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Glossary

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

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

Abelson oncogene An oncogene is a cancer-
causing gene. The Abelson oncogene is
located on that part of chromosome 9 that
translocates to chromosome 22 in chronic
myeloid leukaemia.

Autogenic transplant A bone marrow or stem
cell transplant using marrow from another
person. If the marrow is from an identical
twin, it is termed syngeneic.

Allopurinol A drug used to control excessive
white blood cells and to minimise the build-
up of blood uric acid.

Autologous transplant A bone marrow or
stem cell transplantation using the patient’s
own marrow, which was removed, treated 
and stored before treatment.

Basophilia An excess number of basophils, 
a rare type of white cell, found in the
peripheral blood.

Blast cells Immature cells found in and
produced by the bone marrow.

Bone marrow The soft substance that fills
bone cavities. It is composed of mature and
immature blood cells and fat. Red and white
blood cells and platelets are formed in the
bone marrow.

Bone marrow transplant A procedure 
where a patient’s bone marrow is replaced by
healthy bone marrow. The bone marrow to 
be replaced may be deliberately destroyed by
high doses of chemotherapy and/or radiation
therapy. The replacement marrow may come
from another person, or it may be previously
harvested from the patient’s own marrow.

Breakpoint cluster region The region on a
chromosome where breaks cluster. In the case
of CML, the narrow part of chromosome 22

where the translocation to chromosome 9
occurs, which includes the Abelson oncogene
(BCR-ABL). The BCR-ABL protein product
results in the excessive proliferation of a
tyrosine kinase.

Chemotherapy The treatment of a disease 
by chemicals to destroy cancer cells. Chemo-
therapy can affect the whole body.

Cytogenetic response (CR) A response to
treatment at a level of chromosomal abnorm-
alities. In the case of CML, assessed by count-
ing the number of Ph+ cells in metaphase
(usually 20 metaphases are analysed). A
complete response reveals no Ph+ cells, a
partial response leaves up to 35% Ph+ cells
evident and with a minor response from 35%
to 95% Ph+ cells are still evident.

Cytopenia A reduction in the number of 
cells circulating in the blood.

CRKL An adapter protein that becomes
tyrosine phosphorylated by BCR-ABL.

EQ-5D A European quality of life
questionnaire containing five physical and
psychological dimensions.

Erythrocytes Red blood cells that carry
oxygen around the body and carbon 
dioxide back to the lungs.

Extramedullary disease Disease occurring
outside the bone marrow.

Gompertz function A function used to
estimate survival curves.

Haematological response (HR) Refers 
to the normalisation of blood cell counts.
CML causes over-proliferation of WBCs 
and treatments aim to lower these. Typically,
the response is classified as complete 
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(WBC < 10 × 109/l, platelets < 450 × 109/l, 
no immature cells in the peripheral blood 
with normal differential count, and
disappearance of symptoms and signs.

Hydroxyurea A drug used in the treatment 
of CML that inhibits DNA synthesis.

Interferon-α (IFN-α) Interferon is a protein
derived from human cells. It has a role in
fighting viral infections by preventing virus
multiplication in cells. IFN-α is made by
leucocytes. It is often used as first-line 
therapy in CML.

Karyotypic abnormality Abnormality in the
number, form or structure of chromosomes.

Landmark analysis A form of survival analysis
where only subjects who have survived a
specified period are included in the analysis.

Leucocyte alkaline phosphatase score A
histochemical stain for a neutrophil enzyme.

Leucocytes White blood cells responsible for
fighting infections.

Leukapheresis A process of removing excess
white blood cells from the peripheral blood.

Leukopenia A reduced number of white cells
in the blood – it may affect a single cell type
or all white cells.

Matched unrelated donor (Also Unrelated
autogenic transplant)  The person donating
marrow is unrelated to the patient. The
chances of finding an unrelated compatible
donor from the general population depends
on the rarity of the individual’s tissue type.
Genetic and ethnic background can also
affect the likelihood of finding a donor.

Metamyelocyte A transitional form of
myelocyte.

Metaphase The second phase of mitosis 
(cell division). Cells in this phase of division
are used for cytogenetic analysis in CML to
identify the proportion of Ph+ chromosomes.

Mitosis A division of cells consisting of four
phases – prophase, metaphase, anaphase 
and telophase.

Myelocytes Committed progenitor cells
produced by, and found in, the bone marrow
that develop into mature leucocytes.

Neutropenia A decrease in neutrophils
(white blood cells) circulating in the blood.

Neurotoxicity Poisonous to the nervous
system.

Peripheral blood In this report, peripheral
blood refers to blood in the circulatory
system.

Promyelocytes Committed progenitor cells
produced by and found in the bone marrow
that develop into myelocytes.

Radiation therapy Treatment using high-
energy radiation from X- or other rays
intended to damage cancer cells and stop
them multiplying.

Splenomegaly Enlargement of the spleen.

Stem cells Very early progenitor cells that divide
and mature to become all the types of cells that
make up the blood and immune system.

Thrombocytes Platelets (fragments of bone
marrow cells) found in the blood that help to
form clots and control bleeding.

Thrombocytopenia A reduced number of
thrombocytes (platelets) in the blood.

Toxicity The quality of being poisonous. The
National Cancer Institute grade toxicity levels
of treatments as 1 – mild, 2 – moderate, 3 –
severe and 4 – life-threatening.

Tyrosine kinase An enzymatic protein that
adds phosphate residues to other proteins in
the cell. In CML the abnormal tyrosine
kinase, BCR-ABL, phosphorylates proteins
that cause cellular proliferation.

Weibull curve A mathematical function that
is often used in modelling to describe survival
times, and in which the chance of survival
varies with time.
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List of abbreviations

All abbreviations that have been used in this report are listed here unless the abbreviation is well known (e.g. NHS), or
it has been used only once, or it is a non-standard abbreviation used only in figures/tables/appendices, in which case
the abbreviation is defined in the figure legend or at the end of the table.

ABL Abelson oncogene

ara-C cytarabine (cytosine arabinoside)

ASH American Society of Hematology

BCR breakpoint cluster region

BMT bone marrow transplant

BNF British National Formulary

BU busulphan

CI confidence interval

CML chronic myeloid leukaemia

CNS central nervous system

CR cytogenetic response

ECOG Eastern Cooperative 
Oncology Group

EMEA European Agency for the
Evaluation of Medicinal Products

EQ-5D EuroQoL-5 dimensions

FCE finished consultant episode

FDA Food and Drug Administration
(USA)

FISH fluorescence in situ hybridisation

HHT homoharringtonine

HU hydroxyurea

HR haematological response

ICER incremental cost-effectiveness ratio

IFN-α interferon-alpha

ITT intention-to-treat

MI myocardial infarction

6-MP 6-mercaptopurine

mRNA messenger RNA

MU mega-units

NCI National Cancer Institute

NICE National Institute for 
Clinical Excellence

NR not reported

NS not stated

OR odds ratio

PB peripheral blood

Ph+ Philadelphia positive cell

Ph– Philadelphia negative cell

QALY quality-adjusted life-year

QoL quality of life

RCT randomised controlled trial

RT-PCR reverse transcriptase polymerase
chain reaction

SD standard deviation

VCR vincristine

WBC white blood cell

WHO World Health Organization
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Background
Chronic myeloid leukaemia (CML) is a rare blood
cancer with an incidence of 1.0 per 100,000 in 
men and 0.8 per 100,000 in women. In CML, an
excessive number of leukaemic white blood cells
are produced that suppress the production of
normal white blood cells. In 95% of cases of CML,
patients have a specific chromosomal abnormality,
the Philadelphia chromosome. This is a reciprocal
translocation between part of the long arm of
chromosome 22 and chromosome 9. The con-
sequent molecular abnormality is a fusion protein,
BCR-ABL, which is a tyrosine kinase.

CML is not currently curable with conventional
chemotherapy or immunotherapy. Patients diag-
nosed in the chronic phase may expect a median
survival of 3–5 years. Bone marrow transplant offers
a cure but is only available to a minority of people.

Current drug treatments include interferon-alpha
(IFN-α) and hydroxyurea. Imatinib mesylate is a
new, rationally designed competitive inhibitor of
the BCR-ABL protein tyrosine kinase.

Objectives

To systematically review the efficacy and cost-
effectiveness of imatinib for the treatment of CML
in the chronic, accelerated and blast phases, and
compare it to existing drug regimes.

Methods

Nineteen electronic databases were searched from
inception to August 2001.

Randomised controlled trials (RCTs), cohort
studies and case series of existing first- and second-
line drug treatments were included, subject to a
minimum of 20 participants, as well as economic
analyses and quality of life studies. Novartis pro-
vided pre-publication reports of three Phase II
studies as commercial in confidence material 
(this status was later lifted). Main outcomes are
survival at 1 year, haematological response (HR),
cytogenetic response (CR) and adverse effects.

The report represents a narrative summary – no
formal statistical synthesis of results was undertaken.

Results

Included studies
Three Phase II studies of imatinib, one in each
phase of CML, were included. Eleven RCTs, ten in
chronic phase CML and one in the accelerated/
blast phase, were included, none of which included
imatinib. In addition, 40 case series studies, 27 
in the chronic phase and 13 in the accelerated 
and blast phases, were included. No published
economic analyses of imatinib were found. 
No published studies reviewing quality of life 
with imatinib were found.

Study quality
The imatinib studies had not been peer reviewed
at the time this report was written. There were
important differences in patient characteristics,
treatment and doses between trials. The RCTs 
were of moderate quality. The case series studies
were often small and of widely varying quality.
Comparisons between case series are particularly
susceptible to confounding and should be
interpreted with great caution.

Evidence of clinical effectiveness
The RCTs compared various IFN-α, hydroxyurea,
busulphan and chemotherapy regimens. In the
chronic phase, imatinib shows similar 1-year
survival to other treatments, but higher complete
HR and CR rates. No information on survival
beyond 1 year was available.

In the accelerated phase, survival with imatinib
appears to be longer than reports for other 
drugs, but this relies on comparisons of case 
series. In the blast phase, imatinib appears to 
show limited longer survival compared to other
reports in the literature and complete CR and 
HR rates for imatinib are within the range of 
other studies. However, the characteristics of 
the patients enrolled in these other studies 
are not well described. There are few studies
published and study populations are small.
Absence of control groups limits the reliability 
of the analysis.
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Cost-effectiveness
Novartis has funded an unpublished economic
analysis of imatinib. The industry submission
concludes that imatinib is a cost-effective 
treatment for CML in the chronic phase after 
IFN-α failure, in the accelerated phase and 
in blast crisis.

An extensive evaluation of the model’s assumptions
was carried out, and additional sensitivity analyses
were undertaken. The cost per quality-adjusted life-
year (QALY) estimates generated by the industry
models may be underestimates. The model is
sensitive to the (cumulative) assumptions made
and when changed to reflect what we consider to
be more realistic values, incremental cost-
effectiveness ratios were: for the chronic phase,
£45,592–£301,446; for the accelerated phase,
£35,633–£56,052; and for the blast phase,
£52,354–£64,724.

The cost per QALY of imatinib is high in all
phases, but with a large potential range in the
chronic phase. This reflects great sensitivity to
long-term survival assumptions.

Conclusions
Based on the limited evidence available, imatinib
appears to offer an alternative treatment for CML
in the accelerated and blast phases.

As yet there is not enough information about
imatinib in the chronic phase to draw firm
conclusions. Cost–utility estimates for imatinib are
particularly sensitive to assumptions about long-
term survival, and may be extremely high.

Recommendations for further research
More research into imatinib for CML is needed.
Key areas include:

• the efficacy of imatinib in chronic phase CML 
in the long term;

• RCTs to establish the effectiveness of imatinib 
in all phases of CML compared to IFN-α,
hydroxyurea and other chemotherapy;

• further elucidation of the relationship between
response rates (HR and CR) and long-term
survival with different treatments in all phases 
of CML.



Aims of the review
To provide an assessment of the efficacy and 
cost-effectiveness of imatinib (STI 571) in the
treatment of chronic myeloid leukaemia (CML)
compared to existing CML treatments.

Background

Nature of CML
Leukaemia is a rare type of cancer that affects 
the blood; CML is the third most common type 
of the disease. In CML the bone marrow produces
an excessive number of abnormal stem cells 
(the precursor cells of white cells, red cells and
platelets). The abnormal cells eventually suppress
the production of normal white blood cells
(WBCs), which act to protect the body 
against infection.

Molecular mechanisms
In 95% of cases of CML, patients have a specific
chromosomal abnormality caused by a reciprocal
translocation between part of the long arm of
chromosome 22 and chromosome 9 (the Phila-
delphia chromosome).1 This is not an inherited
abnormality but is acquired by individual stem
cells. As a result, proliferation of both mature 
and immature WBCs, to potentially life-
threatening levels, occurs in the bone marrow 
and the blood.

The Abelson oncogene (ABL) is located on
chromosome 9. In CML this translocates to the
breakpoint cluster region (BCR) gene on chromo-
some 22 and an abnormal protein, a tyrosine
kinase, is formed. Patients with CML who do not
have the Philadelphia chromosome have complex
or different translocations that still result in the
formation of the BCR-ABL gene and its product.
The most recent World Health Organization
(WHO) classification of lympho-haematopoietec
neoplasms proposes that BCR-ABL-negative CML
should be reclassified into a new group.2

Tyrosine kinases function as part of the internal
communication network of cell-regulating pro-
cesses such as proliferation, differentiation and
survival.3 In CML, the BCR-ABL protein product

results in the production of a tyrosine kinase 
that is not controlled by normal cellular mech-
anisms. The cells containing the abnormal gene
and protein replicate quickly, and may be pro-
tected from programmed cell death (apoptosis).
They therefore come to predominate initially 
in the bone marrow and subsequently in the
bloodstream. By the time these cells are detected
in the bloodstream, the disease process is well
under way. Patients with CML at presentation or
relapse usually have a total burden of more than
1012 malignant cells.4 Several additional complex
genetic abnormalities are acquired during pro-
gression of CML and are implicated in progression
of disease. However, molecular mechanisms
underlying the development of CML and the
inevitable transformation to blast crisis are not
completely understood.5 For example, the BCR-
ABL abnormality can be detected in people who
have not developed CML.6

Diagnostic procedures
CML is diagnosed by the presence of a
characteristic blood and bone marrow cellular
picture, together with cytogenetic and molecular
diagnostic techniques.

• Cytogenetic techniques detect the Philadelphia
chromosome, and were originally considered
the gold standard. Cytogenetic analysis requires
the examination of at least 20–30 bone marrow
cells in mitosis, so that the metaphases can be
examined. There are considerable sampling
errors because of the relatively small numbers 
of cells examined and the infrequency of
measurement (bone marrow examination is
invasive, which precludes frequent testing). 
The limit of detection is between 1% and 5%.
The definition of minimal residual disease 
may therefore vary in the literature.

• Fluorescence in situ hybridisation (FISH) tests
for the presence of the BCR-ABL gene, and can
be positive in the absence of the Philadelphia
chromosome. It uses a fluorescent-labelled DNA
probe to determine the presence or absence of
a particular segment of DNA. In the case of
CML it looks for the BCR-ABL fusion gene in
bone marrow or peripheral blood cells. It
combines both molecular and cytogenetic
examination in that it has the ability to 
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identify a specific gene or gene region with
direct visualisation of the cells and/or chromo-
somes under the microscope. In the FISH test,
approximately 200 cells are examined, making it
more sensitive than the traditional cytogenetic
count of 20–30 metaphases. It is susceptible to
false-positive results, and the limit of detection is
considered to be between 1% and 5% abnormal
cells.7 The advantage of this technique is that
cells do not need to be cultured or analysed 
in metaphase.8

• Southern and Western blotting techniques
have a similar sensitivity to FISH, but can be
performed on peripheral blood.

• Reverse transcriptase polymerase chain reaction
(RT-PCR) is a very sensitive assay that tests for
the presence of messenger RNA (mRNA), the
intracellular product that enables proteins to 
be produced from the DNA gene. Each mRNA
is specific for the particular protein that it
encodes. RT-PCR can detect a single leukaemia
cell in 105–106 normal cells.9

• CRKL phosphorylation assay. Functional tests
have been developed for the intracellular activity
of the BCR-ABL tyrosine kinase. The CRKL
phosphorylation assay is raised in people with
CML, drops back to normal levels when the
patient has a cytogenetic response, and then
becomes elevated again with relapse. The
sensitivity and specificity of this test is not 
yet clear.10

Natural history and clinical
presentation
Three phases of CML are usually identifiable – the
chronic phase, accelerated phase and blast phase.
The accelerated phase is seen in about two-thirds
of patients, while others progress directly to the
blast phase. Transition between the phases may 
be gradual or rapid. Typically, the annual pro-
gression from chronic to blast phase is 5–10% in
the first 2 years and 20% in subsequent years.11

The chronic phase
Typically of 3–5 years’ duration from diagnosis, 
the chronic phase is the initial, usually relatively
stable and benign phase of CML. During this
period malignant progenitor cells proliferate
rapidly but retain their ability to differentiate.
Progression of CML is a result of the gradual loss
of differentiation potential of malignant cells.

Clinically, in the chronic phase there are less 
than 10% blasts and promyelocytes in the bone
marrow. There is an elevated WBC count, includ-
ing basophilia, and often an elevated platelet 
count as well.

Because the disease progresses slowly, it is 
difficult to detect in its early stages. In 40% of
people CML is only discovered when a routine
blood test or examination for an unrelated
disorder is performed.11

The majority of patients are in the chronic phase
at presentation. The main clinical symptoms are:

• Fatigue or looking pale because of anaemia.
This is often the first symptom that patients
recognise and that leads them to seek 
medical advice.

• A feeling of ‘fullness’ or a tender lump on 
the left side of their abdomen, caused by
enlargement of the spleen. (Half of all patients
have splenomegaly.) Sometimes the liver is 
also enlarged.

• A temperature and night sweats.
• Weight loss may also be apparent.

The accelerated phase
The accelerated phase marks the transition to 
the blast phase, lasting up to 18 months12 but
generally leading to a rapidly fatal blast crisis
within 6 months. Cells develop genetic and
karyotypic abnormalities and there is an increased
number of poorly differentiated cells in peripheral
bone and marrow, together with splenomegaly.

As the accelerated phase is associated with
numerous haematological, cytogenetic and clinical
signs and symptoms, no single set of criteria for its
onset is accepted.13 However, in some cases the
accelerated phase is defined as > 5% blasts in the
peripheral blood and bone marrow but < 30%
blasts in both peripheral blood and bone marrow.
Other authors use > 15% blasts as a cut-off.13 The
presence of cytogenetic abnormalities in addition
to the Philadelphia chromosome is also regarded
as a sign of disease progression.

Symptoms in the accelerated phase may include
fatigue (because of anaemia), infections, bruising
or bleeding.

The blast phase
The blast phase is usually fatal within 3–6 months
of onset; it is clinically defined as the presence 
of 30% or more blast cells in the bone marrow or
the presence of blast cells within the peripheral
blood. The blast phase is also marked by karyo-
typic evolution, and the accumulation of multiple
characteristic genetic abnormalities.14 In a third 
of patients, the blast phase is characterised by a
lymphoid structure and expresses lymphoid
markers, while two-thirds of patients have an 
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acute myeloblastic or undifferentiated leukaemia-
like phenotype.15

The blast phase is characterised by signs and
symptoms such as fever, sweats, pain, weight loss,
hepato-splenomegaly, enlarged lymph nodes and
extramedullary disease.

Cytogenetic and haematological
response
Cytogenetic and haematological response 
as intermediate outcomes
The achievement of a haematological response
(HR) and/or cytogenetic response (CR) has been
suggested as an intermediate outcome in CML,
that is as a proxy for long-term survival. It has 
been postulated that these responses indicate a
reduction in the tumour burden, and therefore 
a reduction in the number of clonal, genetically
unstable cells. This may, in turn, reduce the rate 
of secondary genetic change and postpone pro-
gression of the disease to blast crisis.16 However,
the effects of interferon-α (IFN-α) in increasing
cytogenetic abnormalities while prolonging 
survival suggest this is not a straightforward
relationship.17 An alternative theory is that the 
cells destined to produce blast crisis are already
present at the time of diagnosis, and time to
progression depends on host factors and the
doubling time of the blast cells.18 Classification 
of CRs by bone marrow metaphase analysis 
is shown in Table 1.

HR to treatment refers to the normalisation 
of blood counts, typically to those levels shown
below. In most trials, HR is reported as the best
response achieved over the length of the 
trial follow-up.

Complete HR is defined as:

• WBC ≤ 10 × 109/l, platelets ≤ 450 × 109/l
• no immature cells in peripheral blood
• absence of all signs of disease including

splenomegaly
• resolution of symptoms.

If one therapy delivers prolonged survival com-
pared to the alternative and is associated with 
higher rates of HR and CR, it is tempting to
assume that HR and CR are on the causal pathway
by which therapy influences outcome. However, 
it remains possible that HR and/or CR are an
epiphenomenon, seen more commonly with a
particular therapy, but which may not be produced
by an alternative effective therapy. Conversely, the
appearance of CR and/or HR may not be associ-
ated with prolonged survival with an alternative
therapy such as imatinib. Responses to therapy 
may simply represent the identification of subsets
of patients with better prognosis.

Observational studies do not provide good
evidence to distinguish between these scenarios.
Randomised controlled trials (RCTs) may provide
stronger evidence, although difficulties remain.

The evidence that complete HR and/or complete
CR are intermediate outcomes for long-term
survival is described in detail on page 44.

Risk scores
Several risk scoring systems have been developed
that allow patients in chronic phase CML to be
categorised into risk groups that reflect their
survival prognosis. The most commonly used is 
the Sokal score, although other prognostic scores
have also been developed (appendix 1). In clinical
practice, knowledge of individual risk scores may
inform treatment decisions. The three Sokal
categories represent those with good prognosis
(low risk), those with intermediate prognosis
(intermediate risk) and those with poor prognosis
(high risk). Expected median survival for CML
patients treated with chemotherapy at high,
intermediate and low risk has been estimated 
at 2.5, 3.5 and 5 years, respectively.21

The Sokal score has been shown to perform 
less well as a prognostic indicator among people
receiving IFN-α treatment compared to those
treated with hydroxyurea or busulphan chemo-
therapy. In response to this, a new prognostic 
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TABLE 1 Degree of CR

Talpaz et al., 198719 Cortes et al., 199620

None > 95% > 99% bone marrow metaphases remain Ph+

Minimal 35–95% 35–99% bone marrow metaphases remain Ph+

Partial
Major

5–34% 1–34% bone marrow metaphases remain Ph+

Complete No Ph+ metaphases detectable No bone marrow metaphases remain Ph+

Ph+, Philadelphia positive cell

}
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score (the Hasford or IFN-α score) has been
developed (see appendix 1).22

Both Sokal and Hasford scores have been shown 
to be strong predictors of survival, and a number
of studies have found that apparent differences 
in survival seen with different drug regimens
disappear when the patients are stratified
according to risk group. One group found that
“risk profile…overrides therapy effects on survival
by a factor of about two”.23 This suggests that risk
profile is an extremely important potential con-
founder in comparisons of treatment and should
always be taken into account, preferably through
the use of randomisation in the context of 
direct comparisons.

Both risk score systems have shown a significant
association with HR and CR. Risk category and 
HR in particular are strongly associated (p = 0.002
for the Hasford score and p = 0.005 for Sokal). 
For both, the association is less strong for CR, 
and the new score has a weaker association than
the Sokal score (p = 0.061 for the Hasford score
and p = 0.01 for Sokal).24

Epidemiology
Incidence and prevalence
All types of leukaemia account for 2.1% of all
cancers in England and Wales25 and the sex ratio
for men:women is 1.7:1. In 1997, 531 new cases 
of CML were diagnosed in England; an annual 
rate of 1.0 per 100,000 for men and 0.8 per
100,000 for women.25

While CML is rare below the age of 20, it does
occur in all age groups. National cancer registers
may not be notified of all disease. A local registry
of patients in north-east England may be more
accurate and gives a median age at onset of
between 60 and 69 years.26 A population-based
survey of CML patients in Norway found a median
age at onset of 62 years.27 Academic publications
tend to report much younger populations, with
median onset of 50–55 years.11,28 This may well
reflect positive selection practices in clinical trials,
bias arising from studies being carried out mainly
in secondary care and inconsistencies in mortality
coding in the elderly, where other conditions
predominate as causes of death.

Prevalence is difficult to estimate given varying
estimates of survival (see below). Based on median
survival times of 3–5 years, there are probably
about 3000–3500 people with CML in England, 
or approximately 90–105 people per Strategic
Health Authority area of 1.5 million people.

Survival
A population-based survey in Norway described 
a median survival of 3 years, with only 16% of
those over 55 alive at 5 years.27 Survival is also
dependent on other medical conditions that are
prevalent in the elderly population, such as heart
and respiratory disease. A significant proportion
(30%) of people with chronic phase CML die 
from an unrelated condition.27 However, in the
literature, median survival is reported as 3–5 years,
with a range of less than 1 year to more than 
10 years. This is likely to refer to a younger and
more selected population than is seen in routine
clinical practice, and it is likely that all clinical
trials overestimate survival.

Changes in the availability of blood testing 
and, possibly, earlier presentation and diagnosis
over time, suggest that length of survival is not
comparable between cohorts established at
different times. This may be a result of lead 
time bias29 and developments in adjunctive
treatment, such as more effective anti-
infective agents.

Quality of life and CML
No studies were identified that evaluated quality 
of life (QoL) and the use of imatinib in CML.
Novartis is currently collecting data on QoL in its
randomised trial of imatinib compared to IFN-α.
When available, this should provide useful com-
parative data about QoL with CML under these
two regimens. Little published evidence was 
found about the QoL for patients with CML 
or undertaking various treatments for CML. 
Two published studies that were reviewed 
are described below.

One study was identified that assessed QoL for
patients in Sweden undergoing chemotherapy 
for CML.30 This study was based on a young 
group of patients (< 57 years of age) who under-
went allogenic or autogenic bone marrow
transplantation at 23 Swedish hospitals. Patients
received a variety of chemotherapy treatments
aimed at inducing a CR before transplantation,
and QoL was assessed in relation to these
chemotherapy courses.

QoL instruments were developed specifically for
use in patients with leukaemia and are reported 
as having been validated. Comparing QoL scores 
in the week after IFN-α therapy with scores in 
a week following no IFN-α therapy, the study 
failed to find significant differences in the 
QoL scores after the first and second course 
of chemotherapy.
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However, the authors found it difficult to achieve
their objectives and only managed to obtain 
results for 44% (n = 48) of the CML patients that
were in contact with the Swedish CML group over
the recruitment period. The sample may not be
representative of those receiving treatment and
there is no way of knowing how or why particular
patients were included in the study. Thus the
results may over- or under-represent patients 
who react badly to intensive chemotherapy 
courses. In addition, the study looked at the 
effects of intensive chemotherapy courses before
bone marrow transplantation and may not reflect
the experience of people with CML who have no
prospect of a bone marrow transplant and who
may receive long-term chemotherapy treatment.
The study looked at younger patients with CML
and the median age of those interviewed was 
43 (range 19–53). This may not be comparable
with an older age group receiving chemotherapy
for CML.

Other evidence that may be relevant comes from
the second study, a randomised trial using IFN-α in
multiple myeloma, another type of haematological
cancer.31 The doses were comparable to those used
in CML, a validated cancer-specific questionnaire
was used, and high response rates were achieved
(83%). Data on both symptoms and QoL were
collected. An intention-to-treat analysis was used,
which provides a conservative estimate of results.
Overall, despite a slightly worse symptom profile,
the influence of IFN-α on QoL was small and
statistically not significant except in the first 
month of therapy. It was postulated in this report
that the psychological benefits of taking a drug 
in a trial situation with the possibility of long-term
gain was sufficient to outweigh the effect of the
symptoms on QoL.

Clinician consensus is that the adverse effects of
IFN-α have a major impact on QoL and perform-
ance status. Adverse effects limit the dose that can
be given, and some patients cease therapy com-
pletely.32 The published evidence is very limited,
but this clinician view is not well supported.

QoL is not solely determined by the adverse 
effects of therapy – the physical consequences of
the disease itself and the psychological effects of
knowing the poor prognosis with CML may be
important determinants.33 It has also been
suggested that a strong determinant of QoL in
CML is reaction to the uncertainty of living with
this disease.33 In these circumstances, the adverse
effects of treatment may play a relatively small 
part for some patients, although individuals’

experiences will differ. Taking all these factors into
account means that it is extremely difficult to
predict the impact of imatinib on QoL.

Current service provision
CML is not currently curable with conventional
chemotherapy or immunotherapy, and most such
treatments aim to return the patient to the chronic
phase of the disease. There is no single standard
treatment for patients with CML, especially in the
blast phase. Treatment depends on the overall
health and age of the patient and, for bone
marrow transplantation, the availability of a
suitable matched bone marrow donor. Figure 1
shows a possible treatment pattern, prior to the
development of imatinib, for CML for patients
aged under 55 in the UK. Clinicians suggest that
older, frailer patients are offered much more
limited treatment alternatives and may, in practice,
be restricted to hydroxyurea.

Current treatment in the chronic phase
Listed below are the main alternative treatments
for CML; IFN-α and hydroxyurea are considered 
in more detail later.

• Allogenic bone marrow transplantation is the
favoured treatment for young patients with
chronic phase CML. At 10 years, 50–55% of
patients under 40 may remain disease-free.36

The most favourable timing of the transplant 
is controversial, but is generally thought to 
be more successful if offered relatively early 
in the disease process.11,37

• IFN-α therapy was introduced in the 1980s 
and is regarded as improving survival over 
other chemotherapeutic options.38 However,
daily injections are needed, relatively high 
doses have to be given to induce a CR and 
most people experience adverse effects, at 
least initially. These factors reduce treatment
adherence. Given the perceived unpleasantness
of IFN-α in first-line treatment, it is worth noting
that it is also possible that imatinib will be con-
sidered as an alternative to IFN-α, despite a lack
of licence for this use. Comparison to IFN-α has
therefore been made in this assessment.

• Hydroxyurea relieves symptoms with few adverse
effects, and is generally held to be superior to
busulphan, which gives poorer survival as well as
having an adverse effect profile.29,39 Hydroxyurea
is often used when IFN-α fails or is not tolerated.

• Busulphan can control the signs and symptoms
of CML through controlling the blood count
but has little or no effect on progression of the
disease. Busulphan is not usually used regularly
for CML, because it has less favourable survival
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than hydroxyurea, as well as a less favourable
adverse effects profile.

