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Abstract
Dasatinib, high-dose imatinib and nilotinib for the treatment
of imatinib-resistant chronic myeloid leukaemia: a systematic
review and economic evaluation
E Loveman,* K Cooper, J Bryant, JL Colquitt, GK Frampton and A Clegg
Southampton Health Technology Assessments Centre (SHTAC), University of Southampton,
Southampton, UK
*Corresponding author
Background: The present report was commissioned as a supplement to an existing
technology assessment report produced by the Peninsula Technology Assessment Group
(PenTAG), which evaluated the clinical effectiveness and cost-effectiveness of dasatinib
and nilotinib in patients who are either resistant or intolerant to standard-dose imatinib.
Objectives: This report evaluates the clinical effectiveness and cost-effectiveness of
dasatinib, nilotinib and high-dose imatinib within their licensed indications for the treatment
of people with chronic myeloid leukaemia (CML) who are resistant to
standard-dose imatinib.
Data sources: Bibliographic databases were searched from inception to January 2011,
including The Cochrane Library, MEDLINE (Ovid), EMBASE (Ovid), and MEDLINE InProcess & Other Non-Indexed Citations. Bibliographies of related papers were screened,
key conferences were searched, and experts were contacted to identify additional
published and unpublished references.
Review methods: This report includes systematic reviews of clinical effectiveness and
cost-effectiveness studies, an independent appraisal of information submitted by drug
manufacturers to the National Institute for Health and Clinical Excellence (NICE), an
independent appraisal of the PenTAG economic evaluation, and new economic analyses
adapting the PenTAG economic model. Standard systematic procedures involving two
reviewers to maintain impartiality and transparency, and to minimise bias, were conducted.
Results: Eleven studies met the inclusion criteria. Four of these studies included new data
published since the PenTAG report; all of these were in chronic-phase CML. No relevant
studies on the clinical effectiveness of nilotinib were found. The clinical effectiveness
studies on dasatinib [one arm of a randomised controlled trial (RCT)] and high-dose
imatinib (one arm of a RCT and three single-arm cohort studies) had major methodological
limitations. These limitations precluded a comparison of the different arms within the RCT.
Data from the studies are summarised in this report, but caution in interpretation is
required. One economic evaluation was identified that compared dasatinib with high-dose
imatinib in patients with chronic-phase CML who were CML resistant to standard-dose
imatinib. Two industry submissions and the PenTAG economic evaluation were critiqued
and differences in the assumptions and results were identified. The PenTAG economic
model was adapted and new analyses conducted for the interventions dasatinib, nilotinib
and high-dose imatinib and the comparators interferon alfa, standard-dose imatinib, stem
cell transplantation and hydroxycarbamide. The results suggest that the three interventions,
dasatinib, nilotinib and high-dose imatinib, have similar costs and cost-effectiveness
© Queen’s Printer and Controller of HMSO 2012. This work was produced by Loveman et al. under the terms of a commissioning contract issued by
the Secretary of State for Health.
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compared with hydroxycarbamide, with a cost-effectiveness of around £30,000 per qualityadjusted life-year gained. However, it is not possible to derive firm conclusions about the
relative cost-effectiveness of the three interventions owing to great uncertainty around data
inputs. Uncertainty was explored using deterministic sensitivity analyses, threshold
analyses and probabilistic sensitivity analyses.
Limitations: The paucity of good-quality evidence should be considered when interpreting
this report.
Conclusions: This review has identified very limited new information on clinical
effectiveness of the interventions over that already shown in the PenTAG report. Limitations
in the data exist; however, the results of single-arm studies suggest that the interventions
can lead to improvements in haematological and cytogenetic responses in people with
imatinib-resistant CML. The economic analyses do not highlight any one of the
interventions as being the most cost-effective; however, the analysis results are highly
uncertain owing to lack of agreement on appropriate assumptions. Recommendations for
future research made by PenTAG, for a good-quality RCT comparing the three
treatments remain.
Funding: The National Institute for Health Research Health Technology
Assessment programme.
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Executive summary
Background
In November 2009, the National Institute for Health and Clinical Excellence (NICE) issued
for consultation preliminary recommendations on the use of dasatinib and nilotinib for
chronic myeloid leukaemia (CML) in patients whose treatment with imatinib had failed owing
to resistance and/or intolerance. This consultation process was informed by a technology
assessment report on the clinical effectiveness and cost-effectiveness of dasatinib and nilotinib,
prepared by the Peninsula Technology Assessment Group (PenTAG) at the University of Exeter.
As a result of the consultation, NICE and the Appraisal Committee identified a need for further
information on second-line interventions for people who are resistant to standard-dose imatinib.
An updated draft scope was issued by NICE for further consultation, focusing on the use of
dasatinib, nilotinib and high-dose imatinib as second-line therapy in patients who are resistant to
standard-dose imatinib.
This technology assessment report evaluates the clinical effectiveness and cost-effectiveness of
dasatinib, nilotinib and high-dose imatinib, within their licensed indications, for the treatment
of people with CML who are resistant to standard-dose imatinib. The present assessment report
was commissioned as a supplement to the previous PenTAG assessment report (PenTAG AR), to
reflect the inclusion of high-dose imatinib in the updated scope of the consultation.

Objectives
This assessment report has three objectives:
1. to update the existing systematic reviews of clinical effectiveness and cost-effectiveness
undertaken in the PenTAG AR, but focusing on people with imatinib-resistant disease only
and including high-dose imatinib
2. to critique economic analyses provided by manufacturers in their submissions to NICE
3. to adapt the economic analysis undertaken in the PenTAG AR to reflect the updated scope.

Methods
The three components of the work were conducted systematically following standard procedures,
specified a priori in the research protocol. Studies of clinical effectiveness were summarised by
narrative review with full tabulation of results.

Systematic review of clinical effectiveness studies
Potentially relevant studies were identified by searching 12 electronic bibliographic databases
from inception to January 2011 (such as The Cochrane Library, MEDLINE, EMBASE and
MEDLINE In-Process & Other Non-Indexed Citations) and two specialist abstract and
conference proceeding resources, and by checking reference lists of articles and contacting
experts. Studies were selected for inclusion through a two-stage process. Titles and abstracts were
screened for inclusion to identify all of the citations that might meet the inclusion criteria. Full
manuscripts of relevant citations were then retrieved and assessed by two reviewers against the
following inclusion criteria:
© Queen’s Printer and Controller of HMSO 2012. This work was produced by Loveman et al. under the terms of a commissioning contract issued by
the Secretary of State for Health.
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■■
■■
■■

■■

■■

Population Patients with imatinib-resistant CML in the chronic, accelerated or blast phase.
Interventions Dasatinib, nilotinib or high-dose imatinib.
Comparators Dasatinib, nilotinib, high-dose imatinib, hydroxycarbamide, interferon alfa,
acute leukaemia-style chemotherapy, allogeneic stem cell transplant, standard-dose imatinib
or best supportive care.
Outcomes Treatment response rates [including molecular, cytogenetic and haematological
responses (HRs)]; time to, and duration of, response; overall survival; event-free survival;
progression-free survival; adverse effects of treatment; health-related quality of life; time to
treatment failure; costs and cost-effectiveness.
Study design Randomised controlled trials (RCTs) and prospective controlled studies were
eligible, with single-arm prospective cohort studies being eligible if no higher-level evidence
existed; full economic evaluations for the review of cost-effectiveness.

Data from included studies were extracted using a standard data extraction form by one
reviewer and checked by a second reviewer. The quality of included studies was appraised by
one reviewer and checked by a second reviewer using quality assessment criteria specified in the
PenTAG AR. For the systematic review of cost-effectiveness, quality assessment of studies was
undertaken using published checklists and NICE guidance specific to the critical appraisal of
economic evaluations.

Evaluation of manufacturers’ submissions and the Peninsula Technology
Assessment Group economic model
Characteristics of the economic evaluations in manufacturer submissions to NICE by Novartis
and Bristol-Myers Squibb (BMS) and the economic evaluation conducted by PenTAG were
summarised using a standard data collection template. The three economic evaluations were
critically appraised by two reviewers using a standard 18-item checklist similar to that used for
the quality appraisal of studies in the cost-effectiveness systematic review.
Southampton Health Technology Assessments Centre analysis
The PenTAG economic model was updated, taking into account some limitations noted in the
two manufacturers’ models and including the interventions dasatinib, nilotinib, and high-dose
imatinib and the comparators interferon alfa, standard-dose imatinib, stem cell transplantation
and hydroxycarbamide. The analysis focused on those in chronic-phase CML only.

Results
Clinical effectiveness
Eleven studies met the inclusion criteria. Four of these studies included new data published since
the PenTAG AR. These were a published update of a RCT that compared high-dose imatinib
against dasatinib, and three single-arm cohort studies that each assessed high-dose imatinib. The
RCT had already been identified in the PenTAG AR based on earlier publications. No new studies
assessing nilotinib were found. The criteria used to define imatinib failure were slightly different
in each of the four studies. All participants had chronic-phase CML, except in one of the singlearm cohort studies that also included very small numbers with accelerated phase and blast crisis
(three and four patients, respectively).
The RCT had a number of major limitations (also noted in the PenTAG assessment), which
rendered it of limited value as a comparative study and, as such, data for the dasatinib and
high-dose imatinib arms are not directly compared in this report. The methodological quality
of the single-arm cohort studies was also considered suboptimal. In view of the methodological
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limitations of the studies included in the systematic review and the heterogeneity in their
reporting, it was considered inappropriate to attempt to combine the results of the studies in a
meta-analysis. Instead, relevant new data that were not already included in the PenTAG AR are
tabulated and synthesised narratively in this report.

Summary of benefits and risks: dasatinib
Only one new publication provided data on the effectiveness of dasatinib. This publication
reported new or updated data for the RCT already included in the PenTAG AR. The updated data
for the dasatinib arm of the RCT indicate that at 26 months’ follow-up 43.6% of patients had a
complete cytogenetic response. At 18 months, 90% of patients maintained a major cytogenetic
response. A major molecular response was achieved in 28.7% of patients. The proportion of
patients without treatment failure at 24 months was estimated at 59%. Longer follow-up was
associated with additional adverse events (AEs: fluid retention, bleeding, infection, upper
respiratory tract infection or inflammation), and grades 3–4 fluid retention occurred in 7% of
individuals. These results should be interpreted with caution owing to the lack of a comparator
and other major limitations of the study.
Summary of benefits and risks: high-dose imatinib
Four studies provided data on the effectiveness of high-dose imatinib: one high-dose imatinib
arm of the RCT (described above) and three single-arm cohort studies. Data from these four
cohorts suggest that, of the patients who received high-dose imatinib, 18–36% achieved a
complete cytogenetic response, 33–64% achieved a major cytogenetic response and 56–82%
achieved a complete haematological response. One study reported that around three-quarters
of individuals maintained their major cytogenetic response at 18 months. Event-free survival of
≥ 2 years occurred in 34% of patients in one study and progression-free survival in 65–87% in
two studies. Only two studies reported overall survival; they reported that 85–93% of patients
would be expected to survive ≥ 2 years. Grades 3–4 haematological AEs occurred in up to 40%
of patients. Non-haematological events included anorexia, diarrhoea, fatigue, muscle spasms,
musculoskeletal pain, superficial oedema and rash. Grades 3–4 non-haematological AEs did
not occur in more than 5% of patients. Between 0% and 20% of patients discontinued high-dose
imatinib owing to AEs. These results should be interpreted with caution owing to the lack of a
comparator and other study limitations.
Economic analysis
The systematic review identified one cost-effectiveness study that compared dasatinib with
high-dose imatinib. The results showed that chronic-phase CML patients who are resistant to
standard-dose imatinib gain 0.62 QALYs (quality-adjusted life-years) when treated with dasatinib
compared with high-dose imatinib, and the incremental societal cost would be €4250 during the
lifetime period or €6880 per QALY gained. It is unclear how generalisable these results are to the
UK NHS, as the study was conducted in Sweden and takes a societal perspective.
The Novartis submission compared nilotinib with high-dose imatinib and also had an
exploratory analysis versus stem cell transplantation/hydroxycarbamide. The results showed that
nilotinib dominates high-dose imatinib (i.e. is more effective and less costly). The exploratory
analysis gives an incremental cost-effectiveness ratio (ICER) of about £44,000 per QALY gained
for nilotinib versus stem cell transplantation/hydroxycarbamide.
The BMS submission compared dasatinib, nilotinib and high-dose imatinib with standard-dose
imatinib, stem cell transplantation, hydroxycarbamide, interferon alfa, acute leukaemia-style
chemotherapy and best supportive care. The results showed that dasatinib dominates high-dose
imatinib, nilotinib and stem cell transplantation.

© Queen’s Printer and Controller of HMSO 2012. This work was produced by Loveman et al. under the terms of a commissioning contract issued by
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There are two main differences between the industry models: in the BMS model, patients
are treated until progression, which incurs greater costs; in the Novartis model the assumed
third-line treatment is stem cell transplantation/hydroxycarbamide, which has associated high
mortality and reduced overall survival. These key assumptions drive the differences between
the models.
The PenTAG economic evaluation compared dasatinib and nilotinib with high-dose imatinib.
Further analyses comparing these three treatments to interferon alfa were reported in an
appendix. The results showed that nilotinib dominates high-dose imatinib and the ICER for
nilotinib versus interferon alfa is about £44,600. The ICER for dasatinib versus nilotinib is
over £277,000. Concerns relate to the fact that there is no link between overall survival and
progression-free survival, as overall survival is based on major cytogenetic response but
progression-free survival is not, and also the estimate for survival on interferon alfa does not fit
with clinical advice.

Southampton Health Technology Assessments Centre analysis
The Southampton Health Technology Assessments Centre conducted analyses for the
interventions dasatinib, nilotinib and high-dose imatinib and the comparators interferon
alfa, standard-dose imatinib, stem cell transplantation and hydroxycarbamide. Owing to
large uncertainties in the parameter inputs to the model, these analyses should be treated as
exploratory. The results suggest that the three interventions, dasatinib, nilotinib and highdose imatinib, have similar costs and effectiveness. Nilotinib and dasatinib are slightly more
cost-effective than high-dose imatinib because of slightly lower costs and better effectiveness.
Dasatinib, nilotinib and high-dose imatinib are all cost-effective when compared with
hydroxycarbamide, for a willingness to pay (WTP) of about £30,000 per QALY. It is not possible
to derive firm conclusions about the relative cost-effectiveness of the three interventions owing to
great uncertainty around data inputs.
The uncertainty around the model results were explored using deterministic sensitivity analyses,
threshold analyses and probabilistic sensitivity analyses. Deterministic sensitivity analyses
showed that changes in overall survival for hydroxycarbamide and changes in treatment efficacy
of the interventions had little impact on results. A probabilistic sensitivity analysis was run
comparing the interventions dasatinib, nilotinib, high-dose imatinib and hydroxycarbamide. For
a WTP threshold of £20,000 per QALY, hydroxycarbamide is the most cost-effective treatment.
For a WTP threshold of £30,000 per QALY, nilotinib, dasatinib, hydroxycarbamide and high-dose
imatinib have probabilities of being cost-effective of 60%, 28%, 12% and 0%, respectively.

Limitations
There are a number of important concerns that have a bearing on the outcome of this update
report. These predominantly centre around the paucity of good-quality evidence, which provides
uncertain data for the key outcomes of relevance to the scope.

Discussion and conclusions
This report is a supplement to the PenTAG AR and such the results reported herein must be
considered in conjunction with the PenTAG AR.
Data suggest that dasatinib, nilotinib and high-dose imatinib appear to be efficacious in terms
of obtaining cytogenetic and HRs in the imatinib-resistant population. However, there remains
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an absence of evidence with which to assess the relative effectiveness of dasatinib, nilotinib and
high-dose imatinib in imatinib-resistant CML, and the impact on long-term outcomes is difficult
to conclude.
The uncertainties in the data mean that our exploratory cost-effectiveness analysis should be
treated with caution. Although we have attempted to address the key areas of uncertainty in
this update analysis, we do not feel able to make firm conclusions regarding the use of these
technologies in patients with chronic-phase CML. In addition, owing to the paucity of data,
we have not been able to model these technologies for accelerated phase or patients with blastcrisis-phase CML.
The implications for future research are not altered from the recommendation that PenTAG
made, identifying the need for a three-way, randomised clinical trial of dasatinib, nilotinib and
high-dose imatinib.

Funding
Funding for this study was provided by the Health Technology Assessment programme of the
National Institute for Health Research.
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Chapter 1
Background
Background to this assessment report
In November 2009, the National Institute for Health and Clinical Excellence (NICE) issued
for consultation preliminary recommendations on the use of dasatinib and nilotinib for
chronic myeloid leukaemia (CML) in patients whose treatment with imatinib had failed owing
to resistance and/or intolerance. This updated Technology Appraisal No. 70 (TA70; 2003).
In response to comments received during the consultation period, NICE and the Appraisal
Committee agreed that it was preferable to combine an appraisal of the three technologies –
high-dose imatinib (600 mg and 800 mg), dasatinib and nilotinib – to establish their comparative
incremental clinical effectiveness and cost-effectiveness. Therefore, the following actions
were implemented:1
■■
■■

■■

The dasatinib and nilotinib multiple technology appraisal was continued for ‘imatinibintolerant’ people with CML.
The dasatinib and nilotinib multiple technology appraisal for ‘imatinib-resistant’ people was
rescheduled into the review of TA70, specifically related to high-dose imatinib. An updated
draft scope was issued for consultation for the review of TA70, focusing on ‘resistant’ people
to include the following interventions: high-dose imatinib, dasatinib and nilotinib.
The final appraisal determination (FAD) for imatinib-intolerant patients was planned to be
released at the same time as the FAD for imatinib-resistant patients, as the recommendations
for the use of dasatinib and nilotinib for the treatment of CML in imatinib-intolerant people
could be influenced by the outcome of the appraisal in imatinib-resistant people.

This technology assessment report is of dasatinib, nilotinib and high-dose imatinib within their
licensed indications for the treatment of people with CML who are resistant to standard-dose
imatinib. The initial 2009 appraisal of people with treatment failure owing to resistance and/
or intolerance was informed by a technology assessment report prepared by the Peninsula
Technology Assessment Group (PenTAG), University of Exeter, which included much of the
evidence relevant to the current appraisal. Therefore, the present assessment report serves as a
supplement to the previous PenTAG assessment report (herein referred to as the PenTAG AR2).
Reference is made to the PenTAG AR2 where appropriate [this project was funded by the National
Institute for Health Research Health Technology Assessment programme (project number
08/31/01) and was published in full in the Health Technology Assessment journal series. The full
report is accessible from the project page of the Health Technology Assessment programme
website www.hta.ac.uk/1831]. The present assessment was initiated by the West Midlands Health
Technology Assessment Collaboration (WMHTAC) and handed over to Southampton Health
Technology Assessments Centre (SHTAC) during the early stages. Further details can be found in
Chapter 2.
This report describes new evidence on the clinical-effectiveness and cost-effectiveness of
dasatinib, high-dose imatinib and nilotinib in imatinib-resistant CML to reflect the current
decision problem. For background and epidemiology of CML please refer to the PenTAG AR2
(see pp. 29–44).
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Background

Decision problem
This section states the key factors that will be addressed by this assessment, and defines the
scope of the assessment in terms of these key factors in line with the definitions provided in the
NICE scope.
Three interventions are included within the scope of this assessment. These are dasatinib,
nilotinib and high-dose imatinib (600 mg or 800 mg per day) in line with their licensed
indications within the different phases of CML (chronic, accelerated and blast-crisis phases; for
description of these phases see the PenTAG AR,2 pp. 31–2).
The population of focus in this assessment is people with CML who are resistant to standard-dose
imatinib (400–600 mg per day). The definition of imatinib resistance can vary (discussed in detail
in the PenTAG AR,2 pp. 40–2). For the present assessment, definitions of imatinib resistance
provided in included studies will be used. If sufficient evidence is available, then consideration
will be given to the level of previous response to standard-dose imatinib. Additionally, if the
evidence allows, consideration will be given to the phase of CML.
In line with the NICE scope, eligible comparators are standard-dose imatinib, interferon alfa,
hydroxycarbamide, acute leukaemia-style chemotherapy, allogeneic stem cell transplant, and best
supportive care depending on the phase of CML. The scope issued by NICE was updated on 25
October 2010 to also allow the interventions to be compared with one another.
The clinical outcomes of interest are treatment response rates (including haematological,
cytogenetic and molecular responses), time to response, duration of response, overall survival,
event-free survival, progression-free survival, adverse effects, health-related quality of life
(HRQoL), and time to treatment failure.

Objectives
■■
■■

■■

To update the systematic review of clinical effectiveness and cost-effectiveness undertaken in
the PenTAG AR2 for people with imatinib-resistant disease only.
To critique the economic evaluations included in the manufacturers’ submissions to NICE
from Bristol-Myers Squibb3 (BMS; dasatinib) and Novartis4 (nilotinib and imatinib) to
identify the strengths and weaknesses of the respective submissions.
To adapt the economic analysis undertaken in the PenTAG AR2 to run updated costeffectiveness analyses for the current assessment, reflecting the current scope.
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Chapter 2
Methods

T

his assessment comprises an updated systematic review of clinical effectiveness and costeffectiveness studies, a review and critique of the economic evaluations included in the
manufacturer submissions and an update of the economic analysis undertaken in the previous
PenTAG AR2 for chronic-phase CML.

The a priori methods for systematically reviewing the evidence of clinical effectiveness and
cost-effectiveness are described in the research protocol (see Appendix 1). This assessment was
initiated by the WMHTAC. The identification of studies and the initial screening of evidence for
clinical effectiveness and cost-effectiveness was undertaken by WMHTAC (as described below),
with SHTAC assuming responsibility for the project after this stage.

Identification of studies
A search of the evidence base for published and ongoing studies of clinical effectiveness and
safety was undertaken by WMHTAC. Databases were searched from inception to June 2010 by
WMHTAC and searches were not limited to the English language. Searches were undertaken
using strategies combining text words and index terms relating to the condition (CML) and
the interventions (imatinib, dasatinib and nilotinib). Searches were updated by SHTAC in
January 2011.
The following databases were searched for published studies and ongoing research: MEDLINE
In-Process & Other Non-Indexed Citations (Ovid); MEDLINE (Ovid); EMBASE (Ovid);
Cumulative Index to Nursing and Allied Health Literature (CINAHL) (EBSCO); Cochrane
(Wiley) Central Register of Controlled Trials (CENTRAL) and Cochrane Database of Systematic
Reviews (CDSR); Centre for Reviews and Dissemination (CRD) databases; Science Citation
Index Expanded (Web of Science); metaRegister of Current Controlled Trials; International
Standard Randomised Controlled Trial Number (ISRCTN) database; World Health Organization
International Clinical Trials Registry Platform (WHO ICTRP) Portal; and ClinicalTrials.gov
for ongoing studies. In addition, specialist abstract and conference proceeding resources were
searched and experts in the field consulted. Further details, including an example search strategy,
can be found in Appendix 2, and the full search strategies are available from the authors.

Inclusion and exclusion criteria
Population
People with imatinib-resistant CML in the chronic, accelerated or blast-crisis phases were eligible
for inclusion.
Interventions
Studies of dasatinib, nilotinib and high-dose imatinib were considered for inclusion.
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Comparators
Potential comparators were dasatinib, nilotinib and high-dose imatinib, hydroxycarbamide
(hydroxycarbamide), interferon alfa, acute leukaemia-style chemotherapy, allo-stem cell
transplantation, standard-dose imatinib and best supportive care, depending on the phase
of CML.
Outcomes
Studies reporting one or more of the following outcome measures were eligible for inclusion:
treatment response rates [including molecular, cytogenetic and haematological responses (HRs)];
time to, and duration of, response; overall survival; event-free survival; progression-free survival;
adverse effects of treatment; HRQoL; time to treatment failure; costs and cost-effectiveness.
Study design
The hierarchy of evidence was used to determine the inclusion of trials and studies into the
review. Randomised controlled trials (RCTs) or prospective non-randomised comparative
studies, where adequate matching was considered to have been achieved, were eligible for
inclusion. Where no such evidence existed, single-arm cohort studies were included.
Studies published as abstracts or conference presentations were eligible to be included only if
sufficient details were presented to allow an appraisal of the methodology and the assessment of
results to be undertaken.
For the systematic review of cost-effectiveness, studies were eligible for inclusion if they reported
the results of full economic evaluations, i.e. cost-effectiveness analyses, cost–utility analyses or
cost–benefit analyses.
Studies were excluded if participants were aged < 18 years, did not have CML or were imatinib
naive or imatinib intolerant. Studies of high-dose imatinib [> 400 mg b.i.d. (twice daily) in
chronic phase] as first-line treatment were also excluded.

Inclusion and data extraction process
Studies were selected for inclusion in the systematic reviews of clinical effectiveness and costeffectiveness through a two-stage process. Literature search results (titles and abstracts) were
screened for inclusion to identify all of the citations that might meet the inclusion criteria. Full
manuscripts of relevant citations were then retrieved.
Retrieved studies were then assessed by one SHTAC reviewer against the inclusion/exclusion
criteria and checked by a second SHTAC reviewer. Discrepancies were resolved by discussion.
Data from included studies were extracted by one reviewer using a standardised data extraction
form and each data extraction was checked for accuracy by a second reviewer. Again any
discrepancies were resolved by discussion, with involvement of a third reviewer when necessary.

Critical appraisal strategy
The quality of included clinical effectiveness studies was assessed using the criteria used in the
previous PenTAG AR2 (see pp. 84–9). Quality criteria were applied by one reviewer and checked
by a second reviewer, with any disagreements resolved by consensus or involvement of a third
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reviewer where necessary. For details of the quality criteria applied to cost-effectiveness studies,
see Chapter 4 (Critical appraisal of the economic evaluation).

Method of data synthesis
Data from newly identified clinical effectiveness and cost-effectiveness studies were synthesised
through a narrative review with tabulation of the results of included studies. It was considered
inappropriate to combine the results of the studies in a meta-analysis owing to methodological
shortcomings of the included studies (in terms of study designs, differences in the interventions,
and differences in the baseline characteristics of the populations). In cases where data reported
by PenTAG have since been updated, both the original data reported by PenTAG2 and the
updated data are presented in this report. Relevant sections of the PenTAG AR2 are referred to
where appropriate.
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Chapter 3
Clinical effectiveness
Quantity and quality of research available
Searching by WMHTAC and SHTAC identified a total of 8760 references after deduplication.
After initial screening of titles and abstracts, 242 references were retrieved for further inspection.
The total number of published papers included at each stage of the systematic review is shown in
the flow chart in Figure 1. In total, 11 studies met the inclusion criteria, four (three new studies,
one updated publication) of which included data published since the PenTAG AR.2 The present
report presents data from these four studies in order to supplement and update the PenTAG AR.2
For data from the eight studies previously reviewed, see PenTAG AR2 (pp. 55–164).
The studies included in the present report assessed dasatinib and/or high-dose imatinib in
chronic-phase CML. No new studies were found by the updated search for accelerated phase or
blast phase for any of the interventions. The relevant sections of the PenTAG AR2 for the clinical
effectiveness of dasatinib in these subgroups can be found in Table 1. No eligible studies assessing
nilotinib were identified. The results for the clinical effectiveness of nilotinib can be found in the
PenTAG AR2 (see pp. 138–57).
References for the studies retrieved for further inspection, but subsequently excluded can be
seen in Appendix 3. The most common reason for exclusion was a retrospective study design.
One eligible abstract was identified;5 however, this could not be included owing to insufficient
reporting of methods and baseline data. The level of agreement between reviewers assessing study
eligibility was generally good, although this was not formally measured.

Design and characteristics of included studies
One published update of a RCT and three new single-arm cohort studies met the inclusion
criteria (Figure 1). Data extraction forms for these studies can be seen in Appendix 4. The RCT
(Kantarjian and colleagues6) compared high-dose imatinib (600 or 800 mg/day) with dasatinib
(140 or 180 mg/day) and was reported in detail in the context of its dasatinib intervention in the
PenTAG AR2 (see p. 57, p. 59 and pp. 79–89). The update of this RCT was published in 2009,7 and
longer follow-up from the dasatinib arm of this study, as well as data from the high-dose imatinib
arm, are included in the present review. However, methodological flaws associated with this RCT
render it of limited value as a comparative study (see PenTAG AR,2 section 3.2.4, p. 90), and the
TABLE 1 Cross-references to PenTAG AR2 for results of clinical effectiveness for dasatinib in accelerated- and
blast-phase CML
Outcome

AP

BP

CyR

pp. 98–103

pp. 103–6

HR

pp. 111–14

pp. 115–16

PFS

pp. 119

No imatinib-resistant-only data

OS

No imatinib-resistant-only data

No imatinib-resistant-only data

AEs

pp. 125–9

pp. 129–31

AE, adverse event; CyR, cytogenetic response; OS, overall survival; PFS, progression-free survival.
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7997 records identified and
screened by WMHTAC
763 records identified and
screened by SHTAC

7788 records excluded by
WMHTACa
730 records excluded by
SHTACb

242 articles reviewed by
SHTAC
176 abstracts/conference
proceedings assessed for
eligibility

Excluded

66 full-text articles assessed
for eligibility

11 studies (18 publications)
met inclusion criteria

Eight studies (14 publications)
included in PenTAG AR

46 studies (48 publications)
excluded
Reasons for exclusion:
participants n = 15
intervention n = 2
retrospective study n = 26
case series study n = 5

Three new studies, one study
update (four publications)

FIGURE 1 Flow chart of identification of studies for inclusion in the review. aIncludes three foreign-language and three
other publications that the British Library was unable to retrieve, but which had initially been included in the WMHTAC
first screen. bIncludes four potentially relevant abstracts that could not be obtained.

PenTAG AR2 presented the dasatinib arm as non-comparative evidence. In line with this, data
from the dasatinib and high-dose imatinib arms of the RCT are presented separately and are not
compared in the present systematic review (see Chapter 3, Critical appraisal of included evidence)
The single-arm cohort studies each had a single high-dose imatinib arm. In one study, by Rajappa
and colleagues,8 all participants received imatinib at 800 mg/day, whereas in the remaining
studies the imatinib dose varied from 600 to 800 mg/day according to whether individual
participants met criteria for dose escalation or reduction. The interventions in the RCT and
observational studies are summarised, respectively, in Tables 2 and 3, and can be viewed in detail
in Appendix 4. None of the studies reported whether or not participants received any treatment
concurrent with imatinib.
The designs of the RCT and single-arm cohort studies are summarised, respectively, in Tables
4 and 5. The RCT was conducted in 58 centres in 23 countries, including the UK, Europe, the
Russian Federation and Asia. The three single-arm cohort studies were conducted in single
countries: Republic of Korea, Italy and India. Apart from the Korean study, which involved
19 centres, the number of centres was small or unclear (Table 5). The studies included only
participants with chronic-phase CML, except for the single-arm cohort study by Koh and
colleagues,10 which also included very small numbers of participants with accelerated phase
and blast-crisis phase (Table 6). Inclusion and exclusion criteria were reported in detail for the
RCT (Table 4), but only briefly for the single-arm cohort studies (see Table 5). The RCT required
participants to be at least 18 years of age and have ‘adequate hepatic and renal function’, and
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TABLE 2 Details of interventions: RCT

Study
Kantarjian
et al.
(2009)7

Arm
no.

Drug

Dosage notes

Notes

1

HDI

400 mg b.i.d.

Crossover to the alternative treatment was permitted
after confirmed progression, lack of MCyR at the
week 12 cytogenetic evaluation or intolerance

Reduction to 600 mg daily was permitted for toxicity in
participants who had not previously received 600 mg
of imatinib
2

Dasatinib

This is Study 017 in the BMS submission3 to NICE

70 mg b.i.d.

a

Escalated to 180 mg for participants with inadequate
response at 12 weeks or progression
Reduced to 100 or 80 mg for participants experiencing
toxicity
CP-CML, chronic-phase chronic myeloid leukaemia; HDI, high-dose imatinib; MCyR, major cytogenetic response, typically defined as ≤ 35%
Philadelphia-positive chromosomes in metaphase in bone marrow (study definitions may vary).
a This is not the recommended dose for dasatinib, which is 100 mg once daily in CP-CML.

