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Abstract

Imatinib is a tyrosine kinase inhibitor, which selectively
antagonises the BCR-ABL molecular pathway which
causes chronic myeloid leukaemia (CML). Imatinib was
first approved by the Scottish Medicines Consortium
(SMC) in January 2002 with the recommendation that its
use be audited. The cost of the drug has major financial
implications for health resources.

Methods

All imatinib usage since its first prescription in Scotland in
September 2000 to July 2003 was audited through
pharmacy records and through the Scotland Leukaemia
Registry (SLR), an existing national registry of patients with
CML.

Results

One hundred and four patients in Chronic Phase (CP), 36
in Accelerated Phase (AP) and five in Blast Phase (BP)
received imatinib. The median duration of therapy was
not reached for CP, 17 months for AP, and two months for
BP patients. Major (complete) cytogenetic response rates
were 74% (63%) and 38% (24%) respectively for CP and
AP. Overall survival for all CP patients from the start of
imatinib therapy was 94% at one year, 91% at two years
and 83% at three years. An audit of the effectiveness of
the SLR as an auditing agency, showed complete
registration in 95% of cases.

Conclusions

We believe such data collection should be an important
ongoing resource for assessing outcomes in a rare form
of leukaemia but one which already has major implications
for health economics and will continue to do so given the
future development of dual tyrosine kinase inhibitors for
imatinib resistant cases.

Introduction

Imatinib is a signal transduction inhibitor, which selectively
antagonises the tyrosine kinase activity of the BCR-ABL gene
product of the Philadelphia chromosome (Ph+).1,2

The Philadelphia chromosome or the BCR-ABL gene product is
present in all patients with chronic myeloid leukaemia (CML).3

The incidence of CML in Scotland is 0.7-1 per 100,000 per
annum.4 The prevalence of CML in the imatinib era would be 10
per 100,000 if there was a median survival of 10 years. This
may not be unreasonable given the reported responses to
imatinib so far. This has major financial implications for NHS
drug budgets given the high cost of the drug. In addition, new
second line tyrosine kinase inhibitors are becoming available
for those who develop resistance to imatinib. These are likely to
be tested head to head versus imatinib for newly diagnosed
cases. Auditing the outcome of these patients is mandated as
part of the Scottish Medicines Consortium (SMC)
recommendation for its use.5

CML is a bi or triphasic disorder with a chronic phase (CP) and
then disease progression either through an accelerated phase
(AP) or directly to blast phase (BP) with increasing resistance to
therapy. Prior to the introduction of imatinib, median survival
was of the order of five to six years years on interferon based
therapy. The initial Phase II studies of imatinib were in CML
patients in CP who had failed, or who were intolerant of
interferon and in patients who had progressed to AP or to BP.
The remarkable results in terms of efficacy from these trials
provided the licensing data for imatinib in the USA in May 2001
and by the European Medicines Agency (EMEA) in November
2001.6,7,8 In March 2002 SMC approved the use of imatinib in
Scotland for the treatment of CML in AP, BP and in CP patients
who failed interferon therapy based on the Phase II trial data.
In January 2003 SMC extended its recommendation to include
treatment of newly diagnosed patients with CML in CP, ie first
line therapy on the basis of the significantly improved response
to imatinib compared to interferon in a Phase III randomised
trial, the International Randomised Study of Interferon and
STI571 (IRIS) Trial.9 The SMC also recommended the
maintenance of a patient register recording patient outcome
data for all patients treated with imatinib. This is important, as
imatinib is a very expensive drug costing approximately £22,000
per annum at standard doses of 400mg daily. It is current
practice for patients to remain on imatinib continuously unless
evidence of resistance or disease progression occurs. Thus it
can be anticipated that patients could stay on this drug for many
years with increasing cumulative cost. The availability of the
Scottish Leukaemia Registry (SLR) enabled us to undertake an
audit of imatinib use for CML in Scotland.
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not achieved. This was seen in 13% of CP and 6% of AP
patients. The major indication for dose reduction was toxicity,
predominantly for cytopenias. This was seen in 17% and 47%
of CP and AP patients respectively. The median duration of
therapy for CP patients has not yet been reached. For those
remaining on therapy, median duration is 32 months at the time
of this report. The median duration of therapy was 17 months
and two months for AP and BT patients respectively. The
estimated percentage of patients remaining on imatinib over
time is shown in Table II.