Detailed results for treatment in chronic phase
CML can be found on page 33.

Current treatment in the accelerated and 
blast phases
Accelerated and blast phase CML respond poorly
to treatment. No standard therapy exists. Most
patients will have received prolonged treatment 
for the chronic phase of the disease – usually
hydroxyurea or IFN-α. If a suitable donor is
available, bone marrow or stem cell transplant is 
an option, although long-term survival is much
poorer than in the chronic phase (approximately
40% in the accelerated phase and 15% in the 
blast phase).35

For patients in blast crisis, treatment with high-
dose combination chemotherapy regimens
commonly used for acute leukaemia is the only
effective therapeutic option, inducing responses in

20–40% of patients. Cytotoxic agents used include
6-mercaptopurine, dexamethasone, prednisone,
idarubicin, etoposide, azacytidine, vincristine
sulphate, daunorubicin and decitabine. The
response to such treatment is generally sustained
for < 6 months.40 Although such responses are
usually short-lived, this may provide the necessary
window to allow for a transplant if this is appro-
priate and available. Those with lymphoid blast
crisis respond better to such chemotherapy
regimens than those in myeloid blast crisis.15

Detailed results for treatments in the accelerated
and blast phases are given on page 39.

Description of comparator treatments
Bone marrow or stem cell transplantation is 
the only potentially curative treatment for CML.
However, it should be noted that the empirical
evidence for cure is not unequivocal, and relies 
on observational studies, with very small cohorts
followed up for long periods of time. No RCTs
comparing bone marrow transplant with IFN-α

Hydroxyurea

Age < 40 Age 40–55

No continuing CR Continuing CR

Bone marrow
transplant

Bone marrow
transplant

IFN-α
6–18 months

Continue
IFN-α

Stem cell

With HLA-  
matched sibling

No HLA-  
matched sibling

Diagnosis of CML

Continuing CR No continuing CR

HydroxyureaAutografting in
chronic phase

Bone marrow transplant with 
matched unrelated donor

IFN-α
6–18 months

Continue
IFN-α

FIGURE 1 Possible treatment pathways prior to imatinib for a CML patient aged under 55 in the UK. HLA, human leucocyte antigen.
Adapted from Leadingham and colleagues, 200134 and Brunstein and McGlave, 200135
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have been performed. Clinician consensus relies
predominantly on analyses suggesting that the
survival curves of IFN-α and bone marrow trans-
plantation cross at about 7–8 years, with an
advantage for bone marrow transplantation 
after this.28 Weighed against this is a substantial
transplant-related mortality of between 20% and
40%.28 Currently only about one-fifth of patients
are both suitable for a bone marrow transplant
(are in good general condition and aged under
55) and have access to a donor.11

Bone marrow transplantation has been 
excluded as a comparison treatment in this 
report, because:

• Patients with CML who undergo transplant-
ation in the chronic phase have a better 
survival than those who undergo transplantation
later.11 Therefore bone marrow treatment 
is considered as the first option in those in
whom it is suitable, and imatinib would not 
be considered.

• The relatively short-term survival data available
for imatinib are not comparable to bone marrow
transplantation survival data because of the
considerable early transplant-related mortality.

• CRs are substantially more common after bone
marrow transplantation because of the nature 
of the treatment, and are not directly compar-
able to those gained with chemotherapy.
Likewise HRs are not comparable.

• Adverse effects of bone marrow transplantation
are not directly comparable.

Interferon-α
Interferons are a complex group of naturally
occurring proteins with potent multiple effects 
on immunity and cell function. IFN-α regulates
cytokine expression and inhibits haematological
growth factors. It is also an immunomodulator
(alters T cell reactivity), and is directly cytotoxic
for some tumour cells.17,32 However, the exact basis
of its effects in CML is not known, and may vary
from person to person.41

IFN-α induces an HR in a significant proportion
(up to 80%) of patients, and for up to a quarter, 
a major CR.32 There is evidence that even those
who fail to achieve a CR with IFN-α have pro-
longed survival compared to those treated with
traditional chemotherapy.42 A meta-analysis of
seven randomised trials of IFN-α showed an 
overall reduction in annual death rate of 26% 
(p = 0.001) when IFN-α was compared with
hydroxyurea, and of 36% (p = 0.00007) when
compared with busulphan.38

The evidence relating to the relationship of HR
and/or CR to survival is discussed on page 44.

IFN-α has a toxic profile producing both acute and
chronic adverse effects. It is currently impossible to
predict which patients will encounter intolerable
adverse effects. IFN-α often causes adverse effects
similar to the symptoms of ‘flu, especially chills,
fever, headache and aching in the back, joints 
and muscles. Flu-like symptoms may self-resolve 
or respond to paracetamol within a few weeks.
Neurological toxicity, in particular fatigue, is also
common. Thrombocytopenia and anaemia may
also develop but are rare.43 Because of this toxic
profile, clinician consensus is that many older or
frailer patients should never be offered IFN-α.
Such patients may make up a large proportion 
of the CML population.

Details of adverse effects reported by trials are
shown on page 46.

The effect of combining IFN-α with other agents
such as cytarabine (ara-C) is being studied, with
some results showing improved CR and survival
compared with IFN-α alone.44–46 However this
combination is not currently licensed in the UK.

Detailed results are shown on page 30.

Hydroxyurea
Until the advent of IFN-α therapy, hydroxyurea 
was considered the standard treatment for newly
diagnosed patients. Hydroxyurea suppresses the
excessive multiplication of the myeloid peripheral
cells by inhibiting one of the enzymes involved 
in DNA replication. It produces HR in over 90% 
of patients but has little or no effect on CR. It is
generally accepted that hydroxyurea can modestly
prolong survival compared to busulphan.39

Adverse effects including neutropenia, anaemia,
bruising or bleeding, and fever are relatively
common, while gastrointestinal symptoms 
(such as weight loss and nausea), hair loss 
and skin rash are less common. Adverse effects 
are reversible on stopping therapy and hydroxy-
urea is therefore sometimes used as first-line
treatment in very elderly or frail people. It is 
also commonly used as second-line treatment 
in people who have failed to respond to, or 
cannot tolerate, IFN-α.

CML treatment in the NHS
There were 7366 finished consultant episodes
(FCEs) for CML (4322 men) in England in 1999–
2000. FCEs count each episode of care delivered
under a single consultant during each period of
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hospital stay (as a day-case or inpatient). This means
that each patient may be counted a number of times.
The mean age of onset was 51 from this data source;
age distribution is shown in Table 2. This discrepancy
compared to the age at onset described on page 4
may be a result of more intensive hospital-based
therapy, such as bone marrow transplantation,
among younger CML patients, which accounts for
greater numbers of FCEs among this age group.
These FCEs represent 7133 hospital admissions, 
5317 of which were day-cases. A total of 18,206 
bed-days were accounted for by CML.

Imatinib – description of the technology
Imatinib mesylate (STI 571, also Gleevec® or
Glivec®, Novartis Pharmaceuticals) is a rationally
designed competitive inhibitor of the BCR-ABL
protein tyrosine kinase.

Mechanism of action
Imatinib acts by blocking the adenosine
triphosphate binding site on the BCR-ABL 
tyrosine kinase. This inhibition prevents the
phosphorylation of the tyrosine residue on the
attached substrate, reducing cellular proliferation.
BCR-ABL has a long half-life and requires the
continuous presence of inhibitors to substantially
reduce its function.5

Licensing and product information
Imatinib (UK tradename Glivec®) received
marketing authorisation from the European
Agency for the Evaluation of Medicinal Products
(EMEA) in November 2001. The EMEA granted
the licence “under exceptional circumstances”,
stating that “the indications for which the medi-
cinal product in question [imatinib] is intended
are encountered so rarely that the applicant
cannot reasonably be expected to provide com-
prehensive evidence/data on the quality, safety 
and efficacy of the medicinal product.”47 Novartis
have agreed to an identified programme of studies,
including those considered in this review, which
will form the basis of an annual reassessment of 
the risk–benefit profile of imatinib. The licence is
based on HR and CR rates and recognises that
there are no controlled trials demonstrating a
clinical benefit or increased survival.

The EMEA marketing licence has been granted for
adult CML patients with Ph+ CML in the chronic
phase for failed IFN-α patients, and for those in
accelerated or blast phase CML. Box 1 gives two
definitions of IFN-α treatment failure.

In the USA, the early findings of studies also 
led to imatinib being given fast track approval
from the Food and Drugs Administration (FDA),
despite no long-term or RCT evidence. It was
licensed in May 2001 for use in CML in blast 
crisis, the accelerated phase or in the chronic
phase when IFN-α treatment had failed. The 
FDA approved imatinib (US tradename Gleevec®)
under its ‘orphan drug program’, which provides
financial incentives for drugs developed to treat 
rare diseases.

Other countries that had given a licence to
Novartis for imatinib as at January 2002 include
Argentina, Australia, Bulgaria, Canada, Chile,
Columbia, Dominican Republic, Ecuador, El
Salvador, Guatemala, Israel, Indonesia, Jordan,
Kuwait, Malta, Mexico, Nicaragua, Palestine, 
Peru, Romania, Russia, South Korea, Switzerland,
Syria, the USA, Uruguay and Venezuela.

There are no randomised trials published 
(one is still in progress; interim results of 1-year
follow-up are due to be published early in 2003),
and the Phase II studies are only published in
abstract form, or as part of the licensing agree-
ment details published by the EMEA. The data
assessed in this report have been provided by
Novartis, and have not undergone peer review,
other than as part of this report’s production.
Caution should, therefore, be used in 
interpreting the results.

Special populations
• There are no pharmacokinetic data in 

paediatric patients.
• No clinical studies have been conducted 

in patients with impaired hepatic function.
• No clinical studies have been conducted in

patients with moderate to severe impairment 
of renal function (studies excluded patients 
with serum creatinine concentration more 
than twice the upper limit of the normal 
range). Imatinib and its metabolites are 
not significantly excreted via the kidney.

• No clinical studies have been conducted 
in patients with overt cardiac disease.

Adverse effects of imatinib
The adverse effects of imatinib are reported in
detail on page 46. Those frequently reported in

TABLE 2  Number of FCEs for CML in England, 1999–2000

Age Number

0–14 189

15–59 4541

60–74 1798

75+ 838
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trials include nausea, vomiting, oedema (fluid
retention), muscle cramps, skin rash, diarrhoea,
heartburn and headache. Severe fluid retention
occurred in up to 2% of patients. Cytopenia,
particularly neutropenia and thrombocytopenia,
were found in all studies (pack data). Incidence 
is higher in the blast and accelerated phases
compared to the chronic phase. Severe ele-
vation of transaminases or bilirubin occurred 
in 1.1–3.5%49 of cases.

The majority of patients experience adverse
reactions at some time and the drug has been
discontinued for adverse events in 1% of patients
in the chronic phase, 2% in the accelerated 
phase and 5% in blast crisis.49

Dose of imatinib
Recommended dosage is 400 mg/day for those 
in chronic phase CML and 600 mg/day for those
in the accelerated and blast phases. The dose is
administered orally and given once daily with 
a meal and a large glass of water.

Dose escalation from 400 to 600 mg/day for
patients with chronic phase disease, or from 
600 to 800 mg/day (given as 400 mg twice daily), 
is advised in patients in the accelerated phase or
blast crisis, providing there is no severe adverse

drug reaction or severe non-leukaemia-related
neutropenia or thrombocytopenia.

Dose escalation may also be considered where
there is:

• disease progression (at any time)
• failure to achieve HR after at least 3 months 

of treatment
• loss of a previously attained HR.

Cost
Imatinib costs £12.98/100 mg. The approximate
annual cost for 400 mg/day in the chronic phase 
is £18,951, and for 600 mg/day in the accelerated
or blast phase is £28,426. Doses of 800 mg/day 
will cost £37,902 per year.

Duration of response and resistance to imatinib
The duration of response to imatinib remains a
crucial unanswered question. Because its mech-
anism of action suggests that continual exposure 
to the drug is required, it is not known whether
imatinib can ever be safely stopped. In contrast 
to this, longstanding unmaintained remission 
has been documented in a small number of 
people treated with IFN-α and some IFN-α-treated
patients remain in remission for 10 years.32 It 
has been suggested that IFN-α can produce an
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BOX 1  Treatment failure with IFN-α

Definition 1
1. Haematological resistance (at 5 MU/m2 daily or 

maximum tolerated dose), one of:
• failure to achieve at least a partial HR after at 

least 3 months of therapy;
• failure to achieve a complete HR after at least 

6 months of therapy;
• loss of HR after achieving complete HR with an 

increasing WBC count > 12 × 109/l on optimal 
IFN-α therapy documented for at least 4 weeks.

2. Cytogenetic resistance (at 5 MU/m2 daily or 
maximum tolerated dose), one of:
• failure to obtain a CR (Ph+ > 89%) after at 

least 1 year of therapy;
• loss of CR with a return to Ph+ cells to > 90%.

3. IFN-α intolerance (no dose specified)
• Grade 3 or 4 unacceptable toxicity48

Definition 2
1. Haematological failures: patients who were 

resistant to or relapsed during IFN-α treatment 
(no dose specified)
• failure to achieve a complete HR of at least 

1 month duration following at least 6 months 
of IFN-α treatment (concomitant hydroxyurea 
permitted for up to 50% of the treatment);

• WBC increasing to > 19 × 109/l (confirmed by 
two samples taken at least 2 weeks apart) while 
receiving IFN-α (concomitant hydroxyurea 
allowed for up to 50% of treatment duration).

2. Cytogenetic failures: patients who were resistant 
or who relapsed during IFN-α-based therapy 
(no dose specified)
• 64% Ph+ in bone marrow after 1 year of 

IFN-α-based treatment;
• in patients who had previously achieved a CR, 

Ph+ metaphases increased by at least 30% 
(confirmed by two samples 1 year apart) 
or to > 64%.

3. IFN-α intolerance (at 25 MU/week or more, 
CML diagnosed at least 6 months)
• any non-haematological toxicity of grade 3 

persisting for more than 1 month.13
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‘operational cure’ even though pathology is 
still detectable.7

Resistance to chemotherapy is a common feature
of many cancers, and has been documented with
imatinib. Disease progression is at least partly
associated with the failure to maintain effective
inhibition of BCR-ABL kinase activity50 as 
measured by the CRKL assay. Secondary onco-
genic changes that permit malignant proliferation
independent of BCR-ABL are also possible, 
but appear to be less likely as an explanation.51

It is probable that resistance will be an important
determinant of long-term survival with imatinib
and details of mechanism of resistance are 
shown in appendix 2.

Many aspects of imatinib therapy are still not
understood. Dose escalation of imatinib in
relapsing blast crisis patients has not produced
remission, as might be expected.52 Blast crisis 
cells show similar intrinsic resistance as chronic
phase cells to imatinib in vitro, despite differing
clinical responses.53 It has been noted that in 
vitro cell lines can regain sensitivity to imatinib
after drug withdrawal for 2–3 months, but 

the clinical implications of these findings have 
not yet been studied.14

It is also unclear why some patients fail to achieve 
a response. Possibilities are:

• There is poorer inhibition of BCR-ABL by
imatinib in less mature cells, that is a high
proportion of immature cells are less 
sensitive to imatinib.

• Relatively resistant stem cells have a prolifer-
ation advantage and eventually predominate.

• The percentage of BCR-ABL-positive stem cells
may vary considerably between people.46

Potential long-term toxicity and
adverse effects
With follow-up of only 12 months reported, it is
not possible to comment on possible long-term
toxicity or adverse effects.

Theoretically, it is possible that imatinib may
inhibit other tyrosine kinases within the cell. 
This may lead to myelosuppression, abnormal
lymphocyte function or impaired wound 
healing.5
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Research questions

The following questions were addressed in 
this assessment:

1. What is the efficacy of imatinib in the 
treatment of CML compared to existing
treatments?

2. What is the cost-effectiveness of imatinib 
in the treatment of CML compared to 
existing treatments?

Review team and advisory group

The review was carried out by a team comprising
Dr Ken Stein, Dr Ali Round, Ruth Garside and 
Kim Dalziel.

Additionally, an external advisory group of 
clinical, health economic and statistical experts
provided advice during the assessment. Details 
of this group appear in the ‘Acknowledgements’ 
on page 73.

General methods

The review methods generally adhered to the
guidelines published by the York Centre for
Reviews and Dissemination. The a priori methods
used for the review are outlined in the review
protocol (appendix 3), although some changes
were made. After an initial review of the literature,
bone marrow transplantation was dropped from
the list of comparator treatments, as justified on
page 6.

Hydroxyurea and IFN-α are the comparators
considered in the chronic phase. In the acceler-
ated and blast phases, other chemotherapies are
considered as comparators.

There is no direct comparative data between
imatinib and any other therapy yet available.
Because of this, comparisons have been 
made with data from both RCTs and 
case series.

Search strategy
Sources of information
Electronic databases were searched for published
studies, as well as recently completed and ongoing
research. Appendix 4 lists the databases and the
search strategies used.

During the initial literature review it became 
clear that a range of chemotherapies have been
used in the accelerated and blast phases of the
disease, and so an additional search for articles
relating to these phases was undertaken.

Bibliographies of articles reviewed were searched
for further relevant articles and the manufacturers
of imatinib were approached for unpublished
studies, including a cost-effectiveness model.

Inclusion criteria

Method of application
Using the criteria described below, two reviewers
independently made the inclusion or exclusion
decisions. Disagreement was resolved by con-
sensus. Decisions were made independently 
of the data extraction and prior to detailed
scrutiny of results.

For imatinib
Study design: Given the paucity of published data
about imatinib, all Phase I and Phase II studies
were included. Details of three major studies were
provided by Novartis as commercial in confidence
information at the time of the review. The results 
of these studies were available in the public domain
only as conference abstracts, and as part of the
licence information. Two Phase I studies reviewing
safety and efficacy were published.54,55 Commercial
in confidence status has since been removed.

Intervention: Imatinib orally.

Population: Adults with chronic phase CML 
who had failed IFN-α, accelerated or blast phase.

Outcomes: 
• overall survival
• progression-free survival
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• HR, complete and partial
• CR, complete and partial
• adverse effects
• cost.

For hydroxyurea, IFN-α and other
chemotherapies
Study design: All RCTs and cohort studies 
or case series involving more than 20 patients, 
with a minimum follow-up period of 1 year, 
were included.

Intervention: Hydroxyurea and/or IFN-α and/or
other chemotherapy.

Population: Adults with CML in chronic,
accelerated or blast phase.

Outcomes: 
• overall survival
• progression-free survival
• HR, complete and partial
• CR, complete and partial
• adverse effects
• cost
• QoL.

Data extraction

Data were extracted by one researcher and
checked by another. Response rates and survival
were calculated, where possible, from original 
data presented in the report and not from
percentages given, because these are often
adjusted for a variable number of drop-outs. 
In some cases, 1-year survival was estimated 
from survival curves presented in the results.

Quality assessment strategy

Using a structured form, two reviewers
independently assessed the internal and ex-
ternal validity of included trials for the aspects
outlined below.56

IFN-α and hydroxyurea RCT studies
Internal validity
• sample size
• selection bias (allocation strategies, eligibility

criteria, similarity of groups compared)
• performance bias (similar concurrent therapies

for both groups)
• detection bias (blinding procedures)
• attrition bias (intention-to-treat analysis, 

drop-outs, loss to follow-up).

External validity
• representativeness of sample used
• usual care setting
• standard treatment regimen
• standard treatment outcomes measured
• length of follow-up.

For non-randomised studies of 
all treatments – imatinib, IFN-α,
hydroxyurea and other 
chemotherapy studies
Internal validity
• selection criteria
• explicit inclusion and exclusion criteria
• stage of disease at entry
• concurrent treatments explicit and similar 

for all patients
• extent of blinding (where appropriate)
• intention-to-treat analysis.

External validity
• patient characteristics
• treatment regime followed.

Methods of analysis

Clinical effectiveness
This assessment considered all outcome measures
reported in included trials.

There are no direct comparisons between 
imatinib and alternative therapies. We have
therefore calculated the outcome measures 
directly from trial reports and tabulated the 
data to enable an approximate assessment of 
the efficacy of imatinib seen in relationship 
to other published evidence. It cannot be
emphasised too strongly that this kind of
comparison is subject to bias, particularly 
in terms of potential differences in the popu-
lations studied, the variable completeness 
of follow-up, publication bias, and lack of 
blinding throughout the literature.

A further difficulty arises from the short-term 
follow-up in the imatinib trials and consequent
reliance upon HR and CR as proxy outcome
measures for longer-term survival. RCT evi-
dence alone was considered to assess the validity 
of this, as observational data can describe
associations only.

Survival has been used as a primary outcome
measure in studies in the blast and accelerated
phases as expected survival in these phases 
is short.
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Where 95% confidence intervals (CIs) were not
described in the imatinib trials, these have been
calculated using STATA™.

Economic evaluation
An independent economic analysis was not per-
formed, because of the high degree of uncertainty
about overall survival and effectiveness of imatinib
compared to other therapies, and time constraints
on the assessment.

Economic evaluations were sought of any treat-
ment in CML. A brief summary of economic

analyses of IFN-α treatments is provided, to give
some background information prior to a detailed
critique of the industry analysis and model. Using
the Drummond criteria,57 this reviews the model
structure and assumptions, and performs a
number of sensitivity analyses to explore in more
detail some of the key model parameters and the
effect of altering these on cost-effectiveness.

Impact on the NHS
A brief critique of the industry submission to the
National Institute for Clinical Excellence (NICE) 
is provided for completeness.
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Studies identified
Searching yielded a total of 567 separate
references. These references included trial results
as well as background information about CML,
imatinib, the biochemistry of CML treatments,
QoL issues, cost-effectiveness studies and overviews
of this clinical area. Appendix 5 includes a diagram
showing which trials were included. Studies were
included if they fitted the inclusion criteria
described on page 11.

Included studies
No published full accounts of Phase II studies of
imatinib were identified from this search, although
some details have been reported in abstract form
and results only presented in other papers. Two
publications relate to Phase I studies of imatinib.
Novartis provided details of three Phase II studies
being prepared for publication.

Ten RCTs (described in appendix 6) and 27 case
series for CML treatments in the chronic phase
were included. For accelerated and blast phase
CML, one RCT was available and information from
13 case series studies included. No studies directly
compare imatinib with other treatments and the
review therefore had to rely on comparisons
between different studies.

Excluded studies
These are listed, with reasons for exclusion, in
appendix 6.

Quality assessment

Overview of quality
This section outlines aspects of quality in the
included studies that may give rise to bias in the
study results. For both imatinib and the com-
parators, bias is discussed with reference to
internal and external validity. Internal validity 
is a measure of the extent to which the study 
is likely to give unbiased results. It is discussed
under four headings:

• Selection bias (was patient entry to the trial
biased towards those more likely to have
favourable results?).

• Performance bias (did the treatment given,
including concomitant treatments, allow an
unbiased estimate of the effect of the therapy
under investigation?).

• Detection bias (was assessment of outcomes
performed in a way that minimised bias?).

• Attrition bias (was patient follow-up adequate 
to prevent bias?).

External validity is a measure of the extent 
to which the results found in the trial can 
be generalised to the overall population 
of patients with CML.

This section also reviews the analytic methods used
and their appropriateness.

Case series present significant methodological
problems in their interpretation. The absence of
control groups means that, except where natural
history is well understood and the effects are
dramatic, it is difficult to attribute effects to the
treatment being considered. Case series studies 
are more open to selection bias than well-designed
RCTs, as participants may be selected by the
investigators if they are thought to be potentially
more responsive to treatment or are more moti-
vated. Case series may be defined retrospectively, 
in some cases by factors associated with outcome.
Missing records are not generally included but may
report a poorer outcome. All these factors may
lead to an overestimate of treatment effect.

The comparisons we present here, regardless of
study design, are fraught with potential problems.
In particular, differences in study populations, as
indicated by baseline risk assessment, and care
received other than the treatment of interest, 
may produce significant confounding.

RCTs are generally less susceptible to bias. The
randomisation process in RCTs, where appropriately
conducted, will control for known and unknown
confounders of treatment effect. However, small
study size and poor technique within RCTs may
result in residual confounding and other forms 
of bias, which may or may not be detectable.

In this case, the RCTs we describe do not directly
compare imatinib with other therapies, so it is
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important to review the design and conduct 
of these trials for susceptibility to bias, as 
with imatinib. It is difficult to detect residual
confounding and to determine the direction 
or magnitude of its effect on the results.

Imatinib
The main body of information on the efficacy 
of imatinib comes from three large case series
studies undertaken by Novartis. These studies 
are not currently fully published, although 
the results are available as abstracts from the 
American Society of Hematology (ASH) meeting
in December 2000. In addition, the trial results
have been included in articles describing imatinib.3

The more detailed information on these studies
was provided to the review team as commercial 
in confidence material. Each study looks at the
effects of imatinib on patients in a different 
phase of CML:

• Study 110: Chronic phase Glivec™ (imatinib
mesylate) induces hematologic and cytogenetic
responses in the majority of patients with
chronic myeloid leukemia in chronic phase:
Results of a Phase II study.58

• Study 109: Accelerated phase Glivec™ 
(imatinib mesylate) induces durable hemato-
logic and cytogenetic responses in patients with
accelerated phase chronic myeloid leukemia:
Results of a Phase II study.13

• Study 102: Blast phase Glivec™ (imatinib
mesylate) induces hematologic and cytogenetic
responses in patients with chronic myeloid
leukemia in myeloid blast crisis: Results of a
Phase II study.59

Details of these studies are further discussed on
page 23.

Internal validity
Selection bias
Details of recruitment procedures to the studies
are not given. It is not clear, for example, whether
all potentially eligible patients were invited to
participate or if investigators’ discretion affected
those included.

Although there are no figures for numbers of
people considered for inclusion in the study, 
full details are given for the number of patients
enrolled in the study and those who were actually
eligible to participate (Table 3).

In all studies, those who were not eligible to
participate did not have a confirmed diagnosis 
of the relevant phase of the disease. The numbers
not eligible – 78 in the chronic phase, 54 in the
accelerated phase and 31 in the blast phase – 
seem relatively high, although the CML phase was
strictly defined in each study protocol. Results
from Novartis presented in this report are on 
an intention-to-treat population.

Specific inclusion and exclusion criteria are
described in all three studies. While a full list of
inclusion and exclusion criteria are provided in 
the study reports supplied to us in advance of the
industry submission (appendix 7), these are not
included in the final industry submission from
Novartis. One exclusion criterion, which is listed 
in all three studies, allowed for patients to be
excluded “if they were considered by the investi-
gator to be potentially unreliable”. This clearly
allows considerable potential for investigators to
influence which patients were included. In the
chronic phase study, the main inclusion criteria
was IFN-α failure, defined as no HR within 
3 months, no CR within 1 year, or IFN-α intoler-
ance. This allows entry to the study at a number 
of different points in disease progression. In total,
63% of patients had been diagnosed for 2 years 
or more, with a median time from diagnosis of 
32 months. Bias, in terms of quoted survival rates, 
is likely to be against imatinib in comparison to
other chronic phase studies, where patients are
generally recruited much earlier in the 
disease process.

Specific time periods for the use of other drugs 
for CML, prior to the accelerated and blast phase
imatinib studies, are stated and listed as exclusion
criteria. For example, patients should have been
excluded from taking imatinib if they had been
treated with IFN-α within 48 hours or ara-C within

TABLE 3  Patients recruited to imatinib trials

Study (phase) Number recruited Number eligible Reason for ineligibility

110 (chronic)*58 532 454 (85%) Chronic phase not confirmed

109 (accelerated)13 235 181 (77%) Accelerated phase not confirmed

102 (blast)59 260 229 (88%) Blast phase not confirmed

* Failed IFN-α patients
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28 days. However, it is not clear whether these
criteria were strictly applied. It could be that a
patient using these drugs at the time of recruit-
ment would be excluded, or that current prescrip-
tion was stopped for the required period and then
entered the study – 66% of those in the acceler-
ated phase study had received prior treatment, as
had 35% of those in the blast phase study. This
latter group includes only those who had received
treatment other than IFN-α, hydroxyurea or ara-C.
Prior treatment with these drugs was permitted in
the protocol and the numbers who had received
them are not stated. It is not clear what effect this
may have on outcomes.

Performance bias
Drug dosage: In all studies, the protocol for drug
escalation, reduction and interruption is described.
In the chronic phase study, details are not given
about the number of patients who required dose
adjustment. In the accelerated phase study, dose
reductions because of adverse effects are reported
in 49% of patients in the 400 mg group, and 52%
of patients in the 600 mg group. In the blast phase
study, drug reductions were reported in similar
numbers of people: 43% of the 400 mg group and
47% of the 600 mg group. No details are given on
drug escalation, which might be required to
achieve or sustain a response.

Concomitant drugs: In the chronic phase study, 
all patients had “failed IFN-α” treatment previously
and no concomitant cancer drugs were permitted.
Allopurinol was permitted to counteract the effects
of a rapid reduction in the number of WBCs and
discontinued at the investigators’ discretion. Any
effects seen are likely to be a true reflection of 
the drug’s effect.

In the accelerated and blast phase studies, it is
stated that hydroxyurea use within 24 hours was 
an exclusion criteria although hydroxyurea (up 
to a maximum of 5 g/day) was also permitted
concurrently within the trial period, including 
in the first 28 days. Anagrelide (to treat essential
thrombocythemia), leukapheresis and allopurinol
were also permitted within the first 28 days of the
trial, as were colony-stimulating factors to treat
febrile neutropenia or infection. It is assumed that
other drug regimens may have been permitted
outside this initial 28-day period, although this is
not clearly stated. No details of concomitant drug
use are provided in the reports.

No data were collected on patient compliance 
with treatment regimens but this was assumed 
by the study authors to be good.

Detection bias
No blinding was reported in these Phase II studies,
that is those assessing clinical outcomes (including
adverse effects), the care providers, and those
assessing HR and CR, were all aware that the
patient was taking imatinib. The patients them-
selves were aware that they were taking imatinib.
This gives potential for bias, particularly around
the reporting of adverse effects. This bias could 
be in either direction, but is more likely to result 
in under-reporting of symptoms, reflecting the
understandable desire for the new therapy to 
be effective. However, the main outcome measures
are moderately objective and not likely to be
subject to substantial bias.

Attrition bias
All three studies in the industry submission state
that intention-to-treat analyses are used for HR 
and CR rates.

Few details are reported on the number of people
lost to follow-up. However, there were a large
number of withdrawals, particularly from the
accelerated and blast phase studies. In the chronic
phase, 8% of patients were reported as having
withdrawn from therapy (Table 4).