TABLE 3 Details of interventions: single-arm cohort study
Concurrent
treatment

Study

Arm

Drug

Dosage

Breccia et
al. (2010)9

1

HDI

Escalated from 400 to 600 mg/day or 800 mg/day if
haematological failure, imatinib resistance or suboptimal
response

None
reported

600 mg/day: n = 54

Koh et al.
(2010)10

1

Escalated from 400 to 600 mg/day (CP) or from
400–600 to 600–800 mg/day (AP and BC). High doses
were for a minimum of 12 months or until disease
progression or intolerable toxicity

None
reported

Participants experiencing more than
grade 3 toxicity on 300 mg/day
were withdrawn

None
reported

Study focuses on kinase domain
mutations

HDI

Notes
800 mg/day: n = 20

Reduced from 800 to 600 or 400 mg/day, or from 400
to 300 mg/day in participants with cytopenia and nonhaematological toxicity of grade 3 or more. An effort
was made to increase dose if participants on reduced
dose for 1 month did not experience more than grade
1 toxicity
Rajappa
et al.
(2010)8

1

HDI

Escalated from 400 to 800 mg/day for all participants

AP, accelerated phase; BC, blast crisis; CP, chronic phase; HDI, high-dose imatinib.

excluded those with BCR–ABL (oncogene fusion protein consisting of BCR and ABL genes)
mutations known to be particularly resistant to imatinib. The single-arm cohort study by Koh
and colleagues10 required participants to be aged 15–75 years with ‘adequate organ function’. All
other inclusion and exclusion criteria reported in the RCT and single-arm cohort studies were
based on cytogenetic or molecular aspects of CML or imatinib dosing.
Failure on standard-dose imatinib was defined in terms of resistance and suboptimal cytogenetic,
haematological and molecular response. None of the studies defined imatinib failure as
intolerance (Table 6). The criteria used to define imatinib failure were slightly different in each of
the four studies (Table 7).
Baseline characteristics of the participants in the RCT and cohort studies are summarised in
Table 6. For high-dose imatinib, the proportion of male participants in the RCT (45%) was lower
than in the three single-arm cohort studies (70–71%). Across the four studies,7–10 the participants
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ü

Kantarjian
et al.
(2007),6
(2009)7
(additional
references
are given
in table 6
of PenTAG
AR2)

AP

BC

Argentina, Australia,
Belgium, Brazil,
Canada, Estonia,
Finland, France,
Germany, Israel,
Republic of Korea,
Norway, Peru, the
Philippines, Poland,
Puerto Rico,
Russian Federation,
South Africa,
Sweden, Taiwan,
Thailand, the UK
and the USA

Countries
58

No. of
centres

Primary resistance to imatinib was defined
as a lack of CHR after 3 months of imatinib
treatment, a lack of any CyR after 6 months
of treatment or a lack of a MCyR (Ph+ cells
> 35%) after 12 months of treatment. Relapse
after a HR or MCyR was considered as
secondary or acquired resistance

CP was defined by the presence of < 15%
blasts, < 20% basophils and < 30% blasts
plus promyelocytes in peripheral blood or
bone marrow and a platelet count of at least
100,000 per mm3, with no extramedullary
involvement

Participants with CP-CML and primary or
acquired resistance to standard doses of
imatinib (400–600 mg), dasatinib naive, at
least 18 years of age and had adequate
hepatic and renal function.

Inclusion criteria
Participants who had received
imatinib in the 7 days before the
study were ineligible, as were
participants who had received
imatinib at doses in excess of
600 mg per day. Participants
with known specific BCR–ABL
mutations (with high resistance to
imatinib) before study entry were
excluded

Exclusion criteria
2 :1
randomisation
(no details of
methods used)

Method of
allocation

Therapy common
to all participants
Not reported

Blinding
Open label

AP, accelerated phase; BC, blast crisis; BCR–ABL, oncogene fusion protein consisting of BCR and ABL genes; CHR, complete haematological response; CP, chronic phase; CP-CML, chronic-phase chronic myeloid
leukaemia; CyR, cytogenetic response; MCyR, major cytogenetic response typically defined as ≤ 35% Ph+ chromosomes in metaphase in bone marrow (study definitions may vary); Ph+, Philadelphia chromosomepositive.

CP

Study

TABLE 4 Study design: RCT

10
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ü

Cohort single
arm; judged
prospective

Prospective
cohort single
arm

Cohort single
arm; judged
prospective

Breccia
et al.
(2010)9

Koh
et al.
(2010)10

Rajappa
et al.
(2010)8

ü

AP

ü

BC

India

Not stated
(all authors
from one
centre)

19

2

Italy

Republic of
Korea

No. of
centres

Country

CP-CML resistant to imatinib 400 mg/day. No other
details reported

CML participants between 15 and 75 years of age with
adequate organ function (not defined). Participants in
CP with suboptimal response to 400 mg/day imatinib;
participants in AP or BC who failed to achieve CHR after
3 months on 400–600 mg/day imatinib

Participants with CML who demonstrated a poor
response or relapse after standard imatinib therapy (no
other inclusion information given other than a table of
baseline characteristics)

Inclusion criteria

Study focuses on kinase domain mutations

Phase IV study to evaluate the efficacy of escalated
dose imatinib in participants with suboptimal response
to standard-dose imatinib

Participants who
experienced more
than grade 2 AEs
to standard-dose
imatinib
Participants with
AP or BC

Investigated the long-term efficacy of dose escalation
in participants with CP-CML who demonstrated a poor
response or relapse after standard imatinib therapy

Notes

Not stated

Exclusion
criteria

AE, adverse event; AP, accelerated phase; BC, blast crisis; CHR, complete haematological response; CP, chronic phase; CP-CML, chronic-phase chronic myeloid leukaemia.

ü

ü

CP

Design

Study

TABLE 5 Study design: single-arm cohort studies
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1. HDI

Rajappa et al.
(2010)8

Mean 35.7 ± 12
(18 to 65)

71.1

70.4

70.3

52.5

44.9

Sex,
male (%)

Secondary resistance:
66.7

Primary resistance:
33.3

Suboptimal response:
27

Treatment failure: 73

Suboptimal response: 5

Primary + secondary
resistance: 95

Resistance: 100

Resistance: 100

Imatinib failure (%)

Not reported

Not reported

Not reported

64 (6 to 166)

52 (14 to 133)

Duration of
CML (months),
median (range)

32.2

Unclearc

Not reported

40.6

22.4

BCR–ABL,
mutation (%)

Uncleard

Not reported

Not reported

5.9

0.0

MCyR at,
baseline
(%)

Not
reportede

Not
reported

Not
reported

50.5

55.1

CHRa at,
baseline
(%)

11 (3.7 to 180)

Not reported

4.5 (3.8 to 6.2)b

7.5 (2 to 153)

7.4 (2 to 133)

WBCs × 109/l,
median (range)

% (range) platelets:
2.7b (0.9 to 11.9)

Not reported

220 (180 to 350)b

261 (55 to 1903)

248 (80 to 2318)

Platelets × 109/l,
median (range)

AP, accelerated phase; BC, blast crisis; CHR, complete haematological response; CP, chronic phase; HDI, high-dose imatinib; MCyR, major cytogenetic response; SD, standard deviation; WBCs, white blood cells.
a See Table 16 for definition.
b Not stated whether this is the mean or median.
c Authors stated in the discussion section that there were 9.7% mutations, but the results section reported that 3 out of 61 evaluable participants (4.9%) had mutations.
d Authors stated that 44.5% of participants had ‘achieved’ MCyR; it is unclear whether or not this is the same as the proportion who had MCyR at baseline.
e Authors did not directly report the proportion of participants with CHR at baseline, but they did report as a ‘baseline’ characteristic the proportion (88.8%) who had CHR as a best response to 400 mg/day imatinib.
MCyR typically defined as ≤ 35% Philadelphia-positive chromosomes in metaphase in bone marrow (study definitions may vary).

90

BC = 4

AP = 3

49 (20 to 71)

1. HDI

Koh et al.
(2010)10

50 (19 to 85)

Median

CP = 64

74

1. HDI

Breccia et al.
(2010)9

51 (24 to 85)

Median

51 (24 to 80)

Median

101

2. Dasatinib

Median

71:

49

1. HDI

Kantarjian et
al. (2009)7

n

Arm

Study

Age (years),
mean ± SD or
median (range)

TABLE 6 Baseline characteristics of participants
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Incomplete at
3 months

Relapse after HR

Less than at
6 months

Less than at
6 months

Less than at
12 months

Loss at any time

Lack at 6 months

Lack at 6 months

Relapse after
MCyR

Lack at 12 months

Lack at 12 months

MCyR

Less than at
12 months

Less than at
12 months

Less than at
18 months, or loss
at any time

Less than at
18 months or loss
at any time

Lack at 18 months

CCyR

Less than at
18 months or loss
at any time

Less than at
18 months or loss
at any time

MMR

Conferring low
insensitivity at any
time

At any time

Conferring high
insensitivity at any
time

At any time

BCR–ABL
mutations

WBCs rise above
threshold on two
or more occasions
> 4 weeks apart,
progression to AP
or BC

Additional
chromosomal
abnormalities in
Ph+ cells

Cytogenetic
abnormalities in
Ph+ cells

Other criteria

AP, accelerated phase; BC, blast crisis; CHR, complete haematological response; CCyR, complete cytogenetic response; CyR, cytogenetic response; MCyR, major cytogenetic response; MMR, major molecular response;
PCyR, partial cytogenetic response; Ph+, Philadelphia chromosome-positive.

al. (2010)8

Rajappa et

RCT: Kantarjian et
al. (2009)7

Secondary resistance

Koh et al. (2010)8
(LeukemiaNET)

Breccia et al.
(2010)9

Less than at
3 months

Less than at
6 months

Koh et al. (2010)10
(LeukemiaNET)

Suboptimal response

Lack at 3 months
or loss at any time

Breccia et al.
(2010)9

Imatinib failure

Lack at 6 months

Lack at 3 months

CyR

Rajappa et al.
(2010)8

Less than at
12 months

PCyR

Lack at 6 months

CHR

Lack at 3 months

Lack at 3 months
or loss at any time

HR

RCT: Kantarjian et
al. (2009)7

Primary resistance

Study

TABLE 7 Criteria for defining imatinib failure (resistance or suboptimal response) in studies of high-dose imatinib
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ranged in age from 18 to 85 years. The cohort study by Rajappa and colleagues8 included younger
participants (mean age 35.7 years) than the three other studies (median age 49–51 years).
Duration of CML from diagnosis to imatinib therapy ranged from 14 to 133 months in the RCT,
but was not reported in any of the single-arm cohort studies. Baseline genetic and haematological
data were not consistently reported across the four studies and are therefore difficult to compare.
Only the RCT provided baseline data on the proportion of participants with a major cytogenetic
response or a complete haematological response (CHR). The proportion of participants with
BCR–ABL mutations at baseline was slightly lower in the RCT high-dose imatinib participant
group (22.4%) than in the only single-arm cohort study, by Rajappa and collegues,8 that provided
comparable data (32.2%).
The previous imatinib therapy received by participants in each of the four high-dose imatinib
studies is summarised in Table 8. The duration of prior imatinib therapy ranged from 0.6 to
70 months (median 18 to 36 months) in the single-arm cohort studies, and from < 1 year to
> 3 years in the RCT (not reported more precisely).7 In two of the single-arm cohort studies
all participants had previously received only standard-dose imatinib (400 mg/day).8,9 In the
remaining single-arm cohort study the majority of participants (90%) had received 400 mg/day,
although 10% (the accelerated- and blast-phase participants) received 400–600 mg/day.10
In the RCT the majority of participants (69%) had received 600 mg/day and the remainder
(29%) received 400 mg/day (one participant received 500 mg/day). In addition to imatinib, the
majority of participants in the RCT had received hydroxycarbamide or anagrelide (93.9%) and/
or interferon alfa (67.3%), with some (36.7%) having received chemotherapy or, in a minority
of cases (4.1%), stem cell transplantation. Two single-arm cohort studies reported that, in
addition to imatinib, participants had previously received interferon alfa (one study, 29.7%) or
hydroxycarbamide (one study, % not stated) only.

TABLE 8 Previous therapy received by study participants

Study

Arm

Kantarjian
et al.
(2009)7

1. HDI

2. Dasatinib

n
49

101

Prior therapy (%)

Median (range) duration
of prior imatinib therapy
or n (%) of participants
per duration class

Highest prior
imatinib dose (mg/
day)

Chemotherapy

HU

< 1 year: 5 (10%)

400 (n = 14) (29%)

1–3 years: 29 (59%)

500 (n = 1) (2%)

> 3 years: 15 (31%)

600 (n = 34) (69%)

< 1 year: 12 (12%)

400 (n = 36) (36%)

1–3 years: 44 (44%)

500 (n = 2) (2%)

> 3 years: 45 (45%)

600 (n = 63) (62%)

IFN-α

SCT

36.7

93.9

a

67.3

4.1

38.6

96.0a

73.3

6.9

Breccia
et al.
(2010)9

1. HDI

74

36 months (21–70)

400 (n = 74) (100%)

0

0

29.7b

0

Koh et al.
(2010)10

1. HDI

71

14.6 months (0.6 to 52.8)

CP: 400 (n = 64)
(90%)

Not
reported

Not reported

Not
reported

Not
reported

0

Yes; % not
reported

0

0

AP and BC: 400–600
(n = 7) (10%)
Rajappa
et al.
(2010)8

1. HDI

90

18 months (3 to 48)

400 (n = 90) (100%)

AP, accelerated phase; BC, blast crisis; CP, chronic phase; HDI, high-dose imatinib; HU, hydroxycarbamide; IFN-α, interferon alfa; SCT, stem
cell transplantation.
a Hydroxycarbamide (also known as hydroxyurea and defined as HU) or anagrelide.
b Late CP participants received IFN-α; early CP participants received imatinib alone.
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The characteristics of the studies reviewed are shown in the PenTAG AR2 (see pp. 57–75).

Critical appraisal of included evidence
A summary of the critical appraisal of the RCT is provided in the PenTAG AR2 (see section
3.2.3.1, p. 84). As noted in the PenTAG AR,2 the RCT is flawed, which has implications for
interpreting effectiveness and safety information. The updated publication by Kantarjian and
colleagues7 provides new information on two aspects of the RCT methodology that were not
reported in the previous publications and which therefore do not currently appear in the
PenTAG AR:2
■■

■■

Kantarjian and colleagues7 explained how the sample size was calculated. However, the
approach, which is based on arbitrary maximum widths of confidence intervals (CIs) for
the primary outcome, was not considered in relation to the statistical power of the trial. This
explanation appears to be an attempt to justify the sample size retrospectively.
Kantarjian and colleagues7 stated that dasatinib and high-dose imatinib groups were
stratified by study site and cytogenetic response (CyR) on previous imatinib.

In the PenTAG AR,2 analyses conducted in the RCT were considered appropriate. Although the
statistical methods used were generally appropriate, the way in which they were applied does
have serious shortcomings. Specifically, the analyses were not planned a priori and were not
adjusted for multiple comparisons. However, data from the individual arms are not compared in
this report.
Overall, the new information available from the Kantarjian and colleagues publication7 does not
alter the judgement that the RCT was substantially flawed. Of particular relevance to the highdose imatinib arm of the RCT was that 80% of high-dose imatinib participants with inadequate
responses crossed over to the dasatinib arm at a median time of 13 weeks (range 1–68 weeks).
Conversely, 20% of participants with inadequate responses to dasatinib crossed over to the highdose imatinib arm at a median time of 28 weeks (range 1–56 weeks). As a result, outcomes for
the high-dose imatinib arm reported at a median of 26 months would include an unknown (not
reported) proportion of participants who had predominantly received dasatinib. Interpretation
of the outcome data for high-dose imatinib in the RCT is also difficult because follow-up times
varied considerably and were reported only as the median and range.
Critical appraisal of the three single-arm cohort studies8–10 of high-dose imatinib is summarised
in Table 9. The assessment criteria in Table 9 reflect aspects of study design relevant to
interpretation of generalisability and some types of bias, which may help to assess the relative
strengths and weaknesses of the individual studies. All three studies have risk of selection
bias owing to a lack of any randomised procedures for allocation to study groups, and risk of
performance bias owing to a lack of allocation concealment and blinding.
The reporting of these single-arm cohort studies was generally superficial.8–10 Only the study by
Koh and colleagues10 could be clearly identified as a prospective study, although the other two
studies were judged to be prospective by reviewers.8,9 Only the study by Rajappa and colleagues8
reported whether or not participants were recruited consecutively. Breccia and colleagues9
and Rajappa and colleagues8 failed to adequately report the inclusion criteria for their studies,
which is a major impediment to interpreting generalisability and selection bias. Although
generalisability of the study by Koh and colleagues10 appears to be stronger than for the other two
studies, none of the single-arm cohort studies was conducted in the UK. It is, therefore, unclear
how relevant the findings from these studies would be to UK patients with chronic-phase CML.
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TABLE 9 Indicators of quality of included evidence: single-arm cohort studies

Indicator

Breccia et al.
(2010)9

Koh et al.
(2010)10

Rajappa et al.
(2010)8

Is the hypothesis/aim/objective of the study clearly described?

Yes

Yes

Yes

Were the case series collected at more than one centre?

Yes

Yes

Not reporteda

Was the main outcome independently assessed?

Not reported

Not reported

Not reported

Are patient characteristics adequately described?

Yes

Yes

Nob

Are adequate details provided to assess the generalisability of the results?

No

Yes

Noa

Are inclusion and exclusion criteria clearly reported?

No

Yes

Yes (but limited)

Were data collected prospectively?

Not reported

Yes

Not reported

Were patients recruited consecutively?

Not reported

Not reported

Yes

Did all the participants receive the same intervention?

Noe

No e

Yesf

Is the use of any concurrent therapies adequately described?

No

Was an ITT analysis performed?

Unclear

Were dropouts from the trial adequately described?

No

c

d

No
g

No

Unclear

Unclear g

Yes

No

g

a
b
c
d

No. of centres not reported, but all authors were based at one centre.
Appears to be an Indian population, but ethnicity and socioeconomic status not reported.
An Italian population, but inclusion and exclusion criteria not stated.
A Korean population of known age range and CML status, although potential prognostic factors, such as weight and socioeconomic status,
not reported.
e Subgroups received different dose changes.
f Timing of the intervention varied among participants and for most outcomes is not precisely reported.
g Not explicitly reported.

In these single-arm cohort studies the participants within a study did not all receive exactly the
same intervention, as dose escalations occurred at different times for individual participants,
or subgroups of participants received different dose changes. It is unclear whether or not any
participants received concurrent therapies alongside high-dose imatinib, as this was not reported
in any of the three studies. None of the studies reported explicitly whether or not all participants
allocated to treatment were analysed and whether or not the analyses included attrition
[intention-to-treat (ITT) approach]. Only one of the studies, by Koh and colleagues10 adequately
reported participant attrition.
Overall, owing to the inherent limitations of a single-arm study design, compounded by generally
poor reporting of the methodology, the three single-arm cohort studies of high-dose imatinib
appear to be at high risk of bias and limited or unclear relevance to CML patients in a UK setting.

Relationship of identified evidence to research question
The research questions could not be directly addressed by the PenTAG AR2 (see section 3.2.4,
p. 90), as there was no comparative evidence available. Similarly, in our update of the PenTAG
AR2 for those with imatinib-resistant CML we have not identified any comparative evidence for
any of the three interventions of interest. Therefore, caution continues to be recommended in the
interpretation of the evidence now presented.
Evidence reported in this review is relevant to patients with chronic-phase CML only. Owing to
the paucity of data the review has been unable to consider whether or not the level of previous
response to imatinib has any bearing on outcome, and the evidence does not allow the adoption
of an early stopping rule to be considered.
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Effectiveness of dasatinib: update of Peninsula Technology
Assessment Group assessment report
As described earlier, the updated searches identified one study that provided additional data on
the effectiveness of dasatinib (Kantarjian and colleagues 2009;7 Appendix 4). A 2007 publication
of this RCT6 was described in the PenTAG AR2 (see pp. 91–8), and the following outcomes have
been superseded by the 2009 updated publication:7
■■
■■

CyR and duration of CyR
adverse events (AEs).

In addition, the current report presents data on the following outcomes, which were not reported
by the PenTAG AR:2
■■
■■

molecular response
proportion without treatment failure at 24 months.

There is no difference in the data for the following outcome reported both in 20076 and in 2009:7
■■

CHR (see PenTAG AR,2 pp. 106–12).

The PenTAG AR2 presented updated results from the manufacturer’s submission or from
conference abstracts for the following outcomes, and the update publication7 does not change the
PenTAG AR2 for:
■■
■■

CHR rate in participants who had no CHR at baseline (see PenTAG AR,2 p. 109)
estimated progression-free survival at 24 months (see PenTAG AR,2 p. 118).

Cytogenetic response
Complete cytogenetic response improved from 39.6% at median 15 months’ follow-up to 43.6%
at median 26 months’ follow-up (Table 10). Major cytogenetic response was similar between
the two follow-up periods (52.5% at 15 months6 and 53.5% at 26 months7). Major cytogenetic
response was similar between patients with (34/62, 55%) and without (20/39, 51%) a previous
CyR on standard-dose imatinib.
TABLE 10 Cytogenetic response to dasatinib in chronic-phase CML

Study
Kantarjian et al. (2007)

6

Kantarjian et al. (2009)7

Length of
follow-up

Dose (mg)

CCyR (%)

PCyR (%)

MCyR (%)

15

70 b.i.d.

40/101 = 39.6

13/101 = 12.9

53/101 = 52.5

24b,c

70 b.i.d.

44/101 = 43.6

26d

70 b.i.d.

44/101 = 43.6

10/101 = 9.9

54/101 = 53.5 (95% CI 43.3 to 63.5)

a

CCyR, complete cytogenetic response; CP, chronic phase; CyR, cytogenetic response; MCyR, major cytogenetic response; PCyR, partial
cytogenetic response.
a At median follow-up of 15 months (range 1 to 21 months), 15% of dasatinib participants had crossed over to alternative treatment, median
treatment duration 13.7 months (range 0.2 to 19.3 months). Data before crossover presented.
b Not explicit, but appears as though it might be minimum follow-up.
c Data extracted by PenTAG AR2 from conference abstract,11 specifically focusing on updated CyR rates across CP dasatinib trials.
d At median follow-up of 26 months (range 6.9 to 32.7 months), 20% of dasatinib participants had crossed over to alternative treatment,
median treatment duration 23 months (range 0.16 to 29.4 months). Data before crossover presented.
CCyR typically defined as no Philadelphia-positive (Ph+) chromosomes in metaphase in bone marrow; PCyR typically defined as between 1% and
35% of Ph+ chromosomes in metaphase in bone marrow; MCyR typically defined as ≤ 35% Ph+ chromosomes in metaphase in bone marrow
(study definitions may vary).
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Duration of major cytogenetic response
The 2007 publication reported the probability of a maintained response at 1 year as being
0.98.6 With longer follow-up, the proportion with a maintained major cytogenetic response at
18 months was 90% (95% CI 82% to 98%).7
Major molecular response
Kantarjian and colleagues7 reported a major molecular response (MMR) in 28.7% of participants
(29/101) receiving dasatinib, and in 63.4% (28/44) of those who had a complete cytogenetic
response and a molecular response assessment (MMR: generally defined as ≥ 3-log reduction in
the level of BCR–ABL transcripts or a BCR–ABL ratio of ≤ 0.05%).
Time to treatment failure and proportion without treatment failure
Median time to treatment failure was not reached with dasatinib in the 2007 publication by
Kantarjian and colleagues,6 but was not reported in the 2009 study with longer follow-up.7
However, the authors reported that the estimated proportion of participants without treatment
failure at 24 months was 59%.7
Adverse events
The PenTAG AR2 (see p. 121) stated that in most of the included evidence, neutropenia and
thrombocytopenia each affected in the order of 50% ± 10% of individuals taking dasatinib. The
proportion of individuals affected by neutropenia in the RCT is slightly higher with longer
follow-up7 (Table 11).
The PenTAG AR2 (see p. 122) described the AEs (of any grade) most commonly reported by its
included studies as diarrhoea, dyspnoea, fatigue, headache, nausea, pleural effusion, and rash, at
frequencies in the range 10%–40%. The 2009 update7 also reports fluid retention (39%), bleeding
(18%), infection (14%) and upper respiratory tract infection or inflammation (11%), and an
increase in superficial oedema from 15% to 20% (Table 12).
The PenTAG AR2 (see p. 122) reported that grades 3–4 AEs appeared to be fairly rare in the
included studies, with only dyspnoea and pleural effusion occurring in more than 5% of
participants in any of the included studies. However, grades 3–4 fluid retention occurred in 7% of
individuals in the 2009 update publication7 (Table 13).
Rates of treatment discontinuation due to AEs in the four studies included in the PenTAG AR2
(see p. 124) that reported this outcome were described as ranging from approximately 5% to
15%. Discontinuations due to AEs increased from 15.8% in the 2007 Kantarjian and colleagues
publication6 to 22.8% in the 2009 publication7 (Table 14).

Summary of effectiveness of dasatinib
■■
No new studies of dasatinib were identified by the updated searches.

TABLE 11 Haematological AEs (grades 3 and 4) with dasatinib (%)
Event

Kantarjian et al. (2007),6 70 mg b.i.d.

Kantarjian et al. (2009),7 70 mg b.i.d.

n

101

101

Anaemia

19.8

Leucopenia

23.8

Neutropenia

61.4

63.4

Thrombocytopenia

56.4

57.4
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TABLE 12 Non-haematological AEs (all grades) with dasatinib (%)
Kantarjian et al. (2007),6 70 mg b.i.d.
(n = 101)

Kantarjian et al. (2009),7 70 mg b.i.d.
(n = 101)

Anorexia

12.9

17

Asthenia

12.9

15

Adverse event
Abdominal pain

15

Bleeding

18

Diarrhoea

34.7

37

Dyspnoea

20.8

23

Face oedema

4.0

Fatigue

29.7

33

24.8

26

Fluid retention

39

Headache
Infection

14

Muscle spasms

2.0

Musculoskeletal pain
Nausea

21
23.8

Pain in extremity

24

6.9

Peripheral oedema

9.9

Pleural effusion

16.8

25

Pyrexia

13.9

14

Rash

16.8

18

Superficial oedema

14.9

20

Upper respiratory tract infection or inflammation

11

Vomiting

8.9

Weight increase

5.0

10

Data are as presented by the publications, i.e. rounded or to one decimal place.

■■
■■

■■
■■
■■

Additional follow-up data for some outcomes were available for the RCT by Kantarjian and
colleagues 6 and included in the PenTAG AR.2
The RCT was methodologically flawed, with a high level of crossovers between treatment
arms. As such, the individual treatment arms were considered separately as non-comparative
evidence. This is in line with the approach taken by the PenTAG AR.2
Complete cytogenetic response improved slightly from 39.6%6 to 43.6%,7 and major
cytogenetic response was similar (52.5%6 to 53.5%7) with longer follow-up.
A MMR was reported in 28.7% of participants.7
Additional AEs were reported with longer follow-up (fluid retention, bleeding, infection,
upper respiratory tract infection or inflammation), and grades 3–4 fluid retention occurred
in 7% of individuals in the update paper.7

Effectiveness of high-dose imatinib
Cytogenetic response
Table 15 provides a summary of the available data detailing CyR to high-dose imatinib in CML
(see Appendix 4 for further details).6–10 All four studies were in participants with chronic-phase
CML, with the exception of one study which also included a small number of participants in
accelerated-phase CML (n = 3) and blast-crisis CML (n = 4).10 Three studies reported complete,
partial and major cytogenetic response rates or provided enough information to enable the
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TABLE 13 Non-haematological AEs (grades 3 and 4) with dasatinib (%)
Kantarjian et al. (2007),6 70 mg b.i.d.
(n = 101)

Adverse event
Abdominal pain

Kantarjian et al. (2009),7 70 mg b.i.d.
(n = 101)
0

Anorexia

0.0

0

Asthenia

0.0

0

Bleeding

1

Diarrhoea

2.0

3

Dyspnoea

4.0

5

Face oedema

0.0

Fatigue

2.0

3

Fluid retention

7

Headache

2.0

2

Infection

4

Muscle spasms

0.0

Musculoskeletal pain

1

Nausea

0.0

0

Pain in extremity

0.0

Peripheral oedema

0.0

Pleural effusion

4.0

5

Pyrexia

0.0

0

Rash

0.0

0

Superficial oedema

0.0

1

Vomiting

0.0

0

Weight increase

0.0

Data are as presented by the publications, i.e. rounded or to one decimal place.

TABLE 14 Discontinuations due to AEs with dasatinib
Study

Length of follow-up (months)

Dose (mg)

Discontinuations

Kantarjian et al. (2007)6

15a

7 b.i.d.

16/101 = 15.8 %

Kantarjian et al. (2009)

26

70 b.i.d.

23/101 = 22.8 %

7

b

a At median follow-up of 15 months (range 1 to 21 months), 15% of dasatinib participants had crossed over to alternative treatment, median
treatment duration 13.7 months (range 0.2 to 19.3 months).
b At median follow-up of 26 months (range 6.9 to 32.7 months), 20% of dasatinib participants had crossed over to alternative treatment,
median treatment duration 23 months (range 0.16 to 29.4 months).

deduction of each, whereas one study reported only complete cytogenetic response and major
cytogenetic response. Minor and minimal responses were not reported by these studies. The
definition of response for each category was consistent across studies.
It should be noted that some participants already had some degree of CyR at baseline. Rajappa
and colleagues8 reported that 44.5% of participants had achieved major cytogenetic response
(although it is unclear whether this is the proportion at study entry)8 and 43.7% of participants
were in partial cytogenetic response in the study by Koh and colleagues.7 None of the participants
in the high-dose imatinib arm of the RCT by Kantarjian and colleagues7 was in major cytogenetic
response at baseline. However, 44% (15/34) of participants with a previous CyR on standard-dose
imatinib achieved a major cytogenetic response on high-dose imatinib, whereas 7% (1/15) of
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TABLE 15 Cytogenetic response to high-dose imatinib
Length of follow-up
(months)

Dose (mg)

CCyR (%)

Breccia et al. (2010)

36, median

600 or 800

27/74 = 36.4

Kantarjian et al. (2007),6 (2009)7

15b

400 b.i.d.

8/49 = 16.3

8/49 = 16.3

16/49 = 32.7

26c

400 b.i.d.

9/49 = 18.4

7/49 = 14.3

16/49 = 32.7

6

e

600 or 800

16/71 = 22.5

14/71 = 19.7

30/71 = 42.3

12

600 or 800e

17/71 = 23.9

11/71 = 15.5

28/71 = 39.4

18f

800 mg

25/90 = 27.7

10/90 = 11.1

35/90 = 39.0

Study
9

Koh et al. (2010)

d

10

Rajappa et al. (2010)8

PCyR (%)

MCyR (%)
47/70 = 63.5a

AP, accelerated phase; BC, blast crisis; CCyR, complete cytogenetic response; CP, chronic phase; CyR, cytogenetic response; HDI, high-dose
imatinib; MCyR, major cytogenetic response; PCyR, partial cytogenetic response.
a Excludes four participants whose imatinib dose was escalated owing to suboptimal response.
b At median follow-up of 15 months (range 1 to 21 months), 80% of HDI participants had crossed over to alternative treatment, median
treatment duration 3.1 months (range 0.2 to 15.6 months). Data before crossover presented.
c At study median follow-up of 26 months (range 6.9 to 32.7 months), 80% of HDI participants had crossed over to alternative treatment,
median treatment duration 3 months (range 0.16 to 26.3 months). Data before crossover presented.
d Study included CP (n = 64), AC (n = 3) and BC (n = 4).
e Dose escalation to 800 mg/day permitted in patients with AP or BC.
f Duration of follow-up for CyR assumed to be median 18 months (range (3 to 40 months).
CCyR typically defined as no Philadelphia-positive (Ph+) chromosomes in metaphase in bone marrow; PCyR typically defined as between 1% and
35% of Ph+ chromosomes in metaphase in bone marrow; MCyR typically defined as ≤ 35% Ph+ chromosomes in metaphase in bone marrow
(study definitions may vary).

those without a previous CyR on standard-dose imatinib achieved a major cytogenetic response.
CyR was not reported at baseline by Breccia and colleagues.9
Complete cytogenetic response rates ranged from 18.4%7 to 36.4%.9 Major cytogenetic response
rates ranged from 32.7%7 to 63.5%.9

Duration of major cytogenetic response
Kantarjian and colleagues7 reported that 74% (95% CI 49% to 100%) of individuals maintained
their major cytogenetic response at 18 months. This outcome was not reported by the other three
studies.8–10
Haematological response
Only two of the studies reporting CHR provided a definition,7,9 and there were minor differences
between these definitions (Table 16).
Table 17 provides a summary of the available data detailing HR to high-dose imatinib in CML.
Three of the included studies reported CHR, with response rates ranging from 55.5% (18-month
follow-up)8 to 91.8% (36-month follow-up).9 It should be noted that 55.1% of participants in the
high-dose imatinib arm of the RCT by Kantarjian and colleagues were in CHR at study entry,7
but this was not reported by the other two studies. The CHR in participants without CHR at
baseline was 16/22 = 72%.7

Duration of major or complete haematological response
These were not reported by the included studies.
Molecular response
Three studies reported molecular response and, as can be seen in Table 18, the definitions of
molecular response varied between the studies. A summary of molecular response to highdose imatinib can be seen in Table 19. Kantarjian and colleagues7 reported a MMR in 12.2%
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TABLE 16 Definitions of CHR in high-dose imatinib studies
Study

Definition

Breccia et al. (2010)9

WBC count < 10 × 109/l with no immature cells in the peripheral blood
Platelet count < 450 × 109/l
Disappearance of all signs and symptoms related to leukaemia

Kantarjian et al. (2007),6 (2009)7

WBCs ≤ institutional ULN
Platelets < 450 × 109/l
No blasts or promyelocytes in peripheral blood
< 5% myelocytes plus metamyelocytes in peripheral blood
No extramedullary involvement (including no hepatomegaly or splenomegaly)

Rajappa et al. (2010)8

Not reported

ULN, upper limit of normal; WBC, white blood cell.

