.4%) -
Athanassiou et al, 2005'% - - - 56.3% (44.1,71.6%) 15.7% (8.2,30.1%) -
Lanzetta et al, 2003"* - 58%
Stupp et al, 2002'% - 58% (46,70%)

@ number of patients surviving at 12 months (data extracted from Schering-Plough submission®)

survival data censored at 12 months (published statistic; no P-values reported for difference)
° 4 test (calculated by PenTAG)

Progression-free survival

Progression-free survival data are collected in Table 22. Both RCTs found a significant
increase in PFS in their RT+TMZ groups. The median 10.8 months’ PFS reported by
Athanassiou and colleagues 2005 is noticeably longer than that achieved in other trials and,
in particular, the result reported by Stupp and colleagues 2005.'®"'82  This could be
explained by hidden heterogeneity in the underlying patient populations, or differences in
surveillance leading to inconsistent detection of progression (length-time bias). Alternatively,
the novel TMZ regime under evaluation in Athanassiou and colleagues 2005 may be
effective at delaying disease progression.V

TABLE 22 Median time-to-progression estimates in included TMZ studies

Study Definition of progression Surveillance regime mo  (95%Cl) p
Stupp = increase in tumour size by = During RT: TMZ+RT: 6.9 (5.8,8.2)
et al, 2005  25%, and/or o Weekly clinical review RTonly: 5.0 (4.2,5.5) <0.001
= appearance of new lesions, = Commencing 21-28 days after RT:
and/or s 3-monthly evaluation (including

CT/MRI)
= clinical review every adjuvant TMZ
cycle (RT+TMZ group only)

increased need for
corticosteroids

Athanassiou = =25% tumour growth on = During RT: TMZ+RT: 10.8 (8.1,14.7)
et al, 2005 MRI/CT; and/or s Weekly clinical review RTonly: 52 (3.9.7.4) <0.0001
= any new tumour on = During year 1:
MRI/CT; and/or = 2-monthly evaluation (including

CT/MRI)
= clinical review every adjuvant TMZ
cycle (RT+TMZ group only)

neurological progression
(not defined); and/or

clinical progression (not

defined) = During year 2 . . .
s 3-monthly evaluation (including
CT/MRI)

Lanzetta - - TMZ+RT: -

et al, 2003'*

Stupp - TMZ+RT: -

et al, 2002'%
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Stupp and colleagues (2005)
present Kaplan-Meier curves
illustrating PFS and these are
reproduced at Figure 11.'®" It
appears that there is little
progression-retarding benefit in
the most seriously ill patients;
the 20% or so whose disease
recurs within the first three
months of treatment. However,
the remainder of patients seem

Survival (%)
w
T

Radiotherapy plus temozolomide

Probability of Progression-free

to have a higher probability of Radiotherapy

delayed progression with 0 1 T A5 = 27 = T a
RT+TMZ. As we note in Section

4.8.1.1, detection bias, to which Months

unblinded RCTs are known to be

: . o FIGURE 11 Kaplan-Meier curve depicting progression-free
susceptible, is a possibility. surl\)//val (reproduced frgm Sglgp gt al, 2005181)
In both RCTs, there is very little
difference between arms in post-progression survival which we estimated by subtracting
median PFS from median overall survival. From the data reported by Stupp and colleagues
2005, we calculate a median life expectancy following recurrence of 7.7 months with
RT+TMZ and 7.1 months with RT-only." Post-progression survival was shorter in the trial
reported by Athanassiou and colleagues 2005 at 2.6 and 2.5 months.'®® This suggests that
the apparent survival advantage of TMZ accrues in the stable phase of disease, and that
there is no residual survival benefit following disease recurrence. However, as we note on
page 70, there is the possibility performance bias related to second line treatment.

In the case series by Lanzetta and colleagues 2003, median duration of “tumour response”
and “stable disease” is reported as 17 months.' While this is broadly equivalent to PFS,
the reported figure relates only to those patients who responded to treatment and so time-to-
progression across the whole cohort is not known.

4.8.2.3 Effectiveness: GBM only

All of the included TMZ studies were designed to exclude patients with grade Il tumours so,
in theory, all findings reported should only relate to those with GBM. However, as we note in
our discussion of Selection bias (Section 4.8.1.1), those studies that attempted to verify
tumour pathology found that a minority (7-8%) of participants had grade Il tumours.
Because the studies fail to report subgroup analyses for those patients with confirmed GBM
only, it is impossible to tell whether overall results are representative of the effectiveness of
the intervention in this population.

The only attempt at addressing this problem comes in Stupp and colleagues’ 2002 phase Il
trial, which reports no difference in median survival and one- and two-year survival rates in
an analysis excluding six “ineligible” patients including three with grade 11l tumours.'®

Schering-Plough's submission to NICE contains an unpublished figure depicting treatment
effect in various subgroups of Stupp and colleagues’ 2005 RCT, including patients with
confirmed GBM.?*"®" No numerical data is reported. However, we estimate from the graph
that the hazard ratio (RT+TMZ v. RT only) in the GBM-only subgroup was in the region of
0.66 (95%CI 0.54, 0.80). This suggests the survival benefit with TMZ is slightly weaker in
the licence-indicated GBM-only population than in the reported cohort (HR 0.63; see Overall
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survival). However, there is substantial overlap between confidence intervals and, without
access to detailed data, it is impossible to draw categorical conclusions. We would also
caution that the “other” group in this analysis is not synonymous with the grade Il
population. Because patients have been dichotomised into those with confirmed GBM and
all others, the latter group contains patients with a confirmed diagnosis of non-GBM
pathology, but also those whose diagnoses had not been verified. These latter patients
constitute 72% of the group, making it unwise to think of this subgroup as representing non-
GBM cases.