In the accelerated and blast phase studies, 
survival was censored at the time treatment was
discontinued to allow bone marrow transplant-
ation, or at the last recorded contact when 
patients were alive. In total, 43% of patients 
were reported as withdrawn from treatment.

External validity
Co-morbidity
Patients were excluded from the studies if they 
had liver disease, an ECOG Performance Status
(see appendix 8) of 3 or higher, or severe cardiac
disease. Other co-morbidity in the study sample 
is not reported.

Patient characteristics
Relatively little detail is given about patient
characteristics to inform comparisons with other
treatments. The patients are older than in most
studies of CML therapies. A predominance of 
men are entered, as would be expected, with the
exception of the accelerated study, when the 
male to female ratio is equal. No patients in 
Study 110 had extramedullary or lymph node
involvement, and few (2%) had moderate
splenomegaly. Haematological parameters 
seemed moderately well controlled. In Study 110,
all patients had failed IFN-α treatment and 63%
had been diagnosed for more than 2 years, 
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longer than most studies. In Study 109, around 
a quarter had moderate splenomegaly, and the
median WBC count was well above the normal
range. In Study 102, extramedullary involvement
was present in 70%, lymph node involvement 
in 10%, moderate splenomegaly in 27%.
Haematological parameters were much poorer,
with a median value for red cells, white cells and
platelets all outside the normal range.

Risk factors
In assessing patient prognosis in the chronic 
phase of CML, two main scores, the Sokal score
and the Hasford score (shown in appendix 1),
have been used in pharmacological research. 
As discussed on page 3, some studies have 
shown a much bigger difference between risk
groups than between treatment groups. In these
studies, apparent differences in survival between
treatments have disappeared when stratified 
for risk score.

The imatinib trials do not describe a risk score 
for patients enrolled. The rationale for this is 
that risk scores are only appropriate for newly
diagnosed disease. However, Sokal’s score was
developed based on 813 non-blastic chronic
granulocyte leukaemia patients who were treated
between 1962 and 1981.24 These patients were 
not all newly diagnosed. Indeed, early diagnosis
was less frequent during that time than is 

currently the case. Later diagnosis, likely to be
accompanied by gradually worsening factors 
that make up the risk score, such as higher 
WBC counts and blast cell counts, would simply
translate into a higher proportion of patients
found to be in higher-risk groups.21 For the
Hasford score, the time since diagnosis was at a
median of 24 days (range 0–136),22 which may
make it unsuitable for use with this different
patient group. However, there is considerable
overlap between these two scores.

Lack of knowledge of risk scores makes com-
parison with other studies difficult. No risk scores
exist for accelerated and blast phase patients. The
industry submission comments that the definition
of accelerated phase used in this study is more
stringent than other authors have used, defining
the accelerated phase as at least 15% blasts and 
less than 30% in the peripheral blood and bone
marrow, rather than the less stringent definition of
more than 5% but less than 30% blasts. A patient
group with less favourable prognosis has therefore
been selected. In addition, those patients in the
chronic phase study have failed IFN-α treatment,
and most have been diagnosed with CML for 
more than 2 years.

Statistical analyses
Power calculations were performed at the design
stage of each study, and the numbers recruited

TABLE 4  Reasons for withdrawal from protocol in imatinib studies

Study (phase) Sample Withdrawals Reasons for withdrawal*

110 (chronic)58 532 42 (8%) Disease progression: 28 (5%)
Adverse events: 8 (2%)
Protocol violations: 2 (0.4%)
Death during therapy: 2 (0.4%)
Consent withdrawn: 1 (0.2%)
Administrative reasons: 1 (0.2%)

109 (accelerated)13 235 100 (43%) Disease progression/unsatisfactory 
therapeutic effect: 73 (31%)
Adverse events: 14 (6%)
Death during treatment: 7 (3%)
Bone marrow therapy: 4 (2%)
Withdrawal of consent: 2 (1%)

102 (blast)59 260 197 (76%) Disease progression/unsatisfactory 
therapeutic effect: 134 (52%)
Adverse events or laboratory test 
results: 25 (10%)
Death during therapy: 20 (8%)
Bone marrow therapy: 13 (5%)
Protocol violations: 3 (1%)
Withdrawal of consent: 2 (0.8%)

* Percentages sum to more than total because of rounding
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were sufficient to detect the outcomes specified.
Appropriate statistical tests were carried out.

Subgroup analyses were not specified in the study
protocol. This is a concern because a number of
subgroup analyses were presented but it is not
known how many overall were carried out and
whether results were selectively reported.

Survival analysis is a loosely defined term encom-
passing a variety of statistical techniques for
analysing variables such as time to death or 
time to failure of a component or system. The
distinguishing feature from other analytic methods
is that many of the observed data include only
partial information, that is they are censored. 
For example, people participating in a study may
drop out before the end-point is reached, or the
study may finish before all participants have
reached an end-point. In addition, some people
may be lost to follow-up. In order to perform an
analysis, an assumption must be made that the
censoring is independent of the time at which 
it occurred, and of relevant covariates. Novartis
have stated that all patients are followed up for
survival even if they have withdrawn from
treatment, which should minimise bias.

Landmark analysis, a type of survival analysis, is
performed in the accelerated and blast phase
studies. This takes all patients alive at a certain
time point after entry to the trial and compares
survival in two subgroups. This overestimates
survival of the whole group, but is not biased in
favour of one group. If the time at which the
landmark analysis is carried out varies between
studies, it is not possible to compare survival 
from this kind of analysis.

Duration of response
The length of follow-up in all the studies is short. 
It is not possible to draw conclusions about long-
term duration of response.

Quality of evidence for effectiveness 
of other treatments for CML:
chronic phase, RCTs
Descriptive comparison between CML treatments
has been used in this review. In this section the
included studies, both RCTs and case series studies,
are considered against the quality criteria as
specified above. Details of aspects of study 
quality are shown in appendices 7 and 9.

RCTs carried out in the chronic phase compare
IFN-α with hydroxyurea or busulphan,39,42,60–62

hydroxyurea with busulphan,63 IFN-α alone with

IFN-α combined with ara-C or hydroxyurea45,64,65 or
busulphan with lomustine with ara-C18 (Table 5).

Internal validity
Selection bias
It is not clear whether all potentially eligible
patients were invited to participate. In some
studies, investigators had discretion about in-
clusion. No data are reported for numbers of
people considered for inclusion in the study. 
The studies had different inclusion and exclusion
criteria (see Table 5), but these are similar to 
those applied in the imatinib study, with the
exception of time from diagnosis, which was
generally much shorter. A review by the ASH
reported that, “selective exclusion of patients 
from treatment post-randomisation (due to poor
response, eligibility for bone marrow transplant-
ation, or other factors) is a common methodo-
logical problem” in leukaemia studies, and 
clearly biases the results.28

Performance bias
The degree of discretion available to physicians 
to move patients between study arms and use
additional drugs varied in the trials, as did the
dosage of IFN-α. Again, the ASH review28

comments there is often:

• failure to completely adhere to a standardised
protocol

• variability in treatment regimens, which are not
documented and in which clinicians are given
latitude to alter the dosage or add other agents
based on concerns around HR or toxicity

• crossover: patients allocated to received IFN-α
are sometimes given chemotherapy when
clinicians consider IFN-α ineffective or too toxic.

However this is not likely to substantially bias the
comparison with imatinib made here.

Detection bias
None of the RCTs report that blinding was 
applied to patients or physicians. As chemotherapy
is usually given orally while IFN-α is delivered
subcutaneously, and there is a characteristic range
of adverse effects often experienced with IFN-α,
blinding is problematical for patients. However,
blinded outcome assessment would be possible. 
A similar range of outcomes to the imatinib 
trial has generally been used.

Attrition bias
Six studies report complete follow-up.18,39,60–62,65

However, the length of follow-up is not stated in
two of these. The other studies do not document
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TABLE 5  Characteristics of RCTs of treatments for CML in the chronic phase

Study Intervention Comparator Median age Inclusion criteria Exclusion criteria
(years)

Baccarani et al., IFN-α BU or HU 41 NS NS
199862

The Benelux CML IFN-α IFN-α plus HU IFN-α 55.7 Newly diagnosed, Abnormalities other than 
Study Group, 199864 HU 56.4 untreated, aged over Ph+, not Ph+/BCR-ABL

18, adequate hepatic 
and renal function

Broustet et al., IFN-α HU 55.6 Ph+ CML, absence of A priori exclusion of those 
199160 previous treatment, who would benefit 

diagnosis < 3 months, from allograft
aged over 18, absence 
of karyotypic 
abnormalities

Giles et al., 200065 IFN-α IFN-α plus IFN-α 40 ECOG score ≥ 2, Impaired cardiac status,
ara-C IFN-α + baseline bilirubin MI within 3 months, angina 

ara-C 42 ≤ 1.5 upper limit of needing medication, serious 
normal range, not medical or psychiatric 
pregnant or lactating condition, hypersensitivity 

to IFN-α, autoimmune 
diseases, thyroid function 
abnormalities; history of 
another malignant disease 
within 5 years

Guilhot et al., IFN-α IFN-α plus IFN-α 51 Under 70 years, Ph+ Accelerated or blast phases,
199745 ara-C IFN-α + CML, chronic phase, history of depressive illness 

ara-C 50 diagnosis within or psychiatric disorder,
preceding 6 months, severe hepatic, renal or 
previously treated cardiovascular disorders
only with HU

Hehlmann et al., HU BU 49.7 One of: feeling Not in chronic phase;
199363 ill/fatigue; weight loss no treatment required;

> 10% in 6 months; pretreatment with 
fever > 38.5ºC on cytostatics, IFN-α or splenic 
5+ days; organomegaly; irradiation; no informed 
leucocytes > 50 x 109/l; consent; other neoplasia;
thrombocytosis  “other reasons that made 
> 1 x 1012/l therapy according to 

protocol unlikely”

Hehlmann et al., IFN-α BU or HU IFN-α 47.4 Newly diagnosed, not Living overseas/psychiatric 
199439 BU 48.5 pretreated, chronic problems/language barriers 

HU 46.9 phase; also six of: – too difficult to keep 
unexplained fatigue, to protocol
weight loss > 10% in 
6 months; fever of 
> 38.5ºC on 5+ 
consecutive days;
organomegaly-related 
symptoms, leucocytes 
> 50 x 109/l and/or 
thrombocytosis 
> 1 x 1012/l

continued
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how many withdrawals there were from the 
trial, and one reports a large number of post-
randomisation exclusions.65 Similar caveats 
to those applied to the imatinib studies 
therefore apply.

External validity
The trials vary enormously in the amount of 
detail reported on patient characteristics. The
majority include a risk score, enabling some of 
the differences between trials to be explained in
terms of patient selection. In general, the trials
included people with a younger median age 
than those in the imatinib trials (median age 
range 40–60), but a similar male to female ratio.
Performance status, haematological characteristics,
splenomegaly and hepatomegaly are variably
reported, making comparison difficult. No trials
explicitly discuss co-morbidity.

Statistical analysis
An intention-to-treat analysis is reported in 
only two trials.39,62 Five out of the ten RCTs 
report a power calculation,39,45,61,63,64 but subgroup
analyses are rarely reported as having been 
pre-specified. Analytic tests are generally
appropriately used. However, the censoring 
rules in the survival analysis are not 
clearly explained.

Quality of evidence for effectiveness 
of other treatments for CML:
chronic phase, case series studies
In addition to the randomised studies of IFN-α
and chemotherapy for the chronic phase, 25 
non-randomised observational studies of IFN-α
and two of other therapies were identified. Some
similar methodological problems to those
identified in the randomised trials are evident.
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TABLE 5 contd Characteristics of RCTs of treatments for CML in the chronic phase

Study Intervention Comparator Median age Inclusion criteria Exclusion criteria
(years)

Ohnishi et al., IFN-α BU IFN-α 48% Ph+ CML, chronic Accelerated or blast 
199861 aged 50+ phase, no serious  phase (defined)

BU 47% heart, liver or kidney 
aged 50+ disease, no severe 

infectious or 
psychiatric disorders,
no other neoplasm,
ECOG score of 0–2,
aged 20–70, no hyper-
sensitivity reaction

Shepherd et al., IFN-α BU or HU IFN-α 56% Under 75 years, NS
199642 aged 50+ chronic phase CML 

Chemo 53% with no contra- 
aged 50+ indications to 

IFN-α therapy

Silver et al., Lomustine BU < 50 53% Demonstrated Ph+, Previous treatment
199218 > 50 47% leucocyte count 

≥ 40,000/µl on two 
occasions not less than 
24 hours or more than 
96 hours apart, at least 
80% of cells in PB of 
the granulocytic series,
< 30% myeloblasts 
and promyelocytes in 
PB or bone marrow 
by 100 cell differential 
count on two occasions;
hypercellular bone 
marrow aspirate or 
biopsy specimen,
leucocyte alkaline 
phosphatase or biopsy 
specimen below 25
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Internal validity
See appendix 7 for further details.

Selection bias
The majority of case series reviewed do not give
any details about their recruitment process. Even
those reporting that consecutive patients were
included do not state whether this was retro-
spectively or prospectively defined. If the former,
there is potential for considerable bias in
excluding patients with poor outcomes.

A range of inclusion and exclusion criteria are
used. No inclusion criteria are stated in seven
studies.19,66–71 In addition, some of those that
describe inclusion criteria are very broad, for
example describing only a defined phase of
CML,72–76 while others are lengthy and include
restrictions such as age and co-morbidity.

Performance bias
Drug dosage: For a full list of treatment regimens
see appendix 10. In many cases, drug dose varied
depending on WBC counts, disease progression 
or adverse effects.

• Busulphan. Drug doses varied and could 
be changed at the physician’s discretion,
depending on WBC counts. Initial doses 
could be between 4 and 6 mg or between 
0.1 and 40 mg/kg a day.

• Hydroxyurea. Doses were often varied at the
physician’s discretion, depending on WBC
counts. Initial oral doses of 1.5–50 mg/day 
were described.

• IFN-α regimens. The trials had various drug
dose regimens, and IFN-α could be combined
with hydroxyurea or ara-C. Interferons could be
recombinant or human and either IFN-α or,
occasionally, IFN-γ.

Daily subcutaneous IFN-α doses ranged from 
3 to 9 MU. Those studies that combined IFN-α
with ara-C also used various doses from 10 to 
20 mg, in some cases varying at the physician’s
discretion, depending on patients’ WBC counts.
These ara-C regimens might be daily for 2 weeks
initially, followed by 7 days every 4 weeks or for 
5 days a week. In addition, many trials allowed 
the investigators discretion to dictate crossover to
other regimens or alteration in the drug doses.

Concomitant drugs: In 14 case series studies in 
the chronic phase, no description of concomitant
drug use was provided.20,48,67–70,74,77–83 In the rest, 
co-treatment with hydroxyurea, busulphan or 
ara-C was permitted. No information about drugs

supplied for other conditions was given. Some
inclusion and exclusion criteria specify that no
pretreatment for the studied phase of CML was
permitted (see appendix 7 for details).

No information about patient compliance with
prescribed regimens was reported.

Detection bias
Blinding of patients, care providers, assessors 
and outcomes were not reported in any 
study. Nine studies only included Ph+ CML
patients,40,46,73,75,76,78,79,82,84 but others did not 
specify this, so the denominator for calculating 
CR rates is not known.

Attrition bias
Ten studies do not report complete follow-
up.40,66–68,72,73,82,84–86 However, it is generally 
not clear whether the case series was retro-
spectively defined – in which follow-up is, 
almost by definition, complete – or prospectively
defined. Six studies do not report on length of
follow-up68,72,76,79,82 and, while the majority of
studies (24) do report some measure of length of
follow-up, this varies considerably. Around half of
the studies report on withdrawals, but in only a
small proportion are figures for the number of
withdrawals given. The way in which withdrawal
from treatment is reported varies considerably
between studies. Withdrawal may be for disease
progression, bone marrow transplantation, death
during treatment, or for intolerable adverse effects.
Patients may also have withdrawn consent for
treatment. In some cases reasons for withdrawal
are not reported at all, while others report only
death or only withdrawal from adverse effects.
Withdrawal for adverse effects alone is discussed 
on page 46. Details of attrition can be seen in
appendix 9.

External validity
Details of patient characteristics are presented 
in appendix 11. As would be expected from the
epidemiology of CML, studies of CML treatments
included a slightly higher proportion of male
patients than female patients. Median age in
chronic phase CML studies ranged from 41 
to 60. Note that all intervention studies tended 
to recruit younger patients with CML, when
compared to epidemiological studies. Perform-
ance status, haematological characteristics,
hepatomegaly and splenomegaly are not 
reported in all studies.

There were also differences in the numbers of
CML patients who had low prognostic risk scores.
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Differences in the numbers of high- and low-risk
patients have been used to explain some of the
differences in survival and response that have been
observed.28 In ten19,48,66,73,74,78,81,83,87,88 of the 27 case
series in the chronic phase the distribution of
Sokal scores for their study population is reported
while the rest do not report a score. For those 
that report a score, the percentage of low-risk
patients varies between 15% and 43% of study
participants (appendix 11). The distribution of
Sokal scores in the general population of people
with CML is not known.

None of the studies describes or discusses co-
morbidity in the sample of patients studied.

Statistical analysis
No studies report whether an intention-to-treat
analysis was undertaken. None of the case series
report a power calculation, and subgroup analysis
is frequently performed but rarely reported as 
pre-specified (four studies). Analytic tests are
generally appropriately used, although occasionally
p-values (significance testing) are reported 
without commenting on which test was performed,
and statements about strong associations made
without any supporting statistical analysis.

The rules relating to withdrawals and censoring 
in the analyses are, in general, not clearly
explained. This can have a considerable effect 
on the calculation of HR or CR rates, or on
survival. The usual direction of bias is to 
increase the apparent response rates.

Efficacy – imatinib

Imatinib: published Phase I studies
Information on the efficacy of imatinib is sparse.
Two Phase I studies have been published, one in
patients with chronic phase CML54 and one with
those in the blast phase.55

In 2001, 83 patients in chronic phase CML 
who had failed IFN-α therapy were recruited 
by Druker and co-workers.54 Fourteen successive
dose cohorts from 25 to 1000 mg/day were used. 
A dose of 300 mg was found to be the threshold
for a maximally effective dose. Of the patients
treated at or above 300 mg/day, 98% showed 
a complete HR and 13% a complete CR.

No dose-limiting toxicity was reported. Most
commonly reported adverse effects were nausea
(43%), myalgia (41%), oedema (39%) and
diarrhoea (25%).54 Doses of 600–1000 mg/day

increased the number of patients in the chronic
phase experiencing grade 3 or 4 adverse effects.

Fifty-eight patients in blast crisis were treated 
with imatinib in oral doses ranging from 300 to
1000 mg/day.55 Patients had Ph+ CML (n = 38) 
or Ph+ acute lymphoid leukaemia (n = 20). Four
patients with CML (11%) had a complete HR 
and 17 (45%) had a decrease in blasts in the
marrow to 15% or less.55

Over half (n = 32) of the patients suffered from
nausea and 41% developed oedema. Oedema 
was grade 3 or 4 in 7% of patients. Two-thirds 
(n = 38) of patients also suffered from grade 
3 or 4 neutropenia and two-thirds from
thrombocytopenia.55

These studies were small and primarily designed 
to consider safety and dosage. Insufficient detail 
is given about patient population or follow-up 
to draw any conclusions about efficacy.

Imatinib: unpublished Phase II studies
This section considers the three Novartis trials
described on page 16 more fully. Details of these
trials compared to the others in this review are
presented in tabular form in appendices 7–11.

All three trials were open-label non-randomised
Phase II studies. They recruited patients with CML
from between 18 and 27 centres in the USA and
Europe, including two UK centres. No indication 
is given of how many patients were recruited at
each centre. It is likely that aspects of standard
care for patients with CML vary between countries,
although these are not described. Other aspects 
of quality are discussed on page 16.

Inclusion and exclusion criteria
Specific inclusion and exclusion criteria are
described in all three studies. A main inclusion
criteria for Study 110 in the chronic phase was 
IFN-α failure, defined as no HR achieved within 
3 months, no CR achieved within 1 year or IFN-α
intolerance. For Studies 109 and 102, the main
requirements were for the patients to be in the
accelerated or blast phase respectively. Full 
details of the inclusion and exclusion criteria 
are given in appendix 7.

Drug dosage
Study 110 had an initial oral imatinib dose of 
400 mg/day. This could be increased to 400 mg
twice daily in the event of failure to achieve a
complete HR, HR relapse or failure to achieve 
a CR.
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Studies 102 and 109 both had an initial daily
imatinib dose of 400 mg/day. However, this 
was increased by protocol to 600 mg when the
results of the Phase I study became clear. About
two-thirds of patients in Study 109 and 86% of
those in Study 102 received a starting dose of 
600 mg/day. Analyses are provided separately 
for those who started with 400 and 600 mg/day.

For patients who relapsed, dose escalation was
permitted at the discretion of the investigator 
and if no response was achieved after a month 
of therapy. In the blast phase study, escalation 
of dosage occurred in 56% of patients who started
on 400 mg/day and 35% of those who started on
600 mg/day.

Patient characteristics
Chronic phase – Study 110 (n = 532)
The patient group recruited was in mid to 
late chronic phase, with a median time from
diagnosis of 34 months and a total of 63% of
patients 2 years or more from diagnosis. The
median age was 57 (range 18–90), and 40% 
of the patients were aged over 60. The male 
to female ratio was 1.5:1, and most patients 
(93%) had an ECOG score of 0 or 1 (see 
appendix 8). No patients had lymph node 
or extramedullary involvement, and only
splenomegaly > 10 cm or hepatomegaly 
> 5 cm was reported (2% for each). Median
haemoglobin was normal. No other details 
on co-morbidity were given. A risk score 
was not calculated.

Accelerated phase – Study 109 (n = 235)
In Study 109 the median age of the patients 
was 57 (range 22–86) and 66% had received 
prior therapy for accelerated phase disease. No
information is given on the time since original
diagnosis or since diagnosis of the accelerated
phase. The male to female ratio was 1:1, and 
79% were ECOG score 0 or 1; 58% had
splenomegaly.

Blast phase – Study 102 (n = 260)
In Study 102, median age was 56 (range 19–81)
and participants had been diagnosed with CML 
for a median of 3.4 years (range 1.5–5.8). They
had been in blast phase CML for a median of 0.6
months (interquartile range 0.3–2.5) and were
described as typical for patients with CML in blast
crisis. Male to female ratio was 1.3:1, 70% had
extramedullary involvement and 59% an ECOG
score of 0 or 1. Median haemoglobin level was 
9.3 g/l (mild anaemia).

Primary outcome measures
Objective outcome measures were used in all
studies – survival, CR and HR. However, because
the follow-up time for the studies is limited (see
Table 6), the rates of CR and HR are used as 
proxy measures of efficacy in the chronic phase
study in particular. The median duration of
treatment times is given in Table 6.

Withdrawals
In total, 8% of patients in the chronic phase 
study, 34% in the accelerated phase study and 
76% in the blast phase study were withdrawn,
predominantly for disease progression. These
patients were included in the overall survival
analysis. An intention-to-treat analysis is reported
for response rates.

Results
The results have been grouped by outcome, 
with a breakdown by stage within each outcome.
Figures 2 to 10 in this section have been repro-
duced from the industry submission.

Haematological response
Chronic phase: Complete HR was achieved in 
89% of patients (95% CI not quoted, calculated 
for this report as 85–91% by a one-sample test 
of proportion, STATA). It should be noted that 
the criteria for a complete HR are a little less
stringent than those used in some other chronic
phase studies of CML (see page 3), in that up 

TABLE 6  Outcome measures used and length of treatment in imatinib studies

Study (phase) Stated primary outcome measure Median length of treatment (range)

110 (chronic)58 Rate of major CR 11.4 months (0.5–13.7)

109 (accelerated)13 Rate of HR lasting ≥ 4 weeks* 400 mg group, 9.9 months (0.2–17)
600 mg group, 11.0 months (0.2–15)

102 (blast)59 Rate of HR lasting ≥ 4 weeks 400 mg group, 3.7 months (1.5–7.6†)
600 mg group, 4.0 months (1.9–7.4†)

* Assessed as complete HR, marrow response, return to chronic phase or no response
† 25th–75th quartiles
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to 5% of immature cells were allowed in the
peripheral blood and relief from symptoms 
was not essential (see Box 2).

The difference in definition of HR in different
phases of CML is explained as a reflection of 
the different aims of treatment – a return to the
chronic phase for those in advanced stages, 
and a return to normal blood counts in the
chronic phase.

Median time to achieve an HR was < 1 month, 
and 89% of patients responded within 3 months.

Duration of HR was not reported, but time to
progression is reported in Figure 2.

Accelerated and blast phases: The primary end-
point in the accelerated and blast phase studies was
sustained HR (at least 4 weeks). In the accelerated
phase, 69% of patients met this end-point. In total,
34% showed complete HR, and 22% had a return 
to the chronic phase (no CI quoted). The definition
of complete HR in this study is shown in Box 2.
Duration of HR, in those with sustained response,
was estimated to exceed 1 year in 70% (95% CI, 
61 to 80%) (Figure 3). There were, however, a large
number of withdrawals and censored observations 
in the analysis (43%), which may give an unduly
optimistic indication of duration of response.

In the blast phase study an overall HR of 29%
(95% CI, 23 to 35%) was reported, of which 7%
was complete and 20% a return to the chronic
phase. Duration of HR is also reported for the 
blast phase in Figure 4.

Cytogenetic response
Chronic phase: This is used as the primary out-
come measure in Study 110 and was defined 
as the best response measured at any stage over 
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BOX 2  Haematological response

For chronic phase CML
WBC < 10 × 109/l, platelets < 450 × 109/l, myelocytes
and metamyelocytes < 5% in peripheral blood, no
blasts or promyelocytes in peripheral blood, < 20%
basophils and no extramedullary involvement.

For accelerated/blast phase CML
Myeloblast count < 5% in marrow, no circulating
peripheral blood blasts, neutrophil count ≥ 1.5 ×
109/l, platelet count ≥ 100 × 109/l and no
extramedullary involvement.
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FIGURE 2 Chronic phase: duration of complete HR (n = 476)
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FIGURE 3 Accelerated phase: duration of HR (n = 159)
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the follow-up and measured every 3 months. 
Major CR was reported in 55% and complete CR
in 37% of patients and this is defined as the best
response at any stage during the trial. Although
95% CIs were not reported, they were calculated 
by us to be 50 to 60% for major CR, and 33 to 
41% for complete CR.

This study found that prior response to IFN-α
(those who had cytogenetic relapse with IFN-α)
was strongly predictive of a response with imatinib
(odds ratio (OR) 4.3 compared to patients who
were intolerant to IFN-α). A shorter time since
diagnosis was also strongly predictive of a response
to imatinib (OR 4.1 for diagnosis within a year
compared to diagnosis over 3 years ago). Normal
platelet count, normal haemoglobin and < 5%
blasts in the marrow were also predictive of a CR,
that is patients who traditionally would be in the
lower risk categories are more likely to develop a
CR with imatinib. Around half the people who
achieved a major CR did so within the first 
3 months. However, CRs were still being 
produced at a year (Figure 5).

Accelerated phase: In Study 109, a major CR was
reported in 23% (95% CI, 18 to 31%) of patients
and a complete CR in 17% (95% CI not quoted,

calculated by us as 12 to 22%). Study 109 shows 
a difference in response between the dose 
groups. Among those receiving a starting dose 
of 600 mg/day a major CR was achieved by 27%
(complete CR 19%) compared to 16% (complete
CR 12%) for those on a 400 mg/day initial dose.
Statistical significance was not reported, but was
calculated by us (STATA™, comparison of two
proportions) as just failing to reach statistical
significance for major CR (p = 0.07) and not
significant for complete CR (p = 0.16).

Blast phase: In Study 102 a major CR was reported
in 16% (95% CI, 11 to 21%) of patients, and
complete CR in 7% (95% CI not quoted, calcu-
lated as 3 to 10%). There was no difference in
response rates between previously untreated and
pretreated patients. However, it is stated in the 
text that there is a strong relationship with dose 
for major CR. In total, 17% of patients given 
600 mg and only 6% of patients taking 400 mg 
of imatinib a day achieved a major CR. Our
calculation suggests this difference is not
statistically significant (p = 0.09).

Disease progression
Chronic phase: In total, 9% (95% CI, 6 to 11%) 
of the cohort are estimated to have progressed 
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to the accelerated or blast phase at 1 year 
(Figure 6). Study follow-up has been too short 
so far to give a reliable estimate of response
duration. However, it should be noted that 62% 
of patients in this study had been diagnosed 
with CML for 2 or more years, in contrast to 
other treatment studies in CML where patients
were recruited shortly after diagnosis. Disease
progression on imatinib may therefore be 
better than would be expected given time 
since diagnosis, although this is speculative.

Accelerated phase: The median duration of 
CR was reported as 7.4 months for the 400 mg
group and 10.2 months for the 600 mg group. 
A haemoglobin level > 10 g/l at the beginning 
of the study was the best predictor of prolonged
remission. Being female, and starting on an 
initial dose of 600 mg imatinib, were also
predictive. Figure 7 shows time to disease
progression.

Blast phase: Median duration of HR was 
8.3 months (95% CI, lower limit 6.3, upper limit
not definable) for those achieving a sustained
response. Progression-free survival is not reported.
Duration of CR is not reported.

Survival at 1 year
Chronic phase: Study 110 estimates progression-
free survival of 90% (95% CI, 89 to 94%) at 1 year
of follow-up. Overall survival at 1 year for the 
454 patients with confirmed chronic phase CML 
is reported as 97%. It should be noted, however,
that this survival time is at 1 year from starting
imatinib treatment, rather than from time of
diagnosis, and 62% had been diagnosed with 
CML for 2 or more years. The survival may be
affected in two different ways – on the one hand,
those with a longer time since diagnosis would be
expected to have a lower survival rate than newly
diagnosed patients but it may also mean that the
patients with the poorest prognosis have already
died, leaving a population with better prognosis 
in the imatinib group.

Accelerated phase: Study 109 reports 74% 
survival at 1 year (95% CI, 68 to 81%), and
progression-free survival of 59% (95% CI, 52 
to 66%) (Figure 8). Multivariate analysis suggests
that a starting dose of 600 mg was significantly
associated with survival and disease-free pro-
gression. Survival and progression-free survival 
were 78% (95% CI, 70 to 87%) and 67% (95% 
CI, 58 to 76%) respectively in the 600 mg group.
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There were, however, a large number of with-
drawals and censored observations in the survival
analysis, which may lead to overestimation of
survival during the study period and give an
unduly optimistic indication of long-term survival.