TABLE 17 Complete haematological response to high-dose imatinib
Study

Length of follow-up (months)

Dose (mg)

Proportion with response

Breccia et al. (2010)

36 median

600 or 800

68/74 = 91.8 %

Kantarjian et al. (2007),6 (2009)7

15a

400 b.i.d.

40/49 = 81.6 %

26b

400 b.i.d.

40/49 = 81.6 %

18

800

50/90 = 55.5 %

9

Rajappa et al. (2010)

8

c

HDI, high-dose imatinib.
a At median follow-up of 15 months (range 1 to 21 months), 80% of HDI participants had crossed over to alternative treatment, median
treatment duration 3.1 months (range 0.2 to 15.6 months). Data before crossover presented.
b At study median follow-up of 26 months (range 6.9 to 32.7 months), 80% of HDI participants had crossed over to alternative treatment,
median treatment duration 3 months (range 0.16 to 26.3 months). Data before crossover presented.
c Duration of follow-up for HR assumed to be median 18 months (range (3 to 40 months).

TABLE 18 Definitions of molecular response in high-dose imatinib studies
Study

Outcome reported

Definition

Breccia et al. (2010)9

MMR

BCR–ABL/ABL ratio < 0.1%

Complete molecular
response

BCR–ABL/ABL ratio < 0.001

Kantarjian et al. (2007),6 (2009)7

MMR

BCR–ABL level ≤ 0.1 on the international scale based on standard methodology
(references cited)

Koh et al. (2010)10

Early molecular response

A molecular reduction > 50% within 6 months

TABLE 19 Molecular response to high-dose imatinib
Study
Breccia et al. (2010)

9

Kantarjian et al. (2007),6 (2009)7

Length of follow-up (months)

Dose (mg)

Complete

36, median

600 or 800

10/74 = 13.5 %

15b

400 b.i.d.

2/49 = 4.1 %

Koh et al. (2010)10

6/49 = 12.2 %

Early

26

400 b.i.d.

6

600 or 800d

40/71 = 56.3 %

12

600 or 800d

Not reported

c

a

Major

AP, accelerated phase; BC, blast crisis; CP, chronic phase; HDI, high-dose imatinib.
a Study included CP (n = 64), AP (n = 3) and BC (n = 4).
b At median follow-up of 15 months (range 1 to 21 months), 80% of HDI participants had crossed over to alternative treatment, median
treatment duration 3.1 months (range 0.2 to 15.6 months). Data before crossover presented.
c At study median follow-up of 26 months (range 6.9 to 32.7 months), 80% of HDI participants had crossed over to alternative treatment,
median treatment duration 3 months (range 0.16 to 26.3 months). Data before crossover presented.
d Dose escalation to 800 mg/day permitted in participants with AP or BC.
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of participants receiving high-dose imatinib, and in 55.6% (5/9) of those who had a complete
cytogenetic response and a molecular response assessment. A complete molecular response was
found in 13.5% of participants by Breccia and colleagues,9 whereas Koh and colleagues reported
that 56.3% of participants achieved a molecular reduction > 50% within 6 months.10

Time to treatment failure
Median time to treatment failure was 18.0 months (range not reported) for all participants
(n = 71) in the study by Koh and colleagues.10 For chronic phase participants (n = 64) it was
27 months, for accelerated-phase participants (n = 3) it was 2.5 months and for blast-crisis-phase
participants (n = 4) it was 4.0 months.10 Median time to treatment failure was 3.5 months (95% CI
3.3 to 3.8 months) with high-dose imatinib in the 2007 publication by Kantarjian and colleagues,6
but was not reported in the 2009 study with longer follow-up.7 However, the authors reported
that the estimated proportion of participants without treatment failure at 24 months was 18%.7
Progression-free or event-free survival
Three of the included studies reported progression‑free survival (progression-free survival)
or event-free survival.6–9 These are reported together, as the definitions, although differing
slightly (Table 20), appear to be measuring similar outcomes. Table 21 provides a summary
of the available data detailing progression-free survival with high-dose imatinib. Rajappa and
colleagues8 reported estimated event-free survival of 34% at 2 years, whereas a higher estimated
progression-free survival is reported by the other two studies (65%7 and 87%9).
TABLE 20 Definitions of progression-free survival and event-free survival used in high-dose imatinib trials
Study

Definition

Breccia et al. (2010)9

PFS
Defined from the time of the start of imatinib to progression to an advanced phase of the disease

Kantarjian et al.
(2007),6 (2009)7

PFS
Defined as the time from randomisation until:
1. progression of disease as reported by the investigator defined as the first occurrence of any of the following:
■■

development of AP-CML: presence of ≥ 15% blasts in the blood or bone marrow, ≥ 30% blasts plus promyelocytes
in the blood or bone marrow, ≥ 20% peripheral basophils

■■

development of BC-CML: presence of ≥ 30% blasts in the blood or bone marrow or extramedullary involvement
(e.g. chloromas), but not hepatosplenomegaly

■■

loss of CHR: confirmed CHR and subsequently no longer met CHR criteria consistently on all assessments over a
minimum of a 2-week period

■■

loss of MCyR: achieved MCyR on treatment and subsequently no longer met MCyR criteria, and had ≥ 30%
increase in Ph+ metaphases on two cytogenetic analyses performed at least 4 weeks apart

■■

increasing WBCs: a doubling of WBCs from the nadir to > 20,000/mm3 or an increase by > 50,000/mm3 on
two occasions at least 2 weeks apart in a subject who had never strictly had a CHR despite receiving maximally
tolerated doses of therapy

2. death
3. discontinuation of treatment owing to progression prior to crossover
Rajappa et al. (2010)8

Event-free survival
Time from dose escalation to loss of CHR or CCyR
Failure to achieve CHR at 3 months
Progression to AP or BC
No CyR at 6 months
Less than MCyR at 12 months
No CCyR at 18 months or death from any cause

AP, accelerated phase; AP-CML, accelerated-phase chronic myeloid leukaemia; BC, blast crisis; BC-CML, blast-crisis chronic myeloid leukaemia;
CCyR, complete cytogenetic response; CyR, cytogenetic response; MCyR, major cytogenetic response; PFS, progression-free survival; WBC, white
blood cell.
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TABLE 21 Estimated progression-free survival or event-free survival with high-dose imatinib
Study

Follow-up (months)

Dose (mg)

n

36, median

600 or 800

74

Kantarjian et al. (2007),
(2009)7

a

15

400 b.i.d.

49

26b

400 b.i.d.

49

0.65

Rajappa et al. (2010)8

18

800

90

0.34

Breccia et al. (2010)9
6

6 months

12 months

18 months

24 months
0.87

0.73

0.73

HDI, high-dose imatinib.
a At median follow-up of 15 months (range 1 to 21 months), 80% of HDI participants had crossed over to alternative treatment, median
treatment duration 3.1 months (range 0.2 to 15.6 months). Data before crossover presented.
b At study median follow-up of 26 months (range 6.9 to 32.7 months), 80% of HDI participants had crossed over to alternative treatment,
median treatment duration 3 months (range 0.16 to 26.3 months). Data before crossover presented.

TABLE 22 Estimated overall survival with high-dose imatinib
Study

Median follow-up (months)

Dose (mg)

n

24 months

Breccia et al. (2010)

36

600 or 800

74

0.85

Rajappa et al. (2010)8

18

800

90

0.93

9

TABLE 23 Haematological AEs (%)
All grades

Grades 3 and 4

AE

Breccia et al. (2010),9
600 or 800 mg (n = 74)

Kantarjian et al. (2009),7
400 mg b.i.d. (n = 49)

Anaemia

0, 2b

Leucopenia

8

Koh et al. (2010),10
600 or 800 mg (n = 71)

a

16.9

16

Neutropenia

0, 3b

Thrombocytopenia

Rajappa et al. (2010),8
800 mg (n = 90)
30
31

39

18.3

39

14

0

21

AP, accelerated phase; BC, blast crisis; CP, chronic phase.
a Study included CP (n = 64), AC (n = 3) and BC (n = 4).
b In 600 mg/day (n = 54) and 800 mg/day (n = 20) subgroups, respectively.

Overall survival
Two studies reported overall survival (Table 22) of individuals in chronic-phase CML,8,9 although
the definitions differ. Breccia and colleagues9 defined overall survival as the time from diagnosis
to death or date of last follow-up, and reported an estimated 2-year overall survival of 85%.
Rajappa and colleagues8 defined overall survival as time from dose escalation to death owing to
any cause, and reported an estimated 2-year overall survival of 93%.
Adverse events
Haematological AEs were reported by all included studies (Table 23). Breccia and colleagues9
reported a low proportion of participants experiencing anaemia and neutropenia (grade not
reported). The other three studies reported grades 3–4 haematological AEs, with anaemia
occurring in 8%7 to 30%8 of participants, neutropenia in 18%10 to 39%7,8 of participants,
leucopenia in 16%7 to 31%8 of participants, and thrombocytopenia in 0%10 to 21%8
of participants.
The most commonly reported AEs of any grade were anorexia, diarrhoea, fatigue, muscle spasms,
musculoskeletal pain, nausea, superficial or peripheral oedema and rash (Table 24); however, the
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TABLE 24 Non-haematological AEs (%)
All grades
Breccia et al.
(2010),9 600 or
800 mg (n = 74)

AE

Grades 3 and 4
Kantarjian et al.
(2009),7 400 mg
b.i.d. (n = 49)

Abdominal pain

8

Anorexia

8

Asthenia

4

Bleeding

8

Diarrhoea

29

Dyspnoea

4

a
Koh et al.
(2010),10 600 or
800 mg (n = 71)

Rajappa et al.
(2010),8 800 mg
(n = 90)

Kantarjian et al.
(2009),7 400 mg
b.i.d. (n = 49)

29 or 26b

0

a
Koh et al.
(2010),10 600 or
800 mg (n = 71)

2
0
0
27

2
0

Dyspepsia

14

Fatigue

22

Headache

10

2

6

0

Infection
Muscle spasms

30

4

20, 30

c

Musculoskeletal pain

12

39

Mucositis/oral ulcers

2

10

Nausea

33

0

Nausea/vomiting

11

Oedema

2.8

Peripheral oedema

2.8

35, 40c

Pleural effusion

0

0

Pyrexia

10

Rash

20

27

0

Superficial oedema

43

61

0

Upper respiratory
tract infection or
inflammation

6

0

Vomiting

24

0

0

AP, accelerated phase; BC, blast crisis; CP, chronic phase.
a Study included CP (n = 64), AC (n = 3) and BC (n = 4).
b Two values reported in paper, unclear which is correct.
c For 600 mg (n = 54) and 800 mg (n = 20) subgroups, respectively.

reported proportions varied between the studies. Grades 3 and 4 AEs appeared to be fairly rare,
with none occurring in more than 4% of the cohort in the two studies reporting this outcome.7,10
Treatment discontinuation due to AEs was reported by three6–8,10 of the four studies and ranged
from 0%10 to 20.4%7 (Table 25).

Summary of effectiveness of high-dose imatinib
■■
Four studies (one RCT and three single-arm cohort studies) provided data on the
effectiveness of high-dose imatinib.
■■
The RCT had serious methodological flaws. A high proportion (80%) of participants in the
high-dose imatinib arm of the RCT crossed over to the alternative treatment after a median
duration of 13 weeks. As such, the individual treatment arms were considered as noncomparative evidence. This is in line with the approach taken in the PenTAG AR.2
■■
The single-arm studies appear to be at high risk of bias and may be of limited relevance to
CML patients in a UK setting.
© Queen’s Printer and Controller of HMSO 2012. This work was produced by Loveman et al. under the terms of a commissioning contract issued by
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TABLE 25 Discontinuations due to AEs
Study

Length of follow-up (months)

Dose (mg)

Discontinuation

Kantarjian et al. (2007),6 (2009)7

15a

400 b.i.d.

9/49 = 18.4 %

26

400 b.i.d.

10/49 = 20.4 %

c

Koh et al. (2010)10

12

600 or 800

0/71 = 0 %d

Rajappa et al. (2010)8

18

800

3/90 = 3.3 %

b

AP, accelerated phase; BC, blast crisis; CP, chronic phase; HDI, high-dose imatinib.
a At median follow-up of 15 months (range 1 to 21 months), 80% of HDI participants had crossed over to alternative treatment, median
treatment duration 3.1 months (range 0.2 to 15.6 months).
b At study median follow-up of 26 months (range 6.9 to 32.7 months), 80% of HDI participants had crossed over to alternative treatment,
median treatment duration 3 months (range 0.16 to 26.3 months).
c Study included CP (n = 64), AC (n = 3) and BC (n = 4)
d Number who stopped imatinib owing to ‘intolerable toxicity’.

■■
■■
■■
■■
■■
■■
■■
■■
■■
■■
■■

Complete cytogenetic response was achieved by 18–36% of individuals.
Major cytogenetic response was achieved by 33–64% of individuals.
One study reported that around three-quarters of individuals maintained their major
cytogenetic response at 18 months.
Complete haematological response was achieved by 56–92% of individuals.
Event-free survival of 2 years or more occurred in only 34% of individuals in one study.
progression-free survival was estimated as 65–87% in two other studies.
Overall survival was reported by two studies, which found that 85–93% of people are
expected to survive 2 years or more.
Haematological AEs (grades 3–4) occurred in up to 40% of individuals.
Non-haematological events also occurred, with anorexia, diarrhoea, fatigue, muscle spasms,
musculoskeletal pain, superficial oedema and rash reported in varying proportions.
Grades 3–4 non-haematological AEs were fairly rare, with none occurring in more than 5%
of individuals.
Between 0% and 20% of study participants discontinued high-dose imatinib owing to AEs.
These results should be interpreted with caution owing to the methodological limitations of
the included studies.
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Chapter 4
Economic analysis
Systematic review of existing cost-effectiveness evidence
The aim of this section is to assess through a systematic review of the literature the costeffectiveness of dasatinib, high-dose imatinib and nilotinib compared with each other and with
other treatment options in participants with CML resistant to standard-dose imatinib.

Methods of the systematic review
The methods used for the systematic review, including the search strategy, inclusion criteria
and data extraction, are shown in Chapter 2. Quality assessment was undertaken using a critical
appraisal checklist adapted by the review authors from checklists by Philips and colleagues,12
Drummond and colleagues13 and the NICE reference case requirements.14
Quantity of existing cost-effectiveness literature
A total of 154 potentially relevant references were identified by the cost-effectiveness searches.
Of these, the full text of one paper was retrieved and this study met the a priori inclusion criteria.
A summary of the selection process is presented in Figure 2. Full data extraction of the study is
given in Appendix 5.

Critical appraisal of the economic evaluation
The included cost-effectiveness study by Ghatnekar and colleagues15 was assessed against the
critical appraisal checklist (Table 26).
The cost-effectiveness study appears credible, but its generalisability to the UK is uncertain.
The use of a surrogate outcome (response to treatment) is less than ideal, but appears to be
accepted practice in the study of CML (see subsequent discussion of models by manufacturers
and PenTAG2).
Total identified from
searching (after
deduplication)
n = 154

Titles and abstracts
inspected

Excluded
n = 153

References for retrieval
and screening
n=1

No full papers
excluded

Studies described in our review n = 1

FIGURE 2 Flow chart of identification of studies for inclusion in the review of cost-effectiveness.
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TABLE 26 Critical appraisal checklist of the included economic evaluation

Question

Ghatnekar and
colleagues (2010)15

1

Is there a clear statement of the decision problem?

Yes

2

Is the comparator routinely used in UK NHS?

Yes

3

Is the patient group in the study similar to those of interest in the UK NHS?

Yes

4

Is the health-care system comparable to the UK?

Unclear

Swedish system

5

Is the setting comparable to the UK?

Unclear

Swedish practice

6

Is the perspective of the model clearly stated?

Yes

7

Is the study type appropriate?

Yes

8

Is the modelling methodology appropriate?

Yes

9

Is the model structure described and does it reflect the disease process?

Yes

10

Are assumptions about the model structure listed and justified?

Unclear

11

Are the data inputs for the model described and justified?

Yes

12

Is the effectiveness of the intervention established based on a systematic review?

No

13

Are health benefits measured in QALYs?

Yes

14

Are health benefits measured using a standardised and validated generic
instrument?

Yes

15

Are the resource costs described and justified?

Yes

16

Have the costs and outcomes been discounted?

Yes

17

Has uncertainty been assessed?

Yes

18

Has the model been validated?

Unclear

Item

Comments

Not listed but some in text
Phase II trial
Reported as EQ-5D

No details given

EQ-5D, European Quality of Life-5 Dimensions; QALY, quality-adjusted life-year.

Description and results of the published economic evaluation
Ghatnekar and colleagues15 conducted an economic evaluation on the cost-effectiveness of
dasatinib treatment versus high-dose imatinib in chronic-phase CML patients in Sweden who
were resistant to standard-dose imatinib. The characteristics of the study, which was funded by
BMS,3 are shown in Table 27.
The results from the analysis are expressed in incremental cost per quality-adjusted life-year
(QALY) gained. In line with Swedish clinical guidelines, both costs and benefits are presented
with a lifetime societal perspective and discounted by 3% per year. Costs were in euros and the
price year was 2008. The study used benefits in terms of response to treatment taken from a
clinical trial of patients in chronic-phase CML who were resistant to standard doses of imatinib.

Modelling approach of Ghatnekar and colleagues
A Markov cost-effectiveness model was developed to calculate the costs and effects associated
with dasatinib treatment compared with high-dose imatinib among patients who were confirmed
to be resistant to lower doses (≤ 600 mg) of imatinib (Figure 3). The model is an adaptation to
Swedish treatment practice of a model developed for the Scottish Medicines Consortia. It uses
monthly cycles with probabilities of a health state change, and all patients were assumed to start
treatment in chronic phase. The response to treatment after an initial 12-week treatment period
determines the disease progression within the four health states: chronic phase, accelerated
phase, blast-crisis phase and death (from either CML- or non-CML-related causes). At each
monthly cycle the patients face the probability of staying in the same health state or moving to
the next. Progression data are taken from several published sources. Patients enter the model at
the age of 60 years.
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TABLE 27 Characteristics of the economic evaluation
Author

Ghatnekar and colleagues (2010)15

Publication year

2010

Country

Sweden

Funding source

BMS

Study type

Cost–utility analysis

Perspective

Societal

Study population

Patients confirmed to be resistant to lower doses of imatinib (≤ 600 mg)

Intervention(s)

Dasatinib: 140 mg/day
Imatinib: 800 mg/day

Intervention effect

Response to treatment
No response: dasatinib 7.9% patients, imatinib 18.4% patients
CHR: dasatinib 57.4% patients, imatinib 53.1% patients
PCyR: dasatinib 13.9% patients, imatinib 20.4% patients
CCyR: dasatinib 20.8% patients, imatinib 8.2% patients

Intervention cost

Monthly costs (€)
Imatinib 800 mg/day 4869
Dasatinib 140 mg/day 4239

Currency base

€ (2008)

Model type, health
states

Markov model with patients starting in CP, who after 12-week initial treatment period can progress to AP then BC then
death; probabilities by response to treatment

Time horizon

Lifetime

Baseline cohort

Patients in CP-CML confirmed to be resistant to lower doses of imatinib (≤ 600 mg) aged 60 years
Dasatinib

HDI

Total direct costs

€350,960

€346,507

Total societal costs

€504,532

€500,281

LYs

6.37

5.69

QALYs

5.19

4.57

Base-case results

ICER (LYs, societal)

€6332

ICER (QALYs, societal)

€6880

ICER (LYs, direct)

€6645

ICER (QALYs, direct)

€7207

AP, accelerated phase; BC, blast crisis; CCyR, complete cytogenetic response; CP, chronic phase; CP-CML, chronic-phase chronic myeloid
leukaemia; HDI, high-dose imatinib; LY, life-year; PCyR, partial cytogenetic response; QALY, quality-adjusted life-year.
PCyR typically defined as between 1% and 35% of Philadelphia-positive chromosomes in metaphase in bone marrow.

Assumptions made by Ghatnekar and colleagues
■■
The better the initial response to treatment, the slower the expected cohort
disease progression.
■■
It is not possible to move from chronic phase to blast-crisis phase directly; the probability
of CML-related death is dependent on the health state and the treatment response of
the patient.
■■
Utilities are assumed to be the same for both study groups.
■■
Adverse event rates are limited to the first month only; no disutility weights are used for AEs
and patients are assumed to continue with study medication.
■■
Patients are treated until disease progression.
Effectiveness of intervention
The effectiveness outcome of the interventions used in the model was best initial response
rate, taken from a 12-week head-to-head clinical trial of dasatinib versus high-dose imatinib
© Queen’s Printer and Controller of HMSO 2012. This work was produced by Loveman et al. under the terms of a commissioning contract issued by
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IM-resistant
CP-CML

CHR, PCyR, CCyR

Chronic
phase

No response

Accelerated
phase

Blast
phase

Death

FIGURE 3 Markov model structure starting with imatinib-resistant chronic-phase CML (adapted from Ghatnekar et
al.15). CCyR, complete cytogenetic response (typically defined as no Ph+ chromosomes in metaphase in bone marrow);
CP-CML, chronic-phase chronic myeloid leukaemia; PCyR, partial cytogenetic response (typically defined as between
1% and 35% of Philadelphia-positive (Ph+) chromosomes in metaphase in bone marrow).

(Kantarjian and colleagues,6 see Chapter 3, Effectiveness of dasatinib: update of Peninsula
Technology Assessment Group assessment report). The proportions of patients in the dasatinib
group and the high-dose imatinib group, respectively, were 7.9% and 18.4% for no response;
57.4% and 53.1% for CHR; 13.9% and 20.4% for partial cytogenetic response; and 20.8% and
8.2% for complete cytogenetic response.

Estimation of quality-adjusted life-years
Utility weights for each health state were reported to have been elicited from a time trade-off
(TTO) technique using the European Quality of Life-5 Dimensions (EQ-5D) instrument among
100 laypersons in the UK and applied to both the dasatinib and imatinib arms by Levy and
colleagues.16 For the base-case analysis these were 0.90 for chronic phase responder, 0.72 for
chronic phase non-responder, 0.53 for accelerated phase and 0.29 for blast-crisis phase.
Estimation of costs
The average number of resources used per patient and month in each health state was elicited
from two Swedish clinical haematologists. Direct health care-related costs for drugs and other
health-care resources were taken from published Swedish statistics. Costs for study medication
are added each month the patient is in chronic phase. Inpatient costs correspond to a bed-day at
a haematological clinic plus one haematologist visit per day. The cost of thrombocyte transfusion
is based on a regional cost-per-patient study, inflated to year 2008.
Indirect costs in terms of production loss were estimated using the human capital approach, with
an average monthly salary for individuals aged 45–64 years including payroll taxes of 41%. The
workforce participation was assumed to be 85% among patients with CML patients who were
under 65 years, recommended by clinical experts, as not all patients are in the labour market
for reasons other than CML diagnosis. The expected increase in public consumption owing to
extended survival resulting from either treatment was included in the analysis [increased survival
costs equal total consumption less total production during life-years gained (LYGs), according to
Swedish guidelines on economic evaluation].
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Cost-effectiveness results
The results showed that patients with chronic-phase CML, who are resistant to standard-dose
imatinib gain, on average, 0.67 LYs or 0.62 QALYs when treated with dasatinib compared
with high-dose imatinib. The incremental societal cost amounts to €4250 during the lifetime
period or €6880 per QALY gained. The indirect costs of production losses and increased public
consumption almost cancel out.
In the one-way sensitivity analysis, dasatinib is a dominant treatment option in a 10-year time
horizon (both cost saving and generating more benefit). Probabilistic sensitivity analysis results
fall below the derived willingness to pay (WTP) for a QALY in Sweden.

Summary of key issues
■■
It is unclear how generalisable the model parameters and results are to the UK as the study
was conducted in Sweden and takes a societal perspective. In particular, non-medical costs
are included, and it is unclear what the results would be if the study were adapted for the UK.
■■
Adequate details are provided on the model structure and the methodology used, and results
obtained seem credible.
■■
There are some methodological limitations and uncertainties, such as the use of a surrogate
measure of effectiveness (response rate) from a single Phase II trial and probability data are
taken from a range of sources.
■■
No base treatment has been used so the study is slightly different from the scope of
this appraisal.
■■
Patients receive treatment until disease progression.

SHTAC assessment of the manufacturers’ submissions and the
PenTAG assessment report evaluation
A structured data extraction form was used to guide the review of the submissions to NICE from
Novartis4 (nilotinib) and BMS3 (dasatinib), respectively (see Appendix 5), and also the PenTAG
AR2 economic evaluation to aid the interpretation of the subsequent update. Characteristics of
the submitted economic evaluations are shown in Table 28, with critical appraisal in Table 29.
This is followed by description of the methodology used, results and key issues.

Characteristics of manufacturers’ models and the PenTAG assessment
report model
Novartis
The Novartis submission4 includes an economic evaluation on the cost-effectiveness of nilotinib
versus high-dose imatinib for the treatment of adult patients with chronic-phase CML who
are resistant to prior standard-dose imatinib therapy. An exploratory analysis versus stem cell
transplantation/hydroxycarbamide is also presented in an appendix. Extrapolations within the
analysis are based on time to discontinuation (TTD) of treatment and overall survival to predict
lifetime costs, QALYs and LYs. All analyses were conducted from a UK NHS and Personal Social
Services (PSS) perspective using a lifetime horizon, with costs and benefits discounted at a rate of
3.5%. Costs were in UK pounds and the price year was 2009–10.
Bristol-Myers Squibb
The BMS submission3 includes an economic evaluation on the cost-effectiveness of dasatinib,
nilotinib and high-dose imatinib compared with standard-dose imatinib, allo-stem cell
transplantation, hydroxycarbamide, interferon alfa, acute leukaemia-style chemotherapy and
best supportive care, for patients with CML who are resistant to imatinib. The model uses best
initial response to treatment to predict QALYs, progression-free survival and LYs. Analyses are
© Queen’s Printer and Controller of HMSO 2012. This work was produced by Loveman et al. under the terms of a commissioning contract issued by
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TABLE 28 Characteristics of submitted economic evaluations
Author

Novartis 20104

BMS3

PenTAG AR2

Study population

Patients with standard-dose imatinibresistant CP-CML

Patients with CML who are resistant to
imatinib

Patients resistant to imatinib with CPCML

Intervention(s)

Nilotinib: 800 mg/day

Dasatinib: CP 100 mg/day

Dasatinib: CP 100 mg/day

HDI: 800 mg/day

AP/BC 140 mg/day

Nilotinib: 800 mg/day

SCT: Allo-SCT as third-line therapy if
appropriate

Nilotinib: 800 mg/day

Imatinib: doses increased to
800 mg/day in the absence of SAE

HU: 2 g/day as third-line therapy

Imatinib: doses increased to 800 mg
per day in the absence of SAE

IFN-α: 8.65 MU/day

SCT/HU: second-line exploratory
analysis
Intervention effect

OS and TTD

Dasatinib: 8.1% NR, 33.1% CHR,
15.3% PCyR, 43.5% CCyR

MCyR

Imatinib 400 mg: 100% NR

Nilotinib: 52.4%

HDI: 12-month OS 96%; 24-month OS
84%; duration of treatment 14 months

Imatinib 600 mg: 56.4% NR, 15.4%
CHR, 28.2% PCyR, 0% CCyR

HDI: 44%

SCT: 5-year OS 34%

Imatinib 800 mg: 32.1% NR, 13.3%
CHR, 14.2% PCyR, 40.5% CCyR

PFS

Nilotinib: 24-month OS 86%; duration
of treatment: not stated

HU: 5-year OS 16%; survival in
AP, 9.14 months; survival in BC,
9.89 months

Nilotinib: 6.0% NR, 35.0% CHR, 18.0%
PCyR, 41.0% CCyR
IFN-α: 100% NR. SCT: 100% NR

Dasatinib: 58.1%

IFN-α: 22%
Dasatinib: 0.77 at 24 months
Nilotinib: 0.864, 0.769, and 0.632 at 6,
12 and 18 months
HDI: 0.81, 0.57, 0.29 at 12, 24 and
48 months
Survival in AP: 9.64 months
Survival in BC: 13.12 months

Intervention cost

Quarterly costs

Monthly costs

Two-month cycle

Nilotinib: £7928

Dasatinib: £2,504.96

Dasatinib: £5080

HDI: £10,490

Imatinib 400 mg: £1604.08

Imatinib: £6505

HU (2 g daily): £38.00

Imatinib 600 mg: £2406.12

Nilotinib: £5286

Allo-SCT (first 100 days) £79,380

Imatinib 800 mg: £3208.16

IFN-α: £1486

Nilotinib: £2613.05
Model type

Markov model to simulate the transition
of a hypothetical cohort of 1000
patients in CP who progress to AP, then
BC, then death

Markov model to predict the health
changes and resulting costs for patients
starting dasatinib treatment in each
of the three phases of CML: CP, AP
and BC

Survival model to predict duration,
QALYs and costs, in CP (on or off
treatment), AP and BC, and OS in
hypothetical cohort of 1000 patients
in CP

Baseline cohort

An equal number of male and female
patients aged 57 years

Patients starting in CP: age 56 years,
50% male

A cohort of 1000 patients with an
assumed age of 56 years

Patients starting in AP: age 56 years,
56% male
Patients starting in BC: age 48 years
(myeloid), 49 years (lymphoid)
Base-case results

Nilotinib dominates HDI (i.e. is less
costly and more effective than HDI)
ICER for nilotinib vs SCT/HU is £44,028

Dasatinib dominates HDI, nilotinib and
SCT

ICER for nilotinib vs IFN-α is £44,616
Nilotinib dominates HDI
ICER for dasatinib vs nilotinib is
£277,698

AP, accelerated phase; BC, blast crisis; CCyR, complete cytogenetic response; CP, chronic phase; CP-CML, chronic-phase chronic myeloid
leukaemia; HDI, high-dose; imatinib; HU, hydroxycarbamide; ICER, incremental cost-effectiveness ratio; IFN-α, interferon alfa; MCyR, major
cytogenetic response; MU/day, million units per day; NR, no response (manufacturer’s definition); OS, overall survival; PCyR, partial cytogenetic
response; SAE, serious adverse event; SCT, stem cell transplantation.
CCyR typically defined as no Philadelphia-positive (Ph+) chromosomes in metaphase in bone marrow; PCyR typically defined as between 1% and
35% of Ph+ chromosomes in metaphase in bone marrow; MCyR typically defined as ≤ 35% Ph+ chromosomes in metaphase in bone marrow
(study definitions may vary).
Exploratory analyses are shown in italic text.
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TABLE 29 Critical appraisal checklist of submitted economic evaluations
Item

Question

Novartis4

BMS3

PenTAG2

1

Is there a clear statement of the decision problem?

Yes

Yes

Yes

2

Is the comparator routinely used in UK NHS?

Yes

Yes

Unclear

3

Is the patient group in the study similar to those of interest in the UK NHS?

Yes

Yes

Yes

4

Is the health-care system comparable to the UK?

Yes

Yes

Yes

5

Is the setting comparable to the UK?

Yes

Yes

Yes

6

Is the perspective of the model clearly stated?