Methods

The SLR registered all cases of acute myeloid leukaemia, acute
lymphoblastic leukaemia, and CML from November 1998 to
March 2004. Since the introduction of imatinib, follow up forms
for CML cases were adapted specifically to capture outcome
data for patients treated with imatinib. In addition, a letter was
sent to all haematologists in Scotland, asking for permission to
approach pharmacy departments to obtain a list of patients with
CML who had received treatment with imatinib. This list was
compared with SLR registrations. Basic core data on every
patient were collected at presentation and at six monthly
intervals during follow up. Cases on the SLR database
registered as receiving imatinib, but not on the pharmacy
records were investigated. Disease phase was classified
according to standard criteria.10 Disease phase for analysis was
defined as that phase at the start of treatment with imatinib.
Response to treatment with imatinib was assessed by
evaluation of haematological response and cytogenetic
response. A complete haematological response (CHR) was
defined as white blood cells <10x109/l, platelets <450x109/l, no
circulating immature cells, and no palpable splenomegaly.
Anything not fulfilling all of these criteria was categorised as less
than CHR. Cytogenetic responses were defined as follows:
complete cytogenetic response (CCR) 0% Ph+ cells, partial
cytogenetic response 1-35% Ph+ cells, minor cytogenetic
response 36-94% Ph+ cells, and no cytogenetic response as
≥95% Ph+ cells. Major cytogenetic response (MCR) is <35%
Ph +ve cells and is the sum of complete and partial cytogenetic
responders. Cytogenetic response is the best achieved with
imatinib therapy over the length of follow-up.

Kaplan Meier survival was used to determine projected survival,
confidence intervals and comparisons of groups by log rank
test in Table II, Figures 1 and 2.

Imatinib was first used in Scotland in the treatment of CML in
September 2000. The current analysis is based on patient data
entered up to July 2003. Follow-up is to October 2004.

Results

The total number of patients in the SLR with CML is 238, of
whom we have identified 145 from 21 hospitals as having
received imatinib. Thirty nine are alive and have not received
imatinib. These patients have had other treatment, eg interferon
or stem cell transplantation. The remaining 54 patients had died
without receiving imatinib.

Patient Demographics

A summary of the characteristics of the patients who received
imatinib is presented in Table I. The major indications for
imatinib were patients in CP refractory to, or intolerant of,
interferon or who had progressed to AP or BP as per the
licensing indications. Later, newly diagnosed patients were
entered when the licence was extended to first line use. Other
indications included the use of imatinib for relapse post
allografting, and those who either were not candidates for
interferon or were switched from interferon or hydroxycarbamide
when first line therapy was approved.

Imatinib dose and duration of therapy

Ninety per cent of patients in CP received the standard dose of
400mg daily. Ninety two per cent of patients in AP or BT
received the appropriate dose of 600mg daily. An increase in
dose was indicated if a satisfactory response to imatinib was
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Haematological and cytogenetic response to imatinib

The rates of haematological and cytogenetic responses are
shown in Table III. The great majority of patients achieved CHR
within six months of therapy. Major Cytogenic Response (MCR)
was 74% for patients in CP and 38% in AP.

Table I: Demographic Characteristics of Patients Treated with
Imatinib

Table II: Estimated Percentage of Patients Continuing Treatment
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Complete Cytogenic Remission (CCR) was seen in 63% and
24% respectively. Again the majority of patients (44/55 CCR) in
CP achieved this within six months. Achieving a MCR was
associated with improved outcome for patients in CP.
(Figure 2.)

For all patients projected survival at three years was 83% for CP,
59% for AP and 20% for BP. Median survival for BP was 2.4
months. An analysis of the best cytogenetic response achieved
shows a trend for improved survival for those in CP, with a major
response compared to a minor or no response. (Figure 2a)
Unfortunately cytogenetic analysis was not performed in all
patients. Adding in those patients who were non evaluable for
cytogenetics increased the difference between the best
cytogenetic responders and the rest. (Figure 2b) Landmark
analysis at six months did not have the power to detect a
significant advantage for major cytogenetic responders (data
not shown). Progression free survival is not available as data on
dates of AP and BP were not routinely collected.

Reasons for discontinuing treatment

Treatment discontinuation was defined as discontinuation of
therapy for >1 month. A total of 49(34%) patients have
discontinued treatment, 22(21%) in CP, 22(61%) in AP and all
BP patients. The majority of patients in AP or BP discontinued
therapy because of progressive disease. Adverse events were
the major cause of discontinuation in CP. The adverse events
described were predominantly cytopenias, including one patient
with severe aplasia for six months, skin rashes and
gastrointestinal toxicity. Other reasons were failure to achieve a
cytogenetic response, death due to unrelated disease, referral
for allograft and the achievement of molecular remission
following donor lymphocytes, in conjunction with imatinib for
those who had relapsed after an allograft.

Survival

Overall survival from the start of imatinib therapy according to
disease phase at the start of therapy is given in Figure 1.

Table III: Response to Imatinib. Haematological Response is Best
Response Achieved over 12 months; Cytogenetic Response is the
Best Ever Response Achieved.

Figure 1: Overall survival from start of imatinib treatment according
to disease phase at start of therapy. CP chronic phase, AP
accelerated phase, BP blast phase.