Blast phase: Median survival was reported as 
6.9 months (95% CI, 5.7 to 8.7). In previously
untreated patients median survival was 7.5 months,
compared to 5.6 months for those pretreated
(Figure 9). Estimated 1-year survival rates are 
30.4% overall, and 27.9% for the 600 mg dose
group (i.e. a higher initial dose was not associated
with prolonged survival, despite higher HR and
CR). Predictive factors of prolonged survival 
were platelet count < 100 × 109/l and 
< 50% blasts in the peripheral blood.

The landmark analysis curves in the blast phase 
of predicted 1-year survival show an initial survival
advantage for those obtaining a CR at 3 months.
However, this advantage is short-lived and does 
not extend beyond about 11 months, where the
survival curves converge (Figure 10). Conversely,
patients with an HR show a marked survival
advantage. Of those alive at 3 months, 77% of
haematological responders were still alive at 1 year
compared to 21% of non-responders (p < 0.001,

log-rank test) (Figure 11). The numbers in each
group of patients is unclear from the reports.

Table 7 summarises the major outcomes for
imatinib in chronic, accelerated and blast 
phase CML.

Imatinib in context – key
haematological, cytogenetic 
and survival results for 
CML treatments

Key results for all the studies included in the
assessment are summarised in Tables 8 and 9
(further details are provided in appendix 12).
Where necessary, results have been recalculated 
on an intention-to-treat basis. The different 
arms in the RCTs have been reported separately,
according to the treatment given. As no RCT 
data for imatinib exists, comparisons with other
treatments have had to be made, despite the
considerable limitations inherent in this approach.
Comparisons with other studies and treatments 
are difficult because of the differences, both
known and unknown, in the characteristics of 
the patients recruited, the uncertain times since
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FIGURE 10 Blast phase: landmark analysis of survival by CR at 3 months
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TABLE 7  Summary of major outcomes for the imatinib studies

Study (phase) Complete HR Complete CR Survival at 1 year
(95% CI) (95% CI) (95% CI)

110 (chronic)58 89% (86.2 to 91.6) 36% (31.7 to 40.5) 97% (95.1 to 98.1)

109 (accelerated)13 35% (28.8 to 41.0) 17% (12.2 to 21.8) 74% (68.4 to 76.9)

102 (blast)59 7% (4.16 to 10.7) 7% (4.16 to 10.7) 30% (24.4 to 35.6)

TABLE 8  Key results reported in chronic phase studies

Study RCT Sample Treatment Survival at Complete HR Complete CR
size 1 year (%) (%) (%)

Kantarjian et al., 200158 No 523 Imatinib 97 (95–98) 89 (86–92) 36 (32–40)

Baccarani et al., 199862 Yes 218 IFN-α 95 – 4

Broustet et al., 199160 Yes 30 IFN-α – – 7

Guilhot et al., 199745 Yes 361 IFN-α 97 55 9

Hehlmann et al., 199439 Yes 133 IFN-α 96 31 5

Ohnishi et al., 199861 Yes 85 IFN-α 98 – 8

Shepherd et al., 199642 Yes 293 IFN-α 94 – –

Alimena et al., 199066 No 114 IFN-α – 54 2

Beck et al., 200189 No 721 IFN-α – 64 –

Cortes et al., 199620 No 35 IFN-α 97 69 20

Fernandez-Ranada et al., 199385 No 51 IFN-α – 53 6

Freund et al., 198967 No 27 IFN-α – 37 0

Giles et al., 199272 No 23 IFN-α 100 – –

Guilhot et al., 199173 No 24 IFN-α 92 75 46

Kloke et al., 200069 No 71 IFN-α 97 – 13

Mahon et al., 199678 No 81 IFN-α 97 82 38

Mahon et al., 199874 No 116 IFN-α 98 84 33

Ozer et al., 199379 No 128 IFN-α – 19 11

Russo et al., 199584 No 272 IFN-α 98.5 – 3

Sanchez et al., 199275 No 29 IFN-α – 24 10

Schofield et al., 199471 No 41 IFN-α – 61 7

Shtalrid et al., 199376 No 30 IFN-α – 57 –

Talpaz et al., 198719 No 51 IFN-α – 71 10

Thaler et al., 199681 No 80 IFN-α – 36 8

The Benelux CML Study Group, Yes 95 HU 97 38 0
199864

Broustet et al., 199160 Yes 26 HU – – 0

Hehlmann et al., 199363 Yes 232 HU 96 – 0.4

Hehlmann et al., 199439 Yes 194 HU 96 39 1

Baccarani et al., 199862 Yes 104 HU, BU 96 – 0

Shepherd et al., 199642 Yes 294 HU, BU 93 – –

Hehlmann et al., 199363 Yes 226 BU 96 – 0

Hehlmann et al., 199439 Yes 186 BU 96 23 0

Ohnishi et al., 199861 Yes 85 BU 94 – –

Silver et al., 199218 Yes 32 BU 91 – –

The Benelux CML Study Group, Yes 100 IFN-α + HU 98 62 9
199864

continued
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diagnosis in many studies, and the large numbers
of withdrawals or losses to follow-up in many
studies. Furthermore, publication bias is likely to
operate in favour of positive results. Considerable
caution must therefore be used in interpreting
these study results.

Patient characteristics
Chronic phase: In general, other therapies have
been studied in younger populations than those
included in the imatinib trial. A similar male to
female ratio is seen. Table 10 shows the range of
patient characteristics reported in the RCTs and
those reported in Study 110 for imatinib in the
chronic phase. As far as can be judged, patients
appear to be of similar, or less severe, disease in
the imatinib study. The main difference is the
length of time from diagnosis, with 62% of
imatinib patients having been diagnosed for 
2 or more years compared to other trials that
include recently diagnosed patients.

Accelerated and blast phases: The median age
range for imatinib trials is 56, for both accelerated
and blast phases, whereas trials of other therapies
tend to be on younger populations. Male to female
ratio is similar to the imatinib trials. Table 11 shows
the range of patient characteristics reported in
case series studies of treatments for accelerated
and blast phase CML.

Length of follow-up
In the chronic phase, median length of follow-up
also varies substantially between studies, from 
14 to 145 months (range 1–155). However, 
length of follow-up is not always clear from study
reports. Accelerated or blast phase studies are 
even less clear, with only two studies clearly
reporting follow-up times.48,95

Where long-term follow-up is described in included
studies, reports of survival data at 1 year have 
often been estimated from survival curves and 
may be inaccurate.

Chronic phase results
It should be noted that the case series tend to
report better complete HR and CR than the 
RCTs; a comparison of mean CR between RCTs
and case series was significant at p < 0.05 (t-test).
Table 12 shows key outcomes for imatinib and
comparators. Values for imatinib are included,
shown separately for ease of comparison. Imatinib
trials only provide survival data at 1 year, and 
this may not be wholly comparable, as previously
discussed. However, as can be seen, during 
chronic phase treatment, survival at 1 year is
usually high and varies little between treatments.

In the chronic phase, the results for imatinib are
equivalent for survival and considerably better for
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TABLE 8 contd Key results reported in chronic phase studies

Study RCT Sample Treatment Survival at Complete HR Complete CR
size 1 year (%) (%) (%)

Giles et al., 200065 Yes 79 IFN-α + HU 97 79 6

Tothova et al., 200082 Yes 22 IFN-α + HU – 62 0

Freund et al., 199390 Yes 46 IFN-α + BU – 59 13

Freund et al., 199390 Yes 48 IFN-α + ara-C – 50 0

Giles et al., 200065 Yes 64 IFN-α + ara-C 100 74 5

Guilhot et al., 199745 Yes 360 IFN-α + ara-C 97 66 15

Tothova et al., 200082 Yes 21 IFN-α + ara-C – 79 5

Arthur and Ma, 199387 No 30 IFN-α + ara-C – 93 30

Beck et al., 200189 No 721 IFN-α + ara-C – 73 –

Thaler et al., 199746 No 91 IFN-α + ara-C – 49 16

Giles et al., 200188 No 74 IFN-α + ara-C + HU 100 82 31

Sacchi et al., 199770 No 137 IFN-α + ara-C + HU 87 51 2

Hochhaus et al., 199668 No 133 IFN-α + HU + BU + ara-C – – 18

Kantarjian et al., 199140 No 96 IFN-α + combination – – 41

Silver et al., 199218 Yes 54 ara-C 89 69 –

Kantarjian et al., 200048 No 105 Other chemo 94 71 5

O’Brien et al., 199583 No 71 HHT 85 59 6

Note that these results are not necessarily comparable, hence numerical superiority does not necessarily indicate greater clinical
effectiveness and difference between survival and response rates cannot be used to indicate the size of that effect
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TABLE 9  Key results reported in accelerated and blast phase studies

Study Sample Treatment Survival at Complete Complete
size 1 year (%) HR (%) CR (%)

Accelerated phase
Talpaz et al., 200113 235 Imatinib 74 (68–77) 35 (29–41) 17 (12–22)
Kantarjian et al., 199244 20 IFN-α + ara-C 50 20
Carella et al., 1994 A91 22 Other chemo – – 23
Kantarjian et al., 1992 A12 24 Other chemo 37 25 4
Kantarjian et al., 1997 A92 20 Other chemo 28 35 0

Accelerated/blast phase
Dutcher et al., 199293 40 Other chemo 37 – 13

Study Sample Treatment Survival at Complete Complete Myeloid
size 1 year (%) HR (%) CR (%) crisis (%)

Blast phase
Sawyers et al., 200159 260 Imatinib 30 (24–36) 7 (4.2–10.7) 7 (4.2–10.7) 100
Coleman et al., 1980 RCT94 Arm I 83 Other chemo – Arm I 13 – –

Arm II 140 Arm II 11
Alimena et al., 199695 71 IFN-α 72
Canellos et al., 197196 30 Other chemo – 20 – –
Carella et al., 1994 B91 38 Other chemo – – 21 –
Hernandez-Boluda et al., 200197 60 Other chemo – 5 – 86
Iacoboni et al., 198698 21 Other chemo – 23 – 71
Kantarjian et al., 198899 27 Other chemo – 26 – –
Kantarjian et al., 1992 B12 24 Other chemo 18 33 8 87
Kantarjian et al., 1997 B92 17 Other chemo 10 10 0 75
Pedersen-Bjergaard et al., 1977100 24 Other chemo 0 25 – –
Vallejos et al., 1974101 39 Other chemo – 10 – –
Winton et al., 1981102 30 Other chemo – 0 – –

Note that these results are not necessarily comparable, hence numerical superiority does not necessarily indicate greater clinical
effectiveness and difference between survival and response rates cannot be used to indicate the size of that effect

A = accelerated phase; B = blast phase

TABLE 10  Range of patient characteristics in RCTs for chronic phase CML

RCTs Imatinib Study 110

Performance status 78–94% in ECOG stage 0 or 1 91% in ECOG stage 0 or 1
Median haemoglobin level reported 10–12 g/dl 12.4 g/dl
Splenomegaly 61–78% (any enlargement) 2% ≥ 10 cm below costal margin
Hepatomegaly 44–49% (any enlargement) 2% ≥ 5 cm below costal margin
Extramedullary involvement 6% 6%
Median age range 47–59 57

TABLE 11 Range of patient characteristics in case series studies for accelerated and blast phase CML

Case series Imatinib Studies 109, 102

Performance status 60–81% in ECOG stage 0 or 1 58–77% in ECOG stage 0 or 1
Haemoglobin level reported 63–76% < 10 g/dl Median 92 g/l*

Splenomegaly (any) 28–55% (any enlargement) 25–67% ≥ 10 cm below costal margin
Median platelets 50–135 x 109/l 75–263 x 109/l
Median age range 41–60 56–56

* Haemoglobin levels only reported for Study 109
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HR and CR. The comparison of 1-year survival is
not ideal as nearly two-thirds of the imatinib trial
patients had been diagnosed with CML for more
than 2 years and most of the study populations 
for the other treatments are enrolled as newly
diagnosed with CML, or have received the diag-
nosis within 1 year of starting the study. This 
may underestimate the survival advantage with

imatinib. In contrast, 8% of patients withdrew 
from the study because of disease progression,
which may lead to the survival rate being
overestimated.

We cannot estimate the likely effects of bias 
arising from different study designs, but some
exploration of potential confounders has been
carried out. The following figures are scatter 
plots of results from all reported studies of
treatments for CML, including imatinib, 
according to factors that might be expected to
affect the level of complete HR and major CR
found among different study populations. For 
each figure, one point represents one treatment
arm of a study and the points are coded by
treatment. The trend line on each scatter plot 
is based on patients who have received IFN-α in
combination with another drug such as hydroxy-
urea or ara-C, as the IFN-α combination seems to
offer the best results among existing drug treat-
ments. The number of points on each graph
differs, according to the number of studies
providing the information required.

Figures 12–14 show scatter plots of the percentage
of study patients in the chronic phase of CML
achieving a complete HR against various factors –
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TABLE 12  Summary of RCTs and case studies: survival and
complete response rates, chronic phase

RCTs Case Imatinib
series

Survival % at 1 year
Median 96 97.5 97

Range 93–98 87–100

Complete HR (%)
Median 55 63 89

Range 23–79 22–93

Complete CR (%)
Median 4 12 36

Range 0–15 0–46

Note that means and CIs are not calculated because these
studies are extremely heterogeneous in nature and of greatly
varying size
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FIGURE 12 Complete HR in the chronic phase by median age (◆, busulphan; ■, hydroxyurea; ▲, IFN alone; ●, IFN plus; X, imatinib;
–––, linear trend (IFN plus))
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FIGURE 13 Complete HR in the chronic phase by year of recruitment (◆, busulphan; ■, hydroxyurea; ▲, IFN alone; ●, IFN plus;
X, imatinib; –––, linear trend (IFN plus))
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FIGURE 14 Complete HR in the chronic phase by percentage of low-risk patients (◆, busulphan; ■, hydroxyurea; ▲, IFN alone;
●, IFN plus; X, imatinib; –––, linear trend (IFN plus))
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median age of the study patients, the percentage 
of patients categorised as low risk by Sokal or
Hasford score, and the date of recruitment to 
the studies (as a proxy for earlier diagnosis and
improved concurrent treatment). IFN-α treatments
combined with ara-C or hydroxyurea are coded 
as ‘IFN plus’ in the key.

Figure 12 shows complete HRs plotted against 
the median age of study patients. The trend line
indicates a decline in complete HR with increasing
age. However, the imatinib plot is well above the
trend line. A high proportion of patients taking
imatinib achieve a complete HR despite the
relatively older median age of the patients in 
the trial compared to other studies.

Figure 13 shows complete HRs plotted against 
the year of recruitment into a trial. The trend 
line indicates a slight increase in complete HR 
with later date of recruitment. Imatinib is slightly
above this line. The one IFN-α study point that 
has a higher complete HR is based on results 
from a small sample of 30 patients.

Figure 14 shows complete HR against the
percentage of patients in the sample who were
classified as being at low risk using Sokal score 

or Hasford score. Imatinib patients were not so
classified but a line has been inserted to show 
the complete HR of this study. This suggests 
that even if the imatinib had contained a high
proportion of low-risk patients, the level of
complete HR achieved with imatinib remains 
high compared to other trials included.

Overall, Figures 12–14 show imatinib produces 
high levels of HR in patients, above that which
might be expected from other therapies, taking
into account some possible confounders.

Figures 15–17 show scatter plots of the percentage
of study patients in the chronic phase of CML
achieving a major CR (complete plus partial CR)
against various factors – median age of the study
patients, the percentage of patients categorised as
low risk by Sokal or Hasford score and the date of
recruitment. These factors may be confounders for
major CR achieved and treatment details. Major
CR was used here as we wanted to use as much
comparative data as possible, and some studies 
did not report a complete CR. In addition, these
categories represent a continuum of response
given the level of accuracy of cytogenetic tests used
to measure such a response (see page 1). This
presentation allows a graphic illustration of the

© Queen’s Printer and Controller of HMSO 2002. All rights reserved.

70

60

50

40

30

20

10

0

% Major CR

Median age

20 25 30 35 40 45 50 55 60 65 70

FIGURE 15 Major CR and median age in chronic phase CML (◆, busulphan; ■, hydroxyurea; ▲, IFN alone; ●, IFN plus;
X, imatinib; –––, linear trend (IFN plus))
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FIGURE 16 Major CR and year of recruitment in chronic phase CML (◆, busulphan; ■, hydroxyurea; ▲, IFN alone; ●, IFN plus;
X, imatinib; –––, linear trend (IFN plus))
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FIGURE 17 Major CR and percentage of low-risk patients in chronic phase CML (◆, busulphan; ■, hydroxyurea; ▲, IFN alone;
●, IFN plus; X, imatinib; –––, linear trend (IFN plus))

Major CR
with imatinib 
55%



Health Technology Assessment 2002; Vol. 6: No. 33

39

performance of imatinib and other treatments in
the context of these factors.

Figure 15 shows major CR by median age of study
population. The highest rate of major CR is in a
pilot study of 32 patients with IFN-α combination
therapy. As might be expected, the trend line
shows a reduction in the percentage of patients
achieving a major CR with age. However, the rate
of major CR for patients taking imatinib is high,
particularly given the relatively old population
studied.

Figure 16 shows major CR by year of recruitment.
The trend line is essentially flat, showing no
increase with later recruitment date. Imatinib 
has been studied considerably more recently 
than other treatments but this factor does not
seem to be important.

Figure 17 shows major CR and the percentage of
low-risk patients in the sample. As the imatinib trial
did not report a Sokal score, the overall major CR
rate for imatinib has been drawn in. It is well above
the trend line, again showing that even if the trial
included an unusually high proportion of low-risk
patients, CR rate was high.

Overall, these scatter plots show that the level of
HR and CR with imatinib is high even considering
study characteristics that might affect this result.
Whether this will ultimately translate into longer
survival is not yet known.

Accelerated and blast phase results
This section examines the key results of survival,
HR and CR for imatinib in advanced phases of
CML in the context of other published results.
Again, there is no direct comparator for imatinib
and most of the results for other agents come 
from small observational studies. Table 9 shows
survival, CR and HR results reported in each
included study, together with a sample size for
reference. Full details of the chemotherapy
regimens used are shown in appendix 10.

For the blast phase, few studies report 1-year
survival, median survival in months being a more
appropriate measure for the generally short
duration of this phase of CML. In addition, 
few studies report CR.

Table 13 summarises survival and response rates 
for studies of patients in accelerated phase CML.
Table 14 shows the survival and response rates for
studies in blast phase CML. Note that CIs are 
not calculated as these studies are extremely

heterogeneous in nature, and of greatly 
varying size.

In the accelerated phase, survival rate is high
despite an HR within the range of the other
studies and a lower than average CR. There are,
however, few studies in the accelerated phase 
and they are of small size.

In the blast phase, median survival is longer than
has been reported with other treatments, and an
absolute difference of around 11 weeks is seen.
The complete HR is lower than other studies
report on average, although within their range.
Only two other studies report complete CR in
patients treated at this stage of the disease, one 
of zero92 and one of 21%.91 This compares to 
7% reported in the imatinib blast phase trial. 
Not all of the blast phase studies report the
proportion of patients in lymphoid or myeloid
crisis – the latter tend to respond less well to
treatments. Of those that do report, a median of
75% (range 71–87%) of patients are in myeloid
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TABLE 13  Summary of RCTs and case studies: survival and
complete response rates, accelerated phase

Case series Imatinib
(n = 4) (n = 1)

Survival % at 1 year
Median 32.5 74

Range 28–37

HR
Median 35 35

Range 25–50

CR
Median 13 17

Range 0–23

TABLE 14  Summary of RCTs and case studies: survival and
complete response rates, blast phase

RCT Case series Imatinib
(n = 1) (n = 12) (n = 1)

Survival (weeks)
Median – 13 28

Range – 6–17

HR
Median 12 20 7

Range 11–13 0–33

CR
Median – 8 7

Range – 0–21
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crisis. All of those in the imatinib study are in
myeloid crisis, which might be expected to
decrease the rate of response.

Figures 18 and 19 show scatter plots of complete
HR in accelerated and blast phase CML and
various factors, as before. No prognostic scores 
are calculated for the accelerated or blast phase, 
so an exploration of this is not possible. In these
plots, points are coded according to both the 
type of treatment and the phase of disease. 
Four included studies contain patients in both
accelerated and blast phase CML. In two of 
these, data were not presented in such a way 
as to allow accelerated and blast phase patients 
to be described separately. In two cases this was
possible, so the blast and accelerated phase
patients in the same study are represented by
separate points. There is, however, a paucity of
suitable comparison data, with all but one of the
studies considered here being small case series.

Figure 18 shows complete HR by year of
recruitment. In addition to the point for the
imatinib study, there is only one other plotted
point for CML in the accelerated phase. Despite 
a later recruitment date, imatinib shows a lower
level of complete HR. More points are plotted 

for CML in the blast phase and again fewer
patients in the imatinib study showed a com-
plete HR, despite a much more recent 
recruitment date.

Figure 19 shows complete HR in accelerated and
blast phase CML by median age. For both phases
the median age of the samples in the imatinib
studies is the eldest. There is one comparison
point for imatinib in the accelerated phase and
imatinib induced the same number of patients 
with complete HR as this study. In the blast phase,
imatinib levels of complete HR are within the
range of those produced by other treatments.

Figures 20 and 21 show scatter plots of major CR
against various factors. Generally, only a few points
are plotted on each graph as many studies,
particularly earlier trials, have not included
information about CR.

Figure 20 shows major CR and median age of 
the study samples. The imatinib studies have the
oldest median age of all samples. There is only 
one study to compare to the imatinib study in 
the accelerated phase and two for the blast phase.
The other two studies contain patients in both
accelerated and blast phase CML. The imatinib
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FIGURE 18 Complete HR by year of recruitment in the accelerated and blast phases (X, imatinib – accelerated; ■■, other chemo –
blast; ●, IFN + ara-C – accelerated; +, imatinib – blast)
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FIGURE 19 Complete HR by median age in the accelerated and blast phases (X, imatinib – accelerated; ■■, other chemo – blast;
+, imatinib – blast; ◆, other chemo – accelerated)
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FIGURE 20 Major CR by median age in the accelerated and blast phases (▲, IFN – blast; X, imatinib – accelerated; +, imatinib – blast;
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trials seem to show a good level of major CR
despite the older median age of their sample.

It might be expected that a higher age would result
in less likelihood of CR. However, the graph does
not show such a trend, possibly as a result of
imprecision because of the small number of
observations.

Figure 21 shows major CR and date of recruitment.
Again there are few points. The imatinib studies in
both accelerated and blast phases reported high
major CR compared to other treatments. They 
are much more recent studies, recruiting more
than 10 years later than the other, although this
did not appear to be a confounding factor for
chronic studies.

Overall, these figures provide sparse information
about CR with various regimes for CML in the
accelerated and blast phases. Few studies report on
the CR, making it difficult to draw conclusions or
establish trends.

Survival in accelerated and blast phase CML
Table 15 shows the survival rates for accelerated 
and blast phase CML patients treated with various

drug regimes. All data comes from small case 
series studies, with the problems of selection and
publication bias. Aspects of the quality of these
trials are detailed further in appendices 7 and 9. 
As before, CIs have not been calculated because 
of the heterogeneous nature of the studies.

Information is limited, making comparisons with
imatinib difficult. As the median survival had 
not been reached at the time of analysis in the
accelerated phase imatinib study, only 1-year
survival is known. Of the studies in accelerated
phase patients included in this report, only two
also report this measure. One-year survival with
imatinib appears to be considerably higher than
with other chemotherapy regimes but this should
be interpreted with caution given the amount and
quality of evidence available.

For the trial involving imatinib in the blast phase, 
a median survival time is reported. Again, an
apparent advantage for imatinib patients can be
seen but again this should be interpreted with
caution. Blast phase CML is resistant to treatment
and survival is very limited, with a median of 
3–6 months being usual.97 A variety of chemo-
therapy regimes may be used in the blast phase to
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FIGURE 21 Major CR by year of recruitment in the accelerated and blast phases (▲, IFN – blast; ●, IFN plus – accelerated;
X, imatinib – accelerated; +, imatinib – blast; -, other chemo – accelerated)
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try and return the patients to chronic phase CML.
However, these may be very toxic and their effect
appears to be limited. Figure 22 shows the survival
of patients in the blast phase treated with three
different chemotherapy regimens in an RCT94 and
with intravenous chemotherapy and an oral 6-
mercaptopurine regime from a small case series
study.97 The survival curve for imatinib treatment
in the blast phase is also represented. The data
from these studies were extracted from survival
curves and re-plotted on the same axes for 
ease of reference.

Figure 22 shows an apparent survival advantage 
for patients treated with imatinib, who have a
median survival of 7 months compared to 
3–4 months with various chemotherapy regimens.
However, we should be cautious about concluding
that this treatment effect would be shown in 
a direct comparison.

Summary of imatinib in context
Chronic phase
• Survival data are only available for 1 year,

limiting comparisons with other treatments.

• Compared to existing treatments, imatinib 
does not show a difference in survival at 1 year,
however, most patients in the imatinib study
have been diagnosed with CML for 2 or more
years so are not strictly comparable with a 
newly diagnosed population.

• Imatinib produces better complete HR and 
CR than other treatments.

Comparisons between treatments for CR and 
HR are difficult, but differences appear to 
remain when examined in the context of some
potential confounders.

Accelerated and blast phases
• There appears to be a survival advantage for

imatinib over existing treatments in accelerated
disease and a small advantage in the blast phase.

• Without direct comparator evidence, a selection
bias effect cannot be ruled out.

Given the importance of HR and CR in assessing
the effectiveness of imatinib in the chronic phase,
the next section looks at the evidence for using
these as proxy measures of survival.
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TABLE 15  Median and 1-year survival for accelerated and blast phase CML

Study Treatment Phase Median survival 1-year survival
(weeks) (%)

Talpaz et al., 200113 Imatinib Accelerated – 74

Kantarjian et al., 199244 IFN-α + ara-C Accelerated – –

Carella et al., 1994 A91 Other chemo Accelerated – 23

Kantarjian et al., 1992 A12 Other chemo Accelerated 32 37

Kantarjian et al., 1997 A92 Other chemo Accelerated 39 28

Dutcher et al., 199293 Other chemo Accelerated/blast 16.4 37

Sawyers et al., 200159 Imatinib Blast 27.6 –

Coleman et al., 1980 I94 Other chemo Blast 13.8 –

Coleman et al., 1980 II94 Other chemo Blast 10.8 –

Alimena et al., 199695 IFN-α Blast – –

Canellos et al., 197196 Other chemo Blast – –

Carella et al., 1994 B91 Other chemo Blast – 21

Hernandez-Boluda et al., 200097 Other chemo Blast 17 –

Iacoboni et al., 198698 Other chemo Blast 12 0

Kantarjian et al., 198899 Other chemo Blast 14 –

Kantarjian et al., 1992 B12 Other chemo Blast 16 18

Kantarjian et al., 1997 B92 Other chemo Blast 17 10

Pedersen-Bjergaard et al., 1977100 Other chemo Blast 8 –

Vallejos et al., 1974101 Other chemo Blast – –

Winton et al., 1981102 Other chemo Blast 5.6 –

A = accelerated phase; B = blast phase; I = arm I; II = arm II
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Using HR and CR as 
proxy outcomes
Given the short follow-up for the imatinib studies,
particularly in the chronic phase, information
about survival is limited and so proxy indicators 
of survival, HR and CR, are important measures.
This section looks at information available from
trials of a range of treatments for CML. Two
questions are important:

• For individuals receiving a treatment, 
does achieving HR or CR predict survival?

• For groups of individuals on different
treatments, does a difference in HR or 
CR predict a difference in survival 
between treatments?

CR or HR is a measure of the suppression of the
rapidly proliferating abnormal cell line, which
means that it decreases or becomes no longer
detectable. However, with the possible exception 
of bone marrow transplantation, where the whole
bone marrow is ablated to try to ensure removal of
the abnormal cell line, treatment does not reverse
the initial oncogenic effect. As the sensitivity of
conventional techniques for measuring CR is

between 1% and 5%, a patient with ‘negative’
results may indeed harbour no malignant cells 
or may have as many as 1010 residual leukaemic
cells. Although the patient may be described as
having an HR or CR, this term refers only to an
arbitrary point on the continuum of residual
leukaemia cell numbers.

‘Complete CR’ may not be truly ‘complete’, 
being a function of the sensitivity of the test 
used for definition. It has been demonstrated 
with both imatinib and IFN-α that BCR-ABL 
is still detectable in patients with complete CR, 
if RT-PCR is used (Table 16). (See page 1 for 
a description of RT-PCR, FISH and other 
diagnostic procedures.) The frequency of 
PCR negativity is higher if the RT-PCR strategy
used is of lower sensitivity.105,106 It has also 
been reported that demonstrating complete 
CR by cytogenetic analysis does not necessarily
correlate with FISH analysis.107

Only RCTs are considered in this section, to 
assess the relationship between HR and CR 
and survival in the chronic phase, as they pro-
vide stronger evidence than observational data 
on causal association. Observational data are
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FIGURE 22 Overall survival in blast phase CML (■■, Hermandez chemotherapy; ▲, imatinib; ■, Hermandez – MP-6; X, Coleman 1;
●, Coleman 2; +, Coleman 3)
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presented for the blast phase as no evidence is
available based on experimental designs.

Haematological response
HR is defined differently in different trials, which
makes it difficult to interpret the validity of HR as 
a proxy outcome. Nine trials in the chronic phase
report both on some kind of HR and survival
(appendix 6).

In two of the six positive trials (i.e. those trials
showing a survival benefit for one therapy over
another) a higher rate of HR was seen in the
treatment arm with prolonged survival45,63 but 
in two others,39,42 HR rates were no different
between the treatments. One of these trials 
showed survival benefit for IFN-α-treated 
patients39 and noted that those who discontinued
IFN-α early had poorer survival than those who
continued, regardless of haematological control.
This suggests that IFN-α treatment per se produces
improved survival, not the achievement of an HR.
Two trials did not report these HR rates.61,62

In two out of three negative trials (i.e. those 
trials where no difference was shown in survival), 
a similar HR was seen in both arms.18,65 However, 
in the other negative trial, a higher rate of HR 
was seen in one arm.64

One of the negative trials18 reported a 
highly significant difference in duration of 
HR (35 months versus 12 months) but showed 
no difference in overall survival, mainly because
one-third of the long response group died while 
in apparent remission.