Yes

Yes

Yes

7

Is the study type appropriate?

Yes

Yes

Yes

8

Is the modelling methodology appropriate?

Yes

Yes

Yes

9

Is the model structure described and does it reflect the disease process?

Yes

Yes

Yes

10

Are assumptions about the model structure listed and justified?

Yes

Yes

Yes

11

Are the data inputs for the model described and justified?

Yes

Yes

Yes

12

Is the effectiveness of the intervention established based on a systematic review?

Yes

Yes

Yes

13

Are health benefits measured in QALYs?

Yes

Yes

Yes

14

Are health benefits measured using a standardised and validated generic instrument?

Yes

Yes

Yes

15

Are the resource costs described and justified?

Yes

Yes

Yes

16

Have the costs and outcomes been discounted?

Yes

Yes

Yes

17

Has uncertainty been assessed?

Yes

Yes

Yes

18

Has the model been validated?

Unclear

Unclear

Yes

conducted from a UK NHS and PSS perspective, using a 40-year horizon with costs and benefits
discounted at 3.5%. Costs are presented in UK pounds for the base year 2009.

PenTAG assessment report
The PenTAG AR2 evaluation includes an economic evaluation on the cost-effectiveness of
dasatinib and nilotinib compared with high-dose imatinib for patients with CML who are
resistant to imatinib. An appendix considers these treatments compared with interferon alfa.
The model uses best initial response to treatment to predict overall survival, and trial data are
extrapolated for treatment duration and progression-free survival. Analyses are conducted from a
UK NHS and PSS perspective using a lifetime horizon with costs and benefits discounted at 3.5%.
Costs are presented in UK pounds for the base year 2009–10.
Critical appraisal of submitted models
In general, all three economic evaluations were appropriately conducted according to the
checklist used to assess study quality. However, there are concerns with some of the data used
to populate the models and therefore the reliability of the results, which is acknowledged in all
three reports. The models are discussed, in turn, below, followed by a comparison of the three
approaches and their results.
Description of each of the modelling approaches and results
Novartis
Modelling approach
A Markov model was developed to simulate the transition of a hypothetical cohort of 1000
patients resistant to standard-dose imatinib over their lifetime (Figure 4). The cycle length was
1 month for the first six cycles and then 3 months. An equal number of male and female patients
in chronic phase, aged 57 years, enter the model. At each cycle, patients have the probability
of remaining in chronic phase or progressing to accelerated-phase CML. Patients failing on
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Chronic
phase

Death:
non-CML
causes

Accelerated
phase

Blastic
phase

Death:
CML
causes

FIGURE 4 Markov model health states used in the Novartis model.4

second-line treatment may remain in chronic phase and receive further treatment (stem cell
transplantation if eligible or hydroxycarbamide) before progressing to accelerated phase/blastcrisis phase. Patients can then progress from accelerated phase to blast-crisis phase and, finally,
from blast-crisis phase to death. Patients are able to remain in chronic phase, accelerated phase
or blast-crisis phase for more than one cycle and they may die from other causes in chronic phase
and accelerated phase. Patients may die from CML only in blast-crisis phase. On progression to
accelerated phase, patients receive hydroxycarbamide, based on clinical opinion. TTD and overall
survival were used to predict lifetime costs, LYG and QALYs.

Assumptions used in the Novartis model4
■■
All patients in either the nilotinib arm or high-dose imatinib arm are assumed to
receive treatment until treatment failure, when it is assumed they receive allo-stem cell
transplantation as a third-line option, if eligible, otherwise hydroxycarbamide; this is
assumed to occur before progression to accelerated phase. Patients in both arms who
progress to accelerated phase or blast crisis receive hydroxycarbamide.
■■
All patients are assumed to have died of CML or other causes by the age of 100 years.
■■
Patients may stop taking nilotinib prior to progression to the next phase of treatment, so
TTD of treatment is used in the model, rather than progression-free survival, to provide an
estimate of time on nilotinib.
■■
It was assumed that 10% of patients who discontinued treatment owing to AEs would
progress from chronic phase to accelerated phase.
■■
Utilities were assumed to be independent of drug therapy and time; also utility values for
accelerated phase and blast-crisis phase were assumed to be the same.
Estimation of effectiveness
Overall survival for nilotinib was estimated as 86% from the clinical study (CAMN107A2101)
at 24 months’ follow-up. TTD is a Kaplan–Meier estimate of duration of exposure defined as the
time difference (days) between the first dose and last dose. Long-term survival was extrapolated
from the study data using an exponential curve as this provided a good fit to current data.
Overall survival and TTD data were taken from a study by Kantarjian and colleagues17 for
high-dose imatinib.
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To model stem cell transplantation after failure of nilotinib or high-dose imatinib the outcome
of stem cell transplantation was based on a risk score in order to take account of patient
characteristics. Thus, the model uses outcomes based on patients with a risk factor score
of 4 with a 5-year survival of 34%.18 Time on hydroxycarbamide following nilotinib failure
was estimated based on the time in chronic phase following discontinuation of nilotinib or
imatinib, by considering the difference between progression-free survival and TTD curves.
An exponential curve was fitted to this difference and provided an estimate of 5-year survival
of 16%. The effectiveness of hydroxycarbamide is assumed to be the same regardless of the
positioning of hydroxycarbamide in the treatment pathway and the same data are used for the
exploratory analysis.

Estimation of quality-adjusted life-years
Utility values were assigned to the different health states derived from a study by Reed and
colleagues19,20 [the International randomized study of interferon versus ST1571 (IRIS)] using
the EQ-5D. A utility decrement was used for patients experiencing grade 3 or 4 AEs during the
first 18 months of treatment in chronic phase, taken from evidence in the nilotinib clinical trial
(CAMN107A2101). A decrement was applied to the long-term utility for 52% patients following
stem cell transplantation.
The utility values for chronic phase, accelerated phase and blast-crisis phase were 0.854, 0.595
and 0.595, respectively. Disutilities for AEs, taken from various sources, were 0.049 for nilotinib,
0.027 for high-dose imatinib, 0.00 for hydroxycarbamide and 0.079 for stem cell transplantation.
The authors assumed the same utilities for both the accelerated-phase/blast-crisis-phase
health states.

Estimation of costs
Costs, adjusted to 2009–10 prices, include routine appointments (taken from NHS reference
costs 2006/7),21 end-of-life care and treatment for managing AEs. The costs of the drugs were
taken from the British National Formulary (BNF) 2010, except for high-dose imatinib, which
used a cost that reflected a future cost increase (commercial in confidence at time of review).
Where published data were not available, advice was sought from clinical experts. Most of the
uncertainty was around the costs for stem cell transplantation; however, this was stated not to
affect the overall results given that upon failure of nilotinib or high-dose imatinib patients follow
a similar treatment pathway.
The quarterly cost of nilotinib is £7928 and of high-dose imatinib is £10,490.

Cost-effectiveness results
The results for patients with chronic-phase CML who are resistant to imatinib indicate that
nilotinib dominates high-dose imatinib, i.e. nilotinib is less costly and more effective than highdose imatinib. The incremental cost per QALY gained is –£30,513 (Table 30). In the exploratory

TABLE 30 Incremental cost-effectiveness ratio (ICER) for imatinib-resistant patients aged 57 years
Intervention

Costs (£)

LYs (£)

QALYs (£)

ICER (LYG) (£)

ICER (QALY) (£)

HDI

146,234

5.53

4.28

Nilotinib

139,216

5.80

SCT/HU

80,933

4.21

4.51

–26,006

–30,513

3.18

36,748

44,028

HDI, high-dose imatinib; HU, hydroxycarbamide; SCT, stem cell transplantation.
Exploratory analysis is shown in italic text.
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analysis compared with stem cell transplantation/hydroxycarbamide, the incremental cost per
QALY gained for nilotinib is £44,028.
A range of efficacy assumptions, health utilities, costs and other parameters were considered in
sensitivity analyses. For the deterministic sensitivity analyses, most incremental cost-effectiveness
ratios (ICERs) are close to the base-case result of –£30,000, except for the 5-year time horizon,
which gives an ICER of –£82,000 (due to delayed treatment benefit), and for extending high-dose
imatinib TTD from 14 months to 19.4 months, which gives an ICER is £201,871 (higher costs of
high-dose imatinib treatment with marginal QALY gain for high-dose imatinib vs nilotinib).
Probabilistic sensitivity analysis was undertaken to explore the impact of joint uncertainty in all
model parameters on the cost-effectiveness results. The uncertainty around costs was represented
based on the interquartile ranges presented within the NHS reference costs where available.
Costs were assumed to have a gamma distribution. Quality of life (QoL) of the health states was
varied using the uncertainty reported by Reed and colleagues.19,20 The uncertainty within the
TTD curves was based on beta distributions, with alpha and beta parameters representing the
number of people who have discontinued and not discontinued, respectively. The uncertainty
relating to nilotinib and high-dose imatinib is assumed to be correlated. Results give an ICER of
–£86,413 per QALY gained. From cost-effective acceptability curves nilotinib is predicted to be
cost-effective at a threshold of over £10,000 per QALY.

Summary of key issues
■■
The evaluation compared nilotinib, high-dose imatinib and stem cell transplantation/
hydroxycarbamide, but did not include dasatinib.
■■
It is not clear if stem cell transplantation/hydroxycarbamide is an appropriate comparator.
■■
The derivation of parameters, such as progression to accelerated phase and blast-crisis phase,
is poorly explained.
■■
Overall survival estimates appear low, but the reasons for this are unclear.
Bristol-Myers Squibb
Modelling approach
A Markov model was developed to predict the health changes and resulting costs for patients
starting dasatinib treatment in each of the three phases of CML: chronic phase, accelerated phase
and blast-crisis phase (Figure 5). It is not stated whether this is a newly developed model or has
been adapted from a previously reported model. The model uses monthly cycles.
The authors state that the Markov process was considered appropriate, as it allows the
incorporation of the three disease phases, different response categories and the different rates

SAEs
Chronic
phase

Progressed

FIGURE 5 The BMS3 model. SAE, serious adverse event.

Dead
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of disease progression characteristic of CML, and the approach used has been used in previous
economic analyses in CML.
For chronic phase and accelerated phase, the model consists of three health states: ‘stable disease’,
‘progressed disease’ and ‘death’. For blast-crisis phase, the model consists of two states: ‘stable
disease’ and ‘death’. In each health state, five types of response to treatment are used in the model:
no response to treatment (NR); achieve CHR; achieve partial cytogenetic and CHR (partial
cytogenetic response); achieve complete cytogenetic and CHR (complete cytogenetic response);
and achieve a molecular response (MR).
The modelling incorporates two stages: (1) initial assessment of the patient’s initial best response
to treatment and (2) determination of the prognosis of the patient, based on his or her initial
best response. Initial best response rates were based on clinical trial data and, in some cases,
clinical opinion. As such, once the patients’ initial best response has been determined, they enter
a specific ‘submodel’ that links response with long-term prognosis rates (e.g. progression-free
survival, overall survival). The prognosis rates for different response groups were based on
evidence from the BMS 034 trial.22

Assumptions used in the Bristol-Myers Squibb3 model
■■
Response to treatment is assessed in the initial period; after that, it is assumed to remain at
the same level until disease progression.
■■
The efficacy of 800 mg imatinib is equivalent to 600 mg in accelerated phase and
blast-crisis phases.
■■
The efficacy of standard-dose imatinib and interferon alfa is zero.
■■
Patients cannot return to the chronic phase from advanced phases of CML.
■■
The probability of progressing to the next CML phase and death was estimated from the
progression-free survival and overall survival data for patients in a dasatinib trial (i.e.
BMS trial 034).22 The probability of progression or death was (other than by response)
independent of treatment.
■■
Beyond the trial period, progression rates were assumed to remain constant, at a rate equal to
that during the final year of follow-up.
■■
After failing imatinib, dasatinib or nilotinib, patients receive post-failure treatment (PFT).
■■
Progression rates and other input parameters for patients receiving PFT are assumed equal to
those used for non-responders.
■■
Patients receiving PFT incur the cost, but not the utility benefits.
■■
Utility values do not change over time, as long as the patient remains in the same health state.
■■
Where utility estimates for serious adverse events (SAEs) were not available from the nonCML literature a 5% (–0.05) decrement was assumed.
■■
Where resource use associated with an AE was not known, a cost of £100 was assumed.
■■
Monthly cost of bone marrow stem cell transplantation is based on an aggregate figure to
reflect the average costs for different prognoses post stem cell transplantation.
■■
Different utility values were used for response and no response groups.
Effectiveness of the interventions
Effectiveness data used in the model are the patient’s initial best response to treatment, which was
taken from various studies for the different interventions and is shown in Table 31.
The progression-free survival rates associated with each level of response (as observed in the
BMS 034 trial)22 are shown in Table 32.
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TABLE 31 Initial best response rate (chronic phase)
No response
(%)

CP
Dasatinib22

CHR
(%)

PCyR
(%)

CCyR
(%)

Survive SCT
(%)

Mortality
(%)

Follow-up
(months)

8.1

33.1

15.3

43.5

0.0

0.0

24

Imatinib 400 mga

100.0

0.0

0.0

0.0

0.0

0.0

NA

Imatinib 600 mg17

56.4

15.4

28.2

0.0

0.0

0.0

12

Imatinib 800 mg

32.1

13.3

14.1

40.5

0.0

0.0

61

6.0

35.0

18.0

41.0

0.0

0.0

19

100.0

0.0

0.0

0.0

0.0

0.0

NA

0.0

0.0

0.0

0.0

65.0

35.0

25

23

Nilotinibb
IFNa
Bone marrow SCT

b

CCyR, complete cytogenetic response; CP, chronic phase; IFN, interferon; NA, not applicable; PCyR, partial cytogenetic response; SCT, stem
cell transplantation.
a Assumption.
b Kantarjian et al. J Clin Oncol 2009b;27:abstract 7029.
PCyR, typically defined as between 1% and 35% of Philadelphia-positive (Ph+) chromosomes in metaphase in bone marrow (study definitions
may vary). CCyR, typically defined as no Ph+ chromosomes in metaphase in bone marrow.

TABLE 32 Progression-free survival rates associated with level of response (from BMS study 034)22
Month

No response (%)

CHR (%)

PCyR (%)

CCyR (%)

MCyR (%)
100.0

0

100.0

100.0

100.0

100.0

6

30.0

94.9.

100.0

100.0

99.7

12

30.0

84.1

94.4

98.2

98.2

18

30.0

77.7

83.3

98.2

97.5

24

30.0

63.6

83.3

94.2

94.2

30

30.0

55.9

83.3

94.2

94.2

36

30.0

38.7

77.8

94.2

94.2

42

25.8

25.8

71.3

94.2

94.2

48

24.1

25.8

59.4

94.2

93.9

CCyR, complete cytogenetic response; MCyR, major cytogenetic response; PCyR, partial cytogenetic response.
CCyR typically defined as no Philadelphia-positive (Ph+) chromosomes in metaphase in bone marrow. PCyR typically defined as between 1% and
35% of Ph+ chromosomes in metaphase in bone marrow. MCyR typically defined as ≤ 35% Ph+ chromosomes in metaphase in bone marrow
(study definitions may vary).

Estimation of quality-adjusted life-years
A cross-sectional study was commissioned to calculate utility values for the purpose of the BMS
analysis3 (Szabo and colleagues 201024). Ratings for health states and response were elicited from
a representative sample of 100 unaffected individuals in the UK using the TTO method and the
EQ-5D instrument. The impact of the SAEs on health utility was captured in the model using
utility decrements identified in the non-CML literature. Utility values were 0.85 for chronic phase
with response, 0.68 for chronic phase no response, 0.79 for accelerated-phase response, 0.50 for
accelerated phase no response, 0.50 for blast-crisis-phase response and 0.31 for blast-crisis phase
no response. However, there was a mistake in the BMS model3 so that for the accelerated-phase/
blast-crisis-phase health states only the value for blast-crisis phase no response was used.
Estimation of costs
Drug costs were estimated based on the recommended doses from their Summary of Product
Characteristics and prices were from the BNF (2009). Monthly costs for the interventions
were £2504, £3208 and £2613 for dasatinib, high-dose imatinib and nilotinib, respectively (see
Table 28), and £863 for interferon alfa and £2400 for stem cell transplantation.
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Direct costs were also included for outpatient visits, tests, hospitalisation and other interventions
(such as blood transfusion). AE costs were included for treatment-related grades 3–4 SAEs, the
most common being neutropenia, thrombocytopenia and leucopenia.

Cost-effectiveness results
The results of the base-case analyses for chronic-phase CML are shown in Table 33. Dasatinib
dominates high-dose imatinib, nilotinib and stem cell transplantation. The total cost for dasatinib
is £314,413 and the total number of QALYs is 6.425.
Parameters used in the model, which were varied in the deterministic sensitivity analysis, were
costs, utilities, starting age, time horizon and discounting. The key impact factors were the utility
of responders, starting age and the time horizon of the model. However, the sensitivity analyses
were not presented in the normal way and are difficult to interpret.
For the probabilistic sensitivity analysis, 1000 iterations were performed, with beta distributions
used for probabilities and gamma distributions for costs. For initial response to treatment, the
beta distribution was parameterised from the evidence in the selected clinical trials; for survival
rates, one single random ‘seed’ was generated and subsequently used to generate the values for
the model. The results of the probabilistic sensitivity analysis showed that the probability of
dasatinib being cost-effective compared with stem cell transplantation was 81% for a WTP of
£30,000. Cost-effectiveness acceptability curves were not presented for all the drugs together and
results were not shown for the probability that dasatinib was cost-effective compared with all of
its alternatives.

Summary of key issues
■■
There is uncertainty around the approach taken with respect to initial best response and
extrapolation from this to progression-free survival, with values based on a single trial for
surrogate outcomes (using a submodel).
■■
A number of assumptions have been made, such as best response rate for imatinib, because
of lack of data.
■■
Patients are treated until progression, which does not appear to be correct and affects
treatment duration and costs.
PenTAG assessment report evaluation
Modelling approach
The PenTAG AR2 cost-effectiveness analysis used a survival model developed in Microsoft Excel
(Microsoft Corporation, Redmond, WA, USA). The model closely resembles a Markov statetransition approach, using an ‘area under the curve’ method. The number of patients in each
state of the model over time is determined by using survival curve data to apportion the overall
cohort population between the states at each successive cycle of the model. The structure of the
TABLE 33 Base-case ICERs for dasatinib vs other treatments (chronic-phase CML)
Dasatinib vs:

Incremental cost (£)

Incremental QALYs

ICER (£)

Imatinib 400 mg

179,087

4.940

36,251

Imatinib 600 mg

140,707

4.031

34,907

Imatinib 800 mg

–35,952

0.515

Dasatinib dominant

–4565

0.190

Dasatinib dominant

185,121

4.762

38,877

–9821

1.687

Dasatinib dominant

Nilotinib
IFN-α
SCT

IFN-α, interferon alfa; SCT, stem cell transplantation.
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model is shown in Figure 6. The model comprises the following health states: chronic phase (on
treatment), chronic phase (following discontinuation of treatment), accelerated phase, blastcrisis phase and death. Patients in chronic-phase CML have either major cytogenetic response
or no major cytogenetic response. Patients enter the model in chronic-phase CML and then
subsequently progress to accelerated phase, then to blast-crisis phase and then, finally, to death
from CML causes. Patients may also die in the chronic phase and accelerated phase states from
non-CML causes.
Overall survival is estimated for each of the treatments on the basis of the proportion of major
cytogenetic response (responders), with survival duration estimated for major cytogenetic
response responders and major cytogenetic response non-responders. A hazard ratio for
overall survival of non-responders versus responders was pooled from several studies (hazard
ratio = 0.37).
Patients move between the states chronic phase (on treatment) and chronic phase (no treatment)
according to estimates for the progression-free survival and the number of individuals who
prematurely discontinue treatment. Patients were assumed to have no drug costs in the chronic
phase (no treatment) state. Patients spend a predefined time for each of the accelerated-phase
and blast-crisis-phase states. The time spent in the chronic phase (no treatment) was adjusted
by subtracting the durations for the chronic phase (treatment), accelerated-phase and blastcrisis-phase states from the overall survival duration. Utility values were applied to each of the
treatment states to estimate the total QALYs for each of the treatments.

Assumptions in the PenTAG assessment report
■■
Overall survival is predicted on the basis of major cytogenetic response and the relationship
between major cytogenetic response and overall survival is the same for all treatments,
and not affected by the timing, duration and depth of CyR. The hazard ratio for the overall
survival for the major cytogenetic response versus non-major cytogenetic response groups
is based upon first-line therapy and is still valid for second-line treatments, and is constant
over time.
■■
Duration of treatment is estimated on the basis of progression-free survival with a deduction
to account for premature discontinuations.
■■
Times spent in accelerated phase and blast-crisis phases is independent of chronic-phase
treatment, i.e. is identical across comparators.
■■
Treatment-related AEs incur no utility decrement and no additional costs.
■■
Duration of chronic phase (no treatment) is estimated by deducting time spent in chronicphase (treatment), accelerated-phase and blast-crisis-phase states from overall survival.

Chronic phase:
on treatment
MCyR

No MCyR

Chronic phase:
post-discontinuation
MCyR

No MCyR

Accelerated
phase

Blast
phase

Death

FIGURE 6 Structure for the PenTAG AR2 CML cost-effectiveness model. Major cytogenetic response (MCyR) typically
defined as ≤ 35% Ph+ chromosomes in metaphase in bone marrow (study definitions may vary).
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Effectiveness of the interventions
A summary of the clinical effectiveness parameter estimates used in the PenTAG AR2 model
is shown in Table 34. Parameter estimates were derived through a clinical effectiveness review.
Overall survival was estimated for each of the treatments according to the proportion with major
cytogenetic response. The data for major cytogenetic response used in the PenTAG AR2 model
differed slightly from those reported in the clinical effectiveness sources (which are shown in
parentheses). Overall survival rates for responders and non-responders were calibrated using a
retrospective study by Jabbour and colleagues23 of the long-term efficacy of high-dose imatinib
in a population that had failed standard-dose imatinib, as this source provided the longest
available estimates of overall survival for responders and non-responders. For interferon alfa,
overall survival was derived using an estimate for the major cytogenetic response rate from the
IRIS trial.19,20
Progression-free survival was derived through fitting survival curves to available progression-free
survival data. progression-free survival for dasatinib was estimated from a single data point of
0.77 corresponding to 24-month progression-free survival provided in the submission BMS3
made to NICE at that time. progression-free survival for nilotinib was estimated from the
submission Novartis4 made to NICE at that time: 0.864, 0.769 and 0.632 for progression-free
survival probability at 6, 12 and 18 months, respectively. progression-free survival for high-dose
imatinib was derived from Jabbour and colleagues’23 single-centre retrospective study: 0.865, 0.81,
0.71, and 0.57 for progression-free survival probability at 6, 12, 18 and 24 months, respectively.

TABLE 34 Summary of the clinical effectiveness parameter estimates used in the PenTAG AR2 model

Parameter

Estimate, PenTAG
AR2 (SHTAC)

Sourcea

MCyR rate: dasatinib

58.1% (59%)

Shah et al. (2008)

Only available estimate at currently
recommended dose of dasatinib

MCyR rate: nilotinib

52.4% (56%)

Kantarjian et al. (2007)6

Only available estimate

MCyR rate: HDI

44.0% (54%)

Jabbour et al. (2009)23

Estimates of OS, PFS and MCyR rate all
originate from the same study

MCyR rate: IFN-α

22%

O’Brien et al. (2003)b

Most recent large trial of IFN-α

Proportion of patients who discontinue
dasatinib prematurely

10.2%

Shah et al. (2008)a

Treatment discontinuations are included in
PFS

Proportion of patients who discontinue
nilotinib prematurely

23.2%

Kantarjian et al. (2007)6

Only available estimated

Proportion of patients who discontinue
HDI prematurely

14.8%

Pooled estimate

Pooled from all available data

Overall survival hazard ratio between
people who achieve a MCyR to imatinib
and those who do not

0.370

Pooled estimate

Pooling all data sources reduces the
uncertainty in the data

Mean time spent in AP

0.80 years

Reed et al. (2004)19 and
Cervantes et al. (1996)c

Large, relevant data source

Mean time spent in BC

1.09 years

Reed et al. (2004)19 and
Kantarjian et al. (2001)d

Large, relevant data source

Justification
a

AP, accelerated phase; BC, blast crisis; HDI, high-dose imatinib; IFN-α, interferon alfa; MCyR, major cytogenetic response; OS, overall survival;
PFS, progression-free survival.
a Shah et al. J Clin Oncol 2008;26:320–12.
b O’Brien et al. N Engl J Med 2003;348:994–1004.
c Cervantes et al. Eur J Haematol 1996;57:286–91.
d Kantarjian et al. Cancer 2001;92:250–7.
MCyR typically defined as ≤ 35% Philadelphia-positive chromosomes in metaphase in bone marrow (study definitions may vary).
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Estimation of quality-adjusted life-years
The PenTAG AR2 reviewed QoL studies to use in the economic model. From these data, the
authors chose the IRIS study by Reed and colleagues,20 which was also used by Dalziel and
colleagues25 in a previous assessment of imatinib for CML, as the most appropriate. These data
were drawn from a large sample of patients and reported EQ-5D values. The utility values used
for the health states are chronic phase (treatment or no treatment) 0.85; accelerated phase 0.73;
and blast crisis 0.52.
Estimation of costs
Cost estimates in the economic evaluation include drug costs, administration costs of interferon
alfa and cytarabine, outpatient visits, bone marrow tests, radiography, computerised tomography
(CT) scans, blood transfusion and inpatient terminal care. All costs were inflated to 2009–10
values where necessary. The cost of treating patients with AEs has not been modelled. The drug
costs are taken from the BNF and are shown above in Table 28. The dosage use differed from that
suggested in the BNF, and the usage was taken from the relevant clinical studies. Although the
dosage for dasatinib and nilotinib was not affected, dosage for high-dose imatinib (738 mg/day)
and interferon alfa (4.8 million units per day) was lower.
Cost-effectiveness results
The results presented in the main PenTAG AR2 are supplemented with additional analyses in
appendices, which include the comparator interferon alfa. Table 35 presents the aggregated
TABLE 35 The PenTAG AR2 aggregated base-case results
Dasatinib

Nilotinib

HDI

IFN

LYs: mean, undiscounted
CP treated

6.50

2.44

2.68

2.04

CP not treated

5.00

8.65

7.79

6.82

AP

0.80

0.80

0.80

0.80

1.09

1.09

1.09

1.09

Total (mean)

BC

13.40

12.98

12.37

10.75

Total (median)

10.76

10.21

9.45

7.75

4.50

1.89

QALYs: mean, discounted
CP treated

2.10

1.27

CP not treated

2.62

5.00

4.46

4.16

AP

0.37

0.38

0.38

0.41

BC

0.36

0.36

0.37

0.39

Total

7.846

7.630

7.311

6.229

161,432

70,143

88,883

Costs (£): mean, discounted
Drug costs
Drug administration

15,936

0

0

0

4390

Monitoring outpatient
appointment

6818

6728

6597

6259

Bone marrow tests

2199

6518

2732

3038

Radiography

726

736

752

795

CT scans

428

434

444

469

4058

4117

4205

4445

Blood transfusions
Inpatient palliative care
Total

41,346

76,439

68,496

64,325

221,325

161,330

172,415

98,818

AP, accelerated phase; BC, blast crisis; CP, chronic phase; HDI, high-dose imatinib; IFN, interferon.
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totals for the base-case model results for the four treatments. Outputs are shown for total LYs
(undiscounted), and total discounted QALYs and costs for each treatment over the time horizon
of the model.
The incremental cost–utility of dasatinib, nilotinib, high-dose imatinib and interferon alfa, as
estimated in the PenTAG AR2 model, is shown in Table 36. The PenTAG AR2 appendix results use
interferon alfa as the base case, as it is the least costly of the alternatives. The ICER for nilotinib
compared with interferon alfa is more than £30,000 per QALY gained. high-dose imatinib is
dominated by nilotinib, i.e. nilotinib is predicted to be both cheaper and more effective, so the
PenTAG AR2 model suggests that high-dose imatinib would not be considered a viable option.
Compared with nilotinib, dasatinib provides only a small additional QALY at substantial extra
cost and thus the ICER is more than £250,000 per QALY gained.
One-way deterministic sensitivity analyses for nilotinib and dasatinib versus high-dose
imatinib were performed by varying single parameters. Deterministic sensitivity analyses were
not performed that included interferon alfa. In the majority of sensitivity analyses, nilotinib
dominated high-dose imatinib. In only one case was nilotinib not cost-effective compared with
high-dose imatinib, where progression-free survival for nilotinib was assumed to be identical
to that with high-dose imatinib, i.e. treatment duration was approximately equal. The base-case
conclusion for dasatinib is not affected by changes to the parameter values except for changing
the treatment duration to be the same as for either high-dose imatinib or nilotinib. In these cases,
dasatinib becomes cost-effective compared with these treatments.
Probabilistic sensitivity analyses were run with 1000 Monte Carlo simulations. A costeffectiveness acceptability curve was constructed to show the probability that each treatment
would be considered to most cost-effective, for a range of WTPs thresholds. At a conventional
WTP threshold of £30,000 per QALY, the PenTAG AR2 model estimates the probability of
interferon alfa providing optimal cost–utility at 97%, with corresponding likelihoods for
nilotinib, high-dose imatinib and dasatinib of 3%, 0% and 0%, respectively. At a WTP threshold
of around £45,000 per QALY, nilotinib is predicted to be the optimal choice. The model predicts
that it is unlikely that dasatinib would be considered the best option; even when WTP approaches
£150,000 per QALY, the probability of dasatinib being most cost-effective is < 20%.

Summary of key issues
■■
Overall survival is based on the surrogate outcome of major cytogenetic response. However,
data used for major cytogenetic response do not appear to match data in trials.
■■
Although overall survival is based on major cytogenetic response, progression-free survival
is not and so there is no link between overall survival and progression-free survival.
■■
Survival for interferon is likely to be over-optimistic (according to comments from
clinical advisers).