4.8.2.4 Effectiveness: subgroup analysis according to MGMT status

Hegi and colleagues’ undertook genetic subgroup analysis of Stupp and colleagues’ 2005
RCT.*®"" Survival and PFS estimates are tabulated in Table 23.

TABLE 23 Median survival and PFS with TMZ according to MGMT promoter methylation

RT+TMZ RT only HR (95%Cl) p?
Methylated MGMT promoter:
n (% of arm) 46 (43%) 46 (46%)
Median survival — mo (95%ClI): 21.7 (17.4, 30.4) 15.3 (13.0, 20.9) 0.51 (0.31, 0.84) <0.007
Median PFS — mo (95%Cl): 10.3 (6.5, 14.0) 5.9 (5.3,7.7) 0.48 (0.31, 0.75) 0.001
2-year survival rate” — % 46.0% (31.2, 60.8%) 22.7% (10.3, 35.1%)
(95%Cl):
Unmethylated MGMT promoter:
n (% of arm) 60 (57%) 54 (54%)
Median survival — mo (95%Cl): 12.7 (11.6,14.4) 11.8 (9.7, 14.1) 0.69 (0.47, 1.02) 0.06
Median PFS — mo (95%CI) 5.3 (5.0,7.6) 4.4 (3.1,6.0) 0.62 (0.42, 0.92) 0.02
2-year survival rate” - % 13.8% (4.8, 22.7%) <2%°
(95%Cl):
@ log-rank

®  survival data censored at 24 months (published statistic; no p-values reported for differences)

¢ all of the patients in this subgroup died before or had follow-up of less than two years

In the subgroup with reduced MGMT activity (as indicated by promoter methylation), there
were significant and substantial differences between the trial arms: TMZ was associated with
median survival benefit of 6.4 months and a median PFS gain of 4.4 months. The median
survival of 21.7 months and 2-year survival rate of 46% for those with promoter methylation
who received TMZ are very high.

The effectiveness of TMZ was more ambiguous in the subgroup with normal MGMT activity
(unmethylated promoter). Overall survival gain was slim (0.9 months) for RT+TMZ
compared to RT and did not reach conventional levels of significance. PFS was significantly
improved by TMZ, but the observed benefit was less than a month. The validity of this
measure in an unblinded trial is problematic (see Section 4.8.1.1).

These results suggest that the apparent effectiveness of TMZ in the full cohort (as reported
by Stupp and colleagues 2005'®) is substantially driven by the subgroup of patients with
reduced MGMT activity. There is little evidence that the 55% or so of patients without this
genetic profile derive any significant benefit from TMZ. Hegi and colleagues suggest that the
effectiveness of treatments with different mechanisms of action should be assessed in these
patients or, alternatively, they should be enrolled in studies investigating agents that may
silence the MGMT gene before administration of TMZ.%®
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Results of the systematic

4.8.3 Adverse effects

All included studies classified AEs according to the National Cancer Institute’s Common
Toxicity Criteria (NCI CTC, see Appendix 9'%). Definitions of relevant categories and grades
are detailed in Appendix 9.

4.8.3.1 Haematological toxicity

Haematological abnormalities secondary to myelosuppression (reduced bone marrow
activity) tend to be reported as a discrete subset in studies of TMZ. This is because they
have been known to be a principal side-effect of the drug since the initial phase | trial of
TMZ.'®  As both RCTs under review report zero incidence of these AEs in the control arms
of their trials, reported haematological toxicities for only those patients treated with RT+TMZ
are summarised in Table 24. Increased susceptibility to infection is the overriding risk of
these haematological abnormalities and we have detailed these where reported. Each study
reports separate incidence figures for the concomitant and adjuvant phases of TMZ
administration and, because it is not possible to establish which patients contribute to more
than one data-point, overall totals cannot be produced. Similarly, the possibility that patients
may have suffered from more than one type of AE makes it impossible to calculate the
proportion who experienced any such complication.

Stupp and colleagues 2005 report that the total incidence of “severe myelosuppression”
seen at any stage in their RT+TMZ group was 16%, and that this led to the premature
discontinuation of TMZ in 5% of cases.""

TABLE 24 Haematological toxicities for RT+TMZ in included TMZ studies — Grade 3 or 4

_eukopenia lymphocytopenia neutropenia thrombocytopenia anaemia infections

Stupp et al, 2005™"

RT+TMZ phase (N=284): 7 (2.5%) NR 12 (4.2%) 9 (3.2%) 1(0.4%) 9 (3.2%)

Adjuvant TMZ phase (N=223): 11 (4.9%) NR 9 (4.0%) 24 (10.8%) 2 (0.9%) 12 (5.4%)
Athanassiou et al, 2005

RT+TMZ phase (N=57): 2 (3.5%) NR NR 3(5.3%) NR NR

Adjuvant TMZ (240 cycles):  [5] [2.1%] NR NR [12][5.0%] NR NR
Lanzetta et al, 2003'*

RT+TMZ phase (N=21): NR 15 (71.4%) 2 (9.5%) 3(14.3%) 1(4.8%) 0

Adjuvant TMZ phase (N=19): NR 12 (63.2%) 2 (10.5%) 4(21.1%) 1(5.3%) 0
Stupp et al, 2002'%

RT+TMZ phase (N=62): NR 49 (79.0%) 4 (6.5%) 4 (6.5%) 2 (3.2%) 3 (4.8%)

Adjuvant TMZ phase (N=49): NR 34 (69.4%) 3(6.1%) 7(14.3%) 1(2.0%) 0

Adverse events grades assessed according to National Cancer Institute Common Toxicity Criteria (see Appendix 9)
NR = Not reported

Such toxicities are potentially severe. One patient in the RT+TMZ arm of the RCT reported
by Athanassiou and colleagues 2005 experienced serious 