Within treatment arms, patients who develop 
an HR have (generally) significantly improved
survival compared to those who do not. This is
most commonly reported with IFN-α, but seen 
with all therapies.

In the accelerated and blast phases, there is 
only one RCT to review the association between

HR and survival.94 No significant difference in 
HR or in survival was observed by treatment, 
while responders in both treatment arms lived
significantly longer than non-responders.

A comparative case series97 from one centre
reviewed intensive intravenous chemotherapy
compared to oral treatment for the blast phase.
The two cohorts were separated in time – there
had been a change in clinical practice so that all
patients between 1979 and 1989 received intensive
therapy and all patients between 1990 and 2000
received oral therapy. Despite a 20% HR in the
intensive group, no difference in survival was
noted between the two groups.

Taken together, this evidence suggests that when
comparing treatments, the rate of HR is not a 
good proxy outcome for long-term survival. On 
an individual basis, achievement of HR is a good
prognostic indicator.

Cytogenetic response
IFN-α therapy is notable for producing higher
percentages of patients achieving a CR in all 
of the trials compared to hydroxyurea or
busulphan. This, together with the general
acceptance that IFN-α produces prolonged
survival, has led to the supposition that CR is 
a good proxy outcome for survival. However,
detailed examination of the trial evidence 
provides only partial support for this theory.

In four of the six IFN-α trials reporting 
survival and CR, higher rates of CR were 
seen in the treatment arm with prolonged
survival.39,42,62 However, one trial showed 
higher rates of CR in the IFN-α arm but no
improved survival,64 and one trial showed a 
lower rate of CR with non-significantly improved
survival.65 Furthermore, in one trial,42 non-
responders to IFN-α had better survival than 
the comparator chemotherapy group, again
suggesting that IFN-α produces a survival 
benefit regardless of CR.
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TABLE 16  Variation in test sensitivity with imatinib or IFN-α therapy

Reference Drug No. of people with No. (%) of those 
complete CR people who are PCR-negative

Sawyers, 200114 18 9 (50%)

Quackenbush et al., 2000103 Imatinib 5 0 (0%)

Paschka et al., 2000104 9 0 (0%)

Hochhaus et al., 2000105

IFN-α
54 0 (0%)

Kurzock et al., 1998106 18 10 (55%)

}
}
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The production of CR is rare with other therapies.
Significant differences in outcome between
therapies have been reported,63 despite minimal
CR rates.

Achieving CR does not appear to be an essential
requirement for improved survival according to
treatment, although on an individual basis, the
achievement of a major CR does translate to
improved survival. It is likely with these therapies
that production of a CR is recognition of a
favourable prognosis. It has been suggested that
differences in the risk group profile (see page 3) 
of the study populations may account for these
differences in CR and survival. Two randomised
trials reported an association between CR and 
risk score with higher CR in patients with a 
lower risk score.42,45

There is some evidence in the blast phase that
cytotoxic chemotherapy can produce transient 
CR, but has no appreciable effect on survival
(Figure 23).12

In summary, the evidence does not clearly
distinguish between the possibilities that HR
and/or CR allows recognition of a prognostically
favourable subgroup, or that achieving an HR 
or CR is a therapeutic success that will lead to
prolonged survival. For IFN-α treatment in the
chronic phase, the weight of evidence is probably
that CR is useful as a proxy measure. However, in
other phases, and for other treatments, there is
little reliable evidence that rates of CR and HR
recorded in a study are useful measures of efficacy.
The use of HR and CR as proxy outcomes that will
translate into improved survival for a particular
treatment must therefore be viewed with caution.

Adverse effects

Adverse effects – imatinib
The three Phase II studies report that imatinib is
well tolerated by patients. However, almost all
patients experienced both haematological and
non-haematological adverse events that were
attributed to imatinib. Treatment interruptions
were required for 25–40% of patients because 
of adverse effects. In addition, it is reported that
less than half of patients required dose reduction
at some time, although actual figures are not 
given. Only adverse effects occurring in more 
than 5% of patients were reported, with the
exception of very severe effects. Note that the
percentages quoted include all patients enrolled 
in the trials, some of whom may have received
treatment for very short periods of time before
study closure or withdrawal. The rates may
therefore underestimate side-effect rates that
would be experienced in practice.

Serious adverse effects and deaths 
on imatinib
Two deaths were reported in the chronic phase
study, one due to myocardial arrest, attributed to
pre-existing cardiovascular disease, and one due 
to cerebral haemorrhage, attribution not stated.

One death due to liver failure in the accelerated
phase study was attributed to treatment with
imatinib, although the patient had been taking
large doses of paracetamol (liver toxic in overdose)
in the month before commencing imatinib
therapy. One death in the blast phase study 
was due to renal and cardiac failure, and 
attributed to drug toxicity.

If these four deaths were all caused by imatinib
toxicity, this gives a fatality proportion of 0.4%
(95% CI, 0.1 to 1%) for all people who use
imatinib. A true rate cannot be calculated 
because there is insufficient information on 
length of time on treatment.

Other adverse effects on imatinib
The most frequently reported adverse effects 
were nausea, vomiting and oedema. It is sug-
gested that the high incidence of nausea and
vomiting was a result of trial design, which initially
prohibited participants from taking imatinib 
with food. Although it is now recommended in 
the drug pack notes that imatinib is taken with
food and a large glass of water, no empirical
evidence was presented to show what effect the
change of advice has had on the incidence of
nausea and vomiting. Mild oedema was more

Apparent association
CR Survival

Positive Positive

Baseline risk
or treatment

FIGURE 23 Possible confounding influence of CR on 
predicted survival
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frequently reported among those taking higher
doses of imatinib.

Grade 3 and 4 events (those that are severe 
or life-threatening; see appendix 13 for a
description of the National Cancer Institute 
(NCI) toxicity grades) that led to drug inter-
ruption or discontinuation included fluid
retention (pleural or pericardial effusions, 
ascites, pulmonary oedema), skin rash, liver
toxicity and gastrointestinal haemorrhage. 
Serious adverse effects were noted in 5% of
participants in the chronic phase study (of 
whom 1.7% had therapy discontinued), 23% 
of participants in the accelerated phase study 
(of whom 5% had therapy discontinued) and 
14% of participants in the blast phase study 
(of whom 3% had therapy discontinued).

Although outcome measures have been reported
in dose groups for accelerated and blast phase
patients, little information about adverse effects
was reported by these dose groups. Grade 1 or 2
(mild or moderate) oedema was reported more
frequently in the 600 mg dose group, but other
reactions were comparable in the accelerated
phase study. In the blast phase study, oedema,
dermatitis, vomiting, muscle cramps, myalgia,
arthralgia and weight increase (grade 1 or 2) 
were all reported more frequently on the higher
dose. In addition, all terminations of therapy 
for drug toxicity were seen at the higher dose. 
It is likely, therefore, that higher doses of 

imatinib are associated with more clinically
significant toxicity.

For comparative purposes Tables 17 and 18 show
the percentage of adverse effects at grade 3 and 4
(NCI Common Toxicity Criteria) and at all grades
reported in trials of other therapies for CML. It
should be noted that not all studies reported
adverse effects.

Compared to IFN-α regimes, the levels of serious
grades (3 and 4) reported in imatinib trials are
higher for haematological adverse effects such as
anaemia, thrombocytopenia, and leukopenia or
neutropenia. With older therapies it may be that
experience in clinical usage allows more accurate
titration of dose; that adverse haematological
effects are not reported or that they are genuinely
less frequent. The range of symptoms reported 
in IFN-α trials are somewhat different from those
reported with imatinib. Pain was quite commonly
reported with imatinib, particularly abdominal,
limb and joint pain, whereas neurotoxicity and 
flu-like symptoms are more common with IFN-α.
Hydroxyurea use appears to be associated with 
few reports of adverse effects.

Imatinib studies reported higher rates of anaemia,
thrombocytopenia, leukopenia/neutropenia,
nausea/vomiting and diarrhoea and dermato-
logical problems for all grades of adverse effects.
Over half also reported oedema. IFN-α studies
reported higher levels of fatigue and myalgia as
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TABLE 17  NCI grades 3 and 4 of adverse effects for IFN-α, imatinib and other chemotherapy

Adverse effects Imatinib IFN-α Other chemotherapy

No. of studies Median % No. of studies Median % No. of studies Median %
reporting (range) reporting (range) reporting (range)

Anaemia 3 37% (6–51) 5 4% (0–18) 0

Thrombocytopenia 3 43% (18–60) 9 13% (0–26) 0

Leukopenia/neutropenia 3 58% (34–63) 7 5% (0–12) 3 61.5% (23–100)

Nausea/vomiting 3 2% (1–3) 3 1% (0–2) 2 2% (0–4)

Diarrhoea 3 0.6% (0.5–0.8) 3 3% (2–5) 2 4% (4–4)

Myalgia/flu symptoms 2 0.6% (0.2–1.0) 6 4% (0–8) 0

Oedema 3 3% (1–3) 1 0% 0

Neurological/neurotoxic 0 6 4.5% (0–17) 1 3.5% (2–9)

Dermatological 3 2% (1–3) 3 1% (0–8) 1 0

Depression/psychological 0 4 0% (0–2) 0

Liver 0 2 1% (0–2) 2 21% (19–23)

Weight loss 0 6 6.5% (2–11) 0

Fatigue/lethargy 2 0.7% (0.2–1.2) 6 2.5% (0–21) 0
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well as a number of adverse effects not reported 
at all with imatinib, for example weight loss 
and neurotoxicity.

Clinician consensus is that IFN-α is a difficult 
drug to tolerate and that early experience with
imatinib is of a much improved adverse effects
profile. Many people may not tolerate IFN-α and
withdraw from therapy because of adverse effects.
Imatinib appears to be better tolerated, despite a
high level of grade 1 and 2 adverse effects. Table 19
shows the number and percentage of patients
reported as withdrawing from studies because of
adverse effects. In particular, imatinib caused lower
drop-out in all phases than other treatments,
especially IFN-α and chemotherapy used in
advanced phases.

Summary of effectiveness

Imatinib
• The evidence base is limited to three 

industry-funded case series, provided as
commercial in confidence material only 
at the time of the review.

• The case series studies appear to be well
conducted, although they did not report 
how patients were selected.

• There is an absence of direct control groups.
• The importance of baseline risk is not

addressed.
• Although confounding is likely, as far as can 

be ascertained imatinib performs relatively 
well against comparators.

• Chronic phase:
– imatinib shows better HR and CR
– survival is equivalent, although the effects 

of lead time are important and may mask 
a survival advantage for imatinib.

• Accelerated and blast phase:
– imatinib shows equivalent HR and CR
– survival appears to be improved.

• The results are difficult to quantify as this kind
of comparison is very open to bias.

Other agents for CML
• The largest body of literature is on IFN-α.
• There is good evidence from RCTs for the

effectiveness of IFN-α, although there is
considerable clinical heterogeneity.

• Case series data are less robust than RCTs.

TABLE 18  All NCI grades of adverse effects for IFN-α, imatinib and other chemotherapy

Adverse effects Imatinib IFN-α Other chemotherapy

No. of studies Median % No. of studies Median % No. of studies Median %
reporting (range) reporting (range) reporting (range)

Anaemia 3 37% (6–51) 7 27% (2–32) 1 91%

Thrombocytopenia 3 43% (18–60) 14 26% (2–83) 1 54%

Leukopenia/neutropenia 3 58% (34–63) 9 35% (7–53) 2 61.5% (23–100)

Nausea/vomiting 3 62% (53–65) 6 16.5% (4–56) 8 63% (5–100)

Diarrhoea 3 29% (23–37) 6 10.5% (5–20) 6 34% (3–50)

Myalgia/flu symptoms 3 14% (6–16) 12 32.5% (2–100) 3 68% (46–96)

Oedema 3 54% (51–64) 1 3% 0

Neurological/neurotoxic 0 12 14% (1–42) 5 5% (2–19)

Dermatological 3 22% (15–29) 8 4.5% (0–20) 3 7% (3–8)

Depression/psychological 0 7 12% (4–20) 0

Liver 0 6 3.5% (1–17) 6 46% (21–52)

Weight loss 0 10 10.5% (1–41) 1 21%

Fatigue/lethargy 2 9.5% (7–12) 9 30% (10–69) 2 48.5% (5–92)
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TABLE 19  Withdrawal because of adverse effects on treatments for CML

Study No. (%) of patients withdrawing because of adverse effects 

Chronic phase – imatinib
Kantarjian et al., 200158 9/532 (1.7)

Chronic phase – RCTs
Baccarani et al., 199862 IFN-α 39/218 (18)

The Benelux CML Study Group, 199864 IFN-α 24/100 (24)
Control 4/95 (4)

Broustet et al., 199160 HU 1/26 (4)
IFN-α 6/24 (25)

Giles et al., 200065 NR

Guilhot et al., 199745 IFN-α + ara-C 94/360 (26)
IFN-α 97/361 (27)

Hehlmann et al., 199363 NR

Hehlmann et al., 199439 IFN-α 24/133 (24)
BU 19/186 (10)

Ohnishi et al., 199861 NR

Shepherd et al., 199642 NR

Silver et al., 199218 NR

Chronic phase – IFN-α
Alimena et al., 199066 3/114 (3)

Arthur and Ma, 199387 1/30 (3)

Cortes et al., 199620 NR

Fernandez-Ranada et al., 199385 6/51 (12)

Freund et al., 198967 2/27 (7)

Freund et al., 199390 NR

Giles et al., 199272 3/23 (13)

Giles et al., 200188 16%

Guilhot et al., 199173 NR

Hochhaus et al., 199668 NR

Kantarjian et al., 199140 3/32 (9)

Kantarjian et al., 200048 NR

Kloke et al., 200069 NR

Mahon et al., 199678 5/81 (6)

Mahon et al., 199874 12/116 (10)

O’Brien et al., 199583 7/71 (10)

Ozer et al., 199379 NR

Russo et al., 199584 NR

Sacchi et al., 199770 NR

Sanchez et al., 199275 0/29

Schofield et al., 199471 0/41

Shtalrid et al., 199376 NR

Talpaz et al., 198719 6/51 (12)

Thaler et al., 199681 NR

Thaler et al., 199746 16/91 (18)

Tothova et al., 200082 NR

continued
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TABLE 19 contd Withdrawal because of adverse effects on treatments for CML

Study No. (%) of patients withdrawing because of adverse effects 

Accelerated/blast phase – imatinib
Sawyers et al., 200159 13/260 (5)

Talpaz et al., 200113 6/235 (3)

Accelerated/blast phase – IFN-α
Alimena et al., 199695 NR

Kantarjian et al., 200048 Accelerated 4/20 (20)

Accelerated/blast phase – other chemotherapies
Canellos et al., 197196 NR

Carella et al., 199491 NR

Coleman et al., 198094 NR

Dutcher et al., 199293 NR

Hernandez-Boluda et al., 200197 NR

Iacoboni et al., 198698 Unclear, 3/21 (14%) deaths relating to toxicity

Kantarjian et al., 198899 Not clear, one possible death relating to toxicity

Kantarjian et al., 199244 NR

Kantarjian et al., 199792 NR

Pedersen-Bjergaard et al., 1977100 NR

Vallejos et al., 1974101 18 deaths (50%) related to infection

Winton et al., 1981102 Not clear, possible 7/30 (23%) deaths related to toxicity
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The aim of this chapter is to outline published
economic evaluations of treatments for CML

and report in detail on the economic analyses
submitted to NICE on imatinib. We highlight the
applicability of evaluations to patients and the
health system in England and Wales and discuss
the likely economic impact on the NHS.

No published economic evaluations of imatinib or
second-line therapy for CML were identified, nor
were evaluations for drugs other than IFN-α. We
have briefly evaluated economic studies of IFN-α
in the treatment of CML for comparative purposes,
in order to assist judgements about the validity and
robustness of the Novartis-sponsored economic
evaluation for imatinib.

Economic evaluations of IFN-α

Four economic articles were identified by the
search strategy described in appendix 4. One is 
an editorial discussing the other three economic
studies and has been excluded from further
discussion.108 Two published studies present
decision analyses and Markov models com-
paring the cost-effectiveness of IFN-α to
hydroxyurea.109 One study performed an 
economic analysis of IFN-α usage in CML 
using a Gompertz model.110

A cost–utility analysis of imatinib for second-line
treatment based on comparison with hydroxyurea,
using a Markov model, was included in the
Novartis submission to NICE. Although peer 
review is no guarantee of quality, it should be
noted that this has not been published and has
not, therefore, been reviewed other than by 
the authors of this assessment.

Markov models
A Markov model is “a type of mathematical model
containing a finite number of mutually exclusive
and exhaustive health states, having time periods
of uniform length, and in which the probability 
of movement from one state to another depends
on the current state and remains constant over
time”.111 The transition probabilities are applied 
to each ‘cycle’ of the model, the cycle being of
fixed duration.

A Markov model consists of a number of 
potential health states and corresponding
transition probabilities between these states.57

Markov models allow for the synthesis of data on
costs, effects and health-related QoL, of alternative
clinical strategies through the calculation of life
expectancy, quality-adjusted life expectancy 
and lifetime costs, by tracking a simulated
hypothetical cohort through the model.112

One of the main limitations of Markov models is
the underlying assumption often referred to as
‘zero memory’. Transition probabilities depend
only on current health state and not on past health
states.100 Another limitation is the assumption that
all people in a particular health state are identical.
Any degree of heterogeneity within a state may
introduce bias.112 It is difficult to determine
whether these assumptions are met in practice.

Models of IFN-α in CML
Kattan and co-workers, 199677

The aim of this evaluation was to compare the 
cost-effectiveness of IFN-α and hydroxyurea as 
first-line therapy for patients with CML. A Markov
model was developed containing eight health 
states (HR + CR, complete HR without CR, 
partial HR, chronic phase, accelerated phase, 
blast phase, bone marrow transplantation and
death). In this model it is possible to progress to
death from all other health states (Figure 24).

Clinical data on survival, HR and CR were
obtained from studies by Hehlmann,113 the 
Italian Cooperative Study Group on Chronic ML,114

Ozer79 and Kantarjian.115 Utilities were assessed 
by a clinical panel, and were 0.9 for patients
receiving IFN-α therapy, 1.0 for patients receiving
hydroxyurea therapy and 0.5 for patients in the
blast or accelerated phases.

The marginal cost-effectiveness of IFN-α over
hydroxyurea was US$26,500 per life year saved.
When adjusted for quality of health states the
estimated cost-effectiveness increased to US$34,800
per quality-adjusted life-year (QALY). Year of costs
was not stated but the paper was published in 1996.

The cost-effectiveness of IFN-α was dependent 
on the age of the patient and the monthly cost 
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of IFN-α, with the cost-effectiveness ratio being
most favourable in younger patients. The authors
concluded that compared with hydroxyurea, 
IFN-α is, in most clinical scenarios, a cost-effective
initial therapy for patients with chronic phase 
CML who can tolerate the drug.

Liberato and co-workers, 1997109

The purpose of this study was to evaluate the cost-
effectiveness of IFN-α compared to conventional
chemotherapy in patients with CML. A decision
analysis was designed that incorporated a Markov
model to estimate the cost–utility of IFN-α (Figure 25).

It is unclear from the study report whether patients
can progress to death from all other health states.
Two scenarios were modelled:

1. Prolonged treatment for patients who achieved
an HR.

2. Prolonged treatment only for patients who
achieved a CR within 2 years.

Effectiveness data were taken from nine studies,
including five RCTs. IFN-α treatment increased the

quality-adjusted life expectancy by 15.5 months
(scenario 1) and 12.5 months (scenario 2) relative
to conventional chemotherapy. Utilities were
estimated by ten physicians and were 0.875 for
patients receiving IFN-α therapy, 0.98 for patients
on hydroxyurea, 0.94 for patients receiving
busulphan and 0.5 for patients in the blast phase.
The study reports a marginal cost-effectiveness
ratio of US$89,500 (scenario 1) and US$63,500
(scenario 2) per QALY gained. The year on which
these costs were based is not stated but the paper
was published in 1997.

The results were sensitive to the cost of IFN-α
therapy and the probability of CR. The authors
conclude that IFN-α is substantially superior to
conventional chemotherapy in terms of quality-
adjusted survival, but at current doses the marginal
cost-effectiveness ranges from US$50,000 to
US$100,000 per QALY gained.

Messori, 1998110

The aim of this evaluation was to assess the cost-
effectiveness of IFN-α treatment for CML. The
total area under the survival curve for each drug

Partial
HR

Accelerated

Blast

Complete
HR

BMT

Chronic

Death

Complete
HR + CR

FIGURE 24 Influence diagram showing transition between health states in Markov model used by Kattan and co-workers70
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was calculated, using a Gompertz function to
extend the observed 1-year survival curve (the
Gompertz function is frequently used to estimate
survival curves). No adjustment for the quality 
of life-years gained was included.

Four RCTs formed the basis of the effectiveness
data. The incremental cost-effectiveness ratio
(ICER) of IFN-α versus cytotoxic therapy ranged
from US$93,000 to US$226,000 per discounted 
life-year gained (with the study published in 
1998 – no cost year is given).

Conclusions were sensitive to the dose of IFN-α
used. When adding in a non-randomised trial with
particularly favourable results for IFN-α the cost-
effectiveness ratio ranged from US$56,022 for 
a dose of 10 MU per patient per week to
US$204,680 for an IFN-α dose of 60 MU.

The authors of this evaluation conclude that 
long-term treatment with IFN-α without careful
selection of patients may not be cost-effective.

Summary of existing evidence and external validity
Table 20 summarises the results of the three 
cost-effectiveness studies comparing IFN-α to
chemotherapy for CML.

There is a wide range of estimates for the cost-
effectiveness of IFN-α for CML. There are several

reasons for this variation. Firstly, there are obvious
differences in methodology, with the Liberato109

and Kattan77 studies using Markov models to
calculate cost per QALY, and the Messori study110

using a Gompertz model without quality
adjustment of life-years gained.

The estimates from the Liberato study109 are similar
to the lower estimates of the Messori study.110 The
combination of higher survival values and lower
costs of IFN-α therapy account for the Kattan
study’s significantly lower ICERs than Liberato109

or Messori.110 Kattan and colleagues77 also used
slightly higher values of estimated survival gains
from IFN-α than the other two studies.109,110 The
Kattan study also used lower estimates of cost 
per patient of IFN-α therapy than the other two
studies, as IFN-α therapy is more expensive in Italy
than in the USA. The study also excluded costs
such as drug administration, laboratory processing 
and physician time, whereas the Messori study110

included estimates and values for these resources.

Economic evaluation of imatinib –
Novartis submission overview
The aim of the unpublished submission from
Novartis was to compare the cost–utility of imatinib
against hydroxyurea for all phases of CML second-
line use, as per the licensed indication. This
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FIGURE 25 Influence diagram showing transition between health states in Markov model used by Liberato and co-workers109

TABLE 20  Summary of cost-effectiveness studies comparing IFN-α and chemotherapy

Study ICER

Kattan et al., 199677 US$34,800 per QALY gained

Liberato et al., 1997109 US$89,500 and US$63,500 per QALY gained

Messori, 1998110 US$93,000 to US$226,000 per life-year gained
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evaluation is based on three spreadsheet Markov
models of chronic, accelerated and blast phases 
of CML (Figure 26).

Each model begins with a cohort of 1000 people,
uses a monthly cycle, and continues until all
patients in the hypothetical cohort die. The
effectiveness data for imatinib are from the three
unpublished case series studies13,58,59 described
earlier in this report. As the follow-up in these
studies is short, assumptions have been made 
about response rates and survival after the first
year. Many assumptions are also made about
treatment after imatinib has failed. Effectiveness 
of hydroxyurea is based on data from the Italian
RCT, which had a 10-year follow-up.116

The ICERs generated by the models are shown 
in Table 21.

The following sections review the model in more
detail, and explore the effect of altering the key
assumptions. The underlying structure of the
model has not been altered, although a critique 
of the structure is presented.

Evaluation of model presented 
by Novartis
This section sets out the salient features of each
model, makes comments on critical assumptions
about model parameters and provides an appraisal
of the evaluation according to the schema of
Drummond.57 It is concluded that the effect of
many of the assumptions favour imatinib, that 
is we believe it is likely that the true cost–utility 
will be higher than that suggested in the 
Novartis submission.

Partial
HR

BlastAccelerated

Complete
HR

CR

Chronic

Death

FIGURE 26 Influence diagram showing transition between health states in Markov model used by Novartis

TABLE 21 Industry submission ICERs for imatinib versus hydroxyurea

Phase Original ICER in submission (cost per QALY, £)

Chronic 33,224–35,002

Accelerated 21,826–30,389

Blast 33,272–43,467
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1. Was a well-defined question posed in
answerable form?
Yes. The study examined both costs and 
effects of imatinib compared to hydroxyurea
in chronic phase patients who have failed 
IFN-α, and ‘conventional chemotherapy’ in
advanced phases. There is no ideal com-
parator for imatinib as second-line treatment
to IFN-α. While hydroxyurea is used in
practice, it is not an ideal comparator as 
the aims of treatment and action of the 
drugs are different. The question posed in 
this analysis will only provide answers about
the incremental cost–utility of imatinib over
hydroxyurea. It would be useful to obtain
incremental analyses of imatinib compared 
to IFN-α in the chronic phase as it is likely 
that imatinib will to some extent replace 
IFN-α in practice. In addition, it is unclear
what ‘conventional chemotherapy’ refers to
for advanced phase disease. There is currently
no standard treatment, and this may be 
taken to mean hydroxyurea, or a range 
of chemotherapies that may be used. 
The viewpoint of the analyses is the 
health system and this is appropriate.

2. Was a comprehensive description of the
competing alternatives given (i.e. can we 
tell who did what to whom, where, and 
how often?)
A full description is provided, although the
description relies heavily on assumptions,
many of which may not be justified (see
following comments).

3. Was the effectiveness of the programmes 
or services established?
The effectiveness of imatinib is based on three
case series, one for each of the three phases of
CML. The case series design is highly suscept-
ible to bias. Effectiveness data beyond 1 year
were not available. This necessitated the
assumptions that imatinib would assume the
same survival curve as IFN-α beyond 1 year in
order to evaluate cost-effectiveness over the
potential duration of treatment.

It is not clear that effectiveness data for
imatinib and hydroxyurea are comparable.
Table 22 outlines the main assumptions in 
the evaluation regarding survival, disease pro-
gression and background mortality. Comments
have been made for each assumption.

There is no validation of the model against
empirical trial data. A survival curve was 

not presented in the chronic phase trial,
therefore the survival curves used in estim-
ating the ICER have been extrapolated from
the model (Figure 27). The flattening of the
imatinib curve after year 10 is unrealistic 
and almost certainly overestimates the 
number of life-years gained; this reflects 
the small numbers, low death rate and
progression rates for IFN-α in year 10 
of the Italian trial.62

For the accelerated and blast phases, the sur-
vival curves obtained with 1 year of imatinib
treatment in the model are compared to that
obtained in the actual study (Figures 28 and
29). Both suggest that the model overestimates
survival, in the accelerated phase more than 
in the blast phase.

4. Were all important and relevant costs and
consequences for each alternative identified?
Yes. Costs were identified from the health
system perspective. Resources considered 
were drugs, inpatient bed-days, home/hospital
palliative care, bone marrow examinations,
outpatient visits, X-rays and CT scans, blood
transfusions and home nursing/GP visits. 
Cost savings from avoided future healthcare
were also identified and included. Table 23
outlines the key resource assumptions and
includes comments on each.

The following costs were omitted and may 
be important:

• overhead/capital costs (included but not 
in a clear way)

• the costs of materials and processing the
haematological and cytogenetic tests

• the costs associated with adverse drug
reactions/events.

The main outcome is the QALY based on
physicians’ evaluations, which is consistent
with the adoption of a health system perspec-
tive and a cost–utility analysis. The conse-
quences were reasonable, although the only
way to progress to death was through the 
blast phase, which is not reasonable.

5. Were all costs and consequences measured
accurately in appropriate physical units 
(e.g. hours of nursing time, number of
physician visits, lost work-days, gained 
life-years)?
Costs and consequences were measured 
in appropriate units.
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TABLE 22  Key model assumptions and comments on survival, disease progression and mortality

Survival data and disease progression Comments

Rate of progression for year 2 onwards is The survival data for IFN-α and HU are taken from the Italian 
assumed to be the same as IFN-α in the trial,62 which is the most favourable for IFN-α and shows the biggest 
imatinib arm (chronic model only) difference between IFN-α and HU of the IFN-α trials. Median age of 

entry in this trial was 39. No allowance is made for the older age
and late stage of entry (late chronic phase) of patients into the 
imatinib trial, which is likely to have the effect of reducing 
overall survival27

Rate of progression is fixed in the Reasonable assumption
accelerated and blast models

Disease progression after year 10 is Overestimates imatinib and underestimates HU due to small 
the same as year 10 numbers and occurrence of low death and progression rates 

in year 10 in Italian trial for IFN-α, and high death and progression 
rates for HU.62 Leads to bias in favour of imatinib

Patients cannot die from CML in the model Underestimates death rates in both arms. Up to a third of patients
unless they are in the blast phase have been reported to die in the chronic phase, depending on age at 

diagnosis.18 Direction of bias unknown

Transition probabilities for years 2 onwards Not evidence-based. CR tends to vary between first and subsequent
for HR and CR are assumed to be the same years; there may be very few CRs observed after year 219

as for year 1

Imatinib patients who experience HR within In Study 110, 22% of patients who have a complete HR have not done
3 months continue treatment, whereas so by month 3. In practice, patients who do not have a response
others stop within 3 months have their dose escalated to 400 mg twice daily.58

May not realistically reflect clinical practice and may bias the results 
in favour of imatinib

For chronic progressing patients, 70% Model bases this figure on clinician estimates.There is no evidence
progress to accelerated phase and 30% to to support this. Unknown direction of bias, if any
blast phase

22.5% of patients per year in the accelerated According to Study 102 (accelerated phase)13 the median duration
phase lose their HR per year, and 2.1% progress of CR is 10.2 months (for 600 mg dose), therefore 50% loss of
per month response and a monthly progression of 6.6%

Once a patient is a non-responder they Not evidence-based. Direction of bias uncertain. For example,
automatically assume the progression rates some non-responders to IFN-α have a better prognosis than
and utilities of the HU group those not on IFN-α39

Neither chemo nor palliative care induce HR, Chemo is known to produce a complete HR response ranging 
CR or delay disease progression (accelerated from 23%39 to 59%83 and a CR in some trials (albeit short-lived) 
and blast phases) (Table 8)

Background mortality Comments

The death rate from causes other than Fixed death rate used in model is too low compared to UK life
CML is fixed at a simple rate expectancy tables, and does not increase with time.This results in the 

chronic model running for over 60 years before the whole cohort is 
dead in the imatinib arm – this is unreasonable when the median age 
of entry is 56 years. Overestimates life-years and QALYs gained in 
the imatinib arm compared to the HU arm (also see comments 
on validation)
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FIGURE 27 Survival curves resulting from chronic phase model for imatinib (◆) and hydroxyurea (■)
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FIGURE 28 Accelerated phase year 1 survival from model compared to original trial  (– – –, imatinib modelled submission;
–––, imatinib trial)
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FIGURE 29 Blast phase year 1 survival from model compared to original trial (– – –, imatinib modelled submission; –––, imatinib trial)
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6. Were all costs and consequences valued credibly?
Costs – the costs of resources used in the
model in general were estimated credibly.
Sources included the British National Formulary
(BNF), NHS reference costs, Health Services
Financial Database and Comparative Tool
(CIPFA), NHS Trusts, the National Blood
Donor Registry, and the Personal and Social
Services Research Unit (PSSRU). No cost 
data were available for bone marrow
examination so it was assumed to be the 
same as an outpatient visit. This is a question-
able assumption but is unlikely to significantly
affect the model. The costs of physical
examination were reasonably assumed to 
be absorbed within the cost of an outpatient
visit. Blood chemistry tests were also assumed
to be included in outpatient visits, which is
likely to lead to slight underestimation of
imatinib costs.