TABLE 36 Deterministic base-case results for the PenTAG AR2 model (discounted)
Treatment
IFN-α

Cost (£)

Utility (QALY)

Incremental cost (£)

Incremental utility (QALY)

Incremental £/QALY (ICER)

98,800

6.229

Nilotinib

161,300

7.630

62,500

1.401

44,600

HDI

172,400

7.311

11,100

–0.318

Dominated

Dasatinib

221,300

7.846

60,000

0.216

277,700a

HDI, high-dose imatinib; IFN-α, interferon alfa.
a Dasatinib vs nilotinib.
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Comparison of the economic models
In the preceding sections, we have presented a summary of the cost-effectiveness studies by the
manufacturers of dasatinib and nilotinib and by the PenTAG AR.2 In this section, differences
in the results produced by these three analyses for people starting in chronic-phase CML are
described and explored.
Summary results are shown in Table 37 for each of the models compared with the base treatment,
i.e. using a conventional treatment. The PenTAG AR2 and BMS3 models compared dasatinib,
nilotinib and high-dose imatinib with interferon alfa. Novartis4 compared nilotinib and highdose imatinib with hydroxycarbamide/stem cell transplantation. No single analysis has provided
full disaggregated results in the format required for comparison and so some of the results shown
here have been derived from the economic models. These comparative results are analysed in
more detail below.
Table 37 and Figure 7 show the cost-effectiveness estimates of each of the treatments compared
with the base treatment. Each of the treatments has an ICER of greater than £30,000 per QALY
gained for all analyses. Generally, of the three treatments, nilotinib has the lower ICER and
for each analysis this is around £45,000 per QALY gained. The ICER for high-dose imatinib is
between £50,000 and £70,000 per QALY gained. There is a difference in the results between the
PenTAG AR2 and BMS3 models for dasatinib, with ICERs ranging from £38,000 to £75,000 per
QALY gained. The reasons for this difference are explored below in more detail.
The costs for the interventions for each of the models are shown in Table 38 and Figures 8 and
9. These show that the total costs for nilotinib and high-dose imatinib for the BMS model3 are
more than double those from the other analyses. This is due to higher treatment costs because of
longer treatment duration in this analysis. The treatment duration for the BMS model3 is almost
three times greater than for the other analyses except for dasatinib (Figure 10). The treatment
duration and drug cost are similar for nilotinib and high-dose imatinib for both the PenTAG AR2
and Novartis4 analyses. For the PenTAG AR2 analysis, the treatment duration and cost are much
greater for dasatinib than for the other interventions. Finally, the treatment duration is much
longer for interferon alfa for the PenTAG AR2 analysis than for the BMS analysis.3
The QALYs and LYs for each of the interventions are shown in Table 39 and Figures 11–14.
These show that the LYs and QALYs for each of the interventions are similar for each economic
model. The QALYs and LYs in the Novartis4 analysis are about half those in the PenTAG AR2 and
BMS3 analyses. The reason for the lower life expectancy in the Novartis4 model is in the assumed
high mortality associated with stem cell transplantation. The LYs and total QALYs for the
interventions in the PenTAG AR2 analysis are higher than for BMS.3 The reason for this appears
to be an error for the utility value used in the BMS analysis3 for the accelerated-phase + blastcrisis-phase state. The number of LYs for interferon alfa is much higher in the PenTAG AR2
analysis than in the BMS analysis.3 A clinical expert has indicated that the overall survival for
interferon alfa would be considerably less than 6.5 years, and possibly as low as 1–2 years.
Survival estimates in chronic-phase CML by PenTAG AR2 and BMS3 for the interventions are
similar and about double the estimates from Novartis.4 Survival estimates in the acceleratedphase plus blast-crisis-phase stages for the interventions vary in the analyses from around
0.4 years for Novartis,4 0.8 years for BMS,3 to 1.7 years for the PenTAG AR.2
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TABLE 37 Comparison of the results of the PenTAG AR,2 BMS3 and Novartis4 models compared with the base
treatment (discounted)
Base treatment
Analysis
Total cost (£)

HU-SCT

PenTAG2

Dasatinib

98,900

161,300

172,400

221,300
314,413

1.664

BMS

3

3.18

Novartis4

ICER vs base treatment (£ per QALY)

HDI

6.229

PenTAG2

Incremental QALY vs base treatment

Nilotinib

80,933

Novartis4

Incremental cost vs base treatment (£)

IFN
129,292

BMS

3

Total QALY

Interventions

318,978

350,365

139,216

146,234

7.63

7.311

7.846
6.425

6.235

5.91

4.51

4.28

PenTAG2

–

62,400

73,500

122,400

BMS3

–

189,686

221,073

185,121

4

Novartis

–

58,283

65,301

PenTAG2

–

1.401

1.082

1.617

BMS3

–

4.571

4.246

4.761

Novartis4

–

1.33

1.10

PenTAG2

–

44,540

67,930

75,696

BMS3

–

41,498

52,066

38,883

Novartis4

–

43,822

59,364

HDI, high-dose imatinib; HU, hydroxycarbamide; IFN, interferon; SCT, stem cell transplantation.

TABLE 38 Comparison of the costs for the PenTAG AR,2 BMS3 and Novartis4 models compared with the base treatment

Drug costs (£) (discounted)

Model

Dasatinib

PenTAG2

161,432

70,143

88,883

BMS3

224,268

228,576

254,018

6764

62,363

67,947

74,418

Novartis4
Other costs (£) (discounted)

HDI

Base treatmenta
15,936

PenTAG2

59,893

91,187

83,532

82,882

BMS3

90,145

90,402

96,347

122,528

76,853

78,287

6515

PenTAG2

64

27

27

21

BMS

88

86

78

9

24

21

Novartis4
Treatment duration (months) (undiscounted)

Nilotinib

3

Novartis4

HDI, high-dose imatinib; HU, hydroxycarbamide; IFN-α, interferon alfa; SCT, stem cell transplantation.
a Base treatment is IFN-α for PenTAG2 and BMS3 studies and HU-SCT for Novartis4 study.

Summary
■■
■■
■■
■■

There are some similarities and differences between the model results.
There are concerns with the PenTAG AR2 model with respect to the overall survival for
interferon alfa and the length of time on treatment with dasatinib.
There are concerns with the BMS model3 with respect to the time spent on treatment, and
the utility values used for accelerated phase and blast-crisis phase.
There are concerns with the Novartis4 model with respect to survival estimates, which are
much lower than for the other two models owing to the assumed high mortality associated
with stem cell transplantation, which is used with hydroxycarbamide as a comparator.
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ICER vs base

ICER (£000 per QALY)

80
60
PenTAG
BMS
Novartis

40
20
0

Dasatinib

Nilotinib

HDI

FIGURE 7 Cost-effectiveness vs base treatment. HDI, high-dose imatinib.
Total cost

Total cost (£000)

400
300
PenTAG
BMS
Novartis

200
100
0
Dasatinib

Nilotinib

HDI

Comparator

FIGURE 8 Total cost of the treatments. HDI, high-dose imatinib. Note: comparator treatment is interferon alfa for
PenTAG2 and BMS3 studies, and hydroxycarbamide–stem cell transplantation for Novartis4 study.
Drug costs

Treatment cost (£000)

300

200

PenTAG
BMS
Novartis

100

0
Dasatinib

Nilotinib

HDI

Comparator

FIGURE 9 Drug costs. HDI, high-dose imatinib. Note: comparator treatment is interferon alfa for PenTAG2 and BMS3
studies, and hydroxycarbamide–stem cell transplantation for Novartis4 study.
Treatment duration
Treatment duration (months)

46

100
80
60

PenTAG
BMS
Novartis

40
20
0
Dasatinib

Nilotinib

HDI

Comparator

FIGURE 10 Treatment duration. HDI, high-dose imatinib. Note: comparator treatment is interferon alfa for PenTAG2 and
BMS3 studies, and hydroxycarbamide–stem cell transplantation for Novartis4 study.
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TABLE 39 Comparison of the LYs and QALYs of the PenTAG AR,2 BMS3 and Novartis4 models compared with the base
treatment (discounted)
Outcome

Model

Dasatinib

Nilotinib

HDI (800 mg)

Base treatmenta

Total LYs

PenTAG2

9.57

9.32

8.95

7.99

BMS3

8.16

7.95

7.67

3.17

5.80

5.53

4.21

8.38

8.11

7.72

6.39

7.30

7.10

6.80

1.87

5.40

5.13

3.81

1.20

1.21

1.24

1.31

0.86

0.85

0.87

1.30

0.40

0.40

0.40

Novartis4
CP (LYs)

PenTAG

2

BMS3
Novartis4
BC+AP (LYs)

PenTAG

2

BMS3
Novartis4
Total QALYS

PenTAG2

7.85

7.63

7.31

6.23

BMS3

6.43

6.24

5.91

1.66

4.51

4.28

3.18

Novartis4
CP QALYs

PenTAG2

7.12

6.89

6.56

5.43

BMS3

6.17

5.97

5.64

1.26

4.27

4.04

2.94

PenTAG2

0.73

0.74

0.75

0.80

BMS3

0.26

0.27

0.27

0.40

0.24

0.24

0.24

Novartis
BC + AP QALYs

4

Novartis4

AP, accelerated phase; BC, blast crisis; CP, chronic phase; HDI, high-dose imatinib; HU, hydroxycarbamide; IFN-α, interferon alfa; SCT, stem
cell transplantation.
a Base treatment is IFN-α for PenTAG2 and BMS3 studies, and HU-SCT for Novartis4 study.

Total life-years
12
10

Years

8

PenTAG
BMS
Novartis

6
4
2
0
Dasatinib

Nilotinib

HDI
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FIGURE 11 Total LYs of the interventions. HDI, high-dose imatinib.

10

QALYs

8
6

PenTAG
BMS
Novartis

4
2
0

Dasatinib

Nilotinib

HDI

Comparator

FIGURE 12 Total QALYs of the treatments. HDI, high-dose imatinib.
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Total life-years: CP
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Years
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FIGURE 13 Duration of chronic phase for treatments. CP, chronic phase; HDI, high-dose imatinib.

Total life-years: AP and BC
1.5

1.0
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Novartis
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Nilotinib

HDI

Comparator

FIGURE 14 Duration of accelerated phase and blast crisis for treatments. AP, accelerated phase; BC, blast crisis; HDI,
high-dose imatinib.

SHTAC analyses
We have conducted new analyses using the PenTAG AR2 model with minor modifications to
take into account the issues raised in previous sections of the report. The PenTAG AR2 analyses
were limited to the chronic phase of CML only because of the lack of clinical effectiveness data
for comparator treatments in the accelerated and blast-crisis phases. As our update systematic
review did not find any suitable data to analyse the cost-effectiveness of these phases of CML, our
analysis is also limited to those patients who started in the chronic phase of CML.
Our analyses are presented for each of the interventions and comparators in the appraisal scope.
For the chronic phase the interventions are dasatinib, nilotinib and high-dose imatinib, and
the comparators are interferon alfa, standard-dose imatinib (400 mg), stem cell transplantation
and hydroxycarbamide. Although there are different views over which is the most appropriate
comparator and there is a lack of reliable data for the key parameters for these comparators, for
completeness all comparators have been included in the analyses. However, it must be stressed
that because of the concerns relating to data for the comparators, the results should be treated
with due caution.
We have conducted base-case analysis and deterministic, scenario and threshold analyses
around some of the model input parameters and probabilistic sensitivity analyses to explore the
uncertainty around model results.
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Model structure and approach
The PenTAG AR2 model is described in detail above (see Description and results of the published
economic evaluation). No structural changes have been made for the SHTAC analyses. It is a
lifetime survival model with five health states: chronic phase (on treatment), chronic phase
(following discontinuation of treatment), accelerated phase, blast-crisis phase and death.
Patients enter the model in chronic-phase CML and progress to accelerated phase, then to
blast-crisis phase and then, finally, death from CML causes. The model uses best initial response
to treatment to predict overall survival, with survival duration estimated for major cytogenetic
response responders and major cytogenetic response non-responders. The relationship
between major cytogenetic response and overall survival is assumed to be the same for all
treatments. Patients move between the states chronic phase (on treatment) and chronic phase
(no treatment) according to estimates for progression-free survival and the number of patients
who prematurely discontinue treatment. Trial data are extrapolated for treatment duration and
progression-free survival.
Data inputs for the interventions
In our update systematic review we have not identified any new clinical effectiveness data that
provide better estimates than the data used in the PenTAG AR2 [described above (see Description
and results of the published economic evaluation) and shown in Tables 28, 34, 40 and 41]. The
parameters therefore used for the interventions are mostly as for the PenTAG AR,2 with the
exception of parameter values for progression-free survival and treatment duration for dasatinib.
The costs of the drugs were taken from the BNF (2010). The cost of high-dose imatinib is due to
increase in a subsequent edition of the BNF (unpublished at the time of the review). The effect of
this cost increase for high-dose imatinib is presented in Appendix 6.
There were concerns over the parameter values chosen in the PenTAG AR,2 which gave treatment
duration of dasatinib as double that for nilotinib (data taken from poor-quality studies). One of
our clinical experts advised us that no difference in efficacy has been shown between nilotinib
and dasatinib and, hence, no difference would be expected between these drugs in progressionfree survival and treatment duration. During the consultation process for the PenTAG AR,2 BMS
asserted that: ‘patients treated with dasatinib would not be expected to remain on treatment for
(on average) 4 years longer than those receiving nilotinib, instead the duration of treatment for
the two drugs should be considerably more similar.’ PenTAG defended their choice of treatment
duration as evidence based. They pointed out that the treatment duration was based upon
progression-free survival, which was clearly shorter with nilotinib than with dasatinib (0.63 at
18 months compared with 0.77 at 24 months, respectively). However, PenTAG conceded that
differences between populations and outcome definitions make comparisons between these
data precarious.
In our base-case analyses we assume that progression-free survival for dasatinib is the same as
that for nilotinib (Table 40), based on the view of our clinical expert. An additional scenario
TABLE 40 Parameters used for the interventions in the SHTAC analyses
Outcome

Dasatinib

Nilotinib

HDI

MCyR rate (%)

58.1

52.4

44.0

PFS (months)

0.864, 0.769, 0.632 at 6, 12, 18a

0.864, 0.769, 0.632 at 6, 12, and 18

0.81, 0.57, 0.29 at 12, 24, 48

HDI, high-dose imatinib; MCyR, major cytogenetic response; PFS, progression-free survival.
a PFS used in the PenTAG AR2 was 0.77 at 24 months.
MCyR typically defined as ≤ 35% Philadelphia-positive chromosomes in metaphase in bone marrow (study definitions may vary).
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analysis is presented subsequently, which uses the progression-free survival parameter values for
dasatinib from the PenTAG AR2 model.
Although our review of clinical effectiveness identified a range of new data for high-dose
imatinib (reported in Chapter 3), we have used the PenTAG AR2 as the data source for high-dose
imatinib because the values chosen by PenTAG are mid-way in this range.

Data inputs for the comparators
Interferon alfa, stem cell transplantation, hydroxycarbamide and standard-dose imatinib are
examined through exploratory analyses using data available from the PenTAG AR2 or the
manufacturers’ models where no suitable data are available in the PenTAG AR.2 Therefore,
data for hydroxycarbamide are taken from the Novartis4 model and data for standard-dose
imatinib and stem cell transplantation from the BMS model.3 For these analyses we have derived
our best estimates of the following parameters: monthly treatment cost, treatment duration,
overall survival and health-state utility for the chronic-phase treatment period (see Table 41).
The PenTAG AR2 estimated overall survival by extrapolating from the surrogate outcome
major cytogenetic response. However, owing to the lack of data for overall survival and major
cytogenetic response for these comparators, we were unable to derive survival curves in this
way and so have instead taken a simple pragmatic approach and selected an estimate for overall
survival (see below). In the model, an overall survival curve is derived from this overall survival
estimate, by assuming a negative exponential distribution for mortality. The PenTAG AR2
estimated progression-free survival and treatment duration by fitting distributions to the clinical
trial data. In the absence of any reliable data for the comparators, we were unable to provide
estimates of the clinical data and so instead use plausible estimates for treatment duration for
each of the parameters.
Interferon alfa
An appendix to the PenTAG AR2 and the BMS submission3 included interferon alfa as a
comparator. PenTAG2 derived overall survival using an estimate for the major cytogenetic
response rate for interferon alfa from the IRIS trial19,20 (22%). Results from the PenTAG2 model
give overall survival for interferon alfa as almost 11 years. Results from the BMS submission3
for the interferon alfa analysis had an overall survival for interferon alfa of 3.6 years. The BMS
submission3 assumed that there were 0% major cytogenetic response for those treated with
interferon alfa and the progression-free survival and overall survival is estimated according to the
progression-free survival rates for this cohort (Table 32). However, there is no discussion of the
data or justification for their selection in the submission.
Therefore, in the absence of any clinical data on the overall survival and progression-free
survival for interferon alfa, and our clinical advice which suggests that the overall survival for
interferon alfa could be as low as 1–2 years, we have set overall survival as a model parameter
and assumed overall survival of 3.6 years (Table 41) with the range 3.6 to 11 years considered
in scenario analyses. The treatment duration was assumed to be about one-third of the whole
time in the chronic phase, as seen for the interventions nilotinib and high-dose imatinib (see
Table 35). The monthly cost varies between £743 (PenTAG2) and £863 (BMS3), as the dosage was
based upon different trials. In the absence of more reliable data, we have used the treatment cost
for interferon alfa from the PenTAG AR,2 as this is an independent model (£743 per month).
Similarly, the utility value we have used for interferon alfa (0.71) is also taken from the PenTAG
AR2 (taken from the IRIS trial19,20).

Standard-dose imatinib (400 mg)
The PenTAG AR2 did not include standard-dose imatinib as a comparator. Standard-dose
imatinib (400 mg) was included as a comparator in the BMS submission3 for the current
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appraisal. However, BMS3 point out that, ‘it is illogical and unethical to treat patients with
standard-dose imatinib when patients have already failed such treatments’ (BMS,3 p. 44).
Therefore, their analysis is illustrative only. In the absence of more reliable data, we have adopted
some of the BMS3 assumptions in our analysis.
In the BMS3 economic modelling an assumption was made that the treatment efficacy (major
cytogenetic response) with maintenance standard-dose imatinib is zero. No data were identified
for treatment duration, overall survival or progression-free survival. The BMS3 submission results
showed a treatment duration of 7.9 months and an overall survival for standard-dose imatinib
equal to that for interferon alfa. We therefore have used this treatment duration, together with
an equivalent overall survival of 3.6 years, as for interferon alfa (Table 41). The monthly cost for
standard-dose imatinib (400 mg) is £1604.08 (BNF 60). In the absence of any evidence to the
contrary, the utility value during the treatment phase has been assumed to be the same as for
high-dose imatinib (i.e. 0.85).

Stem cell transplantation
Bristol-Myers Squibb3 and Novartis4 included stem cell transplantation as a comparator
in their analyses; however, Novartis4 used a combination of stem cell transplantation and
hydroxycarbamide. As stem cell transplantation combined with hydroxycarbamide is not part of
the scope, we have used some of the assumptions from the BMS3 analysis. The BMS3 submission
states that the cost of stem cell transplantation varies between £80,000 and £140,000 per person
plus the monthly cost of £2400; we have used the lower figure of £80,000 for the transplant plus
the monthly cost of £2400 in the SHTAC analysis. Post-transplant treatment costs include costs
associated with graft-versus-host disease, treatment of comorbidities, management of relapse and
treatment of symptoms (chemotherapy, palliative regimens and lymphocyte infusions).
The utility value for those receiving stem cell transplantation varied between 0.6 (BMS3) and 0.81
(Novartis4). We have therefore used the same utility for treated patients as used for interferon alfa
(i.e. 0.71; Table 41), as this is mid-way between the manufacturers’ utility estimates.
The BMS3 submission modelled patient prognosis using Kaplan–Meier curves published in
Gratwohl and colleagues18 and the model results for overall survival for these patients was similar
to dasatinib, nilotinib and high-dose imatinib with patients treated for 9.5 years. In the absence
of any more reliable data, we have assumed that overall survival for stem cell transplantation is
similar to that for the interventions, i.e. overall survival of 13 years and that patients were treated
for 9.5 years (Table 41).

TABLE 41 Parameters used for the comparators in the SHTAC analyses

Intervention

Monthly treatment cost (£)

OS (years)

Treatment duration
(years)

Health-state utility
(CP on treatment)

Dasatinib

2540

13.4

3.1

0.85

Nilotinib

2643

12.98

2.4

0.85

HDI

3253

12.4

2.7

0.85
0.71

IFN-α

743

3.6

0.5

Standard-dose imatinib (400 mg)

1604

3.6

0.7

0.85

SCTa

2400

9.5

0.71

1.5

0.85

HU

13

13
3.5

CP, chronic phase; HDI, high-dose imatinib; HU, hydroxycarbamide; IFN-α, interferon alfa; OS, overall survival; SCT, stem cell transplantation.
a The total cost also includes the additional cost of £80,000 for the SCT.
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Hydroxycarbamide
Novartis4 included hydroxycarbamide as a comparator in its exploratory analyses. It used a
combination of stem cell transplantation and hydroxycarbamide, where those individuals who
did not receive stem cell transplantation received hydroxycarbamide instead. Novartis4 estimated
progression-free survival and overall survival for patients on hydroxycarbamide, by analysing
clinical trial data26 for imatinib-resistant patients who were re-treated with nilotinib and then
treated with hydroxycarbamide upon nilotinib failure. It should be noted that this is a different
patient group from those treated with hydroxycarbamide as second line after imatinib resistance.
In the absence of any more reliable data, we have used the data and assumptions from the
Novartis4 submission model in our analyses. Thus, the cost of hydroxycarbamide was £38 per
quarter, utility while on treatment in the chronic phase was 0.85, overall survival was 3.5 years
and treatment duration was 1.5 years (Table 41).

Results of SHTAC analyses
The base-case deterministic results are shown in Table 42. As the evidence for each of the
comparators and interventions is poor, and many assumptions have had to be made to model
long-term outcomes, the results should be treated with caution. The results are shown in Table 42
for nilotinib, dasatinib, high-dose imatinib, and each comparator against hydroxycarbamide,
as hydroxycarbamide is the cheapest comparator, with the treatments ordered by increasing
effectiveness. The comparators are also compared against the previous best option, i.e. a
treatment that is more clinically effective and cost-effective compared with a preceding one (i.e.
not dominated or extendedly dominated). At a cost-effectiveness threshold of £30,000, interferon
alfa, standard-dose imatinib (400 mg) and stem cell transplantation are not cost-effective
compared with hydroxycarbamide. This can be seen in Figure 15 by considering the costeffectiveness frontier. The cost-effectiveness frontier is a line connecting the most cost-effective
treatments. Treatments above this line are not cost-effective, as they are either dominated or
extendedly dominated by the treatments on the frontier.
These results show that each intervention (dasatinib, nilotinib and high-dose imatinib) has
a similar total cost and QALY and each intervention has an ICER around £30,000 per QALY
compared with hydroxycarbamide. In this analysis nilotinib and dasatinib were marginally
more cost-effective compared with hydroxycarbamide than high-dose imatinib owing to lower
costs and better efficacy (major cytogenetic response) (see Table 34). Owing to the uncertainty
around the clinical data, it is unclear which of the interventions – dasatinib, high-dose imatinib
or nilotinib – would be the most cost-effective. This is shown in Figure 15, in which high-dose

TABLE 42 Updated base-case deterministic results (discounted)
Intervention

QALY

Cost (£)

Inc QALY vs HU

HU

2.20

18,128

IFN

2.20

34,403

0.00

Standard-dose imatinib

2.27

39,400

0.07

SCT

6.35

305,846

HDI

7.31

172,647

Nilotinib

7.63

Dasatinib

7.85

Inc cost vs HU (£)

ICER vs HU (£)

ICER vs next-best optiona (£)

16,275

242,448,508

Extendedly dominated

21,272

306,331

Extendedly dominated

4.15

287,718

69,279

Dominated

5.11

154,519

30,229

Dominated

161,667

5.43

143,539

26,434

26,434b

172,473

5.65

154,345

27,336

50,016c

HDI, high-dose imatinib; HU, hydroxycarbamide; Inc, incremental; IFN, interferon; SCT, stem cell transplantation.
a Treatments compared with the preceding best option, i.e. the preceding treatment, which is neither dominated or extendedly dominated.
b ICER for nilotinib vs HU.
c ICER for dasatinib vs nilotinib.
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Total cost (£000)

320

240

HDI

160

Dasatinib

Treatments
Cost-effectiveness frontier

Nilotinib
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0

HU
0
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4
6
Total QALYs
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10

FIGURE 15 Cost-effectiveness plane for treatments for CML. HDI, high-dose imatinib; HU, hydroxycarbamide.

imatinib is dominated by nilotinib. The cost-effectiveness of dasatinib versus nilotinib is £50,000
per QALY gained.

Sensitivity analyses
The uncertainty around the model results was explored using deterministic sensitivity analyses,
threshold analyses and probabilistic sensitivity analyses. The deterministic sensitivity analyses
were performed around some of the model input parameters that had been shown to have the
greatest effect on the model results in the PenTAG AR.2 The interventions dasatinib, nilotinib and
high-dose imatinib are compared with hydroxycarbamide. The other comparator treatments were
not included in the sensitivity analyses as they were dominated by hydroxycarbamide in basecase analyses; however, we have examined the other comparator treatments in threshold analyses.
A deterministic sensitivity analysis was performed for changes to the overall survival for
hydroxycarbamide and treatment efficacy for the interventions dasatinib, nilotinib and high-dose
imatinib. There are no data for the likely range in overall survival for hydroxycarbamide so a
plausible range was chosen (2–6.5 years). Treatment efficacy (major cytogenetic response) has
been varied between 30% and 70% for the interventions. This reflects the range of efficacy found
in the clinical review (see Chapter 3, Effectiveness of high-dose imatinib) for high-dose imatinib.
We have compared the results for each intervention versus hydroxycarbamide (Table 43).
Changes in the length of overall survival for hydroxycarbamide have only a small impact on the
cost-effectiveness of any of the interventions. Similarly, changes to major cytogenetic response
also have little impact on the results.
A two-way sensitivity analysis was performed for the effect of different overall survival times and
treatment durations for nilotinib versus hydroxycarbamide (Table 44). These results show that
most of the cost-effectiveness estimates are below £40,000 per QALY gained, except if the overall
survival for nilotinib was much lower or the treatment duration was much longer than chosen for
the base case. Similar results are obtained for dasatinib versus hydroxycarbamide and for highdose imatinib versus hydroxycarbamide (not shown here).
In our critique of the PenTAG AR,2 we raise concerns for the values chosen for major cytogenetic
response for each of the interventions, as these do not match the data cited. We ran analyses
using the data values found in the studies cited, i.e. major cytogenetic response – dasatinib 59%,
nilotinib 56% – and high-dose imatinib 54%: however, these changes did not impact.
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TABLE 43 Deterministic sensitivity analyses for interventions vs hydroxycarbamide
Sensitivity analysis

Base value

High value

ICER (£/QALY)

Low value

ICER (£/QALY)

Range (£/QALY)

HU OS

3.6 years

6.5 years

32,500

2 years

24,300

8200

MCyR, nilotinib

52.4%

70%

25,200

30%

28,500

3300

HU OS

3.6

6.5

33,500

2

25,200

8300

MCyR, dasatinib

58.1%

70%

26,400

30%

30,100

3700

HU OS

3.6 years

6.5 years

39,200

2 years

27,300

11,900

MCyR, HDI

44.0%

70%

27,800

30%

32,000

4200

Nilotinib

Dasatinib

HDI

HDI, high-dose imatinib; HU, hydroxycarbamide; MCyR, major cytogenetic response; OS, overall survival.
MCyR typically defined as ≤ 35% Philadelphia-positive chromosomes in metaphase in bone marrow (study definitions may vary).

TABLE 44 Two-way sensitivity analysis for nilotinib vs hydroxycarbamide for nilotinib treatment duration and
overall survival
Treatment duration (years)
OS (years)

2

3

4

7

5

6
NA

9
11
13

x

15
NA, not applicable; OS, overall survival.
‘x’ represents the base-case, i.e. treatment duration 3 years, OS 13 years.
ICER: £20,000–30,000 = light shading; £30,000–40,000 = no shading; > £40,000 = dark shading.

Threshold analysis for interventions
Threshold sensitivity analysis was performed for high-dose imatinib versus nilotinib and for
dasatinib versus nilotinib (Table 45), as nilotinib was the most cost-effective treatment in the base
results. The analysis varied the most influential parameters (i.e. overall survival and treatment
duration). These parameters were varied for nilotinib, whereas the parameters for dasatinib and
high-dose imatinib were unchanged.
The results are fairly robust for changes in overall survival and treatment duration for nilotinib
versus high-dose imatinib and dasatinib versus nilotinib. However, as there was a lack of reliable
data for the appropriate value for treatment duration for dasatinib, there is large uncertainty
around the results for dasatinib.

Probabilistic sensitivity analysis
The uncertainty around the model results was explored using probabilistic sensitivity
analysis. This was run comparing the interventions dasatinib, nilotinib, high-dose imatinib
and hydroxycarbamide using the PenTAG AR2 model. We were unable to run a probabilistic
sensitivity analysis for all the comparator treatments, as the PenTAG AR2 model did not include
all of the comparator treatments, and there is no evidence available for the distributions around
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TABLE 45 Sensitivity analyses for nilotinib vs dasatinib and high-dose imatinib
OS (years), (MCyR) nilotinib
Parameters varied

13 (52.4%)

12.4 (45%)

12.1 (40%)

11.3 (30%)

Comparison: ICER (£/QALY gained)
Dasatinib vs nilotinib

50,000

30,400

26,200

22,300

Nilotinib vs HDI

HDI dominated

HDI dominated

–

–

HDI vs nilotinib

–

–

120,000

45,000

2.8

2.95

Treatment duration (years), nilotinib
2.5

2.65

Comparison: ICER (£/QALY gained)
Dasatinib vs nilotinib

50,000

35,500

24,900

13,600

Nilotinib vs HDI

HDI dominated

HDI dominated

HDI dominated

HDI dominated

HDI, high-dose imatinib; MCyR, major cytogenetic response; OS, overall survival.
Base case shown in column 1.
MCyR typically defined as ≤ 35% Philadelphia-positive chromosomes in metaphase in bone marrow (study definitions may vary).

the parameter values for many of the treatments. The probabilistic sensitivity analysis was run
with 1000 iterations. For each iteration parameter values are sampled at random from their
probability distributions. The parameter values and distributions used in the probabilistic
sensitivity analysis are described in the PenTAG AR.2 However, we have used hydroxycarbamide
as a comparator instead of interferon alfa for consistency with our base case.
The results for the probabilistic sensitivity analysis are shown graphically in a cost-effectiveness
acceptability curve (Figure 16), which shows the probability that each treatment is the most costeffective at different WTP values. For a WTP threshold of £20,000 per QALY, hydroxycarbamide
is the most cost-effective treatment (probability = 100%). For a WTP threshold of £30,000 per
QALY, nilotinib, dasatinib, hydroxycarbamide and high-dose imatinib have a probability of
being cost-effective of 60%, 28%, 12% and 0%, respectively. These results reflect those in the
deterministic analyses, in which high-dose imatinib is dominated by nilotinib (see Table 42) and
high-dose imatinib does not become the optimal treatment for any of the probabilistic sensitivity
analysis iterations.
A scatterplot of the probabilistic sensitivity analysis runs (Figure 17) shows that there is
considerable overlap between the results for the interventions dasatinib, nilotinib and
high-dose imatinib, but all three have a cost-effectiveness of around £30,000 per QALY
versus hydroxycarbamide.

Scenario analyses
To further explore uncertainty in parameter values, we have conducted scenario analyses relating
to length of progression-free survival and treatment duration, and overall survival for interferon
alfa, and threshold analyses for the comparators.
Progression-free survival and treatment duration
For the base analyses, we have assumed that progression-free survival for dasatinib was the same
as for nilotinib. However, in the PenTAG AR,2 progression-free survival was based upon trial
data, albeit of poor quality, which gave a longer treatment duration for dasatinib that was double
the treatment duration of nilotinib. We explored the case where dasatinib has a longer treatment
duration than high-dose imatinib and nilotinib by varying the progression-free survival for
© Queen’s Printer and Controller of HMSO 2012. This work was produced by Loveman et al. under the terms of a commissioning contract issued by
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FIGURE 16 Cost-effectiveness acceptability curve for nilotinib, dasatinib, high-dose imatinib and hydroxycarbamide.
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FIGURE 17 Scatterplot for probabilistic sensitivity analysis for nilotinib, dasatinib, high-dose imatinib and
hydroxycarbamide. HDI, high-dose imatinib; HU, hydroxycarbamide.

dasatinib while keeping progression-free survival for high-dose imatinib and nilotinib constant.
The scenario analysis results are shown in Table 46. Extending the progression-free survival and
treatment duration of dasatinib results in higher costs for dasatinib with no change in QALY,
thus the longer the treatment duration, the less favourable the results compared with the other
interventions. For additional scenario analyses see also Appendix 7.

Overall survival for interferon alfa
For the base analyses, we have assumed that overall survival for interferon alfa was 3.6 years.
However, in the PenTAG AR,2 overall survival was based upon trial data, albeit of poor quality,
which gave a longer overall survival of almost 11 years. We explored alternative overall survival
for interferon alfa of between 3.6 years and 11 years. The results for the interventions versus
interferon alfa are shown in Table 47. These indicate that cost-effectiveness for nilotinib, highdose imatinib and dasatinib versus interferon alfa varies between £23,000 and about £73,000 per
QALY, depending on the length of survival. The interventions have ICERs of around £30,000 per
QALY if the overall survival for interferon alfa is < 7 years.
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TABLE 46 Results of scenario analysis for varying progression-free survival and treatment duration for dasatinib vs
nilotinib and high-dose imatinib
Treatment duration of dasatinib (years)
Results

3.1

3.7

4.5

5.4

6.5

Cost (£)

172,473

182,401

194,350

206,229

221,325
276,100

ICER vs nilotinib (£/QALY)
ICER vs HDI (£/QALY)
ICER vs HU (£/QALY)

50,000
Dominates HDI
27,300

96,000

151,300

206,300

18,200

40,600

62,800

91,100

29,100

31,200

33,300

36,000

HDI, high-dose imatinib; HU, hydroxycarbamide.
Base case shown in column 1.

TABLE 47 Results for scenario analysis for varying overall survival for interferon alfa vs nilotinib, dasatinib and
high-dose imatinib
OS for IFN (years)
Results

3.6

5

7

9

10.8

Cost, IFN (£)

34,403

48,604

67,011

83,379

98,900

QALY, IFN

2.2

3.1

4.2

5.3

6.2

ICER nilotinib vs IFN (3)

23,400

25,100

28,700

35,200

44,800

ICER HDI vs IFN (£)

27,000

29,700

35,500

46,800

72,700

ICER dasatinib vs IFN (£)

24,500

26,300

30,000

36,500

48,100

HDI, high-dose imatinib; IFN, interferon; OS, overall survival.
Base case shown in column 1.