Figure 2a: Survival in Chronic Phase by best cytogenetic response
at any time. A) Major cytogenetic response (CCR+PCR) vs
minor/no cytogenetic response (MiCR/NR), B) Major cytogenetic
response (CCR + PCR) vs the rest (Mi-CR, NR, N/E)
CCR: complete cytogenetic response, PCR: partial cytogenetic
response. MiCR: minor cytogenetic response, NR: no cytogenetic
response, N/E: non evaluable.

Figure 2b
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survival as reported by the Phase II trial. It does however also
compare favourably to the data from the recently published IRIS
study in which newly diagnosed CP patients receiving imatinib
had an overall survival of 97% at 18 months.9 These data
highlight the likely prolonged duration of therapy in CP patients.
Whether imatinib can be discontinued in patients with major or
complete molecular remission is the subject of ongoing review.
Two small case reports describe four of five patients in complete
molecular remission, ie undetectable BCR-ABL transcrips with
a sensitive nested RT-PCR assay, who developed rapid
molecular and cytogenetic relapse within three to seven months
of stopping treatment.14,15 General consensus at the moment is
that imatinib should be continued in all patients until loss of
response is documented. Stopping therapy unless for toxicity
while still in CCR should only be performed in the context of a
clinical trial.

Finally, responsibility for the development of cancer registration
and outcome data has now been transferred to the regional
cancer networks. Support for the SLR ended in 2004 due to
financial constraints and to date no effective substitute for data
collection in CML has yet been implemented in Scotland.
Ideally such a system would collect similar agreed data sets
across the country or indeed nationally within the UK and would
allow data for a rare disease, CML, to be integrated through all
the cancer networks, ideally through a web based approach.
Such registration and data collection for all haematological
malignancies not just CML would address not only waiting time
targets but monitor meaningful clinical outcomes for this diverse
range of malignancies. One of the strengths of the SLR was a
dedicated staff working towards full and timely registration,
follow-up and checking the accuracy of data etc. It is hoped
that the new network based approach will allow the same quality
of data collection. Ongoing assessment of the use of imatinib
and outcomes will be required.
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Audit of SLR Registration

Overall 101/129 (78%) patients identified by pharmacy records
as diagnosed with CML and had imatinib prescribed were
registered with the SLR. When we looked at the patients
identified by pharmacy but not registered with SLR, 22 were
diagnosed prior to 1998 and so were not prospectively
registered on the SLR database. These patients were
subsequently added to the database and their outcome
monitored on imatinib. This leaves 6/129 (5%) identified by
pharmacies but not registered with SLR after a reasonable
period of time. We also looked at patients with CML identified
by the registry as having had imatinib who were not picked up
by pharmacy records. There were 13 of these cases. The
reason why the data on these patients were not captured by
pharmacies is not known. Thus, neither of these methods is
failsafe regarding identification of all patients. In addition two
patients were identified who were not registered with SLR or
picked up by pharmacy records.

Discussion

This study highlights some major issues. It focuses on the
availability of good quality population based data on which to
perform ongoing audit of an expensive drug, imatinib, for a rare
disease, CML. When imatinib was approved by the SMC, it was
recommended that a register of patients treated with the drug
be maintained. The SLR was a good candidate to fulfil this role.
It was set up initially with local and charitable trust funding in
1998, subsequently augmented with a grant from the Scottish
Executive. It involved the effective collaboration of all Scottish
haematologists undertaking the care of patients with both acute
leukaemia and CML. The introduction of imatinib into clinical
practice in the treatment of CML encouraged further
development of the national data set for CML. It has also
become clear over the time the registry was in place, that
specific items of clinical importance should be collected, eg for
categorisation of risk scores at diagnosis and collation of
cytogenetic and molecular response at defined intervals.

Secondly, the data reported here show that the results of the
published trials of imatinib are applicable in a ‘real world’ setting
to patients being treated for CML. The median age mirrors the
epidemiology of the disease.4,11,12 The doses used were correct
in the great majority of cases. Haematologic response rates
are similar to those reported in the Phase II studies of imatinib
in CP and AP. 6,7 Of more interest in CML is cytogenetic
response, which indicates a greater depth of anti-leukaemic
activity and is the first goal of therapy. In the phase II studies an
MCR was reported in 64%, 24% and 16% of patients in CP, AP
and BP respectively.6,7,8 Corresponding figures in this study are
74% and 38% for evaluable patients in CP and AP. However,
15-20% of patients did not have regular cytogenetic or
molecular follow-up, which reduces the quality of the data. One
can clinically speculate that the reason that follow-up
cytogenetics were not performed was due to disease
progression. These patients had worse survival, as shown in
Figure 2b, when these patients are combined against those with
an MCR. Efforts are now being made to try to agree a standard
procedure of cytogenetic and molecular testing to facilitate
future analyses. In Scotland we have developed a website for
clinicians treating patients with CML, summarising relevant
published data and current guidelines for treatment. These
have been developed through the three Cancer Networks in
Scotland.13 The overall survival for CP patients in this study
appears similar to that reported in the Phase II trial in CP.6

Unfortunately we do not have the figures for progression free
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