Consequences – a panel of clinicians 
estimated the proportion of patients who, 
on progressing to the accelerated phase 
from the chronic phase, would receive
combination chemotherapy and palliative
care. There are some concerns over these
estimates. Chronic phase patients pro-
gressing to the accelerated phase receive the
following treatments: 10% chemotherapy 
in hospital and 90% palliative care at home. 

In contrast, chronic phase patients pro-
gressing to the blast phase receive the
following treatments: 50% chemotherapy 
in hospital, 10% palliative care in hospital 
and 40% palliative care at home. These
differences in treatment according to stage 
are not justified and seem unlikely a priori.
The estimates vary widely within and between
phases and treatments, were not tested in
sensitivity analysis and it is questionable that
they reflect what would be expected in
practice. No justification is presented.

Utility values were estimated using a panel 
of clinicians who mapped CML health states
onto those of the EQ-5D, a generic measure 
of QoL. Utilities for EQ-5D health states have
been estimated from a UK general population
sample. The average values for utilities of
health states on the EQ-5D identified by
clinicians as being equivalent to CML states
were used in the model. The clinicians valued
receiving combination chemotherapy as 0.01 in
the accelerated phase and as –0.09 in the blast
phase. Patients receiving hospital and home
palliative care respectively in the accelerated
phase were assigned utilities of 0.07 and 0.34,
which are lower than expected. In the blast
phase, patients were assigned utilities of 
–0.18 and 0.04 respectively. These utilities are
constant throughout the accelerated and blast

TABLE 23  Key model assumptions for resource use and valuation

Key assumptions Comments

The dose of imatinib is 400 mg/day in the The dose in the chronic phase was escalated to 800 mg/day.58

chronic phase and 600 mg/day in the Dose escalation in the accelerated phase to 800 mg/day according to
accelerated/blast phase physician discretion.13 Imatinib is licensed up to 600 mg/day in the 

chronic phase and 800 mg/day in the accelerated or blast phases.
Underestimates the cost of imatinib

Once patients experience disease progression Unlikely to mirror actual practice, where some patients will continue
treatment stops and they receive chemo to receive treatment regardless of progression61

or palliation

Dose remains constant regardless of response Patients frequently have their doses adjusted (usually increased).13,58

Underestimates the cost of imatinib

No supplementary treatment Allopurinol, HU, anagrelide, leukapheresis and anticancer drugs 
were also administered after 28 days.13,58 May underestimate cost 
of imatinib

Imatinib has the same or fewer adverse The evidence suggests that imatinib has more adverse effects than
effects than the comparator HU.This would increase the cost of imatinib treatment if modelled 

and may reduce the relative utility, although the effects are likely 
to be small

Cost of bone marrow examination is the Omits cost of processing and materials. Underestimates the cost 
same as an outpatient visit (£60) of imatinib
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phases. It is assumed that chemotherapy and
palliative care offer no treatment benefits and
it is therefore questionable why patients would
agree to such treatments if they are also
associated with low (and even negative) 
utilities (Table 24).

The literature varies considerably in the
allocation of utilities to specific health states.
The range of utilities estimated for EQ-5D
health states is relatively large. There is there-
fore scope for small differences in health
states to be associated with relatively large
differences in utility. On the other hand, 
the values for EQ-5D health states have 
the advantage of being estimated from a
general population sample.

In order to place the utilities of CML health
states in context, Table 25 illustrates some
values reported in the literature. They suggest
that some of the utilities assigned in this
model may be too low.

7. Were costs and consequences adjusted for
differential timing?
Future costs were discounted at 6% per 
year and future benefits were discounted 
at 1.5%, which is in accordance with 
NICE guidelines.

8. Was an incremental analysis of costs and
consequences of alternatives performed?
Yes. Model outputs are ICERs.

9. Was allowance made for uncertainty in the
estimates of costs and consequences?
Allowance for uncertainty was made by
adjusting the cost of palliative care. Each 
ICER is presented twice, once assuming that
the cost of home palliative care is the same as
hospital palliative care (£181), and secondly
assuming that the cost of home palliative care
is zero. This seems reasonable. The sensitivity
analyses shown in Tables 26–28 were calculated
and include each of the three CML phases.
Two further sensitivity analyses were per-
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TABLE 24  Key model assumptions for utility

Key assumptions Comments

The utility weight is 0.01 for people in the Questionable. Utilities of comparators seem low
accelerated phase receiving chemo Baseline utility of 0.5 for accelerated phase77

Bias in favour of imatinib

The utility weight is –0.09 for people in Possibly too low. Baseline blast utility of 0.577,109

the blast phase receiving chemo Bias in favour of imatinib

TABLE 25  Examples of utilities assigned to various health states from the literature

Health state – CML Utility Source

Chronic lymphocytic leukaemia, life-threatening bacterial infection* 0.46 Weeks et al., 1991117

Accelerated phase of CML 0.50 Kattan et al., 199677

Blast crisis of CML (either months 1–4 or after month 4) 0.50 Kattan et al., 199677

Blast phase of CML 0.50 Liberato et al., 1997109

Cancer, CML, on IFN-α therapy 0.90 Kattan et al., 199677

Health state – other diseases for comparison Utility Source

Influenza, haemophilus type B, meningitis, associated with –0.12 McIntyre et al., 1994118

severe childhood disability

Non-malignant disease, child, allogenic bone marrow transplant, 0.00 Quaglini et al., 1994119

grade I–IV graft vs host disease

Stroke, severe, motor deficit 0.03 Solomon et al., 1994120

Stroke, severe, cognitive deficit 0.08 Solomon et al., 1994120

Cerebrovascular disease, intracranial aneurysm, persistent 0.08 Aoki et al., 1998121

vegetative state, unresponsive and speechless until death 
after acute brain damage

* For illustration, a severe state related to leukaemia
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formed only for the chronic phase (Tables 29
and 30). Rate of progression after year 1 is
predicted using a fitted Weibull curve to the
first 1 year’s data for imatinib patients.

The chronic phase estimates were sensitive 
to the discount rate used for costs and con-
sequences and the rate of progression values
used. Blast phase estimates were sensitive to
the utility assigned.

Uncertainty, or variability, in estimates 
used for critical model parameters is not
extensively explored. It would have been
useful to explore the following areas:

• increasing the dose of imatinib
• increasing the fixed constant death rate 

per month to a more realistic figure
• increasing the utilities assigned to

chemotherapy and palliative care
• increasing the death rate after year 10
• varying the proportion of patients who

progress to accelerated and blast phases
• varying the transition probabilities to

chemotherapy and palliative care
• altering survival and progression rates after

the first year for hydroxyurea and IFN-α.

We have extended the analysis by exploring
reasonable variation in estimates of these

TABLE 26  Sensitivity analysis: costs and QALYs are both discounted at 6%

Phase Original ICER in submission Results of sensitivity analyses
(cost per QALY, £) (cost per QALY, £)

Chronic 33,224–35,002 53,123–53,271

Accelerated 21,826–30,389 25,564–35,594

Blast 33,272–43,467 34,825–45,496

TABLE 27  Sensitivity analysis: costs are discounted at 6% and QALYs are not discounted

Phase Original ICER in submission Results of sensitivity analyses
(cost per QALY, £) (cost per QALY, £)

Chronic 33,224–35,002 27,586–29,063

Accelerated 21,826–30,389 20,589–28,667

Blast 33,272–43,467 32,755–42,792

TABLE 28  Sensitivity analysis: utility scores for the hydroxyurea group are the same as for the imatinib group

Phase Original ICER in submission Results of sensitivity analyses
(cost per QALY, £) (cost per QALY, £)

Chronic 33,224–35,002 34,115–35,941

Accelerated 21,826–30,389 23,703–33,002

Blast 33,272–43,467 40,992–53,553

TABLE 29  Sensitivity analysis: non-responders continued to received imatinib until disease progression

Phase Original ICER in submission Results of sensitivity analyses
(cost per QALY, £) (cost per QALY, £)

Chronic 33,224–35,002 34,702–36,437

TABLE 30  Sensitivity analysis: rate of progression using Weibull curve after 1 year

Phase Original ICER in submission Results of sensitivity analyses
(cost per QALY, £) (cost per QALY, £)

Chronic 33,224–35,002 43,730–45,584
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variables through one-way and multi-way
analyses (see below).

10. Did the presentation and discussion of study
results include all issues of concern to users?
The costs to the patient and/or carers were
not included in the analysis or discussed.

In summary, the submission states that the cost 
per QALY figures generated are likely to have 
been overestimated for the following reasons:

• Adverse events have not been addressed in 
the modelling.

• Long-term data for imatinib will be more favour-
able (CR, HR and survival) than the currently
modelled transition probabilities of IFN-α.

In contrast, we believe that the cost per QALY
figures generated may have been underestimated
for the following reasons:

• Doses higher than those modelled are common
and dose escalation constitutes ‘standard practice’.

• There is no evidence that long-term data for
imatinib will actually be more favourable 
than IFN-α.

• The model has underestimated death rates 
due to CML and non-CML causes, and does 
not reflect the older age and later stage 
of disease of people enrolled in the trial.

• The utilities assigned to comparators and
blast/accelerated phases may be too low.

• The adverse events associated with imatinib 
are, on current evidence, greater than 
with hydroxyurea.

• Disease progression after year 10 is underestimated.
• Patients are only able to die from CML once

they are in the blast phase, which under-
estimates overall death rates from the disease.

Review of assumptions and
further sensitivity analyses
We have varied some of the key assumptions of 
the Novartis model in order to present what we
believe are more realistic estimates of the likely

cost-effectiveness of imatinib. Note that in each
case the first ratio reflects a maximum home
nursing cost (£181) whereas the second 
reflects a home nursing cost of zero.

Cost of imatinib/dose
Increasing the dose of imatinib increases the
ICERs. In the Novartis model, doses of 400 mg/day
(chronic phase) and 600 mg/day (accelerated and
blast phases) were used and no sensitivity analyses
were performed. We have been told by Novartis
(personal communication) that these doses
approximately reflected the actual doses used so
far in the trials. However, in order to assess what
the effect of dose escalation is in practice we have
performed a sensitivity analysis.

Table 31 shows the ICERs when an average dose of
500 mg/day in the chronic phase, and 700 mg/day
in the accelerated/blast phase, is used (i.e. 50% of
people are on 400 mg and 50% on 600 mg in the
chronic phase).

If the average dose is increased to the maximum
licensed level of 600 mg/day in the chronic 
phase and 800 mg/day in the accelerated and 
blast phases then the ICERs for imatinib would
increase as shown in Table 32 (this represents 
an extreme value on this parameter).

If the dose in the chronic phase were also
increased to 800 mg, as was permitted in the trial,
then the ICER for imatinib would further increase,
as shown in Table 33 (this represents an extreme
value on this parameter).

It should also be noted that increasing imatinib drug
costs to include the concurrent therapies allopurinol,
anagrelide and leukapheresis would also increase the
ICERs. Furthermore, the cost of the materials and
processing of the cytogenetic tests have not been
included, which would also increase the cost per
QALY of imatinib, although by a small amount.

Mortality data from non-CML causes
The chronic model assumes a constant death rate
from causes unrelated to CML of 0.4% for every
year of the model. This partly accounts for the 
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TABLE 31 Varied dose assumption: 500 mg chronic and 700 mg accelerated/blast

Phase Original ICER in submission ICER with varied assumption – dose
(cost per QALY, £) (cost per QALY, £)

Chronic 33,224–35,002 42,198–43,977

Accelerated 21,826–30,389 21,826–30,389

Blast 33,272–43,467 40,939–51,135
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fact that the Novartis model runs for 60 years, 
until all participants have died.

We ran the model with death rates taken from life
tables for Great Britain.122 The average age in the
chronic phase of the industry trial was 57, so we
started at age 57 on the tables, and averaged the
death rates for men and women. We used increasing
death rates for 20 years, using the life-table estimates
of mortality, and then continued at the same rate.
The annual death rate used was 0.5% in year 1,
rising to 5% in year 20. We converted the annual
death rates in the life tables to monthly transition
probabilities. [p = 1 – e(–rt), where p = monthly
transition probability, r = death rate, at time t in
months.) We also assumed the death rate in the
accelerated phase from causes unrelated to CML was
the same as the age 62 death rate from the life table
(assuming 5 years on average to progress from the
chronic phase to the accelerated phase). This rate is

fixed in all the models, and the existing structure 
did not allow variation. In our analysis the chronic
phase model runs for 28 years, until all the cohort
are dead, as compared to 60 years in the original
model. The resulting ICERs are shown in Table 34.

We performed another calculation with the same
assumptions as in Table 33, except that we assumed
the probability of progressing from the accelerated
phase to death was double the age 62 death rate
from the life table. This is likely to approximate
more accurately the death rate in this chronically
ill population. The resulting ICERs are shown in
Table 35. This assumption makes very little differ-
ence to the resulting ICERs reported in Table 34.

Rate of progression and survival from
year 2 onwards – chronic model
Survival after the first year of imatinib therapy is
taken from the IFN-α arm of the Italian RCT

TABLE 33  Varied dose assumption: 800 mg chronic

Phase Original ICER in submission ICER with varied assumption – dose
(cost per QALY, £) (cost per QALY, £)

Chronic 33,224–35,002 69,121–70,900

TABLE 34  Varied mortality assumption

Phase Original ICER in submission ICER with varied assumption – constant death rate
(cost per QALY, £) (cost per QALY, £)

Chronic 33,224–35,002 35,145–37,225

Accelerated 21,826–30,389 21,762–30,428

Blast 33,272–43,467 33,110–43,441

TABLE 35  Varied mortality assumption: doubling age 62 death rate

Phase Original ICER in submission ICER with varied assumption – constant death rate
(cost per QALY, £) + rate of progression from accelerated phase to death 

(cost per QALY, £)

Chronic 33,224–35,002 35,164–37,229

Accelerated 21,826–30,389 21,891–30,457

Blast 33,272–43,467 32,930–43,398

TABLE 32  Varied dose assumption: 600 mg chronic and 800 mg accelerated/blast

Phase Original ICER in submission ICER with varied assumption – dose
(cost per QALY, £) (cost per QALY, £)

Chronic 33,224–35,002 51,173–52,951

Accelerated 21,826–30,389 31,643–40,206

Blast 33,272–43,467 48,607–58,892
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trial.62 This shows the most favourable survival, the
largest difference between IFN-α and hydroxyurea,
and was performed on a younger group of patients
at lower risk than some of the other trials (median
age 39 compared to median age of 50 in the IFN-α
meta-analysis38) (see appendices 11 and 12). We
have therefore modelled the survival from a trial 
at the other end of the spectrum64 for which long-
term survival data were available, in order to assess
the sensitivity of the model to this parameter. Data
are available in the trial report to 7 years, and 
years 8 to 10 were estimated by taking the same
proportionate decrease in survival as the Italian
trial. The Benelux trial64 showed a non-significant
survival difference between IFN-α and hydroxy-
urea, and recruited an older population, with 
more high-risk patients (i.e. this population is
likely to be more similar to the imatinib patients
than the Italian trial) (Table 36).

The model is very sensitive to assumptions about
long-term survival, the parameter for which there
is no empirical evidence at all. Although using 

the Benelux trial64 data may underestimate the
survival benefit of treatment, it demonstrates the
cost–utility that would be produced, were imatinib
to have a small effect on survival over a com-
parator, such as hydroxyurea or IFN-α.

As the model is heavily reliant on the long-term
survival assumptions, we attempted to validate 
the survival curves produced. We compared the
modelled survival for the first 5 years for the
industry model, and for our analysis using the
Benelux trial data,64 with the survival curve taken
from the IFN-α meta-analysis (Figure 30).38

Neither model is a particularly good fit, both 
overestimating survival in the first few years. 
Figure 31 shows the modelled 20-year survival, 
again from the industry model and our adjusted
values. It is seen that there is a considerable 
gap between the survival curves, and it is this 
that accounts for the large difference in cost–
utility. It is clear that little reliance can be placed
on the model in the absence of empirical data 
on survival.
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TABLE 36  Varied assumption: patient characteristics – age and risk group

Phase Original ICER in submission ICER with varied assumption –
(cost per QALY, £) survival from Benelux trial (cost per QALY, £)

Chronic 33,224–35,002 267,900–270,106
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FIGURE 30 Modelled survival compared to meta-analysis of survival with IFN-α (◆, adjusted model; ■, industry model; ▲▲, meta-analysis)
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Duration of response in the 
accelerated phase
We have altered the model to use the median
length of CR as a measure of disease-free pro-
gression in the accelerated phase of the model,
rather than the HR.13 Median duration of response
was 7.4 months for patients receiving a 400 mg
dose of imatinib and resulted in the ICERs 
shown in Table 37.

The median duration of response was 10.2 months
for patients receiving a 600 mg dose of imatinib in
the accelerated phase13 and resulted in the ICER
shown in Table 38.

Treatment following loss of response 
in the chronic phase
In the model the transition probabilities 
from the chronic phase to further treatment in 
the accelerated/blast phase (chemotherapy and
palliative care) are based on clinician estimates. 
We have applied extreme case scenarios in order 
to determine the extent to which these prob-

abilities affect the model. The model was adjusted
so that all patients progressing from the chronic
phase would receive palliative care at home; the
results are shown in Table 39.

The model was adjusted so that all patients
progressing from the chronic phase would receive
palliative care in hospital; the results are shown in
Table 40.

Finally, the model was adjusted so that all patients
progressing from the chronic phase would receive
chemotherapy in hospital; the results are shown in
Table 41.

In all cases the blast phase was the most sensitive.
The chronic phase is relatively unaffected by 
the changes in assigned treatments following
progression. When patients are all assigned to
palliative care in hospital with no home nursing
costs, the blast phase is especially sensitive. 
When all patients are assigned to chemotherapy in
hospital, blast phase ICERs are lower when home
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FIGURE 31 Modelled survival for a hypothetical cohort of 1000 patients with CML (◆◆, adjusted model; ■, industry model)

TABLE 37  Varied assumption: duration of response 7.4 months

Phase Original ICER in submission ICER with varied assumption – duration of CR
(cost per QALY, £) (cost per QALY, £)

Accelerated 21,826–30,389 21,344–40,494 

TABLE 38  Varied assumption: duration of response 10.2 months

Phase Original ICER in submission ICER with varied assumption – duration of CR
(cost per QALY, £) (cost per QALY, £)

Accelerated 21,826–30,389 21,850–38,257 
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nursing is assigned the maximum cost. It is difficult
to estimate the exact proportion of patients who
will progress to these treatment states; it is also
likely that not all relevant treatments have been
included. What has been demonstrated is that
varying the proportion of patients receiving these
treatments once they progress will affect the 
ICER, mainly in the blast phase.

Hospital costs and percentage
reduction in bed-days
A comparison of intensive versus palliative
chemotherapy has been reported in a recent 
paper by Hernandez-Boluda and colleagues,97

showing no difference in survival for the two
regimes. Using the palliative regime, a cost 
of £20 per month for chemotherapy is 
obtained (figures taken for the average dose of 
6-mercaptopurine from the BNF) in comparison 

to £575 per month that was used in the Novartis
model. Hernandez-Boluda and colleagues97 also
report that chemotherapy treatment reduced
hospital bed-day use by 64% for patients with 
CML. We varied the model by incorporating 
a cost of £20 per month for chemotherapy 
and assumed a conservative reduction in 
hospital bed-days of 50% in the accelerated and
blast phases. The resulting ICERs are shown 
in Table 42. The blast phase model shows 
moderate sensitivity.

Utilities
A panel of clinicians estimated the utilities used 
in the Novartis model. If the most conservative
position is taken then it could be assumed that the
utilities are the same for imatinib, chemotherapy
and palliative care. The effect of varying the
utilities as such is shown in Table 43.

© Queen’s Printer and Controller of HMSO 2002. All rights reserved.

TABLE 39  Varied assumption: all patients progressing from chronic phase receive palliative care at home

Phase Original ICER in submission ICER with varied assumption – treatment following
(cost per QALY, £) loss of response (cost per QALY, £)

Chronic 33,224–35,002 32,529–35,364

Accelerated 21,826–30,389 21,932–31,447

Blast 33,271–43,467 41,153–39,368

TABLE 40  Varied assumption: all patients progressing from chronic phase receive palliative care in hospital

Phase Original ICER in submission ICER with varied assumption – treatment following
(cost per QALY, £) loss of response (cost per QALY, £)

Chronic 33,224–35,002 32,616–32,616

Accelerated 21,826–30,389 21,796–35,450

Blast 33,272–43,467 40,163–70,535

TABLE 41 Varied assumption: all patients progressing from the chronic phase receive chemotherapy in hospital

Phase Original ICER in submission ICER with varied assumption – constant death rate +
(cost per QALY, £) rate of progression from accelerated phase to death 

(cost per QALY, £)

Chronic 33,224–35,002 35,001–35,001

Accelerated 21,826–30,389 18,158–31,812

Blast 33,272–43,467 13,109–43,481

TABLE 42  Varied assumption: hospital costs and percentage reduction in bed-days

Phase Original ICER in submission ICER with varied assumption – hospital costs and
(cost per QALY, £) % reduction in bed-days (cost per QALY, £)

Chronic 33,224–35,002 33,364–35,143

Accelerated 21,826–30,389 22,369–30,932

Blast 33,272–43,467 36,199–46,394
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Alternatively we could assign the utilities estim-
ated in the papers by Kattan77 and Liberato109 to
patients in chronic and blast phase (utility = 0.5)
assigned to chemotherapy or palliative care. 
The ICERs are shown in Table 44.

This is an unlikely scenario because it is improb-
able that imatinib will have a lower utility than
chemotherapy or palliative care in the blast phase.
We therefore assigned patients in the accelerated
and blast phases (imatinib, chemotherapy and
palliative care) utilities of 0.5, as estimated in the
studies by Kattan77 and Liberato109 and the results
are shown in Table 45. The results show moderate
sensitivity to the utilities in the blast phase.

Disease progression probabilities
The original model assumes that when CML
progresses from the chronic phase, or from a

treatment-induced response, 70% of patients
proceed to the accelerated phase and 30%
proceed to the blast phase. This is based 
on estimates from the clinician panel. If an
extreme case scenario is modelled by reversing 
the estimates so that 70% of patients proceed 
to blast phase and 30% to accelerated phase 
then the effect on the ICERs is shown in 
Table 46. If the probabilities are varied so that 
90% of patients proceed to accelerated phase 
and 10% to blast phase the results are as shown 
in Table 47. It can be seen above that the blast
model, and to a lesser extent the accelerated
model, is moderately sensitive to these 
parameters.

Cumulative effect of our key variations
From these analyses it has been demonstrated 
that we are uncertain of the exact ICER for

TABLE 43  Varied assumption: utilities provided by clinicians

Phase Original ICER in submission ICER with varied assumption – utilities
(cost per QALY, £) (cost per QALY, £)

Chronic 33,224–35,002 33,635–35,436

Accelerated 21,826–30,389 23,703–33,002

Blast 33,272–43,467 40,992–53,553

TABLE 44  Varied assumption: utilities provided in literature

Phase Original ICER in submission ICER with varied assumption – utilities
(cost per QALY, £) (cost per QALY, £)

Chronic 33,224– 35,002 33,654–35,456

Accelerated 21,826–30,389 23,477–32,689

Blast 33,272–43,467 47,469–62,015

TABLE 45  Varied assumption: utility of 0.5 for accelerated and blast phases

Phase Original ICER in submission ICER with varied assumption – utilities
(cost per QALY, £) (cost per QALY, £)

Chronic 33,224–35,002 33,654–35,456

Accelerated 21,826–30,389 24,060–33,500

Blast 33,272–43,467 39,744–51,922

TABLE 46  Varied assumption: transition probabilities 70% accelerated and 30% blast phases

Phase Original ICER in submission ICER with varied assumption – transition 
(cost per QALY, £) probabilities (cost per QALY, £)

Chronic 33,224–35,002 34,074–35,145

Accelerated 21,826–30,389 18,243–29,802

Blast 33,272–43,467 24,121–41,981
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imatinib in the treatment of CML, especially 
when considering the cumulative effect of several
underestimates. In order to estimate this cumu-
lative effect we have performed a multi-way
sensitivity analysis incorporating all of the 
following assumptions in order to produce the
most extreme possible case (Table 48):

• Average dose of 500 mg in the chronic phase,
and 700 mg in the accelerated/blast phase.

• Median duration of response was 10.2 months
for patients in the accelerated phase.

• Death rates not due to CML are age-specific
death rates from UK life expectancy tables.

• The death rate from the accelerated phase is
increased (as per age 62 in life tables).

• Using utilities of 0.5 for all treatments in the
accelerated and blast phases.

• Hospital costs of chemotherapy are £20 and
there is a 50% reduction in bed-days.

• Long-term survival data taken from Benelux trial.

In addition, to explore the impact of uncertain
estimates of survival beyond the existing empirical
data, we performed sensitivity analysis in the
chronic phase using all of the above parameters,
excluding survival changes. This gave the ICER
estimates shown in Table 49.

Setting aside uncertainty regarding survival, 
the Novartis model is still moderately to highly

sensitive to cumulative likely changes in 
key variables.

Other factors
The cost of adverse events is also likely to influence
the ICERs. While we have not attempted to cost
and model them it is likely that imatinib has more
adverse events than hydroxyurea and therefore
incurs a higher treatment cost. The result would be
to further increase the ICER for imatinib although
the magnitude of impact is unknown.

The cost-effectiveness of imatinib is likely to
depend on the age of the individual patient. In 
the imatinib studies the median age of patients 
was 56–57 years. Studies of IFN-α and hydroxyurea
have demonstrated similar median ages. It was,
however, highlighted in a cost-effectiveness study
by Kattan and co-workers77 that IFN-α was more
cost-effective in younger patients. For example,
patients aged 30 achieved benefits at US$30,830
per QALY whereas in patients aged 70, cost-
effectiveness was estimated as US$61,200. It 
is likely that imatinib will also be more cost-
effective in younger patients, although we do 
not have the necessary data to explore this.

Using IFN-α as the comparator is another factor
that would influence the results. This comparison
would be interesting, as it is likely that imatinib will
diffuse into the first-line setting, perhaps substitut-
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TABLE 47  Varied assumption: transition probabilities 90% accelerated and 10% blast phases

Phase Original ICER in submission ICER with varied assumption – constant death rate +
(cost per QALY, £) rate of progression from accelerated phase to death 

(cost per QALY, £)

Chronic 33,224–35,002 32,799–34,931

Accelerated 21,826–30,389 23,615–30,683

Blast 33,272–43,467 37,835–44,208

TABLE 48  ICERs from industry submission and our cumulative key variations

Phase Original ICER in submission ICER with varied assumptions
(cost per QALY, £) (cost per QALY, £)

Chronic 33,224–35,002 299,379–301,446

Accelerated 21,826–30,389 35,633–56,052

Blast 33,272–43,467 52,354–64,724

TABLE 49  ICERs from industry submission and our cumulative key variations excluding survival

Phase Original ICER in submission ICER with varied assumptions
(cost per QALY, £) (cost per QALY, £)

Chronic 33,224–35,002 45,592–47,712
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ing for IFN-α to some degree. If the two drugs were
modelled in comparison to each other it would
eliminate much of the survival advantage that
imatinib has in the current model, as it is modelled
on IFN-α data. The model is clearly most sensitive 
to assumptions about survival. The cost of imatinib
is considerably greater than IFN-α, and therefore
the ICER is likely to be high.

Conclusions
The Novartis model structure is reasonable in 
the context of other models of CML. A simple
Markov model is used with progression to death
only allowed through the blast phase. This is likely
to underestimate mortality within the model, an
important finding given that length of survival is 
a key determinant of cost–utility (demonstrated
also in the existing economic literature on CML).

The Novartis results suggest moderate cost–utility
for imatinib. Inevitably many assumptions are
made, and insufficient review of assumptions and
sensitivity analysis were included in the submission.
The effect of changing these assumptions is pre-
dominantly to increase the cost–utility. The relative
paucity of data for the chronic phase model means
that the submitted estimate for cost–utility should
be viewed with particular caution.

Impact on the NHS budget

The impact on the NHS budget will depend 
on the following:

• the proportion of CML patients failing first-line
IFN-α therapy

• imatinib uptake rates as second-line treatment
• the cost of imatinib (dependent on the dose)
• the extent of adoption of imatinib as a 

first-line treatment.

The prevalence of CML in England and Wales is
estimated to be 2660 patients. The annual incid-
ence of CML in England and Wales is approxi-
mately 700 new patients.

The likely impact of a positive NICE recom-
mendation will be an increase in the number of
CML patients who are considered for continuing
treatment. There is a possibility that imatinib 
will be used in the first-line setting and replace
IFN-α to some extent. There may also be increases
in administration of concurrent therapies 

along with the materials and processing of
cytogenetic tests.