During the consultation process for the PenTAG AR,2 BMS3 disputed the overall survival of
patients treated with interferon alfa. It stated that: ‘the mean overall survival seen in clinical
practice for first line clinical use of interferon alfa is 5.08–5.5 years (Helhmann et al. 1994, Allan
et al. 1995).’ PenTAG2 defended its choice by stating that those who had interferon alfa would
receive life-prolonging third-line treatment in chronic phase.
We have not shown results for analyses of interferon alfa overall survival of < 3.6 years because of
the structure of the PenTAG2 model, which assumes that patients spend 1.9 years in acceleratedphase and blast-crisis-phase CML. For short survival times modelled, this is unlikely to be
the case.

Threshold analyses for comparators
Because of the uncertainty around the data and assumptions for the comparators, we conducted
threshold analyses to indicate how much the parameter values would need to change in order for
these comparators to become cost-effective. In our base analyses, interferon alfa, standard-dose
imatinib and stem cell transplantation were all either dominated or extendedly dominated, and so
the interventions were compared with hydroxycarbamide. Therefore, in the threshold analyses we
have compared the comparators with hydroxycarbamide. In order to obtain an ICER of < £30,000
per QALY gained, overall survival and treatment duration need to be varied simultaneously for
the comparators interferon alfa and standard-dose imatinib and the monthly cost and utility
value need to be varied for stem cell transplantation.
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The results (Table 48) show that overall survival for interferon alfa and standard-dose imatinib
would have to rise to more than 5.6 years and 6 years, respectively, and treatment duration would
have to rise to more than 0.8 and 1.0 years, respectively, for them to be cost-effective compared
with hydroxycarbamide (i.e. < £30,000 per QALY gained). For stem cell transplantation, the
monthly cost would have to decrease to < £1350 and the utility would need to be at least 0.85
for it to be cost-effective compared with hydroxycarbamide. The parameter values in Table 48
show the effects of choosing one combination of parameters to achieve the threshold results;
there are other combinations which could also have been chosen that would have achieved the
threshold results.

Summary and conclusions to the cost-effectiveness section
■■
The systematic review identified one cost-effectiveness study15 that compared dasatinib with
high-dose imatinib (800 mg/day). The results showed that chronic-phase CML patients
resistant to standard-dose imatinib gain 0.62 QALYs when treated with dasatinib compared
with high-dose imatinib and the incremental societal cost is €4250 during the lifetime period
or €6880 per QALY gained. It is unclear how generalisable these results are to the UK NHS,
as the study was conducted in Sweden and takes a societal perspective.
■■
The Novartis4 submission compared nilotinib with high-dose imatinib and also had an
exploratory analysis versus stem cell transplantation/hydroxycarbamide. The results
showed that nilotinib dominates high-dose imatinib (i.e. is more effective and less
costly). Exploratory analysis gives an ICER of about £44,000 for nilotinib versus stem cell
transplantation/hydroxycarbamide.
■■
The BMS3 submission compared dasatinib, nilotinib and high-dose imatinib with standarddose imatinib, stem cell transplantation, hydroxycarbamide, interferon alfa, acute leukaemiastyle chemotherapy and best supportive care. The results showed that dasatinib dominates
high-dose imatinib, nilotinib and stem cell transplantation.
■■
The PenTAG AR2 economic evaluation compared dasatinib and nilotinib to high-dose
imatinib. An appendix compared these treatments with interferon alfa. The results showed
that nilotinib dominates high-dose imatinib and the ICER for nilotinib versus interferon alfa
is about £44,600. The ICER for dasatinib versus nilotinib is > £277,000. Concerns relate to
the fact that there is no link between overall survival and progression-free survival, as overall
survival is based on major cytogenetic response but progression-free survival is not, and also
the estimate for survival on interferon alfa appears unrealistically high.
■■
There are two main differences between the industry models.
–– In the BMS3 model, patients are treated until progression, which incurs greater costs.
–– In the Novartis4 model, the assumed third-line treatment is stem cell transplantation/
hydroxycarbamide, which has associated high mortality and reduced overall survival.
These key assumptions drive the differences between the models. Therefore, we felt justified
in using the PenTAG AR2 model to explore further analyses using some different data inputs.
TABLE 48 Threshold analysis for comparative treatments for changes to parameter values, which results in ICER of
£30,000 or less per QALY vs hydroxycarbamide
Treatment

OS (years)

Treatment duration (years)

Monthly treatment cost (£)

Health-state utility

QALY

Cost (£)

IFN-α

5.6 (3.6)

0.8 (0.5)

UC

UC

3.5

Standard-dose imatinib

6 (3.6)

1.0 (0.67)

UC

UC

3.8

65,843

SCT

UC

UC

1350 (4800)

0.85 (0.71)

7.3

170,044

IFN-α, interferon alfa; OS, overall survival; SCT, stem cell transplantation; UC, unchanged from base-case value.
Values in parentheses are base-case values.

54,360
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SHTAC conducted these analyses for the interventions dasatinib, nilotinib and high-dose
imatinib, and the comparators interferon alfa, standard-dose imatinib (400 mg), stem cell
transplantation and hydroxycarbamide.
The results suggest that the three interventions – dasatinib, nilotinib and high-dose imatinib
– have similar costs and cost-effectiveness.
Nilotinib, dasatinib and high-dose imatinib are all cost-effective when compared with
hydroxycarbamide, for a WTP of about £30,000 per QALY.
Nilotinib and dasatinib are slightly more cost-effective than high-dose imatinib because of
slightly lower costs and better effectiveness than high-dose imatinib.
It is not possible to derive firm conclusions about the relative cost-effectiveness of the three
interventions owing to the great uncertainty around data inputs.
The parameters that had the most impact on the model results were overall survival,
treatment efficacy and treatment durations. The results were fairly robust to changes in
overall survival and treatment duration for nilotinib versus high-dose imatinib and dasatinib.
A probabilistic sensitivity analysis was run comparing the interventions dasatinib, nilotinib,
high-dose imatinib and hydroxycarbamide. For a WTP threshold of £20,000 per QALY,
hydroxycarbamide is the most cost-effective treatment. For a WTP threshold of £30,000 per
QALY, nilotinib, dasatinib, hydroxycarbamide and high-dose imatinib have a probabilities of
being cost-effective of 60%, 28%, 12% and 0%, respectively.
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Chapter 5
Discussion
Statement of principal findings
This report is a supplement to the PenTAG AR2 and, as such, the results reported herein must be
considered in conjunction with the PenTAG AR.2 No new evidence was identified for acceleratedphase or blast-phase CML, therefore this systematic review and economic evaluation refer only
to chronic-phase CML. For a discussion of findings for people with imatinib-resistant CML in
accelerated phase, see PenTAG AR2 (see pp. 357–63). For a discussion of blast crisis-CML see
PenTAG AR (see pp. 363–6).

Clinical effectiveness
The updated searches identified one RCT of dasatinib versus high-dose imatinib and three singlearm cohort studies of high-dose imatinib in people with imatinib-resistant CML. No new studies
of nilotinib were identified. Earlier publications of the RCT had been included in the PenTAG
AR;2 however, owing to major limitations in the design of the RCT, only the dasatinib arm of the
trial was reported and no comparative evidence was discussed. In line with this, outcomes with
longer follow-up from the dasatinib and high-dose imatinib arms of the RCT were dealt with as
non-comparative evidence in the present systematic review. Key limitations of the RCT include
a high crossover rate of 80% from the high-dose imatinib arm to the dasatinib arm at a median
of 13 weeks and a 20% crossover from dasatinib to high-dose imatinib at a median of 28 weeks.
The criteria used to define imatinib failure were slightly different in each of the four included
studies. All participants had chronic-phase CML, except in one of the single-arm cohort studies,
which also included very small numbers with accelerated phase and blast crisis (three and four
patients, respectively). The three single-arm cohort studies appeared to have a high risk of bias.
The following results should be interpreted with caution owing to the methodological limitations
of the included studies.
Dasatinib
Earlier publications of the RCT included in the PenTAG AR2 reported outcomes at median
15 months’ follow-up, although some data with longer follow-up had been obtained from
abstracts and the manufacturer’s submission to that appraisal. The 2009 publication of the RCT
reported a median of 26 months’ follow-up. There was no change to the data reported in the
PenTAG AR2 for the following outcomes:
■■
■■
■■

complete haematological response
complete haematological response in participants who had no CHR at baseline
estimated progression-free survival at 24 months.

Complete cytogenetic response improved slightly from 39.6% at a median of 15 months to 43.6%
at median 26 months. Major cytogenetic response was similar between patients with (55%) and
without (51%) a previous CyR on standard-dose imatinib. At 18 months, 90% of participants
maintained a major cytogenetic response. A MMR was achieved in 28.7% of participants. The
estimated proportion of participants without treatment failure at 24 months was 59%. Additional
AEs of any grade reported in the 2009 publication included fluid retention (39%), bleeding
(18%), infection (14%) and upper respiratory tract infection or inflammation (11%). An increase
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in superficial oedema from 15% to 20% also occurred with longer follow-up. Grades 3–4 fluid
retention occurred in 7% of participants.

High-dose imatinib
Data from the RCT described above and from three single-arm cohort studies were included.
Despite the RCT having a median follow-up of 26 months, median treatment duration for the
high-dose imatinib arm was only 3 months (range 0.16 to 26.3 months). This was due to the high
crossover rate.
Complete cytogenetic response ranged from 18.4% to 36.4%, and major cytogenetic response
ranged from 32.7% to 63.5%. Major cytogenetic response differed between those with (44%)
and without (7%) a previous CyR on standard-dose imatinib. Three-quarters of individuals
maintained their CyR at 18 months in the one study reporting this outcome. HR ranged between
55.5% and 91.8% in three studies, but duration of HR was not reported by the studies. A complete
molecular response was found in 13.5% of participants in one study, and a MMR was found in
12.2% of participants in another study. In one single-arm cohort study, median time to treatment
failure was 27 months for chronic phase (n = 64), 2.5 months for accelerated phase (n = 3) and
4 months for blast-crisis phase (n = 4). In the RCT, the median time to treatment failure was
3.5 months (95% CI 3.3 to 3.8 months) and the estimated proportion of participants without
treatment failure at 24 months was 18%. Event-free survival at 2 years was estimated to be 34% by
one study, whereas progression-free survival was estimated at 65% to 87%. Overall survival was
estimated at 85% in one study and 93% in another, but the studies used different definitions so
the outcomes are not directly comparable.
Grades 3–4 haematological AEs occurred in up to 40% if individuals, but grades 3–4 nonhaematological events were fairly rare, with none occurring in more than 5% of individuals.
AEs of any grade included anorexia, diarrhoea, fatigue, muscle spasms, musculoskeletal pain,
superficial oedema and rash.

Cost-effectiveness
One cost-effectiveness study was identified for this update. This compared dasatinib with highdose imatinib. The results showed that chronic-phase CML patients resistant to standard-dose
imatinib gain 0.62 QALYs when treated with dasatinib compared with high-dose imatinib and
the incremental societal cost is €4250 during the lifetime period or €6880 per QALY gained. It is
unclear how generalisable these results are to the UK NHS as the study was conducted in Sweden
and takes a societal perspective.
In addition, economic evaluations from two manufacturer submissions were reviewed and
critiqued and the economic evaluation presented in the PenTAG AR2 is also summarised
and critiqued.
The Novartis4 economic evaluation compared nilotinib with high-dose imatinib for those
with chronic-phase CML who are imatinib resistant. An exploratory analysis versus stem cell
transplantation/hydroxycarbamide was also undertaken. The results showed that nilotinib
dominates high-dose imatinib (i.e. is more effective and less costly). Exploratory analysis gives an
ICER of about £44,000 for nilotinib versus stem cell transplantation/hydroxycarbamide.
The BMS3 economic evaluation compared dasatinib, nilotinib and high-dose imatinib with
standard-dose imatinib, stem cell transplantation, hydroxycarbamide, interferon alfa, acute
leukaemia-style chemotherapy and best supportive care for patients with CML who are resistant
to imatinib. The results showed that dasatinib dominates high-dose imatinib, nilotinib and stem
cell transplantation.
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The PenTAG AR2 economic evaluation compared dasatinib and nilotinib with high-dose
imatinib, and also compared the three treatments with interferon alfa, for patients with CML who
are resistant to imatinib. The results showed that nilotinib dominates high-dose imatinib and the
ICER for nilotinib versus interferon alfa is about £44,600. The ICER for dasatinib versus nilotinib
is > £277,000.
All three economic evaluations were assessed in terms of their study quality and were deemed
to be appropriately conducted. There are two main differences in the assumptions of the two
industry models, which drive the differences between the models:
■■
■■

In the BMS3 model, patients are treated until progression, which incurs greater costs.
In the Novartis4 model, the assumed third-line treatment is stem cell transplantation/
hydroxycarbamide, which has associated high mortality and reduced overall survival.

We therefore used the PenTAG AR2 economic model to explore further analyses using some
different data inputs and to include the three interventions, dasatinib, nilotinib and high-dose
imatinib, and the comparators interferon alfa, standard-dose imatinib, stem cell transplantation
and hydroxycarbamide.

The SHTAC analysis
An exploratory analysis, using the PenTAG AR2 economic model, suggested that dasatinib,
nilotinib and high-dose imatinib have similar costs and effectiveness. Nilotinib, dasatinib and
high-dose imatinib are all cost-effective when compared with hydroxycarbamide, for a WTP
of about £30,000 per QALY. Nilotinib and dasatinib are slightly more cost-effective than highdose imatinib because of slightly lower costs and better effectiveness than high-dose imatinib.
However, there is great uncertainty around the data inputs and, as such, it is not possible to derive
firm conclusions about the relative cost-effectiveness of the three interventions. Where possible,
exploration of these uncertainties was undertaken using sensitivity analyses. Deterministic
sensitivity analyses showed that changes in overall survival for hydroxycarbamide and changes
in treatment efficacy of the interventions had little impact on results. A probabilistic sensitivity
analysis was run comparing the interventions dasatinib, nilotinib, high-dose imatinib and
hydroxycarbamide. For a WTP threshold of £20,000 per QALY, hydroxycarbamide would be the
most cost-effective treatment. For a WTP threshold of £30,000 per QALY, nilotinib, dasatinib,
hydroxycarbamide and high-dose imatinib have a probability of being cost-effective of 60%, 28%,
12% and 0%, respectively.

Issues
There are several important issues of relevance to this update report:
■■

■■

■■

As already described, the lack of comparative clinical effectiveness data has hindered
the assessment of dasatinib, nilotinib and high-dose imatinib for people with
imatinib-resistant CML.
In addition, the included studies were heterogeneous in terms of the definitions of imatinib
resistance and other patient characteristics. The lengths of follow-up of studies varied, and
many studies had small sample sizes and other methodological issues that increase the risk
of bias.
In most cases the outcomes reported are surrogates for assessing the effects of the treatments,
with few reliable estimates of final outcomes, such as survival. In addition, the definitions
used for these outcomes varied.
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Discussion

■■

■■

■■

■■

■■

■■
■■

■■

■■

We were not able to identify any new evidence on the effects of these treatments in those
with accelerated-phase or blast-crisis-phase CML and, as such, are unable to fully inform the
scope of this appraisal.
This report has reviewed the three economic models submitted by BMS,3 Novartis4 and
PenTAG.2 Although all three models were of reasonable quality, and used similar model
structures, there were some notable differences between them in assumptions and parameter
estimates, which produced large differences between model results.
The inadequacies in the evidence base are such that all cost-effectiveness analyses must
be regarded as an exploration of uncertainty. Although this is not satisfactory, no other
approach can be justified in the absence of so many data needed to populate a model.
Of the three economic models submitted, the one from PenTAG2 appeared to be the most
structurally robust, and we have used this model for our analyses. We have some concerns
over some of the assumptions and parameter values used and these have been discussed and
explored with sensitivity analyses.
Concerns have been expressed by one of our advisors that the models do not reflect clinical
practice, in particular that patients treated with one of the interventions who do not
respond are likely to then receive an alternative (nilotinib may be followed by dasatinib, for
example). It has not been possible to capture this third-line therapy in the model owing to
the paucity of data available. The PenTAG AR2 model is limited to second-line treatment for
the chronic phase of CML in imatinib-resistant patients and does not consider the whole
clinical pathway, although an average cost has been included for third-line and subsequent
treatment. PenTAG2 defended this approach by asserting that this would not make a
significant difference to marginal costs and benefits. This seems a reasonable assumption
given the lack of data to indicate otherwise.
There are concerns over the comparators used in the economic analyses, as these do not
reflect current clinical practice.
The PenTAG AR2 model is based on response to treatment (major cytogenetic response)
and is therefore a reflection of the treatment approach even if it is limited to one part of the
clinical pathway and one phase of the disease. However, there are large concerns over the use
of surrogates to predict final outcomes such as overall survival.
Results are presented using the principles of incremental analysis, where each technology
is compared with the next cheapest non-dominated alternative. Our analyses are presented
for each of the interventions and comparators in the appraisal scope, i.e. high-dose
imatinib, dasatinib and nilotinib have been compared against hydroxycarbamide, stem cell
transplantation, standard-dose imatinib and interferon alfa. According to this analysis, stem
cell transplantation, standard-dose imatinib and interferon alfa are all dominated by other
treatments and therefore the base option is considered to be hydroxycarbamide as it is the
least costly of the available alternatives. Although there may be issues with this assumption, it
is was considered the most appropriate option.
In keeping with the PenTAG AR,2 the Jabbour and colleagues23 study has been used as a
source of efficacy data for high-dose imatinib in the exploratory economic analysis. However,
this is a retrospective study, and sensitivity analyses have been conducted to explore
the effect of alternative assumptions based on the range of data shown in the review of
clinical effectiveness.

Strengths and limitations of the assessment
This report has a number of strengths:
■■

It is independent of any vested interest and has been undertaken following the principles for
conducting a systematic review. The methods were set out in an a priori research protocol


DOI:
10.3310/hta16230

■■

■■

Health Technology Assessment 2012; Vol. 16: No. 23

(see Appendix 1), which defined the research question, inclusion criteria, quality criteria, data
extraction process and methods to be used at different stages of the review.
The review updates a previous assessment and brings together new evidence on the clinical
effectiveness and cost-effectiveness of dasatinib, nilotinib and high-dose imatinib for those
with imatinib-resistant CML. This evidence has been critically appraised and presented in a
consistent and transparent manner.
In addition, the review was informed by comments received from an expert advisory group
and the advisory group has reviewed and commented on the final report.

However, this review also has certain limitations:
■■

■■
■■

Although searches were not limited to the English language, time and resource constraints
meant that we were unable to retrieve some foreign-language papers and therefore we may
have omitted non-English-language, but otherwise eligible, studies from our review.
Synthesis of the included studies was through narrative review, as differences in the included
studies precluded any statistical pooling of the data.
There are a number of uncertainties around the data inputs used in the economic
modelling and therefore caution is required in the interpretation of our results in terms of
cost-effectiveness.
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Chapter 6
Conclusions
Chronic-phase chronic myeloid leukaemia
The PenTAG AR2 (see p. 368) concluded that effectiveness data were limited, but dasatinib and
nilotinib appeared efficacious in terms of obtaining CyRs and HRs in the imatinib-resistant
population. The extent to which greater frequency and/or degrees of response would impact on
long-term outcomes was more difficult to conclude given the limited nature of the evidence base.
In particular, only one study had compared either agent (dasatinib) with high-dose imatinib.
The findings of this open-label study, that higher proportions of patients experienced positive
responses to dasatinib than to high-dose imatinib, were importantly confounded by substantial
crossover at an early point in follow-up.
The findings of the updated systematic review do not alter the conclusions of the PenTAG
AR.2 Additional data on the clinical effectiveness of high-dose imatinib have been identified,
which suggest that CyRs and HRs can be obtained in a proportion of imatinib-resistant people.
However, there remains an absence of evidence with which to assess the relative effectiveness of
dasatinib, nilotinib and high-dose imatinib in imatinib-resistant CML.
The uncertainties in the data mean that our exploratory cost-effectiveness analysis should be
interpreted with caution. Although we have attempted to address the key areas of uncertainty
in this update analysis, we do not feel able to make firm conclusions regarding the use of these
technologies in chronic-phase CML patients.

Accelerated- and blast-phase chronic myeloid leukaemia
The PenTAG AR2 did not produce a de novo economic evaluation for accelerated- and blastphase CML owing to the lack of relevant clinical effectiveness data for comparator treatments. No
new evidence on dasatinib, nilotinib and high-dose imatinib was identified in accelerated or blast
phase imatinib-resistant CML.

Suggested research priorities
The lack of comparative evidence hindered the assessment of the clinical effectiveness and costeffectiveness of dasatinib, nilotinib and high-dose imatinib for people with imatinib-resistant
CML. The PenTAG AR2 recommended that a three-way, double-blind, RCT of dasatinib, nilotinib
and high-dose imatinib should be undertaken. It is our view that it remains a research priority to
undertake a comparative study, and where feasible this should be randomised; however, we note
that it is unlikely that a double-blind study could be undertaken owing to the different dosing
schedules of the treatments.
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Appendix 1
Report methods for the synthesis of
evidence of clinical effectiveness and
cost-effectiveness

T

he systematic review of clinical effectiveness and cost effectiveness undertaken in the
previous report of dasatinib and nilotinib for people with imatinib-resistant and imatinibintolerant CML2 will be updated for those with imatinib-resistant disease only.

Search strategy
A systematic review will be conducted to obtain all relevant studies investigating dasatinib,
nilotinib or high-dose imatinib in patients with imatinib-resistant CML.
A review of the evidence for clinical effectiveness will be undertaken systematically following the
general principles outlined in CRD report entitled ‘Undertaking Systematic Reviews of Research
on Effectiveness’.27
Searches will be undertaken from database inception to 2010 inclusive and search strategies
will include a combination of text words and index terms relating to chronic myeloid leukaemia
and the interventions (imatinib, dasatinib and nilotinib). Separate searches will be conducted to
identify studies of clinical effectiveness, cost-effectiveness, HRQoL. The following resources will
be used with no language restrictions:
■■

■■
■■
■■
■■
■■

Bibliographic databases – MEDLINE (Ovid) 1950–present, EMBASE (Ovid) 1980-present,
CINAHL (EBSCO) 1982–present, Cochrane (Wiley) CENTRAL current issue, the NHS CRD
HTA database and the Science Citation Index 1981–present for clinical effectiveness studies.
Current controlled trials metaRegister, ISRCTN database, WHO ICTRP Portal and
ClinicalTrials.gov for ongoing studies.
Subject specific internet sites.
Specialist abstract and conference proceeding resources (British Library’s Electronic Table of
Contents – ZETOC – and ISI Proceedings).
Consultation with experts in the field.
Checking of reference lists of included studies and relevant reviews.

Selection of studies
Title/abstract screening
Titles/abstracts will be screened and studies will be selected for full-paper retrieval according to
the following criteria:
■■
■■
■■

patients have CML
patients have experienced disease progression while being treated with imatinib
dasatinib, nilotinib or high-dose imatinib are used.
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Where this information is not available, and it is not fully clear that the study does not fit the
inclusion criteria, full-paper copies will be retrieved for further assessment.

Study inclusion/exclusion criteria
Full papers will be assessed for inclusion with reference to the patients, interventions,
comparators and outcomes described in the decision problem above. Questions for inclusion/
exclusion are designed to be less specific than details stated in the decision problem so that all
trials and studies that can potentially contribute relevant data will be included.
Population
Patients with imatinib-resistant CML in the chronic, accelerated or blast phase. Included studies
will be those where:
1. patients have undergone previous treatment with imatinib
2. patients experience imatinib resistance, as classified by study authors.
Studies of imatinib-intolerant or imatinib-naive patients will be excluded from the review.

Interventions
Studies of dasatinib, nilotinib and high-dose imatinib at any dosage will be considered for
inclusion in the review.
Comparators
Potential comparators are dasatinib, nilotinib and high-dose imatinib, hydroxycarbamide,
interferon alfa, acute leukaemia-style chemotherapy, allogeneic stem cell transport and
standard-dose imatinib.
Studies with these treatments at any dosage levels will be considered for inclusion in the review.

Outcomes
Studies must include one or more of the following outcome measures for inclusion in this review:
■■
■■
■■
■■
■■
■■
■■
■■
■■

treatment response rates (including molecular, cytogenetic and haematological responses)
time to and duration of response
overall survival
event-free survival
progression-free survival
adverse effects of treatment
health-related quality of life
time to treatment failure
cost per QALY.

Study design
The hierarchy of evidence will be used to determine the inclusion of trials and studies into the
review. RCTs or prospective non-randomised comparative studies, where adequate matching is
considered to have been achieved, will be included in the review. Depending on the volume of
relevant literature identified, prospective non-comparative studies, such as case series, will be
obtained and identified in the review, but it is anticipated that these may not contribute to the
discussion of clinical effectiveness findings.
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Studies published as abstracts or conference presentations will be included only if sufficient
details are presented to allow an appraisal of the methodology and the assessment of results to
be undertaken.
For the systematic review of cost-effectiveness, studies will be included only if they report the
results of full economic evaluations, i.e. cost-effectiveness analyses, cost-utility analyses or cost–
benefit analyses.

Quality assessment and data extraction
The quality assessment of studies will be conducted using the quality criteria outlined in the
previous report.2 Study quality will be assessed by one reviewer and checked by a second
reviewer. Any disagreements will be resolved by consensus with reference to a third reviewer
where necessary. Data extraction of pre-specified information on features of the trial/study
design, population, intervention, comparators, outcomes and results will be conducted by one
reviewer and checked by a second reviewer to ensure accuracy.

Methods of synthesis and analysis
Studies in patients with chronic-, accelerated- and blast-phase CML will be reviewed separately
where data permit. Where data are reported as pooled results for different types of patients,
where it is not possible to disaggregate results, pooled results will be presented in the review.
It is also anticipated that, in trials and studies, there may not always be clarity around whether
patients are in chronic, accelerated or blast phases and whether they move between phases during
the course of trials or studies. It is therefore anticipated that some judgement may be required to
assign data to different phases.
Studies using different comparators will be grouped separately. Additional comparisons may be
undertaken, as guided by the available evidence, industry submissions and clinical input. Where
data allows, studies will be combined using meta-analysis. Where results for different treatment
doses are combined, this will be highlighted. However, it is anticipated that study heterogeneity
may limit this type of analysis. In this case, presentation of individual study results and qualitative
combination of the data will be used. The use of indirect comparisons of treatments used across
different studies will be considered subject to the quantity and quality of available evidence.

Sub-group analysis
Patients in different phases of CML will be considered separately in the main review and these
are therefore not considered to be sub-groups. If evidence allows, patients with different levels of
previous imatinib response will be considered in a sub-group analysis.

Report methods for synthesising evidence of cost-effectiveness
Cost-effectiveness review
The sources outlined above (see Search strategy) will be used to identify studies of the costeffectiveness of dasatinib, nilotinib or high-dose imatinib in patients with imatinib-resistant
CML. The inclusion and exclusion criteria for the systematic review of published costeffectiveness studies will be identical to that applied in the review of clinical effectiveness,
with the exception of study design (see Study inclusion/exclusion criteria). The quality of the
included economic evaluations will be assessed using a critical appraisal checklist based upon
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that proposed by Drummond and colleagues13 and Philips and colleagues.12 The data from these
studies will be tabulated and discussed in a narrative review.

Economic evaluation
An assessment of dasatinib and nilotinib as the intervention treatments compared with highdose imatinib has recently been conducted.2 In this previous assessment, an economic model
was developed in which high-dose imatinib and interferon alfa were used as comparators in the
modelling approach. We will critically appraise this existing model using the same checklist as
specified above (see Cost-effectiveness review). In addition we will adapt this existing model to run
updated analyses for the current assessment to reflect the current scope. That is, we will compare
each intervention with one another and against all comparators specified in Study inclusion/
exclusion criteria, if feasible and appropriate. Additional searches will be undertaken if required
to inform specific parameters; these will be determined during the review of the model.

Handling the company submission(s)
It is anticipated that separate manufacturer submissions will be received for dasatinib, nilotinib
and imatinib. Company submissions by the manufacturers/sponsors will be considered if
received by the Technology Assessment Report team with adequate time in which to incorporate
data. These dates are subject to the timelines for this review.
If the clinical information in company submissions meets the inclusion criteria for the review,
it will be extracted and quality assessed in accordance with the procedures outlined in this
protocol. Any economic evaluations included in the company submission, provided they comply
with NICE’s advice on presentation, will be assessed for clinical validity, reasonableness of
assumptions and appropriateness of the data used in the economic model. Economic models
will be appraised and an assessment of the reliability of the cost-effectiveness estimates will be
provided. Sensitivity analysis of the manufacturer’s model will be undertaken where possible and
appropriate to test the robustness of the model results.
Any ‘commercial-in-confidence’ data taken from a company submission, and specified as
confidential in the check list, will be highlighted in blue and underlined in the assessment report
(followed by an indication of the relevant company name e.g. in brackets).
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Appendix 2
Search strategy

T

he MEDLINE search strategy for the clinical effectiveness section (presented below) was
adjusted as necessary for cost-effectiveness searches and other electronic database searches.
Search strategies for the systematic review are available from the authors on request.

Database: MEDLINE (Ovid) 1950 to July week 1 2010
Search strategy:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.

imatinib.mp.
glivec.mp.
gleevec.mp.
sti571.mp.
sti 571.mp.
sti-571.mp.
STI 571.mp.
STI571.mp.
STI-571.mp.
nilotinib.mp.
tasigna.mp.
AMN107.mp.
AMN 107.mp.
AMN-107.mp.
dasatinib.mp.
sprycel.mp.
BMS354825.mp.
BMS-354825.mp.
BMS 354825.mp.
or/1-19
chronic myeloid leuk?emia.mp. or exp Leukemia, Myelogenous, Chronic, BCR-ABL Positive/
(chronic myel$ adj2 leuk?emia).mp.
exp Leukemia, Myeloid, Chronic, Atypical, BCR-ABL Negative/
cml.mp.
or/21-24
20 and 25.
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Blood 2009;114:4361–8.
13. Giles FJ, Abruzzese E, Rosti G, Kim DW, Bhatia R, Bosly A, et al. Nilotinib is active in
chronic and accelerated phase chronic myeloid leukemia following failure of imatinib and
dasatinib therapy. Leukemia 2010;24:1299–301.
14. Hazarika M, Jiang X, Liu Q, Lee S-L, Ramchandani R, Garnett C, et al. Tasigna for chronic
and accelerated phase Philadelphia chromosome-positive chronic myelogenous leukemia
resistant to or intolerant of imatinib. Clin Caner Res 2008;14:5325–31.
15. Hochhaus A, Muller MC, Radich J, Branford S, Kantarjian HM, Hanfstein B, et al. Dasatinibassociated major molecular responses in patients with chronic myeloid leukemia in chronic
phase following imatinib failure: response dynamics and predictive value. Leukemia
2009;23:1628–33.
16. Hughes TP, Branford S, White DL, Reynolds J, Koelmeyer R, Seymour JF, et al. Impact of
early dose intensity on cytogenetic and molecular responses in chronic phase CML patients
receiving 600 mg/day of imatinib as initial therapy. Blood 2008;112:3965–73.
17. Jabbour E, Cortes J, Kantarjian HM, Giralt S, Jones D, Jones R, et al. Allogeneic stem cell
transplantation for patients with chronic myeloid leukemia and acute lymphocytic leukemia
after Bcr-Abl kinase mutation-related imatinib failure. Blood 2006;108:1421–3.
18. Jabbour E, Cortes J, Kantarjian H, Giralt S, Andersson BS, Giles F, et al. Novel tyrosine kinase
inhibitor therapy before allogeneic stem cell transplantation in patients with chronic myeloid
leukemia: No evidence for increased transplant-related toxicity. Cancer 2007;110:340–4.
19. Jabbour E, Jones D, Kantarjian HM, O’Brien S, Tam C, Koller C, et al. Long-term outcome
of patients with chronic myeloid leukemia treated with second-generation tyrosine kinase
inhibitors after imatinib failure is predicted by the in vitro sensitivity of BCR-ABL kinase
domain mutations. Blood 2009;114:2037–43.
20. Jabbour E, Kantarjian HM, Jones D, Shan J, O’Brien S, Reddy N, et al. Imatinib mesylate dose
escalation is associated with durable responses in patients with chronic myeloid leukemia
after cytogenetic failure on standard-dose imatinib therapy. Blood 2009;113:2154–60.
21. Kantarjian HM, Talpaz M, O’Brien S, Giles F, Garcia-Manero G, Faded S, et al. Dose
escalation of imatinib mesylate can overcome resistance to standard-dose therapy in patients
with chronic myelogenous leukemia. Blood 2003;101:473–5.
22. Kantarjian H, O’Brien S, Talpaz M, Borthakur G, Ravandi F, Faderl S, et al. Outcome of
patients with Philadelphia chromosome-positive chronic myelogenous leukemia postimatinib mesylate failure. Cancer 2007;109:1556–60.
23. Kantarjian HM, Larson RA, Guilhot F, O’Brien SG, Mone M, Rudoltz M, et al. Efficacy of
imatinib dose escalation in patients with chronic myeloid leukemia in chronic phase. Cancer
2009;115:551–60.
24. Kim D-W, Goh Y-T, Hsiao H-H, Caguioa PB, Kim D, Kim W-S, et al. Clinical profile of
dasatinib in Asian and non-Asian patients with chronic myeloid leukemia. Int J Hematol
2009;89:664–72.
25. Kim DH, Kamel-Reid S, Chang H, Sutherland R, Jung CW, Kim H-J, et al. Natural killer or
natural killer/T cell lineage large granular lymphocytosis associated with dasatinib therapy
for Philadelphia chromosome positive leukemia. Haematologica 2009;94:135–9.