The Novartis submission presents a predicted
impact of imatinib on the NHS budget as follows:

Year Cost (£ million)
Year 1 7.9
Year 2 13.5
Year 3 18.0
Year 4 21.7
Year 5 24.8

The submission presents sensitivity analyses 
around these estimates, varying the percentage 
of CML patients who receive IFN-α treatment, 
the uptake rates of imatinib, the non-responders
continuing imatinib therapy past month 3 and
progression-free survival varying from 37% to 
57%. The estimated impact on the NHS budget 
in these scenarios is between £5.8 million and 
£9.4 million in year 1, rising to between 
£19.2 million and £31.4 million in year 5.

There are a number of reasons why these pre-
dictions may be underestimates. The submission
predicts that 18.6% of patients are intolerant of
IFN-α and that 5.6% of patients are resistant. 
IFN-α resistance, according to Kantarjian and
colleagues,58 is composed of either haematological
failure or cytogenetic resistance (see Box 1, page
1). The literature suggests that in reality between
18% and 30% withdraw from IFN-α treatment
because of adverse effects39,45,58,62,64 and between
25% and 30% are IFN-α-resistant.58 It can be
argued that all patients fail IFN-α eventually.

If we were to take the lower ranges of IFN-α failure
from the literature then the estimated impact on
the NHS drugs budget would rise to £11.8 million
in the first year. If we were to assume the upper
ranges of IFN-α failure from the literature then 
the estimated impact would rise to £15.8 million 
in the first year.

In addition the number of patients considered
eligible for imatinib therapy may increase as a
result of its use as first-line treatment. The upper
limit of cost is bound under the assumption that 
all patients would receive imatinib, in all phases of
CML. Based on a prevalence of 2660, and assum-
ing doses of 500 mg in the chronic phase and 
700 mg in the blast phase, the cost to the NHS
would be £61.4 million per year.
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Main results
Imatinib is a new technology and to date little
research has been published about its effectiveness
in treating CML. There is no RCT evidence avail-
able at present. Only three case series studies have
been undertaken, one in each phase of CML. 
This would not generally be considered as strong
evidence of effectiveness, although it is considered
sufficient evidence for efficacy to permit marketing
in many countries. In addition, details of these
trials were not in the public domain at the time 
of this report and were provided as commercial 
in confidence material. The normal peer review
process had not been undertaken.

Chronic phase
Given the available survival data (at only 1 year in
the chronic phase), proxy measures of effective-
ness have been used. As yet there is not enough
evidence to establish whether high levels of HR
and CR with imatinib will ultimately translate 
into improved survival for patients with CML.
Compared to existing evidence, imatinib offers 
an HR and CR that is within the range of reported
responses to existing treatments (albeit at the
upper end). Extrapolation from responses with
other treatments is speculative, as the mechanism
of action is different, and the molecular mech-
anisms of disease for progression to accelerated
and blast phase are not well understood. Other
studies report significant proportions of deaths
during disease remission, and this may prove 
to be the case with imatinib.

The finding that CR rates with imatinib are higher
in people who had an initial response to IFN-α,
and then relapsed, as opposed to those who were
IFN-α-resistant, may suggest that individual factors
and individual disease characteristics are more
important in determining response than therapy. 
It is generally accepted that prognosis of individual
patients can be estimated by calculation of risk
scores based on patient and disease characteristics,
and that baseline risk can outweigh treatment
effect. In other words, a low-risk patient treated
with hydroxyurea will, on average, do better than a
high-risk patient treated with IFN-α. No informa-
tion on risk scores was presented for the imatinib
case series, making it extremely difficult to judge

whether the high survival rates can be attributed 
to therapy or case selection.

Accelerated and blast phases
Comparison with existing treatments in 
accelerated and blast phase CML is insecure 
as it is based predominantly on small case series.
Such studies are likely to report results in a
favourable group of patients. As the imatinib
studies recruited small numbers of patients from
many centres, a similar problem applies, as a
favourable subgroup of patients may have 
been selected for inclusion.

One-year survival appears to be greater with
imatinib for CML patients in the accelerated 
phase than with other treatments reported in 
the literature. No risk score is available in the
literature, hampering comparison between 
studies. Hydroxyurea was allowed as an adjunctive
treatment in the first 28 days but it is unlikely that
this therapy would have a sustained effect on the
outcomes measured in the trial.

Median survival for patients with CML in the blast
phase appears to be improved with imatinib, but
the results are not as striking as those seen in the
accelerated phase. Similar caveats to those in the
accelerated phase apply. It is also noteworthy that
patients with a CR had initially improved survival
but this was not long-lasting. In the blast phase, 
CR does not appear to be a good proxy outcome,
and this must cast some doubt over its use as 
such in the chronic phase.

Adverse effects
In all phases of the illness, patients taking imatinib
report relatively high levels of haematological
adverse effects compared to patients using other
regimens. These may require additional medi-
cation, which would have implications for adverse
effects and patient experience as well as overall
cost and resource use.

In addition, over half developed oedema and a
considerable number experienced pain at various
sites. Because of the short follow-up of trials, the
longer-term effects of taking imatinib are not
known. However, a median of only 3% were
withdrawn from the study because of adverse
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effects (range 1.7–5%), less than the IFN-α studies
as well as those taking hydroxyurea.

In total, 5% of people were reported as having
serious adverse effects, and less than 1% died,
potentially as a direct result of imatinib therapy.
This may be thought acceptable in the context 
of such a serious disease as CML, particularly in
the accelerated and blast phases. Nevertheless,
continued close monitoring of adverse effects 
may be considered wise by policy-makers.

Economic analysis
The economic model provided by industry was
sensitive to cumulative assumptions and when
changed to reflect more realistic values the 
ICERs shown in Table 50 were demonstrated.

Cost per QALY of imatinib may be higher than 
is generally considered, on this criteria alone, 
to represent good value to the NHS. There is
potentially a very wide range in the chronic 
phase, predominately because of uncertainty 
about long-term survival.

Assumptions, limitations and
uncertainties applicable to 
all phases
The trials of CML, both RCTs and case series, 
are, in general, susceptible to bias as used in this
report to compare with imatinib. Selection of
patients clearly occurs, but insufficient detail is
reported in order to understand the differences
between cohorts. Blinding is not reported, and
levels of attrition are often not explicitly stated.
This precludes drawing firm conclusions. The
published case series studies tend to show more
favourable results than published RCT evidence,
supporting evidence from other fields that case
series overestimate treatment effects.

Evidence of resistance to imatinib has been
discovered. A number of different mechanisms 
are postulated, some of which may severely limit
the effect of imatinib. Longer-term follow-up is
required in order to establish the full impact of

resistance on the survival of imatinib-treated
patients. Published reports of some of the 
patients included in the blast phase series 
indicate that resistance has occurred, and has 
not responded to increased dosage of imatinib.
There must be caution, therefore, in assuming 
that high levels of CR and HR will translate 
into prolonged survival.

There is little QoL information about CML in
general and effects of treatments on QoL. QoL
while taking imatinib has not been assessed. 
Given the somewhat different spectrum of 
adverse effects reported with imatinib compared 
to hydroxyurea and IFN-α, this is an important
consideration. QoL, however, is not solely deter-
mined by the adverse effects of therapy – the
physical consequences of the disease itself and 
the psychological effects of knowing the poor
prognosis with CML must be important deter-
minants. It is extremely difficult to predict the
impact of imatinib on QoL, which introduces
further significant uncertainty into the 
assessment of cost–utility.

Conclusion

Initial results for studies on imatinib for CML
suggest that this is a potential alternative treat-
ment, particularly for the accelerated and blast
phases. However, the amount of evidence available
is very limited and is based on three commercial 
in confidence case series. In the authors’ opinion,
until further research is undertaken or published 
it is difficult to make secure recommendations for
its use or to predict the cost of the treatment.

Need for further research
More research into imatinib for CML is needed.
Key areas include:

• Efficacy of imatinib in chronic phase CML in
the long term.

• RCTs to establish effectiveness of imatinib in all
phases of CML compared to IFN-α, hydroxyurea
and other chemotherapy.

• Further elucidation of the relationship between
response rates (HR and CR) and long-term

TABLE 50  ICERs from industry submission and our cumulative key variations

Phase ICER with varied assumptions (cost per QALY, £)

Chronic Range between 45,592 and 47,712 and 299,379 and 301,446

Accelerated 35,633–56,052

Blast 52,354–64,724
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survival with a range of treatments in all 
phases of CML.

• Adverse effects and long-term imatinib use.

In addition, the following areas should be explored:

• The establishment of prognostic indicators for
survival in the accelerated and blast phases.

• QoL studies for patients with CML using 
various drug regimens.

• Cost of illness studies for CML.
• More detailed empirical estimates for 

resource use in CML to enable accurate 
cost analyses.

• Better estimates of utility for specific 
health states.
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Appendix 1

Prognostic scores

The Sokal score

Score = Exp[0.0116 (age – 43.4)

+ 0.0345 (spleen size – 7.51)

+ 0.188 ([platelets/700]2 – 0.563)

+ 0.0887 (blasts – 2.1)]

Low risk < 0.8

Intermediate risk = 0.8–1.2

High risk > 1.2

New prognostic score (interferon score)22

New score = 0.6666 x age [0 when age < 50; otherwise 1]

+ 0.042 x spleen size (cm below costal margin)

+ 0.0584 x blasts [%]

+ 0.0413 x eosinophils [%]

+ 0.2039 x basophils [0 when basophils < 3%; otherwise 1]

+ 1.0956 x platelet count [1 when platelets < 1500 otherwise 1]) x 1000

Low risk ≤ 780

Intermediate risk = 780–1480

High risk > 1480
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Possible mechanisms for resistance to imatinib
are described below.

Cell intrinsic mechanisms

These are changes within the cell that reduce 
the sensitivity of BCR-ABL to imatinib. There is
experimental evidence to support the existence 
of these changes:50 cells from patients collected at
various stages in the CML disease process showed 
a 10-fold reduction in sensitivity to imatinib in vitro.
Various mechanisms could account for this:

• Gene amplification. This has been demonstrated
in several patients who have relapsed following
treatment with imatinib. The drug may select 
for proliferation of clones with multiple copies
of BCR-ABL in some patients.50

• Point mutations within the gene BCR-ABL that
confer resistance to imatinib. This has been
demonstrated empirically,50 and again, selection
pressure conferred by the drug may play a part.

• Over-expression of the multi-drug resistance
gene, which increases levels of P-glycoprotein, 

a cell membrane protein that pumps drugs 
out of the cell and lowers net intracellular 
drug concentration. This has been reported 
in vitro.123

• Secondary genetic changes could provide signals
that replace BCR-ABL as the determinant of cell
proliferation.50,51 These could be mutations in
other genes or other chromosomal changes.
This has not yet been demonstrated empirically
as a mechanism of resistance to imatinib.

Mechanisms extrinsic to the cell

Imatinib is 95% bound in plasma.

• Functional sequestration of the drug. 
Preclinical studies in mice have demonstrated
that alpha 1 acid glycoprotein can bind imatinib
in serum and inhibit activity against BCR-ABL.124

Co-administration of other drugs can 
reduce this.

• Functional inactivation of the drug through
enzyme modification. This is a theoretical
possibility but has not been demonstrated.
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Rapid reviews for the 
HTA Programme

Protocol:The effectiveness and cost-
effectiveness of imatinib (STI 571) 
in chronic myeloid leukaemia
A.This protocol is provisional and subject 
to change
B. Details of review team
Dr Ali Round, Senior Lecturer in Public Health
(LEAD), Peninsula Technology Assessment Group

Dr Ken Stein, Senior Lecturer in Public Health,
Peninsula Technology Assessment Group

Ms Ruth Garside, Research Fellow, Peninsula
Technology Assessment Group

Ms Sandra Hollinghurst, Health Economist, 
RDSU, Bath

Dr Pam Royle, Senior Information Specialist,
Southampton Health Technology Assessment
Centre

C. Full title of research question
What is the effectiveness and cost-effectiveness of
imatinib (STI 571) in the treatment of chronic
myeloid leukaemia?

D. Clarification of research question and scope
Chronic myeloid leukaemia (CML) is a clonal
disorder in which haemopoietic stem cells
proliferate and eventually replace all normal 
bone marrow function. Median age at diagnosis 
is 67 years. The disease generally passes through
three phases – a chronic stage in which patients
usually present, and which lasts typically between 
2 and 6 years; an accelerated stage where the
number of blast cells in the blood increases and
symptoms become more prominent; and a blastic
stage when there is little remaining normal 
marrow function. Median survival is between 
4 and 5 years from diagnosis.

Bone marrow transplantation is the only potential
cure. It is possible in those patients for whom a
suitable donor is available, preferably a tissue-type
identical sibling, but matched unrelated donors
can be used. Survival is between 60 and 70% at 

5 years for sibling donors, less for unmatched
donors. Bone marrow transplantation is not usually
offered to patients older than 60 because of the
increased risks of the procedure in older patients.

Drug treatments ameliorate symptoms and 
prolong overall survival. Hydroxyurea is the usual
initial treatment and has relatively few adverse
effects. Busulphan is now rarely used because 
of its unfavourable adverse effects and apparent
lower efficacy. IFN-α has become increasingly 
used in the last few years as it prolongs survival 
by between 1 and 2 years.1 However, it also 
has significant toxic effects, which requires a 
reduction in dose or cessation of therapy in 
a substantial proportion of patients. Cytosine
therapy in combination with IFN-α increases 
the likelihood of remission at the expense of
increased toxicity.

CML has a characteristic genetic abnormality of
chromosomes 9 and 22 (known as Philadelphia
chromosome). A protein known as BCR-ABL is
produced as a result of this, and the enzyme
activity of the protein (tyrosine kinase) appears 
to be implicated in the development of CML.
Imatinib has been synthesised specifically to 
be an antagonist of this tyrosine kinase. It 
has a limited effect on other, normal, kinases.
Antileukaemic activity has been demonstrated 
in a number of preclinical and animal models.

Preliminary review of the literature reveals that 
two Phase I studies have been published in peer
reviewed journals,2,3 reporting on 121 patients 
with CML. Three Phase II studies have been
conducted, one in the chronic stage for patients
who are resistant or refractory to IFN-α, one in 
the accelerated stage, and one in the blast stage 
of CML. These studies have been published in
abstract only.4–6 Effectiveness was evaluated on the
basis of haematological or cytogenetic response.
Duration of response has not been estimated
because of short follow-up, however, these studies
are ongoing. A randomised controlled trial
comparing imatinib with IFN-α and cytosine
arabinoside has closed recruitment. The primary
outcome measure is time to progression of one 
of a number of end-points including loss of
haematological remission, loss of cytogenetic
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remission, progression to accelerated or blast
phase, or death from CML. The first year report
will not be available until the first quarter of 2002,
with the final report not expected until 2005.

Adverse effects have been reported in the
literature but no information on quality of life
appears to be available. No published cost data 
has been identified so far.

There is little data on children, at least partly
because CML is very rare in this age group.

Scope: This review will encompass the efficacy of
imatinib in all stages of CML.

Population: All adults enrolled in trials with CML,
in chronic, accelerated or blast stage.

Interventions to be considered:
As there is a paucity of published information,
rigorous assessment of effectiveness and cost-
effectiveness is deemed unlikely to be achievable.
Inferences derived from Phase I and II studies 
do not provide good evidence of effectiveness.6

Therefore the interventions to be considered are:

1. The efficacy of imatinib in CML that is resistant,
intolerant of or refractory to INF-α.

2. The efficacy of imatinib in CML in accelerated
phase.

3. The efficacy of imatinib in CML in blast crisis.
4. The safety of imatinib in CML of all stages.
5. The cost of imatinib in CML.

It is possible that the industry submission will
include unpublished information from randomised
controlled trials. Depending on the extensiveness
of the information contained in the submission, 
if possible, we will assess effectiveness and cost-
effectiveness, against comparators of standard
treatment (hydroxyurea, INF-α and bone 
marrow transplantation).

Outcomes to be considered:
1. Progression-free survival (if available).
2. Overall survival (if available).
3. Haematological response, complete and partial.
4. Cytogenetic response, complete and partial.
5. Adverse effects including nausea, diarrhoea,

myalgia, periorbital oedema, skin rash, peripheral
oedema, liver toxicity, withdrawal from treatment,
myelosuppression and cytopenia.

6. Cost.

It will not be possible to rigorously assess the
optimal duration of treatment, or quality of life.

However, if information on these factors is
identified during the searching process, a summary
and critique of the evidence will be provided.

E. Report methods
Search strategy
• Computerised databases including MEDLINE,

EMBASE, the Cochrane Library Science 
Citation Index, Web of Science Proceedings,
BIOSIS, Cancerlit, Conference Proceedings
Index and AIDS and Cancer Research 
Abstracts, conference abstracts from the 
ASH and the American Society of 
Clinical Oncology 

• ONS (Office of National Statistics) website, 
the FDA website, the NCI’s CancerNet website,
the Novartis website, http://www.gleevec.com/,
and data from the National Cancer 
Intelligence Centre

• Bibliographies
• Contacting research groups and industry
• Trial registers in the UK (National Research

Register), USA and Canada.

Inclusion
• RCTs: imatinib versus other interventions for 

the treatment of any stage of CML.
• Phase 1 and Phase 2 studies: imatinib used for

the treatment of any stage of CML.
• Cost-effectiveness, cost–utility and cost–benefit

studies – full economic evaluations.

The focus of the review will be on randomised
comparisons, if these are available.

Exclusions
• Animal models
• Preclinical and biological studies

Data extraction strategy
Data will be extracted by one researcher and
checked by a second researcher.

Quality assessment strategy and methods of
analysis/synthesis
Studies identified will be assessed for quality 
using individual components of methodological
quality, for observational or randomised studies,
taken from the CRD report on systematic reviews
No. 4.7 Assessment will be made by one researcher
and checked by a second.

Assessment of internal validity: Because of 
the potential for bias in observational studies,
emphasis in this review will be placed on quality
assessment, and identification and assessment 
of possible sources of bias.
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Assessment of external validity: The selection 
of patients who have been entered into the trials
will be a key issue, as patients receiving treatment
may differ in several relevant aspects from the
(intrinsic) comparison with historical outcomes.
This will require more detailed information than 
is available in abstract form and adequate assess-
ment of external validity will be dependent on 
the availability of this information.

If several Phase II trials are identified, a thorough
consideration of possible sources of heterogeneity
will be performed, and a summary and critique of
the evidence provided. Sensitivity analyses will 
be performed.

Absolute risk and relative risk estimates, with
confidence intervals, will be presented for adverse
events, if data is available from a randomised
controlled trial. Number needed to treat and
number need to harm for outcomes and adverse
events respectively will be presented if appropriate.
Alternatively, point estimates of percentages
suffering adverse effects, with confidence 
intervals, will be presented.

Economic data will be appraised using the criteria
suggested by Drummond,8 and presented as a
summary and critique of the evidence.

Methods for estimating quality of life, costs and
cost-effectiveness and/or cost/QALY
Costs for treatment and savings will be taken from
published work and industry submission. If insuffi-
cient detail is available, estimates for cost will be
derived from individual Trusts or groups of Trusts.
Costs will be discounted at 6% p.a. and benefits 
at 1.5% (sensitivity analyses 0% to 6%). Cost-
effectiveness and cost–utility will only be calculated 
if results from a randomised controlled trial are
available. Alternatively, a presentation of a range of
cost implications estimated under likely scenarios 
will be made, with sensitivity analyses performed.

Utility
If data is available from a randomised controlled
trial, and time permits, utilities will be estimated
from a panel of lay people, being established over
the next few months by the Peninsula Technology
Assessment Group as part of a methodology
project grant by the NHS Executive (South West).
This ‘utility panel’ will value the health states 
in the different stages of CML as described by
experts. Alternatively, expert assessment of the
utility of health states will be made. Further details
of the Utility Panel are available on request.

1. Cost-effectiveness will be estimated as cost per
year of life gained, compared to standard
treatment.

2. Cost–utility will be estimated as £/QALY by
aggregating appropriately discounted streams 
of benefits and net costs for people treated with
imatinib compared to standard treatment.

F. Handling the company submission
As little published data is available, the industry
submission is likely to contain a substantial amount
of new information. It is essential to make early
contact with the industry. Comparison of data
assessment procedures will be performed and 
the reason for any differences explored.

G. Project management
a. Timetable
Draft protocol 04-08-01
Progress report 12-11-01
Draft final report 20-02-02

b. Competing interests
None.

c. External reviewers
A group is currently being formed. This group 
will act as an expert resource to guide the pro-
gress of the review. Separate experts will be
identified as external reviewers of the com-
pleted draft review.

d. References
1. Chronic Myeloid Leukemia Trialists’

Collaborative Group. Interferon alfa versus
chemotherapy for chronic myeloid leukemia: 
a meta-analysis of seven randomized trials. 
J Natl Cancer Inst 1997;89:1616–20.

2. Druker BJ, Talpaz M, Resta DJ, Peng B,
Buchdunger E, Ford JM, et al. Efficacy and 
safety of a specific inhibitor of the BCR-ABL
tyrosine kinase in chronic myeloid leukemia. 
N Engl J Med 2001;344:1031–7.

3. Druker BJ, Sawyers CL, Kantarjian H, Resta DJ, 
Reese SF, Ford JM, et al. Activity of a specific
inhibitor of the BCR-ABL tyrosine kinase in 
the blast crisis of chronic myeloid leukemia 
and acute lymphoblastic leukemia with the
Philadelphia chromosome. N Engl J Med
2001;344:1038–42.

4. Kantarjian H, Sawyers CL, Hochhaus A, 
Guilhot F, Schiffer C, Resta D, et al. Phase II
study of STI571, a tyrosine kinase inhibitor in
patients with resistant, refractory Philadelphia
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Philadelphia chromosome positive chronic
myeloid leukemia in myeloid blast crisis. 
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Sources of information, including 
databases searched and search
terms used
Searches were made to identify published studies,
and recently completed and ongoing research. 
The strategies shown below are those used to search
MEDLINE. They were adapted as appropriate for
other databases. The table on the next page lists all
the databases searched. The complete details of all
search strategies used are available on request.

Clinical effectiveness searches
1. STI-571
gleevec or glivec or imatinib or sti 571 or sti-571 or
sti571 or st1 571 or st1-571 or st1571 or stl571 or
stl-571 or stl 571

2. CML and bone marrow transplantation
(((‘Leukemia-Myeloid-Chronic’ / all subheadings
in MIME,MJME) or (chronic near myel* near
(leukemia or leukaemia)) or (cml)) and ((‘Bone-
Marrow-Transplantation’ / all subheadings in
MIME,MJME) or (bone near marrow near
transplant*) or (bmt))) and (((CLINICAL-TRIAL
in PT:MEDS) or (CLINICAL-TRIAL-PHASE-II in
PT:MEDS) or (CLINICAL-TRIAL-PHASE-III in
PT:MEDS) or (CLINICAL-TRIAL-PHASE-IV in
PT:MEDS) or (RANDOMIZED-CONTROLLED-
TRIAL in PT:MEDS) or (CONTROLLED-
CLINICAL-TRIAL in PT:MEDS)) or (CLINICAL-
TRIAL-PHASE-I in PT:MEDS))

3. CML and hydroxyurea
((‘Leukemia-Myeloid-Chronic’ / all subheadings 
in MIME,MJME) or (chronic near myel* near
(leukemia or leukaemia)) or (cml)) and
((‘Hydroxyurea-’ / all subheadings in MIME,
MJME) or (hydroxyurea)) and (((CLINICAL-
TRIAL in PT:MEDS) or (CLINICAL-TRIAL-
PHASE-II in PT:MEDS) or (CLINICAL-TRIAL-
PHASE-III in PT:MEDS) or (CLINICAL-TRIAL-
PHASE-IV in PT:MEDS) or (RANDOMIZED-
CONTROLLED-TRIAL in PT:MEDS) or
(CONTROLLED-CLINICAL-TRIAL in PT:MEDS))
or (CLINICAL-TRIAL-PHASE-I in PT:MEDS))

4. CML and IFN-α
((‘Leukemia-Myeloid-Chronic’ / all subheadings 
in MIME,MJME) or (chronic near myel* near

(leukemia or leukaemia)) or (cml)) and
(((CLINICAL-TRIAL in PT:MEDS) or 
(CLINICAL-TRIAL-PHASE-II in PT:MEDS) or
(CLINICAL-TRIAL-PHASE-III in PT:MEDS) or
(CLINICAL-TRIAL-PHASE-IV in PT:MEDS) or
(RANDOMIZED-CONTROLLED-TRIAL in
PT:MEDS) or (CONTROLLED-CLINICAL-TRIAL
in PT:MEDS)) or (CLINICAL-TRIAL-PHASE-I in
PT:MEDS)) and ((interferon*) or (explode
‘Interferon-alpha’ / all subheadings in
MIME,MJME))

Cost-effectiveness searches
5. STI-571
(gleevec or glivec or imatinib or sti 571 or sti-571
or sti571 or st1 571 or st1-571 or st1571 or stl571 
or stl-571 or stl 571) and ((cost* or economic*) 
or (explode ‘Economics-’ / all subheadings in
MIME,MJME) or (explode ‘Costs-and-Cost-
Analysis’ / all subheadings in MIME,MJME))

6. CML and IFN-α
((((‘Leukemia-Myeloid-Chronic’ / all subheadings
in MIME,MJME) or (chronic near myel* 
near (leukemia or leukaemia)) or (cml)) and
((interferon*) or (explode ‘Interferon-alpha’ / 
all subheadings in MIME,MJME))) and ((cost* 
or economic*) or (explode ‘Economics-’ / all
subheadings in MIME,MJME) or (explode 
‘Costs-and-Cost-Analysis’ / all subheadings 
in MIME,MJME))) and (English in la)

Additional searching
• Most recent version of the PDQ database at

http://www.nci.nih.gov
• FDA website – Center for Drug Evaluation 

and Research, http://www.fda.gov/cder/-
downloaded report by Novartis on Gleevec

• Novartis website, http://www.gleevec.com/
• EMEA website,

http://www.emea.eu.int/home.htm
• Searched ONS website,

http://www.statistics.gov.uk/ for mortality data,
Cancer Registrations

• Personal communication with Dr Penny Babb,
Senior Cancer Epidemiologist, National 
Cancer Intelligence Centre, ONS, for 
statistics on incidence of CML in England
1985–97.
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Dates and issues of databases searched

Clinical effectiveness Cost-effectiveness

Databases searched 1. STI-571 2. CML and bone marrow 5. STI-571
transplantation 6. CML and IFN-α

3. CML and hydroxyurea
4. CML and IFN-α

Cochrane Library 2002 issue 1 2001 issue 3 2002 issue 1
(all sections)

CancerLit 1966 to 12 November 2001

MEDLINE (WebSPIRS) 1966 to August 2001 1990 to July 2001 1990 to November 2001

EMBASE (WebSPIRS) 1981 to September 2001 1991 to June 2001 1991 to January 2002

PubMed Ran on 12 December 2001 – Ran on 11 September 2001 Ran on 8 February 2002 – 
limited to records added in – limited to records added limited to records added 
the last 90 days in last 180 days in last 180 days

Science Citation Index 1981 to 12 November 2001
via Web of Science

Web of Science 1990 to 12 November 2001
Proceedings

BIOSIS 1985 to 12 November 2001

NRR (National 2001 issue 4
Research Register)

EWS (Early 9 August 2001
Warning System)

NLM Gateway 9 August 2001

Current Controlled Trials 9 August 2001

Clinical Trials.gov 9 August 2001

CancerNet trials 9 August 2001

Most recent version of 9 August 2001
conference abstracts 
reports at
http://www.ash.org

CancerNET website 12 November 2001
http://www.nci.nih.gov/
cancerinfo

Most recent version of 9 August 2001
conference abstracts 
reports at
http://www.asco.org

Conference Proceedings 1982 to 13 August 2001
Index

AIDS and Cancer 1982 to 13 August 2001
Research Abstracts
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Path of included and excluded studies

Total hits with search
strategy = 567

127 papers obtained
in full

Included n = 89 Excluded n = 38

Trial details updated
elsewhere (9)

Secondary analysis
of data (2)

Abstracts only (2)

Included trials 
(n = 58)

Background
information (n = 31)

440 excluded based
on inclusion/exclusion

criteria

Meta-analyses (2)

Letters (2)

Bone marrow
transplantation (14)

< 20 patients in 
sample (6)

Alternating IFN-γ,
IFN-α regimes (1)

Overview imatinib (2)

Mechanisms of
resistance to 
imatinib (8)

Action of imatinib
including biochemicl

descriptions (7)

Overview of 
IFN-α (4)

Overview of 
CML (5)

Overview of HU (1)

Use of risk scores (4)

Phase 1 imatinib 
trials (2)

Cost-effectiveness (3)

QoL studies (2)

Case series (40)

RCTs (11)
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Reasons for excluding studies

Chronic phase studies
The study by the Italian Cooperative Study 
Group on Chronic Myeloid Leukemia (1994)116

was excluded because it duplicated more recent
information on the same patients reported in the
Baccarani study (1998).62 However, patient details
were reported more fully in the earlier paper 
and these were used.

Kloke and colleagues (1996)125 was excluded
because it duplicated more recent information 
on the same patients reported in a previous study
by the same authors in 2000.69

Thaler and co-workers (1995)80 was excluded
because it duplicated more recent information 
on the same patients reported in a 1996 study 
by the same authors.81

Mahon and colleagues (1996)78 was excluded
because it duplicated more recent information on
the same patients reported in Mahon (1998).74

The 1996 Guilhot study126 was excluded because 
it reported solely on the study design and 

rationale for that design while Guilhot and
colleagues (1997)45 reported on the actual 
results of this trial.

Allan and co-workers (1995)127 was excluded
because more recent data on this MRC trial was
reported in Shepherd and co-workers (1996).42

However, patient characteristics were reported
more fully in the Allan study, and these 
were utilised.

Accelerated and blast phase studies
Feldman and co-workers (1992)128 was excluded
because it reported on only two patients with 
CML, the remaining 64 had acute myelo-
genous leukaemia.

Kreis and colleagues (1991)129 was excluded
because only 7 of the sample of 32 had CML, 
the rest had refractory or recurrent acute
leukaemia.

Tricot and Weber (1996)130 was excluded because
only 12 of the 27 patients had CML and the
remaining patients suffered from acute
myelogenous leukaemia.
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The UK trial42 showed that IFN-α treatment
produced significantly longer survival than

conventional chemotherapy. Co-treatment with
hydroxyurea or busulphan was allowed for
haematological control in the IFN-α group.