DOI:
10.3310/hta16230

Health Technology Assessment 2012; Vol. 16: No. 23

26. Klamova H, Faber E, Zackova D, Markova M, Voglova J, Cmunt E, et al. Dasatinib
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Appendix 4
Data extraction tables: studies of clinical
effectiveness
Kantarjian et al.6,7
Study details
Study details

Population

Arms

Outcomes

Author(s): Kantarjian
et al.

Inclusion criteria

Arm 1: Dasatinib

CyR

Patients with CP-CML with
primary or acquired resistance
to conventional doses of imatinib
(400–600 mg), dastinib naive, at
least 18 years of age, and have
adequate hepatic and renal function.
CP was defined by the presence of
< 15% blasts, < 20% basophils and
< 30% blasts plus promyelocytes in
peripheral blood or bone marrow and
a platelet count of at least 100,000
per cubic millimetre, with no
extramedullary involvement. Primary
resistance to imatinib was defined as
a lack of complete haematological
response after 3 months of imatinib
treatment, a lack of any CyR after
6 months of treatment or a lack of
a MCyR (Ph+ cells > 35%) after
12 months of treatment. Relapse
after a haematological response or
MCyR was considered as secondary
or acquired resistance

n: 101

Evaluated through bone marrow aspirates every
12 weeks

Exclusion criteria

Arm 2: HDI

Patients who had received imatinib
in the 7 days before the study were
ineligible, as were patients who had
received imatinb at doses in excess
of 600 mg per day. Patients with
known specific BCR–ABL mutations
(with high resistance to imatinib)
before study entry were exclued

n: 49

Year: 2007;6 updated
20097
Title: Dasatinib or HDI
for CP-CML after failure
of first-line imatinib:
a randomised Phase
II trial
Study: Kantarjian et al.
(2007),6 (2009)7
Secondary
publications: See
PenTAG AR,2 appendix
3, for list of secondary
publications
Trial code: START-R
CP: Yes
AP: No
BC: No
Countries: Argentina,
Australia, Belgium,
Brazil, Canada, Estonia,
Finland, France,
Germany, Israel,
Republic of Korea,
Norway, Peru, the
Philippines, Poland,
Puerto Rico, Russian
Federation, South
Africa, Sweden, Taiwan,
Thailand, UK, USA
No. of centres: 58
Notes: NCT00103844

Method of allocation
Randomised 2 : 1 to receive dasatinib
or HDI; randomisation was stratified
by study site and CyR on imatinib
(any response vs no response)
Blinding
Open label
Therapy common to all
participants
Not reported

Drug: Dasatinib
Starting daily dose (mg):
140

CCyR (0% Ph+)

Dosage details

MCyR (complete + partial)

70 mg b.i.d., escalated to
180 mg for participants
with inadequate
response at 12 weeks or
progression

Duration of MCyR

Reduced to 100 or
80 mg for participants
experiencing toxicity
Notes
Crossover to the
alternative treatment was
permitted after confirmed
progression, lack of
MCyR at the week 12
cytogenetic evaluation or
intolerance

PCyR (1% and 35% Ph+)

Haematological response
Weekly blood counts for the first 12 weeks of
treatment and every 2 weeks thereafter
CHR (WBCs ≤ institutional ULN; platelets
< 450 × 109/l; no blasts or promyelocytes
in peripheral blood; < 5% myelocytes plus
metamyelocytes in peripheral blood; < 20%
basophils in peripheral blood; no extramedullary
involvement (including no hepatomegaly or
splenomegaly)
Molecular response
MMR (not defined in paper or in study referenced
as providing definitions of response; usually
defined as a reduction in BCR–ABL transcript
levels of at least 3 log)
Survival

Dosage details: 400 mg
b.i.d.

Time to treatment failure [time from randomisation
to progression (see PFS) or end of treatment
(lack of response, study drug intolerance, or
off treatment for any reason); subjects still on
treatment were censored as of their last day of
dosing]

Reduction to 600 mg
was permitted for toxicity
in participants who had
not previously received
600 mg ofimatinib

Progression-free survival (time from randomisation
until disease progression (accelerated-phase
disease, BC, loss of CHR or MCyR, or increasing
WBC count), death, or discontinuation of treatment
because of progression prior to crossover)

Notes: Crossover to the
alternative treatment was
permitted after confirmed
progression, lack of
MCyR at the week 12
cytogenetic evaluation or
intolerance

Participant disposition

Drug: Imatinib
Starting daily dose (mg):
800

Withdrawal owing to AEs
AEs: grades 1–4
Assessed continuously and graded according
to the NCI-CTC 3.0. Specific focus was given to
cases of myelosuppression and fluid retention

BC, blast crisis; CCyR, complete cytogenetic response; CP-CML, chronic-phase CML; HDI, high-dose imatinib; MCyR, major cytogenetic
response; NCI-CTC, National Cancer Institute Common Toxicity Criteria; PCyR, partial cytogenetic response: ULN, upper limit of normal;
WBC, white blood cell.
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Baseline characteristics
Dasatinib
n

HDI
k

Mean

n

51 (range
24 to 85)

49

k

Mean

p-value

Demographics
Age (median)

101

51 (range
24 to 80)

Sex (n male)

101

53

(52.5%)

49

22

(44.9%)

0.486a

Resistance: loss of MCyR

101

21

(20.8%)

49

14

(28.6%)

0.395a

Resistance: loss of CHR

101

24

(23.8%)

49

15

(30.6%)

0.485a

Resistance: increasing WBC count

101

4

(4.0%)

49

2

(4.1%)

0.683a

Resistance: no CHR after 3 months

101

3

(3.0%)

49

2

(4.1%)

0.897a

Resistance: no CyR after 6 months

101

39

(38.6%)

49

16

(32.7%)

0.596a

Resistance: no MCyR after
12 months

101

39

(38.6%)

49

24

(49.0%)

0.303a

Best response to imatinib: CHR

101

93

(92.1%)

49

47

(95.9%)

0.593a

Best response to imatinib: CCyR

101

15

(14.9%)

49

4

(8.2%)

0.372a

Best response to imatinib: PCyR

101

13

(12.9%)

49

10

(20.4%)

0.337a

Time on imatinib: < 1 year

101

12

(11.9%)

49

5

(10.2%)

0.977a

Time on imatinib: 1–3 year

101

44

(43.6%)

49

29

(59.2%)

0.105a

Time on imatinib: > 3 years

101

45

(44.6%)

49

15

(30.6%)

0.145a

Highest imatinib dose: > 400 mg/day

101

65

(64.4%)

49

35

(71.4%)

0.498a

Prior hydroxycarbamide

101

97

(96.0%)

49

46

(93.9%)

0.860a

Prior chemotherapy

101

39

(38.6%)

49

18

(36.7%)

0.966a

Prior interferon

101

74

(73.3%)

49

33

(67.3%)

0.576a

Prior transplantation

101

7

(6.9%)

49

2

(4.1%)

0.747a

64 (range 6
to 166)

49

Imatinib failure

Prior therapy

b

Disease history
Duration of CML (months) (median)

101

52 (range
14 to 133)

CHR at study entry

101

51

(50.5%)

49

27

(55.1%)

0.722a

101

51

(50.5%)

49

27

(55.1%)

0.722a

101

6

(5.9%)

49

0

(0.0%)

0.283a

101

6

(5.9%)

49

0

(0.0%)

0.283a

101

41

(40.6%)

46c

11

(22.4%)

0.045a

101

41

(40.6%)

49

11

(22.4%)

0.045a

Baseline status
CHR at study entry
Disease history
MCyR at study entry
Baseline status
MCyR at study entry
Imatinib failure
BCR–ABL mutation
Baseline status
BCR–ABL mutation
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Dasatinib
n

HDI
k

Mean

n

7.5 (range 2 to 153)

48c

(10.9%)

49

261 (range 55 to 1903)

49

k

Mean

7

(14.3%)

p-value

Laboratory parameters
WBCs × 109/l (median)

100c

WBCs: 20 × 10 /l or more

101

Platelets × 10 /l (median)

101

9

9

11

c

7.4 (range 2 to 133)
0.740a

248 (range 80 to 2318)

CCyR, complete cytogenetic response; HDI, high-dose imatinib; MCyR, major cytogenetic response; PCyR, partial cytogenetic response: WBC,
white blood cell.
a Chi-squared test (Yates’s correction) (calculated by reviewer).
b Hydroxycarbamide or anagrelide.
c Data from Kantarjian et al.7 given here differs from those in earlier publications.

Results
Dasatinib
n
Kantarjian et al. (2007)

HDI
k

Mean

n

k

Mean

p-value

6

At median follow-up, 15 months (range 1 to 21 months)a
CyR
CCyR

101

40

(39.6%)

49

8

(16.3%)

0.007b

PCyR

101

13

(12.9%)

49

8

(16.3%)

0.748b

MCyR

101

53

(52.5%)

49

16

(32.7%)

0.035b

1

16

Duration of MCyR: 0 months

53

1

Duration of MCyR: 12 months

7

0.98

0

0.425

Duration of MCyR: 4 months

44

0.98

9

0.835

Duration of MCyR: 8 months

37

0.98

6

0.835

Haematological response
CHR

101

94

(93.1%)

49

40

101

16

(15.8%)

49

2c

(81.6%)

0.065b

(4.1%)

0.070b

Molecular response
MMR
Study medication
Duration of study therapy (months)
(median)

101

13.7 (range 0.2 to 19.3)

49

3.1 (range 0.2 to 15.6)

Average daily dose (mg/day) (median)

101

103 (range 38 to 175)

49

796 (range 358 to 800)

Time to treatment failure: 0 months

101

1

49

1

Time to treatment failure: 12 months

66

0.74

9

0.205

Time to treatment failure: 15 months

17

0.715

0

0.155

Time to treatment failure: 18 months

4

0.715

Time to treatment failure: 3 months

95

0.935

36

0.735

Time to treatment failure: 6 months

86

0.845

10

0.205

Time to treatment failure: 9 months

79

0.78

10

0.205

1

49

1

Survival

PFS: 0 months

101

PFS: 12 months

66

0.925

9

0.73

PFS: 15 months

17

0.925

0

0.545
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Dasatinib
n

HDI
k

Mean

n

PFS: 18 months

4

0.925

PFS: 3 months

95

0.99

36

PFS: 6 months

86

0.975

10

PFS: 9 months

79

0.94

10

Median time to treatment failure
(months)

Not reached

k

Mean

p-value

0.87
0.73
0.73
3.5

(95% CI 3.3 to 3.8)

Participant disposition
101

16

(15.8%)

49

9

(18.4%)

Anorexia

101

13

(12.9%)

49

4

(8.2%)

0.748b

Asthenia

101

13

(12.9%)

49

2

(4.1%)

0.563b

Diarrhoea

101

35

(34.7%)

49

14

(28.6%)

0.008b

Dyspnoea

101

21

(20.8%)

49

2

(4.1%)

0.087b

Face oedema

101

4

(4.0%)

49

5

(10.2%)

0.003b

Fatigue

101

30

(29.7%)

49

11

(22.4%)

0.099b

Headache

101

25

(24.8%)

49

5

(10.2%)

0.701b

Muscle spasms

101

2

(2.0%)

49

6

(12.2%)

< 0.001b

Nausea

101

24

(23.8%)

49

16

(32.7%)

< 0.001b

Pain in extremity

101

7

(6.9%)

49

5

(10.2%)

0.030b

Peripheral oedema

101

10

(9.9%)

49

10

(20.4%)

< 0.001b

Pleural effusion

101

17

(16.8%)

49

0

(0.0%)

0.009b

Pyrexia

101

14

(13.9%)

49

5

(10.2%)

0.431b

Rash

101

17

(16.8%)

49

7

(14.3%)

0.147b

Superficial oedema

101

15

(14.9%)

49

21

(42.9%)

< 0.001b

Vomiting

101

9

(8.9%)

49

12

(24.5%)

< 0.001b

Weight increase

101

5

(5.0%)

49

5

(10.2%)

0.008b

Withdrawal owing to AEsd
AEs grades 1–4

Haematological AEs grades 3–4
Thrombocytopenia

101

57

(56.4%)

49

7

(14.3%)

Neutropenia

101

62

(61.4%)

49

19

(38.8%)

Anorexia

101

0

(0.0%)

49

0

(0.0%)

0.482b

Asthenia

101

0

(0.0%)

49

0

(0.0%)

0.482b

Diarrhoea

101

2

(2.0%)

49

1

(2.0%)

0.835b

Dyspnoea

101

4

(4.0%)

49

0

(0.0%)

0.533b

Face oedema

101

0

(0.0%)

49

0

(0.0%)

0.482b

Fatigue

101

2

(2.0%)

49

2

(4.1%)

0.171b

Headache

101

2

(2.0%)

49

1

(2.0%)

0.835b

Muscle spasms

101

0

(0.0%)

49

0

(0.0%)

0.482b

Nausea

101

0

(0.0%)

49

0

(0.0%)

0.482b

Pain in extremity

101

0

(0.0%)

49

1

(2.0%)

0.209b

Peripheral oedema

101

0

(0.0%)

49

0

(0.0%)

0.482b

Pleural effusion

101

4

(4.0%)

49

0

(0.0%)

0.533b

Pyrexia

101

0

(0.0%)

49

0

(0.0%)

0.482b

Rash

101

0

(0.0%)

49

0

(0.0%)

0.482b

Superficial oedema

101

0

(0.0%)

49

0

(0.0%)

0.482b

Vomiting

101

0

(0.0%)

49

0

(0.0%)

0.482b

Weight increase

101

0

(0.0%)

49

0

(0.0%)

0.482b

AEs grades 3–4
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Dasatinib
n
Kantarjian et al. (2009)

k

HDI
Mean

n

k

Mean

p-value

7

At 12 weeks
CyR
CCyR

101

22

22%

49

4

MCyR

101

36

36% (26.4% to 45.8%)

49

14

8%
29% (16.6% to 43.3%)

0.041
0.402

At median follow-up 26 months (range 6.9 to 32.7 months)a
Estimated proportion without
treatment failure at 24 months

101

59%

49

18%

Estimated progression-free survival
at 24 months

101

86%

49

65%

Estimated progression

0.0012

101

13

49

10

600 mg/day subgroup

63

11

34

8

0.0033

400 mg/day subgroup

36

2

14

2

0.0562

Primary resistance subgroup

53

4

24

2

0.2110

Acquired resistance subgroup

43

9

24

8

0.0069

Before crossovere
CyR
CCyR

101

44

44%

49

9

18%

PCyR

101

10

10%

49

7

14%

MCyR (95% CI)

101

54

53% (43.3% to 63.5%)

49

16

Previous imatinib 600 mg/day

63

32

51%

34

8

24%

Previous imatinib 400 mg/day

36

22

61%

14

7

50%

90% (82% to 98%)

16

55%

34

% (95% CI) without loss of a MCyR at
18 months

54

33% (19.9% to 47.5%)

0.0025
0.017

74% (49% to 100%)

MCyR in patients with a previous CyR on imatinib
All

62

34

15

44%

Previous imatinib 600 mg/day

40

20

50%

23

8

35%

Previous imatinib 400 mg/day

20

14

70%

10

6

60%

MCyR in patients without a previous CyR on imatinib
All

39

20

51%

15

1

7%

Previous imatinib 600 mg/day

23

12

52%

11

0

0%

Previous imatinib 400 mg/day

16

8

50%

4

1

25%

CyR by imatinib resistancef
Primary resistance

53

MCyR

53

30

57%

24
24

7

29%

CCyR

53

22

42%

24

3

13%

Acquired resistance

43

MCyR

43

21

49%

24

8

33%

CCyR

43

19

44%

24

5

21%

24

With protocol-specified mutations

17

MCyR

17

7

41%

2

2
0

0%

CCyR

17

4

24%

2

0

0%
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Dasatinib

HDI

n

k

Mean

n

k

Mean

p-value

101

94

93.1% (86.25% to 97.2%)

49

40

81.6% (68% to 91.2%)

0.0341

Haematological response
CHR (95% CI)
Without loss of CHR at 24 months,%
(95% CI)

84% (76% to 93%)

73% (49% to 96%)

Timing not specified
CCyR in patients without a baseline
CCyR

97

41

42%

49

9

18%

MCyR in patients without a baseline
MCyR

95

49

52%

49

16

33%

MMR

101

29

29%

49

6

12%

MMR in patients who had a
CCyR and a molecular response
assessment

44

28

64%

9

5

56%

CHR in patients without CHR at
baseline

50

43

86%

22

16

72%

23 (0.16 to 29.4)

49

Treatment
Median (range) treatment duration
(months)

101

Median (range) dose (mg/day)

101

105 (42 to 177)

49

Dose interruptions

101

86

85%

49

17

35%

For haematological toxicity

101

62

61%

49

8

16%

For non-haematological toxicity

101

18

18%

49

4

8%

Dose reductions

3 (0.16 to 26.3)
796 (358 to 800)

101

71

70%

49

6

12%

For haematological toxicity

101

47

47%

49

2

4%

For non-haematological toxicity

101

14

14%

49

2

4%

From initial therapy

101

50

50%

49

40

82%

Due to AEs

101

23

23%

49

10

20%

Due to haematological AEs

101

10

10%

49

4

8%

Due to non-haematological AEs

101

13

13%

49

6

12%

Withdrawalsd

Among patients who achieved a MCyR
Due to loss of major
haematological response

5%

6%

Due to intolerance

3%

4%

Due to other reasons

1%

4%

AEs grades 1–4

g,h

Treatment related

101

94

93%

49

44

90%

Abdominal pain

101

15

15%

49

4

8%

Anorexia

101

17

17%

49

4

8%

Asthenia

101

15

15%

49

2

4%

Bleeding

101

18

18%

49

4

8%

Diarrhoea

101

37

37%

49

14

29%

Dyspnoea

101

23

23%

49

2

Face oedema

Not reported

4%
Not reported

Fatigue

101

33

33%

49

11

22%

Fluid retention

101

39

39%

49

21

43%

Headache

101

26

26%

49

5

10%

0.028


DOI:
10.3310/hta16230

Health Technology Assessment 2012; Vol. 16: No. 23

Dasatinib

Infection

HDI

n

k

Mean

n

101

14

14%

49

Muscle spasms

k

Mean

3

Not reported
101

21

21%

49

6

Nausea

101

24

24%

49

16

Not reported

Peripheral oedema

6%
Not reported

Musculoskeletal pain
Pain in extremity

12%
33%
Not reported

Not reported

Not reported

Pleural effusion

101

25

25%

49

0

0%

Pyrexia

101

14

14%

49

5

10%

Rash

101

18

18%

49

10

20%

Superficial oedema

101

20

20%

49

21

43%

Upper respiratory tract infection or
inflammation

101

11

11%

49

3

6%

Vomiting

101

10

10%

49

12

Weight increase

p-value

Not reported

24%
Not reported

AEs grades 3–4
Treatment related

101

62

61%

49

19

39%

Abdominal pain

101

0

0%

49

1

2%

Anorexia

101

0

0%

49

0

0%

Asthenia

101

0

0%

49

0

0%

Bleeding

101

1

1%

49

0

0%

Diarrhoea

101

3

3%

49

1

2%

Dyspnoea

101

5

5%

49

0

0%

Fatigue

101

3

3%

49

2

4%

Fluid retention

101

7

7%

49

0

0%

Headache

101

2

2%

49

1

2%

Infection

101

4

4%

49

0

Face oedema

Not reported

Muscle spasms

Not reported

Not reported

0%
Not reported

Musculoskeletal pain

101

1

1%

49

1

2%

Nausea

101

0

0%

49

0

0%

Pain in extremity

Not reported

Peripheral oedema

Not reported

Not reported
Not reported

Pleural effusion

101

5

5%

49

0

0%

Pyrexia

101

0

0%

49

0

0%

Rash

101

0

0%

49

0

0%

Superficial oedema

101

1

1%

49

0

0%

Upper respiratory tract infection or
inflammation

101

1

1%

49

0

0%

Vomiting

101

0

0%

49

0

0%

Weight increase

Not reported

Not reported

Haematological AEs grades 3–4
Anaemia

101

20

20%

49

4

8%

Leucopenia

101

24

24%

49

8

16%

Neutropenia

101

64

63%

49

19

39%

Thrombocytopenia

101

58

57%

49

7

14%

Death

101

2

49

0

© Queen’s Printer and Controller of HMSO 2012. This work was produced by Loveman et al. under the terms of a commissioning contract issued by
the Secretary of State for Health.

89

90

Appendix 4

CCyR, complete cytogenetic response; HDI, high-dose imatinib; MCyR, major cytogenetic response; PCyR, partial cytogenetic response;
PFS, progression-free survival; SCT, stem cell transplantation.
a Some follow-up times exceed the time to treatment crossover (see footnote ‘e’), but it is not reported whether these refer only to patients who
did not cross over or whether any data from crossovers are included. Note that only nine patients did not cross over to dasatinib.
b Chi-square test (Yates’ correction) (calculated by reviewer).
c Reported as 2/49 in text, but 4/49 in table (noted by SHTAC).
d Before crossover.
e Crossover details: only pre-crossover data have been extracted:
– 39 (80%) originally randomised to HDI: median time to crossover 13 weeks (range 1 to 68 weeks).
– 20 (20%) initially randomised to dasatinib: median time to crossover 34 weeks (range 1 to 108 weeks).
f Excluding six patients for whom no reasons for previous imatinib resistance were available.
g Patients may have had more than one AE.
h AEs in ≥ 10% of patients.
No grade 4 AEs seen in either group.
A range of subgroup analyses are also available (according to the following: pretreatment CyR status; participants with prior chemotherapy;
participants with prior SCT; participants with history of imatinib 600 mg/day; participants with no prior CHR with imatinib; participants with no
prior CyR with imatinib; participants with BCR–ABL mutation). Significant inter-treatment differences in rate of MCyR observed in participants with
history of Imatinib 600 mg/day and participants with no prior CyR with imatinib. Data are also presented for specific BCR–ABL point mutations.
Full data not extracted here.
Note that data have been extracted here as reported in the paper, for example rounded to whole number. However, outcomes summarised in the
main text of the present report may have been calculated to one decimal place by reviewers.
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Quality appraisal
1.

Is a power calculation provided? NO

2.

Is the sample size adequate? NOT CLEAR [stated that sample size was based on achieveing a maximum 20% (dasatinib) and 29% (imatinib)
width of the 95% CI for the primary outcome: however, the non-standard percentage width suggests this may have been a post hoc
observation, especially as not reported in the earlier publications]

3.

Was ethical approval obtained? YES

4.

Were the study eligibility criteria specified? YES

5.

Were the eligibility criteria appropriate? YES

6.

Were patients recruited prospectively? YES

7.

Was assignment to the treatment groups really random? UNKNOWN

8.

Were groups stratified? YES (by study site and CyR on imatinib)

9.

Was the treatment allocation concealed? UNKNOWN

10. Are adequate baseline details presented? YES
11. Are the participants representative of the population in question? YES
12. Are groups similar at baseline? YES. Well balanced with one exception: approximately twice as many patients in the dasatinib treatment arm
(45%) had a BCR–ABL mutation than in the HDI group (22%)
13. Are any differences in baseline adequately adjusted for in the analysis? YES (earlier publications)/NOT REPORTED (Kantarjian et al.7)
14. Are outcome assessors blind? NOT CLEAR
15. Was the care provider blinded? NO, open label
16. Are outcome measures relevant to research question? YES
17. Are data collection tools shown or known to be valid for the outcome of interest? YES
18. Is compliance with treatment adequate? UNCLEAR
19. Are withdrawals/dropouts adequately described? YES
20. Are all patients accounted for? YES
21. Is the number randomised reported? YES
22. Are protocol violations specified? NO
23. Are data analyses appropriate? NO (analyses were not planned in the original study and the analyses subsequently conducted were not
adjusted for multiple comparisons)
24. Is analysis conducted on an ITT basis? YES (earlier publications)/NOT REPORTED (Kantarjian et al.7)
25. Are missing data appropriately accounted for? NOT REPORTED
26. Were any subgroup analyses justified? YES
27. Are the conclusions supported by the results? NO, open label; relatively small sample size; lack of power calculation; unplanned crossover;
results from subgroup analyses were based on small sample size
28. Generalisability: Flaws in the study methodology impaired the internal validity of the study results
29. Inter-centre variability: Not taken into account
30. Conflict of interest declared? YES
31. General comments: Note that for outcomes reported ‘before crossover’ there is very wide variability in the time to crossover, which makes
interpretation of the timing of the outcomes uncertain. The timing of some assessments seems to exceed the timing of crossover and it is
unclear whether later assessments included crossover patients (only nine HDI patients did not cross over to dasatinib). Note that AEs are
reported for all patients including crossovers, but it is not stated whether the events occurred before or after crossover or whether event
frequencies differed before and after crossover
HDI, high-dose imatinib.
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Breccia et al.9
Study details
Study details

Population

Arms

OUTCOMES

Study: Breccia et al. (2010)

Inclusion criteria

Arm 1

CyR

Design: Cohort single arm; judged
to be prospective although unclear
reporting

n: 74

Haematological response

Drug: HDI

Molecular response

Starting daily dose (mg): 600
or 800

BC: No

CML patients who
demonstrated a poor response
or relapse after standard
imatinib therapy; no other
inclusion information given
other than the table of baseline
characteristics (below)

Stated that CyR was assessed
before dose escalation and
thereafter at 3 and 6 months of
therapy then every 6 months

Country: Italy

Exclusion criteria

No. of centres: 2

Not reported

9

Chronic phase: Yes
AP: No

Notes
Investigated the long-term efficacy
of dose escalation in patients with
CP-CML who demonstrated a poor
response or relapse after standard
imatinib therapy

Dose details
Dose escalation to 600 or
800 mg/day if haematological
failure, imatinib resistancea or
suboptimal responseb

Survival
Defined as the time from diagnosis
to death or date of last follow-up

Concurrent treatment

Progression-free survival

None reported

Defined from the time of the start
of imatinib to progression to an
advanced phase of disease
AEs
(Not explicitly specified as an
outcome)

AP, accelerated phase; BC, blast crisis; CCyR, complete cytogenetic response; CP-CML, chronic-phase CML; CyR, cytogenetic response; HDI,
high-dose imatinib; PCyR, partial cytogenetic response.
a Haematological and cytogenetic resistance not defined separately; imatinib failure defined as lack of CHR at 3 months, and of CyR at 6
months, the attainment of less than PCyR at 12 months, of less than CCyR at 18 months; or the loss of CHR, CCyR; or acquisition of BCR–ABL
mutations at any time.
b Suboptimal response defined as incomplete haematological response at 3 months, less than PCyR at 6 months, less than CCyR at 12 months
and less than MMR at 18 months, or acquisition of cytogenetic abnormalities in Ph+ cells, mutations of BCR–ABL, or loss of MMR at any time.

Baseline characteristics
Intervention
n

K

Median (range), percentage or score

Demographics
Age, years: median (range)

74

Sex (n male)

74

50 (19 to 85)
52

70.3%a

Disease status
WBC count (× 109/l)

74

4.5 (3.8 to 6.2)b

Platelet count (× 10 /l)

74

220 (180 to 350)b

Haemoglobin concentration (g/dl)

74

13 (11.8 to 15)b

Low

74

41b

Intermediate

74

24b

High

74

9b

9

Sokal score

Treatment history
IFN-α (late CP-CML)

74

22

29.7%a

Standard-dose imatinib only (early chronic phase)

74

52

70.3%a
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Intervention
n

K

Median (range), percentage or score

Primary resistancec

74

34

45.9%a

Haematological

74

10

13.5%a

74

24

32.4%a

Secondary resistance

74

36

48.6%a

Haematological

74

3

4.1%a

Cytogenetic

74

33

44.5%a

74

4

5.4%a

Cause of imatinib dose escalation

Cytogenetic
c

Suboptimal responsec
Cytogenetic

3

Molecular

1

Median (range) time from diagnosis to therapy (months)

74

3 (1 to 13)

Median (range) duration of imatinib therapy (months)

74

36 (21 to 70)

Dose escalation
From 400 to 600 mg/day

74

54

73.0%c

From 400 to 800 mg/day

74

20

27.0%c

CCyR, complete cytogenetic response; CP-CML, chronic-phase chronic myeloid leukaemia; IFN-α, interferon alfa; PCyR, partial cytogenetic
response; WBC, white blood cell.
a Calculated by reviewer.
b Parameter (e.g. mean, median) not stated.
c Haematological and cytogenetic resistance not defined separately; imatinib failure defined as lack of CHR at 3 months, and of CyR at 6
months, the attainment of less than PCyR at 12 months, of less than CCyR at 18 months; or the loss of CHR, CCyR; or acquisition of BCR–ABL
mutations at any time.

Results
Intervention
n

K

Median, percentage or p-value

74

27

36.4%b

Haematological failure patients

13

5

38%

Cytogenetic resistant patients

57

22

39%c

At 36 months’ median follow-up
Maintained or achieved a CCyRa

Difference between subgroups

p = 0.345

Primary cytogenetic resistance subgroup

24

27%

Acquired cytogenetic resistance subgroup

33

50%

Difference between subgroups

p = 0.02

Achieved a MCyRa
Cytogenetic failure

57

41

72%

Haematological failure

13

6

46%

Difference between subgroups

p = 0.002

Achieved a CyRa
600-mg/day dose escalation subgroup

53d

40

800-mg/day dose escalation subgroup

20

10

Difference between subgroups

p = 0.234
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Intervention
n

K

Median time to a CyR (months)

3.5

Maintained or achieved a CHR

74

68

Achieved a complete molecular responsef

74

10

Cytogenetic failure

10

7

Escalated dose for suboptimal CyR

10

3

e

Median, percentage or p-value
91.8%

Estimated 2-year outcomes
PFS

87%

OS

85%

AEsg
Muscle cramps
600-mg/day imatinib subgroup

20%

800-mg/day subgroup

30%

Difference between subgroups

NS (p ≥ 0.05)

Peripheral oedema
600-mg/day imatinib subgroup

35%

800-mg/day subgroup

40%

Difference between subgroups

NS (p ≥ 0.05)

Haematological toxicity
Anaemia
600-mg/day imatinib subgroup

0%

800-mg/day subgroup

2%

Difference between subgroups

Not reported

Neutropenia
600-mg/day imatinib subgroup

0%

800-mg/day subgroup

3%

Difference between subgroups

Not reported

CCyR, complete cytogenetic response; MCyR, major cytogenetic response; NS, not statistically significant; OS, overall survival; PCyR, partial
cytogenetic response; PFS, progression-free survival; WBC, white blood cell.
a Definitions of CyRs: CCyR: Ph+ metaphases = 0%; PCyR: Ph+ metaphases = 1–35%; MCyR: Ph+ metaphases = 0–35%; minor CyR: Ph+
metaphases = 36–65%; minimal CyR: Ph+ metaphases = 66–95%; no CyR: Ph+ metaphases > 95%
b Reported by authors as 37%.
c Calculated by reviewer as 39%; reported by authors as 42%.
d Reported elsewhere that 54 patients escalated dose to 600 mg/day.
e Authors refer both to CHR and ‘complete haematological remission’ using the same abbreviation (CHR). Complete haematological remission
is defined as a WBC count of < 10 × 109/l with no immature cells in the peripheral blood, a platelet count of < 450 × 109/l, and disappearance
of all signs and symptoms related to leukaemia. Partial haematological response is defined as the persistence of peripheral immature cells or
persistence with improvement of > 50% of splenomegaly and degree of thrombocytosis.
f Definitions of molecular responses: complete molecular response, a BCR–ABL/ABL ratio of < 0.001; MMR, a BCR–ABL/ABL ratio of < 0.1.
g Grades of AEs not reported.
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Quality appraisal
1.