HR was defined purely on the level of WBCs 
in the peripheral blood. Patients with an HR
(69%) survived significantly longer than those
without an HR, but the results were not split
according to therapy, and the text states that 
HR was nearly identical for those treated with 
IFN-α and hydroxyurea.

The definition of no CR was more stringent 
than in other trials. In total, 11% of IFN-α-treated
patients developed a major CR, compared to 2% 
of those on chemotherapy, and in both groups
were only seen in those with the best HR. Cyto-
genetic responders had better survival than non-
responders. Time to CR was considerable, being a
median of 84 weeks for a major response. However,
non-responders to IFN-α had better survival than
the chemotherapy-treated group (not stated if this
was statistically significant or not). CR was also
associated with Sokal score.

This trial suggests that the improved survival with
IFN-α is not necessarily allied to HR or CR, and
that treatment with IFN-α should not be
abandoned because of lack of CR.

The Italian trial62 also showed significantly improved
survival for patients treated with IFN-α. Major CR
was seen in 20% of patients on IFN-α and none of
those on chemotherapy. Co-treatment with hydroxy-
urea or busulphan was allowed for haematological
control in the IFN-α group. This trial recruited
more low-risk patients than other studies.

HR was defined as commonly used. For the IFN-α
group, complete HR was significantly associated
with a substantial prolongation of survival, around
50% at 10 years compared to 20% for those with
less than a complete HR (for those still alive at 
1 year). Results were not presented for the
chemotherapy group.

CR results are likewise only presented for the 
IFN-α arm (no responses were seen in the

chemotherapy arm). Median time to achieve 
best response was 2 years, and those with a 
major response survived significantly longer 
than those without. Sokal score was associated 
with CR.

A multivariate analysis was performed (Cox
Proportional Hazards) and showed that Sokal
score, percentage blast cells, HR and CR were
significantly associated with survival in the IFN-α
patients. However, when all patients were included,
HR and CR were not entered into the model 
(the latter because there were no responses, the
former not stated). Sokal score, age, spleen size
and treatment arm were significant.

This trial shows an association between HR, 
CR and survival on IFN-α treatment, but does 
not provide evidence for this relationship with 
other chemotherapy.

The Japanese trial61 compared IFN-α to 
busulphan. Patients with serious co-morbidity 
were excluded and also those that were hyper-
sensitive to IFN-α. A significant survival benefit 
for IFN-α was demonstrated. A number of drop-
outs appear to have occurred but were not 
noted in the text.

The common definition of HR was used. No results
were presented reviewing the association between
HR and survival.

The number of people achieving a CR was not
stated. For the IFN-α group, the achievement of
any CR was significantly associated with prolonged
survival, but the degree of CR was not important
(i.e. the patient with only a minor CR had a better
survival than those with a partial CR, and similar 
to those with a complete CR). In the busulphan
group, CR was also associated with better survival,
those with a complete CR doing better (assumed 
to be non-significant although not stated). CR was
not significantly associated with Sokal score in 
IFN-α patients.

In this trial, a high proportion of people
discontinued IFN-α therapy (51%). Nevertheless,
the achievement of any CR was associated with
survival for patients treated with IFN-α.
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The French trial60 was small and compared IFN-α
to hydroxyurea. Patients who might benefit from a
bone marrow transplant were excluded. Fourteen
per cent of patients were not initially analysed,
further withdrawals occurred, follow-up was short
and survival was not recorded. However, disease
progression was noted.

HR was defined solely according to the WBC
count; 67% of the IFN-α arm and 89% of the
hydroxyurea arm achieved an HR (not significant).
For those with an HR, three patients in the
hydroxyurea group progressed within the first 
year (three withdrew), and no patients in the 
IFN-α group progressed (two withdrew).

CR was defined as minimal (1 to 25% Ph– in
metaphases), incomplete (25% to 99%) or
complete (100% Ph–). Eight per cent of the
hydroxyurea group had incomplete or complete
responses compared to 46% of the IFN-α group.
Progression was not reported for these sub-
groups separately.

The small size, methodological limitations and
limited reporting of this trial do not allow many
conclusions to be drawn, although initial achieve-
ment of HR with hydroxyurea did not appear to 
be associated with delayed progression.

A German trial39 compared IFN-α treatment to
either hydroxyurea or busulphan. No concurrent
therapy was allowed, patients could cross between
arms but an intention-to-treat analysis was used. 
In total, 622 patients were randomised, but only
513 analysed, as early deaths or people who were
Ph– were not included. A significant improvement
in survival was shown for IFN-α patients over
busulphan-treated patients, but not over
hydroxyurea-treated patients.

HR was defined according to the usual criteria.
Rates of HR were similar in all three groups, but
analysis of survival and HR was only reported for
IFN-α. This showed a significant survival advantage
for IFN-α-treated patients who achieved a com-
plete HR compared to those with partial or non-
response. In addition, patients with WBC counts in
the normal range at 6 months had a significantly
prolonged survival in both the hydroxyurea and
IFN-α groups, but not the busulphan group.

CR was defined according to the usual criteria.
Less than 70% of recruited patients had an evalu-
ation of CR. Seven per cent of the IFN-α group
achieved a complete CR, with 11% showing a 
lesser response. The results for busulphan were 

0% and 4%, and for hydroxyurea 1% and 4%
respectively. There was no survival advantage for
the IFN-α patients with CR over those without CR
(results not reported for the other therapies).

In this study, patients who discontinued IFN-α
early had poorer survival than those who con-
tinued, despite apparent subsequent disease
control by hydroxyurea or busulphan. The 
results of this trial suggest, therefore, that con-
tinuation of IFN-α, despite apparent lack of
response, may be relevant to prolonged survival.

The Benelux trial64 compared IFN-α + hydroxy-
urea to hydroxyurea alone in 195 patients. 
Patients with significant co-morbidity were
excluded. Hydroxyurea was used as an induction
therapy in all patients. No survival difference was
seen in the two groups. The Sokal score was
predictive of survival.

HR was defined according to the usual criteria.
The IFN-α group had a higher rate of HR, about
55% at 1 year, compared to about 42% in the
hydroxyurea group. Both groups showed an
association between achievement of complete 
HR and survival, strongly significant in the IFN-α
group and marginally so in the hydroxyurea group.

CR was defined according to the usual criteria. 
The IFN-α group showed a higher rate of CR 
than the hydroxyurea group (9% complete versus 
0% complete; 41% any response versus 11%).
Within each group, those people achieving a CR
demonstrated significantly improved survival.

This trial does not suggest a causative relationship
between achievement of HR or CR, and survival, as
the improved HR and CR rates in the IFN-α group
were not translated into prolonged survival.

Guilhot and co-workers45 performed an RCT of
IFN-α alone versus IFN-α and ara-C. Hydroxyurea
was given to all patients as part of induction, and if
IFN-α and/or ara-C failed to produce or maintain
an HR. The ara-C group had a better overall
survival at 3 years. However, causes of death other
than from CML, and those undergoing bone
marrow transplantation, were censored.

HR was defined in the usual way. The ara-C group
had a higher rate of complete HR than the IFN-α
alone group (66% versus 55%) but survival results
according to HR were not presented.

Forty-one per cent of patients in the IFN-α + 
ara-C group had a major CR, and 24% in the 
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IFN-α alone group. In both arms of the trial,
patients with a major CR had significantly
prolonged survival.

This trial shows a positive association between 
CR and survival, again with IFN-α therapy.

Giles and colleagues65 studied IFN-α and hydroxy-
urea versus IFN-α and ara-C. Induction for 1 week
with hydroxyurea or leukapheresis was allowed 
for all participants. Patients with significant co-
morbidities were excluded. More than 25% of
recruited patients were not analysed, mostly
because of inadequate follow-up. No significant
survival difference between the groups was
reported, 95% for the ara-C arm and 85% 
for the hydroxyurea arm.

The usual definition of HR was reported. HR was
achieved in 79% of the hydroxyurea and IFN-α
patients, and 74% of the IFN-α and ara-C group
(no significant difference).

CR was achieved in 23% of the hydroxyurea and
IFN-α patients, and 16% of the IFN-α and ara-C
group (no significant difference).

This trial does not show a positive association
between CR and survival, as the IFN-α/
hydroxyurea group with higher HR and CR 
had a lower overall survival. However, the large
number of drop-outs in this trial means that less
reliance should be placed on it.

A further German trial compared hydroxyurea to
busulphan.63 In total, 458 patients were recruited,
and 63 (14%) were lost to follow-up. Survival
advantage of a median of 13 months for
hydroxyurea was demonstrated.

HR, as such, was not reported in this study.
However, it was noted that 43% of the hydroxyurea
group had a normal WBC count at 18 months
compared to only 11% of the busulphan group.
Patients in the hydroxyurea arm who had normal
WBC counts were described as having a survival
advantage, which just failed to reach statistical
significance. No results for the busulphan arm
were given.

CR, of any sort, was reported in six patients in
total, four in the hydroxyurea arm and two in 
the busulphan arm. The survival advantage for
hydroxyurea was clearly not associated with an
increased CR.

The authors of this trial postulated that there was 
a causal association between reduction in WBC
count, as a marker of reduced tumour burden, 
and survival. However, in the absence of results 
for the busulphan arm, it is difficult to agree 
this generalisation.

An American trial18 compared busulphan to
intensive treatment with ara-C and lomustine.
Eight-six patients were randomised, with a median
age of less than 50, and 13 (15%) lost to follow-up,
a similar proportion in each group. No survival
difference between the groups was noted. The
busulphan group had complete HR in 84% and
the cyt/lo group 69% (not significant), although
the definition of HR was somewhat less stringent
than often used. There was a highly significant
difference in duration of HR, 35.2 months for
busulphan and 12.4 months for cyt/lo. However,
32% of the busulphan group died while in
remission, compared to only 4% of the cyt/lo
group. CR was not reported. This trial suggests 
that factors other than HR are related to survival.
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Quality markers of included studies – 
selection, performance and 

detection bias
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affects the daily living abilities of the patient, 

and determine appropriate treatment and
prognosis. They are included here for healthcare
professionals to access.
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Appendix 8

Eastern Cooperative Oncology Group 
(ECOG) Performance Status 

Grade ECOG criteria

0 Fully active, able to carry on all pre-disease performance without restriction

1 Restricted in physically strenuous activity but ambulatory and able to carry out work of a light or sedentary 
nature, e.g. light housework, office work

2 Ambulatory and capable of all self-care but unable to carry out any work activities. Up and about more than 
50% of waking hours

3 Capable of only limited self-care, confined to bed or chair more than 50% of waking hours

4 Completely disabled. Cannot carry on any self-care.Totally confined to bed or chair

5 Dead

* As published in Am J Clin Oncol (Oken MM, Creech RH, Tormey DC, et al. Toxicity and response criteria of the
Eastern Cooperative Oncology Group. Am J Clin Oncol 1982;5:649–55).
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Appendix 9

Quality indicators of included trials – 
analysis and attrition
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Treatment details in included trials
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Appendix 11

Patient characteristics 
in included trials

Chronic phase: imatinib

Author Date of Date of No. CML Age Sex Time since Sokal score
publication recruitment recruited phase (median) (M:F) diagnosis

Kantarjian 2001 1999 454 Chronic 57 (18–90) 311:221 < 12 months 9% NS
et al.58 12–< 24 months 27%

2–< 5 years 42%
5+ years 21%
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Chronic phase: RCTs

Author Date of Date of No. CML Age Sex (M:F) Time since Sokal score
publication recruitment recruited phase (median) diagnosis

Baccarani 1998 1986 322 Chronic NS NS NS NS
et al.62 IFN-α 218

Chemo 104

The Benelux 1998 1987 195 Chronic IFN-α 55.7 IFN-α 58:42 Newly IFN-α
CML Study (20–83) HU 53:42 diagnosed Low 29%
Group64 HU 56.4 Int. 43%

(27–84) High 28%
HU
Low 30%
Int. 33%
High 37%

Broustet 1991 1990 58 Chronic IFN-α IFN-α 15:9 < 3 months IFN-α
et al.60 55.6 ± 10.6 HU 16:10 Low 29.2%

HU Int. 50%
58.6 ± 7.1 High 20.8%

HU
Low 26.9%
Int. 46.2%
High 26.9%

Giles et al.65 2000 1993 143 Chronic IFN-α IFN-α Newly NS
40 (12–72) 59:42 diagnosed
IFN-α + ara-C IFN-α + ara-C 
42 (16–77) 37:27

Guilhot 1997 1991 721 Chronic IFN-α + ara-C IFN-α + ara-C ≤ 6 months IFN-α + ara-C
et al.45 50 (7–71) 195:165 Low 47%

IFN-α IFN-α Int. 39%
51 (2–71) 203:158 High 14%

IFN-α
Low 40%
Int. 42%
High 18%

Hehlmann 1993 1983 458 Chronic 49.7 248:193 Newly Low 26%
et al.63 diagnosed Int. 35%

High 39% 

Hehlmann 1994 1983 513 Chronic IFN-α IFN-α 88:45 Newly IFN-α
et al.39 47.4 (18–85) BU 114:72 diagnosed Low 27.1%

BU 48.5 HU 98:96 Int. 35.3%
(17–84) High 37.6%
HU 46.9 BU
(15–84) Low 28.5%

Int. 38.7%
High 32.8%
HU
Low 29.4%
Int. 33.5%
High 37.1%

Ohnishi 1998 1988 159 Chronic BU BU 46:33 Newly BU
et al.61 ≤ 24 10% IFN-α 50:30 diagnosed Low 38%

25–49 43% Int. 34%
50+ 47% High 24%
IFN-α IFN-α
≤ 24 12% Low 36%
25–49 48% Int. 33%
50+ 40% High 29%

continued
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Chronic phase: RCTs contd

Author Date of Date of No. CML Age Sex (M:F) Time since Sokal score
publication recruitment recruited phase (median) diagnosis

Shepherd 1996 1986 587 Chronic NS NS Newly Low 23%
et al.42 diagnosed Int. 35% 

High 42%

Silver et al.18 1992 86 Chronic < 50 53% 50:36 NS NS
> 50 47%
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Chronic phase: IFN-α treatment

Author Date of Date of No. CML Age Sex (M:F) Time since Sokal score
publication recruitment recruited phase (median) diagnosis

Alimena 1990 NS 109 Chronic NS NS Variable For untreated 
et al.66 patients

Low 45%
Int. 35%
High 20%

Arthur and 1993 1987 30 Chronic 44 (6–63) 2.75:1 NS High 13%
Ma87 Int. 40%

Low 47%

Beck et al.89 2001 NS 721 Chronic NS NS NS NS
IFN-α 361
IFN-α + 
ara-C 360

Cortes 1996 1982 35 Chronic 65 (60–76) NS NS NS
et al.20

Fernandez- 1993 1988 51 Chronic 43 (13–70) 28:23 Median NS
Ranada 55 days 
et al.85 (0–681)

Freund 1989 1985 27 Chronic 46.8 5:4 0– NS
et al.67 81.1 months

Freund 1993 NS 46 Chronic Mean 45 26:20 NS NS
et al.90 48 Mean 44 25:23

Giles et al.72 1992 NS 23 Late 48 (18–66) 14:9 Median NS
chronic 19 months 

(1–56)

Giles et al.88 2001 1986 IFN-α + Chronic 41 (17–67) IFN-α +  IFN-α for IFN-α + chemo
chemo 74 chemo 41:33 12 months if Low 15%
IFN-α 208 IFN-α 77:131 no CR, 6 if no Int. 33%

HR otherwise, High 52%
while affective IFN-α
Overall median Low 18%
follow-up Int. 37%
145 months High 46%
(103–155)

Guilhot 1991 1986 24 Chronic 45 (5–74) 14:10 NS Low 33%
et al.73 Int. 50%

High 17%

Hochhaus 1996 NS 133 Chronic 45 (10–83) 83:50 NS NS
et al.68

Kantarjian 1991 1984 Study 32 Chronic 36 (14–58) 9:23 Newly NS
et al.40 Controls 64 36 (17–60) 20:44 diagnosed 

(< 2 weeks)

Kloke et al.69 2000 1984 71 Chronic 38 40:31 Newly NS
diagnosed

Mahon 1996 1986 81 Chronic 50.5 (17–70) 45:36 Median Low 48%
et al.78 45.5 days Int. 40%

High 12%

Mahon 1998 1986 116 Chronic 50.2 (9–70) 66:50 Median Low 49%
et al.74 36 days Int. 36%

High 14%

Ozer et al.79 1993 1985 112 Chronic 44 (17–79) 61:54 2.6 weeks NS

continued
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Chronic phase: IFN-α treatment contd

Author Date of Date of No. CML Age Sex (M:F) Time since Sokal score
publication recruitment recruited phase (median) diagnosis

Russo et al., 1995 1989 272 Chronic a2b2 mean  165:105 NS a2b2 1.02 
199584 (SD) 39.4 (10.9) (SD 0.972)

a2b3 37.3 a2b3 0.929 
(11.2) (0.813)
Unidentified Unidentified 
38.7 (11.3) 1.1 (0.996)

Sacchi et al.70 1997 1982 123 Late 45 (16–70) 81:56 > 36 months NS
chronic 39%

< 36 months 
61%

Sanchez 1992 NS 29 Chronic/ 40 (24–67) 18:11 Median NS
et al.75 accelerated 22 months 

(1–72)

Schofield 1994 1986 41 Chronic 38 (12–70) 21:20 7 months NS
et al.71 (0–81)

Shtalrid 1993 1988 30 Chronic 41 (16–65) 21:9 Median NS
et al.76 4 (1–16)

Talpaz 1987 1981 51 Chronic 42 (20–70) 34:17 Within Low 43%
et al.19 6 months Int. 31%

(90%) High 22%

Thaler 1996 1985 80 Chronic 47 (13–70) 44:33 1 (0–393) Risk stages (after 
et al.81 months Kantarjian, 1990) 

Total
1: 58%
2: 24%
3: 9%
4: 9%

Thaler 1997 1991 84 Chronic 47 (2–73) 52:32 NS Low 39%
et al.46 Int. 36%

High 25%

Tothova 2000 NS IFN-α 22 Chronic IFN-α mean IFN-α 10:12 Newly NS
et al.82 IFN-α + 43.7 (21–59) IFN-α + ara-C diagnosed

ara-C 21 IFN-α + ara-C 16:5
mean 38.4 
(23–60)

Chronic phase: other chemotherapy

Author Date of Date of No. CML Age Sex (M:F) Time since Sokal score
publication recruitment recruited phase (median) diagnosis

Kantarjian 2000 NS 32 Late 31% ≥ 60 54:51 < 12 months NS
et al.48 chronic/ 6%

accelerated 12–24 months 
38%
> 24 months 
56%

O’Brien 1995 NS 71 Late 46 (23–71) 37:34 Median NS
et al.83 chronic 37 months 

(4–188)
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Accelerated/blast phase: imatinib

Author Date of Date of No. CML Age Sex (M:F) Time since Sokal score
publication recruitment recruited phase (median) diagnosis

Sawyers 2001 1999 229 Blast 56 (19–81) 136:124 7 years NS
et al.59 (25/75th 

percentiles 
1.5–5.8)

Talpaz 2001 1999 181 Accelerated 56 (22–86) 118:117 Newly NS
et al.13 diagnosed 34%

Sawyers 2001 1999 260 Blast 56 (19–81) 136:124 3.4 years NS
et al.59 (25/75th 

percentiles 
1.5–5.8)

Talpaz  2001 1999 235 Accelerated 56 (22–86) 118:117 NS NS
et al.13

Accelerated/blast phase: RCTs

Author Date of Date of No. CML Age Sex (M:F) Time since Sokal score
publication recruitment recruited phase (median) diagnosis

Coleman 1980 NS 83 Study I Blast Study I 43 Study I 48:35 Blast NS
et al.94 140 Study II chronic Study II 45 Study II 101:39

granulocytic 
leukaemia

Accelerated/blast phase: IFN-α treatment

Author Date of Date of No. CML Age Sex (M:F) Time since Sokal score
publication recruitment recruited phase (median) diagnosis

Alimena 1996 1985 71 Blast 45 (18–75) NS 81 (8–196) Low 63%
et al.95 Int. 28.6%

High 8.4%

Kantarjian 1992 NS 48 Accelerated/ < 40 31% NS < 12 months NS
et al.12 blast 40–49 40% 15% 

> 50 29% 12–36 months 
27%
> 36 months 
58%
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Accelerated/blast phase: other chemotherapy 

Author Date of Date of No. CML Age Sex (M:F) Time since Sokal score
publication recruitment recruited phase (median) diagnosis

Canellos 1971 1968–70 30 Blast chronic Mean 41 17:13 “Entering” NS
et al.96 granulocytic (13–70) blast phase

leukaemia

Carella 1994 NS 22 Accelerated/ 50 NS Median NS
et al.91 accelerated, blast (chronic 40 months 

38 blast not reported (4–112)
here)

Dutcher 1992 NS 40 Accelerated 47 (19–71) 22:18 By results, time NS
et al.93 or blast in chronic = 

CR + partial 
response
37 (6–90)
minor response
69 (7–144)
no response
38 (0–138)

Hernandez- 2001 1979–99 60 Blast Study I 40 36:24 NS (but length NS
Boluda (13–73) in chronic phase 
et al.97 Study II 43 3–180 months)

(18–76)

Iacoboni 1986 1982–84 21 Blast 35 (20–62) 12:9 Blast NS
et al.98

Kantarjian 1988 NS 27 Blast 42 (19–61) 13:14 Not clear NS
et al.99

Kantarjian 1992 1987 60 Late ≥ 50 years NS Late chronic NS
et al.12 chronic/ 40% phase 1–3 years 

accelerated 52% 
> 3 years 48%
Accelerated phase 
< 3 years 30% 
> 3 years 70%

Kantarjian 1997 NS 20 (17) Blast/ 52 (23–78) 22:15 Blast NS
et al.92 accelerated (accelerated)

Pedersen- 1977 1967–74 24 Blast NS NS NS NS
Bjergaard 
et al.100

Vallejos 1974 1967–72 39 Blast 48.5 24:15 Newly in NS
et al.101 (19–82) blast phase

Winton 1981 1977–78 30 Blast 45 mean 17:13 Blast NS
et al.102 (18–72)
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Appendix 12

Key outcome measures for 
included trials

Study Prescription 1-year Complete Partial Major Complete Partial Major
survival (%) HR HR HR CR CR CR

Chronic phase
Kantarjian et al., 200158 Imatinib 97 89 89 36 19 55

Hehlmann et al., 199363 (RCT) BU 96 0 0 0

Hehlmann et al., 199439 (RCT) BU 96 23 69 92 0 1 1

Ohnishi et al., 199861 (RCT) BU 94 0 0

Silver et al., 199218 (RCT) BU 91 84

Shepherd et al., 199642 (RCT) HU, BU 93 0 4 4

The Benelux CML Study Group, HU 97 42 0 2 2
199864 (RCT)

Baccarani et al., 199862 (RCT) HU, BU 96 0 0 1 1

Broustet et al., 199160 (RCT) HU 88 0 31

Hehlmann et al., 199363 (RCT) HU 96 0 < 1

Hehlmann et al., 199439 (RCT) HU 96 39 51 90 1 1 2

Broustet et al., 199160 (RCT) IFN-α 67 7 46 53

Guilhot et al., 199745 (RCT) IFN-α 97 55 55 9 15 24

Hehlmann et al., 199439 (RCT) IFN-α 96 31 52 83 5 2 7

Baccarani et al., 199862 (RCT) IFN-α 95 0 4 2 6

Ohnishi et al., 199861 (RCT) IFN-α 98 0 0

Shepherd et al., 199642 (RCT) IFN-α 94 0 22 22

Alimena et al., 199066 IFN-α 54 20 74 2

Arthur and Ma, 199387 IFN-α 93 7 100 30 13 43

Beck et al., 200189 IFN-α 64 64 26 26

Cortes et al., 199620 IFN-α 97 69 69 20 20

Fernandez-Ranada et al., 199385 IFN-α 53 22 75 6 2 8

Freund et al., 198967 IFN-α 37 22 59 0 0 0

Giles et al., 199272 IFN-α 100 0 0

Guilhot et al., 199173 IFN-α 92 75 75 46 8.5 54.5

Kloke et al., 200069 IFN-α 97 0 13 16 29

Mahon et al., 199678 IFN-α 97 82 82 38 6 44

Mahon et al., 199874 IFN-α 98 84 84 33 33

Ozer et al., 199379 IFN-α 19 17 36 11 14 27

Russo et al., 199584 IFN-α 98.5 0 3 5 8

Sanchez et al., 199275 IFN-α 24 17 41 10 10 20

Schofield et al., 199471 IFN-α 100 61 20 81 7 12 19

Shtalrid et al., 199376 IFN-α 57 20 77 20 20

Talpaz et al., 198719 IFN-α 71 10 81 10 16 26

Thaler et al., 199681 IFN-α 36 33 69 8 5 13
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Study Prescription 1-year Complete Partial Major Complete Partial Major
survival (%) HR HR HR CR CR CR

The Benelux CML Study Group, IFN-α + HU 98 62 9 7 16
199864 (RCT)

Giles et al., 200065 (RCT) IFN-α + HU 97 79 79 6 5 11

Tothova et al., 200082 IFN-α + HU 62 62 0 9 9

Freund et al., 198967 (RCT) IFN-α + BU 59 30 89 13 4 17

Freund et al., 199390 (RCT) IFN-α + ara-C 50 31 81 0 8 8

Giles et al., 200065 (RCT) IFN-α + ara-C 74 74 5 3 8

Guilhot et al., 199745 (RCT) IFN-α + ara-C 97 66 66 15 26 41

Beck et al., 200189 IFN-α + ara-C 73 73 56 56

Giles et al., 200188 IFN-α + ara-C 100 82 31 11 42

Sacchi et al., 199770 IFN-α + ara-C 87 51 51 2 5 7

Thaler et al., 199746 IFN-α + ara-C 49 21 70 16 6 22

Tothova et al., 200082 IFN-α + ara-C 79 79 5 21 26

Hochhaus et al., 199668 IFN-α + HU + BU + 0 18 16 34
ara-C

Silver et al., 199218 (RCT) ara-C + lomustine 89 69

Kantarjian et al., 199140 IFN-α + combination 96 100 100 41 19 60

O’Brien et al., 199583 HHT 85 59 7 13 20

Kantarjian et al., 200048 Other chemo 94 0 0

Accelerated phase
Talpaz et al., 200113 Imatinib 74 35 35 17 7 23

Kantarjian et al., 199212 IFN-α + ara-C 50 20 5 25

Carella et al., 199491 (A) Other chemo 23 14 37

Kantarjian et al., 199792 Other chemo 28 35 28 63 0 12 12

Kantarjian et al., 199212 (A) Other chemo 37 25 4 5 9

Accelerated/blast phase
Dutcher et al., 199293 Other chemo 37 0 13 5 18

Blast phase
Sawyers et al., 200159 Imatinib 30 6 19 25 7 9 15

Coleman et al., 198094 (RCT) Other chemo – Arm I 13 22 35 – – –
Arm II 11 17 28

Alimena et al., 199695 IFN-α 0 0

Canellos et al., 197196 Other chemo – 20 – 20 – – –

Carella et al., 199491 (B) Other chemo – – – – 21 10 31

Hernandez-Boluda et al., 200197 Other chemo – 5 5 10 – – –

Iacoboni et al., 198698 Other chemo – 23 10 33 – – –

Kantarjian et al., 198899 Other chemo – 26 4 30 – – –

Kantarjian et al., 199212 (B) Other chemo 18 33 8

Kantarjian et al., 199792 (B) Other chemo 17 10 3 13 0 5 5

Pedersen-Bjergaard et al., 197792 Other chemo – 25 – 25 – – –

Vallejos et al., 1974101 Other chemo – 10 26 36 – – –

Winton et al., 1981102 Other chemo – 0 13 13 – – –
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Appendix 13

NCI toxicity grades for reported 
adverse effects

Adverse events Grade 0 Grade 1 Grade 2 Grade 3 Grade 4

Anaemia None Mild Moderate Severe Life-threatening

Thrombocytopenia WNL < LLN to 75.0 x 109/l ≥ 50.0 to < 75.0 x 109/l ≥ 10.0 to < 50.0 x 109/l < 10.0 x 109/l

Leukopenia/ WNL < 3.0 x 109/l ≥ 2 to < 3.0 x 109/l ≥ 1.0 to < 2.0 x 109/l < 1.0 x 109/l
neutropenia WNL ≥ 1.5 to 2.0 x 109/l ≥ 1.0 to < 1.5 x 109/l ≥ 0.5 to < 1.0 x 109/l < 0.5 x 109/l

Nausea/ None Able to eat Oral intake significantly So significant intake, –
decreased requiring intravenous 

fluids
vomiting None 1 episode in 24 hours 2–5 episodes in 24 hours ≥ 6 episodes in 24 hours Requiring parenteral 

over pretreatment over pretreatment or nutrition or other life-
need for intravenous threatening complication 
fluids requiring surgical 

intervention 
(e.g. colostomy)

Diarrhoea None Increase of < 4 stools/ Increase of 4–6 stools/ Increase of ≥ 7 stools/day Physiological 
day over treatment day, or nocturnal stools or incontinence; or need consequences requiring 

for parenteral support intensive care or 
for dehydration haemodynamic collapse

Myalgia/ None Mild pain not  Moderate pain, pain or Severe pain; pain or Disabling
flu symptoms interfering with analgesics interfering analgesics interfering 

function with function, but not with activities of 
interfering with activities daily living
of daily living

Oedema None Asymptomatic not Symptomatic, requiring Symptomatic oedema Anasarca (severe 
requiring therapy therapy limiting function and generalised oedema)

unresponsive to therapy 
or requiring drug 
discontinuation

Neurological/ None Mild Moderate Severe Life-threatening 
neurotoxic or disabling

Dermatological None Mild Moderate Severe Life-threatening 
or disabling

Depression/ Normal Mild mood alteration Moderate mood Severe mood alteration Danger to self
psychological not interfering alteration interfering  interfering with activities 

with function with function but not of daily living
interfering with activities 
of daily living

Liver None Mild Moderate Severe Life-threatening 
or disabling

Weight loss < 5% 5 to < 10% 10 to < 20% ≥ 20%

Fatigue/lethargy None Increased fatigue Moderate (e.g. decrease Severe (e.g. decrease in Bedridden or disabling
over baseline, but in ECOG score of 1 or ECOG score of ≥ 2 or
not altering normal more or 20% Karnofsky 40% Karnofsky or Lansky)
activities or Lansky) or causing or loss of ability to

difficulty performing perform some activities
some activities

LLN, lower limit of normality;WNL, within normal limits
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