General

1.1. Is the hypothesis/aim/objective of the study clearly described? YES
1.2. Were the case series collected at more than one centre? YES
1.3. Was the main outcome independently assessed? NOT REPORTED
1.4. Are patient characteristics adequately described? YES (baseline characteristics reported)
1.5. How easy is it to assess generalisability of the results? LOW (Italian population, but inclusion and exclusion criteria not stated)
2.

Assessment of selection bias

2.1. Are inclusion and exclusion criteria clearly reported? NO
2.2. Were data collected prospectively? NOT REPORTED
2.3. Were patients recruited consecutively? NOT REPORTED (a date range for recruitment is given)
3.

Assessment of performance bias

3.1. Did all of the participants receive the same intervention? NO (subgroups received different dose escalations)
3.2. Is the use of any concurrent therapies adequately described? NO (not reported whether there were any concurrent therapies)
4.

Assessment of attrition bias

4.1. Was an ITT analysis performed? UNCLEAR (not explicitly reported; dropouts not reported)
4.2. Were dropouts from the study adequately described? NO
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Koh et al.10
Study details
Study details

Population

Arms

OUTCOMES

Study: Koh et al.
(2010)10

Inclusion criteria

Arm 1

CyR

CML patients between 15 and
75 years of age with adequate
organ function (not defined).
Patients in CP with suboptimal
response to 400 mg/day of imatinib;
patients in AP or BC who failed to
achieve CHR after 3 months on
400–600 mg/day of imatinib

n: 71

Assessed every 6 months

Drug: HDI

Molecular response

Starting daily dose (mg): 600

Assessed every 3 months

Dose details

Time to treatment failure

Dose escalation to 800 mg/day permitted in
patients with AP or BC. Escalated doses were
for a minimum of 12 months or until disease
progression or intolerable toxicity. Patients with
cytopenia and non-haematological toxicity of grade
3 or more received dose reduction from 800 to
600 mg/day then 400 mg/day; or from 400 to
300 mg/day. Patients experiencing more than
grade 3 toxicity on 300 mg/day were withdrawn.
An effort was made to increase dose if patients on
reduced dose for 1 month did not experience more
than grade 1 toxicity

Defined according to
LeukemiaNET (reference
cited), based on
cytogenetic evaluation;
refers to the time from
dose escalation to the time
of treatment failure or drug
discontinuation due to
intolerable toxicity

Design: Prospective
cohort single arm
CP: Yes (n = 64)
AP: Yes (n = 3)
BC: Yes (n = 4)
Country: Korea
No. of centres: 19
Notes
Phase IV study to
evaluate the efficacy
of escalated dose
imatinib in patients
with suboptimal
response to standarddose imatinib

Suboptimal response and treatment
failure were defined according to
European LeukemiaNET (reference
cited)
Exclusion criteria
Patients who experienced more
than grade 2 AEs to standard-dose
imatinib

Concurrent treatment

AEs
(Not explicitly specified as
an outcome)

None reported
AP, accelerated phase; BC, blast crisis; CP, chronic phase; CyR, cytogenetic response; HDI, high-dose imatinib.

Baseline characteristics
Intervention
n

K

Median (range) or percentage

Demographics
Age, years: median (range)

71

Sex (n male)

71

50

49 (20 to 71)
70.4%

CP

71

64

90.1%

AP

71

3

4.2%

71

4

5.6%

Disease status

BC
CyR

a

Partial

71

31

43.7

Less than partial

71

40

56.3

Median (range) duration (months) of standard-dose imatinib

14.6 (0.6 to 52.8)

Treatment outcome on standard-dose imatinib
Suboptimal response

71

19

26.8

Treatment failure

71

52

73.2

To 600 mg/day

71

65

91.5

To 800 mg/day

71

6

8.5

Dose escalation

AP, accelerated phase; BC, blast crisis; CCyR, complete cytogenetic response; CP, chronic phase; CyR, cytogenetic response; PCyR, partial
cytogenetic response.
a According to the cited European LeukemiaNET reference, the following definitions apply: CCyR, Ph+ = 0%; PCyR, Ph+ = 1–35%; less than
PCyR, Ph+ > 35%
Authors stated in the discussion section that there were 9.7% mutations, but in the results section they reported that 3 out of 61 evaluable
patients (4.9%) had mutations.
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Results
Intervention
n

K

Median, percentage or p-value

Evaluable for CyR

71

52

73.2%a

Unevaluable owing to early disease progression

71

4

5.6%a

Unevaluable owing to refusal or loss to follow-up

71

15

21.1%a

Complete

71

16

22.5%

Partial

71

14

19.7%

Less than partial

71

22

31.0%

Overall rate of achieving a CCyR for evaluable patients

52

16

30.8%

At 6 months’ follow-up

Achieved a CyRb

Frequency achieving a CCyR, by subgroups
A. Partial responders at baseline

Not reportedc

B. Less than partial responders at baseline

Not reportedc

Difference, subgroups A vs B

p = 0.034

C. Suboptimal response on standard dose at baseline

Not reported

D. Treatment failure on standard dose at baseline

Not reported

Difference, subgroups C vs D

p = 0.076

E. Early molecular respondersd

Not reportede

F. Non-early molecular responders

Not reportede

Difference, subgroups E vs F

p = 0.010

Evaluable for molecular response

71

61

85.9%a

Unevaluable owing to early disease progression

71

4

5.6%a

Unevaluable owing to loss to follow-up

71

6

8.5%a

56.3%

Achieved a molecular response
71

40

AP patients achieving

3

2

BC patients achieving

4

0

71

21

29.6%

Evaluable for CyR

71

43

60.6%a

Unevaluable owing to early disease progression

71

12

16.9%a

Unevaluable owing to refusal or loss to follow-up

71

16

22.5%a

Complete

71

17

23.9%

Partial

71

11

15.5%

Less than partial

71

14

19.7%

Overall rate of achieving a CCyR for evaluable patients

43

17

40.5%

Early molecular responsed

Non-early molecular response
At 12 months’ follow-up

Achieved a CyRb
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Intervention
n

K

Median, percentage or p-value

Frequency achieving a CCyR, by baseline subgroups
A. Partial responders at baseline

Not reportedc

B. Less than partial responders at baseline

Not reportedc

Difference, subgroups A vs B

p = 0.012

C. Suboptimal response on standard dose at baseline

Not reported

D. Treatment failure on standard dose at baseline

Not reported

Difference, subgroups C vs D

p = 0.206

E. Early molecular respondersd

Not reportede

F. Non-early molecular responders

Not reportede

Difference, subgroups E vs F

p < 0.001

Median time to treatment failure (months)

71

18

CP patients

27.0

AP patients

2.5

BC patients

4.0
p < 0.001

Difference between CP and AP/BC

f

Comparisons by subgroups:
A. Partial cytogenetic responders at baseline

Not reached

B. Less than partial cytogenetic responders at baseline

12.0

Difference, subgroups A vs B

p < 0.001

C. Suboptimal response on standard dose at baseline

Not reached

D. Treatment failure on standard dose at baseline

12.3

Difference, subgroups C vs D

p = 0.009

E. Early molecular respondersd

Not reached

F. Non-early molecular responders

11.0

Difference, subgroups E vs F

p < 0.001

AEs
Haematological AEs above grade 2
Anaemia

71

12

16.9%a

Neutropenia

71

13

18.3%a

Thrombocytopenia

71

0

0%

Grade 3 oedema

71

2

2.8%a

Other AEs above grade 2

71

0

0%

71

0

0%

Non-haematological AEs above grade 2

Other AEsg
Stopped imatinib owing to intolerable toxicity

AP, accelerated phase; BC, blast crisis; CCyR, complete cytogenetic response; CP, chronic phase.
a Calculated by reviewer.
b Patients who were AP or BC failed to reach a CCyR during the study.
c Stated that frequency of achieving a CCyR was higher for partial responders at baseline than for less than partial responders at baseline (data
not reported).
d Early molecular responder defined as a molecular reduction of > 50% within 6 months.
e Stated that early molecular-responder patients reached CCyR more frequently at 6 and 12 months (p = 0.010 and p < 0.001, respectively).
f Unclear whether p-value applies to individual comparisons of CP vs AP and CP vs BC or a pooled comparison of CP vs AP + BC.
g Stated narratively that nausea, vomiting, oedema, muscle cramps, fatigue and diarrhoea were common non-haematological toxicities, but data
not reported.
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Quality appraisal
1.

General

1.1. Is the hypothesis/aim/objective of the study clearly described? YES
1.2. Were the case series collected at more than one centre? YES
1.3. Was the main outcome independently assessed? NOT REPORTED
1.4. Are patient characteristics adequately described? YES (limited to ethnicity, age, sex and CML characteristics)
1.5. How easy is it to assess generalisability of the results? HIGH (specifically a Korean population of known age range and CML status, although
potential prognostic factors such as weight not reported)
2.

Assessment of selection bias

2.1. Are inclusion and exclusion criteria clearly reported? YES
2.2. Were data collected prospectively? YES
2.3. Were patients recruited consecutively? NOT REPORTED (a date range for recruitment is given)
3.

Assessment of performance bias

3.1. Did all the participants receive the same intervention? NO (subgroups received different dose escalations or reductions if warranted)
3.2. Is the use of any concurrent therapies adequately described? NO (not reported whether or not there were any concurrent therapies)
4.

Assessment of attrition bias

4.1. Was an ITT analysis performed? UNCLEAR (not explicitly reported; however, data for CyRs and molecular responses were conservatively
presented as percentages of all patients rather than as percentages of those available and eligible for assessment)
4.2. Were dropouts from the study adequately described? YES
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Rajappa et al.8
Study details
Study details

Population

Arms

OUTCOMES

Study: Rajappa et al.
(2010)8

Inclusion criteria

Arm 1

Event-free survival

CP-CML resistant to imatinib 400 mg/day. No
other details reported

n: 90

Primary resistance defined as treatment failure to
400 mg/day of imatinib, i.e. failure to achieve CHR
after 3 months, failure to achieve any CyR after
6 months, MCyR after 12 months, and CCyR after
18 months of therapy

Starting daily dose
(mg): 800

Defined as: ‘time from dose escalation to
loss of CHR or CCyR, failure to achieve
CHR at 3 months, progression to AP or BC,
no CyR at 6 months, less than MCyR at
12 months and no CCR at 18 months or
death from any cause’

Design: Cohort single
arm judged to be
prospective, although
unclear reporting
Chronic phase: Yes
AP: No
BC: No
Country: India
No. of centres:
Assumed one (not
reported; all authors
from one centre)

Secondary resistance defined as loss of CCyR
or rising WBC counts to > 10 × 109/l on two
occasions more than 4 weeks apart, progression
to AP or BC
Exclusion criteria

Drug: HDI

Dose details
Dose escalated from
400 to 800 mg/day
for all participants
Concurrent
treatment

Transformation-free survival
Defined as time from dose escalation until
transformation to AP or BC, or death due to
any cause
OS

None reported

Defined as time from dose escalation to
death due to any cause

Patients with AP or BC

AEs

Notes:
Study focuses on
kinase domain
mutations

AP, accelerated phase; BC, blast crisis; CCyR, complete cytogenetic response; CP-CML, chronic-phase chronic myeloid leukaemia; HDI, high-dose
imatinib; MCyR, major cytogenetic response; OS, overall survival; WBC, white blood cell.

Baseline characteristics
Intervention
n

K

Mean, median or percentage

71.1%

Demographics
Age, years: mean ± SD (range)

90

Sex (n male)

90

64

35.7 ± 12 (18 to 65)

Primary resistance

90

30

Secondary resistance

90

60

90

10

Imatinib failure
Intolerancea

Disease groupb
Primary haematological resistance

11.1%

Primary cytogenetic resistance

90

20

22.2%

Loss of haematological response

90

55

61.1%

Loss of CyR

90

5

5.5%

Prior therapy (stated that participants received only imatinib 400 mg/day and HU; no other prior therapy)
Median (range) time (months) from diagnosis to start of imatinib 400 mg/day

90

5 (0.5 to 20)

< 6 months

75

> 6 months

15

Median (range) time (months) on imatinib 400 mg/day before resistance

90

18 (3 to 48)

≤ 18 months

65

> 18 months

25
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Intervention
n

K

Mean, median or percentage

Best response to imatinib 400 mg/day
CCyR

90

10

11.1%

PCyR

90

21

23.3%c

Minor CyR

90

58

64.4%d

CHR

90

80

88.8%

MCyR to imatinib 400 mg/day

90

41

45.5% e

Laboratory and other clinical parameters
Median (range) haemoglobin concentration (g/dl)

90

Median (range) total leucocyte count (109/l)

90

11.2 (7.9 to 15.1)
11 (3.7 to 180)

Median (range)% blasts

90

2 (0 to 9)

Median (range)% basophils

90

4 (0 to 12)

Median (range)% platelets

90

2.7 (0.9 to 11.9)

Sokal score low and intermediate

90

60

Sokal score high

90

30

BCR–ABL mutations

90

29

32.2%

CCyR, complete cytogenetic response; CyR, cytogenetic response; HU, hydroxycarbamide; MCyR, major cytogenetic response; PCyR, partial
cytogenetic response; SD, standard deviation.
a Focus was on resistance (all participants); intolerance not reported.
b At dose escalation.
c Reported by the authors as 23.5%.
d Reported by the authors as 65.4%.
e Reported by the authors as 44.5%.

Results
Intervention
N

K

Percentage, median or
p-value

At
Event-free survival at follow-up

90

35

39%

OS at follow-up

90

84

93%

Follow-up time unclear
CCyR
All participants

90

25

27.7%

Cytogenetic failure subgroup

26

13

50%

Haematological failure subgroup

64

12

18.75%

Difference between subgroups

p = 0.004

PCyR
All participants

90

10

Cytogenetic failure subgroup

26

6

Haematological failure subgroup

64

4

Difference between subgroups
MCyR

23%
6.25%
p = 0.03

90

35

39%
11 (6 to 18)

Median (range) time to CyR (months)
CHR

11.1%a

90

50

55.5%
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Intervention
N

K

Percentage, median or
p-value

Estimated 2-year outcomes
Event-free survival
All participants

90

34%

Cytogenetic failure subgroup

26

73%

Haematological failure subgroup

64

22%

Difference between subgroups

p=0.0018

Event-free survival for patients achieving a MCyR to dose escalation
All participants

35

67%

Cytogenetic failure subgroup

90%

Haematological failure subgroup

51%

Difference between subgroups

p=0.0006

OS
All participants

90

93%

Cytogenetic failure subgroup

26

100%

Haematological failure subgroup

64

93%

Difference between subgroups

Stated NS

Transformation-free survival
All participants

90

86%

Cytogenetic failure subgroup

26

95%

Haematological failure subgroup

64

74%

Difference between subgroups

Not reported

Events at median follow-up of 18 (range 3–40) months

90

55

61%

Failure to achieve CHR

55

37

67.3%b

Loss of haematological response

55

2

3.6%

Failure to achieve CyR

55

7

12.7%

Progression to AP or BC

55

3

5.5%b

Death

55

6

10.9%b

Dose decrease

90

16

18%

Dose interruption

90

31

34%

Discontinuation due to AEs

90

3

3%

Able to continue imatinib dose > 600 mg/day

90

60

Consequences of haematological toxicity

67%c
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Intervention
N

Percentage, median or
p-value

K

AEs
Grades 3–4 haematological AEs
Anaemia

90

27

30%

Leucopenia

90

28

31%

Neutropenia

90

35

39%d

Thrombocytopenia

90

19

21%

Superficial oedema

90

55

61%

Musculoskeletal pain

90

35

39%

Fatigue

90

27

Anorexia

90

26 or 23

Rash

90

24

27%

Diarrhoea

90

24

27%

Dyspepsia

90

13

14%

Nausea/vomiting

90

10

11%

Mucositis/oral ulcers

90

9

10%

Non-haematological AEs

30%
e

29% or 25.55%e

AP, accelerated phase; BC, blast crisis; CCyR, complete cytogenetic response; MCyR, major cytogenetic response; PCyR, partial cytogenetic
response; NS, not statistically significant; OS, overall survival.
a Reported by the authors as 11.3%.
b Percentage reported by authors differed by ± 0.1.
c Reported by the authors as 76%.
d Reported incorrectly by the authors as 44%.
e Two entries for anorexia are given by the authors in table VI, but unclear which is correct.
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Quality appraisal
1.

General

1.1. Is the hypothesis/aim/objective of the study clearly described? YES
1.2. Were the case series collected at more than one centre? NOT REPORTED (but all authors based at one centre)
1.3. Was the main outcome independently assessed? NOT REPORTED
1.4. Are patient characteristics adequately described? NO (this study appears to be on an Indian population but ethnicity and socioeconomic status
are not reported)
1.5. How easy is it to assess generalisability of the results? LOW (appears to be single-centre study)
2.

Assessment of selection bias

2.1. Are inclusion and exclusion criteria clearly reported? YES (although limited)
2.2. Were data collected prospectively? NOT REPORTED (cannot ascertain from description of methods)
2.3. Were patients recruited consecutively? YES (stated in methods)
3.

Assessment of performance bias

3.1. Did all of the participants receive the same intervention? YES (but timing of intervention varied among patients and is not reported, hence
giving a broad range of imprecise follow-up times)
3.2. Is the use of any concurrent therapies adequately described? NO (not reported whether there were any concurrent therapies)
4.

Assessment of attrition bias

4.1. Was an ITT analysis performed? UNCLEAR (not explicitly reported; stated that only patients with at least one cytogenetic evaluation after
6 months of dose escalation were analysed, but not whether or not all 90 participants analysed met this criterion; also, some percentages
incorrect – unclear whether or not a different denominator used)
4.2. Were dropouts from the study described? NO

Note: this paper gives only a vague indication of follow-up time (median and wide range). This is
a major limitation that is not captured by the quality-appraisal criteria above.
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Appendix 5
Data extraction of cost-effectiveness studies
Ghatnekar and colleagues 2010
Study characteristics
Reference (lead author, year, refid)
Ghatnekar et al. 201015

Health technology
Dasatinib

Interventions and comparators
What interventions/strategies were included?
HDI
HDI, high-dose imatinib.

Was a no-treatment/supportive care strategy included?
No

Describe interventions/strategies:
Dasatinib: 140 mg/day
Imatinib: 800 mg/day

Research question
What are the stated objectives of the evaluation?
To evaluate the cost-effectiveness of dasatinib treatment vs HDI in patients with CP-CML who are resistant to standard-dose imatinib in Sweden
CP-CML, chronic-phase chronic myeloid leukaemia; HDI, high-dose imatinib.

Study type: cost-effectiveness/cost–utility/cost–benefit analysis?
Cost-effectiveness and cost–utility study
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Study population
What definition was used for [condition]? What are the characteristics of the baseline cohort for
the evaluation?
Patients confirmed to be resistant to lower doses of imatinib (≤ 600 mg). Resistance defined as any of:
■■

a rising WBC count after the initiation of treatment with imatinib

■■

a failure to achieve CHR after 3–6 months of imatinib treatment

■■

a loss of CHR at any time under therapy

■■

a failure to achieve MCyR after 12 months of therapy

■■

a loss of MCyR at any time during therapy

The median age was 51 years and approximately 50% of dasatinib group and 20% of the imatinib group were male. Medium duration of disease
was 64 and 52 months for dasatinib and imatinib, respectively
Full details of patient characteristics given in supplied reference (Kantarjian et al. 2007)6
MCyR, major cytogenetic response; WBC, white blood cell.

Institutional setting: where is/are the intervention(s) being evaluated
usually provided?
Not stated (outpatient setting for CP, inpatient for AP and BP?)
AP, accelerated phase; BP, blast phase; CP, chronic phase.

Country/currency
Has a country setting been provided for the evaluation? What currency are costs expressed in,
and does the publication give the base year to which those costs relate?
Country is Sweden. Currency is euros. Base year 2008

Funding source
Bristol-Myers Squibb AB, Sweden

Analytical perspective
What is the perspective adopted for the evaluation (health service, health and PSS, third-party
payer, societal (i.e. including costs borne by individuals and lost productivity)?
Societal perspective adopted
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Effectiveness
Were the effectiveness data derived from a single study, a review/synthesis of previous studies or
expert opinion? Give the definition of treatment effect used in the evaluation. Give the size of the
treatment effect used in the evaluation:
Response to treatment was taken from a 12-week head-to-head Phase II clinical trial
This was defined as best initial response (no response, CHR, PCyR, CCyR) to treatment with the percentage of patients for each treatment (only
applicable to CP):
■■

7.9% of patients had no response to dasatinib, 18.4% of patients had no response to imatinib

■■

57.4% had CHR to dasatinib, 53.1% had CHR to imatinib

■■

13.9% had PCyR to dasatinib, 20.4% had PCyR to imatinib

■■

20.8% had CCyR to dasatinib, 8.2% had CCyR to imatinib

CP, chronic phase; CCyR, complete cytogenetic response; PCyR, partial cytogenetic response.

Intervention costs
Were the cost data derived from a single (observational) study, a review/synthesis of previous
studies expert opinion? Were the methods for deriving these data adequately described (give
sources if using data from other published studies)? List the direct intervention costs and other
direct costs used in the evaluation – include resource estimates (and sources for these estimates,
if appropriate), as well as sources for unit costs used:

TABLE 49 Input data: resource use per month and unit cost reflecting Swedish treatment practice (€ 2008)
Resource use per montha
Resource item

CP responder

CP non-responder

AP

BC

Unit cost (SD)

Source

Haematologist visit

0.33

1.00

2.00

2.00

184 (75)

SRHCC

Inpatient stay

0.00

0.00

0.17

0.42

541 (222)

SRHCC

Chest radiography

0.00

0.00

0.33

0.50

56 (8)

SRHCC

CT scan

0.00

0.00

0.08

0.08

220 (31)

SRHCC

Bone marrow test

0.33

0.33

0.33

0.33

784 (110)

SRHCC

Cytogenetic testing

0.33

0.33

0.33

0.33

365 (51)

SRHCC

PCR test

0.33

0.08

0.00

0.00

655 (92)

SRHCC

Other laboratory tests

1.50

2.00

2.00

4.00

14 (2)

SRHCC

Thrombocyte transfusion

0.00

0.00

0.63

2.50

914 (375)

SRHCC

Imatinib 800 mg/day (monthly cost)

4869

FASS 2008

Dasatinib 140 mg/day (monthly cost)

4239

FASS 2008

AP, accelerated phase; BC, blast crisis; CP, chronic phase; PCR, polymerase chain reaction; SD, standard deviation.
a Based on expert opinion.

AEs costs (€ 2008) are included in sensitivity analysis: diarrhoea 184 (CP), 2865 (AP or BC);
headache 184; dyspnoea (dasatinib) 240; neutropenia (dasatinib) 3530; pleural effusion
(dasatinib) 885.
Cost data are derived from two Swedish official price lists [FASS 2008 (Pharmaceutical
Specialties in Sweden), Southern Regional Health Care Committee 2008 (SRHCC)].
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Indirect costs: costs due to lost productivity, unpaid inputs to patient care
Were indirect costs included?
TABLE 50 Indirect costs (€ 2008) were included (production losses and public consumption):
Item

Unit cost (€ 2008)

Source

Monthly production loss (85% activity)

3830

Income Distribution Survey 2003, Statistics Sweden

Public consumption age 50–64 years

1461

Ekman. Stockholm School of Economics 2002

Public consumption age 65–74 years

1465

Ekman. Stockholm School of Economics 2002

Public consumption age 75–84 years

1678

Ekman. Stockholm School of Economics 2002

Public consumption age 85+ years

2514

Ekman. Stockholm School of Economics 2002

Health-state valuations/utilities (if study uses quality-of-life adjustments
to outcomes)
Were the utility data derived from a single (observational) study, a review/synthesis of previous
studies expert opinion? Were the methods for deriving these data adequately described (give
sources if using data from other published studies)?
Utility weights for each health state were elicited with a TTO technique using the EQ-5D instrument among 100 laypersons in the UK and applied to
both the dasatinib and imatinib arms (Levy et al. 200716). Variation around the mean is used for PSA. In the sensitivity analysis, weights provided for
the NICE appraisal of imatinib were used (Dalziel et al. 200425).
PSA, probabilistic sensitivity analysis.

List the utility values used in the evaluation:
CP responder

CP non-responder

AP

BC

Source

0.90

0.72

0.53

0.29

Levy et al. 200716

CI 0.87 to 0.93

CI 0.67 to 0.77

CI 0.48 to 0.57

CI 0.24 to 0.34

0.85

0.85

0.73

0.52

Utility weights
Base case
One-way sensitivity analysis

Dalziel et al. 200425

AP, accelerated phase; BC, blast crisis; CP, chronic phase.

Modelling
If a model was used, describe the type of model used (e.g. Markov state transition model, discrete
event simulation). Was this a newly developed model or was it adapted from a previously
reported model? If an adaptation, give the source of the original. What was the purpose of the
model (i.e. why was a model required in this evaluation)? What are the main components of
the model (e.g. health states within a Markov model)? Are sources for assumptions over model
structure (e.g. allowable transitions) reported? List them if reported:
The analysis uses a Markov model. This is an adaptation of one used by the Scottish Medicines Consortia (Taylor et al. 2007 abstract, 2010 in
press) to reflect Swedish practice
All patients were assumed to start treatment in the CP. The response to treatment after an initial 12-week treatment period determines the disease
progression within the four health states: CP, AP, BC and dead (from either CML- or non-CML-related causes). At each monthly cycle, the patient
faces the probability of staying in the same health state or moving to the next. It is not possible to move from CP to BC directly, whereas the
probability of CML-related death is dependent on the health state and the treatment response of the patients. Age-specific annual non-CML-related
mortality rates were derived from Statistics Sweden
AP, accelerated phase; BC, blast crisis; CP, chronic phase.
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TABLE 51 Monthly progression rates
Initial response
rate
No
response
CHR

PCyR

CCyR

Probability of being in the health state months 4–12

Probability of being in the health state months 13+

CP

Death

CP

AP

BC

AP

BC

Death

CP

0.831a

0.169b

0.000c

0.000c

0.831

0.169b

0.000c

0.000c

AP

0.000

0.826

0.124

0.050

0.000

0.833

0.124

0.043d

BP

c

0.000

0.000

0.826

0.174

0.000

c

0.000

0.926

0.074d

CP

0.993

a

0.007

0.000

0.000

0.980

0.020

f

b

0.000

0.000c

AP

0.000c

0.977a

0.006d

0.017d

0.000c

0.943a

0.038d

0.018d

BP

c

0.000

0.000

0.941

0.059

0.000

c

0.000

0.977

0.023d

CP

0.997

a

0.003

0.000

0.000

0.994

0.006

f

0.000

0.000c

AP

0.000

1.000

0.000

0.000

0.000

0.962

d

0.022

0.016d

BP

0.000c

0.000c

0.941a

0.059d

0.000c

0.000c

0.964a

0.036d

CP

0.997

0.003

0.000

0.000

0.995

0.005

f

0.000

0.000c

AP

0.000

1.000

0.000

0.000

0.000

0.995

0.002

0.003d

BP

0.000

0.000

0.985

0.015

0.000

0.000

0.989

0.011d

c

c

a
c
c

a
c
e

c
e
a

e
a
c

d
a
c

a
c
d

c
d
a

d
d
c

d
c
d

c
d
d

c
c

c

c

c
c

a

a

a
c

d
a

a
c

c
d
a

AP, accelerated phase; BC, blast crisis; CP, chronic phase; CCyR, complete cytogenetic response; PCyR, partial cytogenetic response.
a Residual probability.
b Holowiecki 2006.
c Assumption.
d Aoki 2005.
e Kantarjian 2002.
f Silver 2004.

Extract transition probabilities for (natural history/disease progression) model and show sources
(or refer to table in text):
The probability of remaining in CP the next month was 0.831 or moving to AP was 0.169
In the next month, patients remaining in CP have the same probabilities. Patients in AP have the probability of remaining in AP of 0.826 or moving to
BC of 0.124 or death 0.05
Progression data taken from several sources
AP, accelerated phase; BC, blast crisis; CP, chronic phase.

What is the model time horizon?
Lifetime horizon

What, if any, discount rates have been applied in the model? Same rate for costs and outcomes?
Costs and benefits discounted by 3% per year

Results/analysis
What measure(s) of benefit were reported in the evaluation?
Life-years and QALYs
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Provide a summary of the clinical outcome/benefits estimated for each intervention/strategy
assessed in the evaluation:
Base-case results
Dasatinib 140 mg/day

Imatinib 800 mg/day

Difference

Life-years

6.37

5.69

0.67

QALYs

5.19

4.57

0.62

Provide a summary of the costs estimated for each intervention/strategy assessed in
the evaluation.

TABLE 52 Base-case analysis: societal and lifetime perspective, imatinib 800 mg/day vs dasatinib 140 mg/day, discount
rate 3% (€ 2008)
Cost item

Dasatinib (€)

Imatinib (€)

Treatment (drug)

Difference (€)

277,778

278,210

Specialist visits

8063

7734

329

Inpatient stay

1916

1963

−48

Imaging and blood tests

2254

2113

40

19,791

17,703

2088

9219

8247

972

PCR test

14,133

12,320

1813

Thrombocyte transfusions

17,806

18,217

−411

Total direct cost

350,960

346,507

4452

Production losses

41,834

53,826

−11,991

Increased public consumption

111,738

99,948

11,789

Total societal cost

504,532

500,281

4250

Bone marrow tests
Cytogenetic tests

−432

PCR, polymerase chain reaction.

Synthesis of costs and benefits – are the costs and outcomes reported together (e.g. as costeffectiveness ratios)? If so, provide a summary of the results:
Incremental societal cost/LY €6332
Incremental societal cost/QALY €6880

Give results of any statistical analysis of the results of the evaluation:
Medication accounts for almost 80% of direct health costs in both treatment arms
Direct costs only ICER is €7207
After 10 years 22% dasatinib patients estimated to be in CP (3.4 percentage points more than imatinib arm); 4 percentage points more patients are
alive compared with imatinib arm (and consuming health care and other resources)
CP, chronic phase.
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Was any sensitivity analysis performed? If yes, what type(s) [i.e. deterministic (one-way, two-way,
etc.) or probabilistic]?
One-way sensitivity analysis and PSA performed
PSA, probabilistic sensitivity analysis.

What scenarios were tested in the sensitivity analysis? How do these relate to structural
uncertainty (testing assumptions over model structure such as relationships between health
states), methodological uncertainty (such as choices of discount rate or inclusion of indirect
costs) or parameter uncertainty (assumptions over values of parameters in the model, such as
costs, QoL or disease progression rates)?
One-way sensitivity analyses conducted:
■■

time horizon 10 years (base-case lifetime)

■■

discount rate 0% (base case 3%)

■■

AEs costs included (base case not included)

■■

patients intolerant to imatinib (base case resistant) – not reported here

■■

utility weights from NICE appraisal of imatinib (base-case TTO in patients with CML)

Probabilistic sensitivity analyses conducted: variation of initial response, utilities, direct costs (not medication), using beta and gamma distributions
for probabilities and costs, respectively

Give a summary of the results of the sensitivity analysis – did they differ substantially from the
base case analysis? If so, what were the suggested causes?
Deterministic sensitivity analysis:
TABLE 53 One-way sensitivity analysis of dasatinib vs imatinib (€ 2008 prices).
Parameter change
Base case

Incremental cost (€)

QALY gained

ICER (€)

4250

0.62

6880

1. 10-year perspective

−4212

0.45

Dominant

2. Discount rate: 0%

11 075

0.79

13,981

3. Including costs for AE

4296

0.62

6955

5. Utility weights from imatinib study

4250

0.58

7322

Dominant indicates that dasatinib is both cost-saving and generates more health benefits than imatinib.
Results concur with the base case results.
Probabilistic sensitivity analysis:

The ICER is €6869/QALY. Results from 1000 cohort iterations are presented as a scatterplot in the
incremental cost-effectiveness plane. Incremental direct costs are scattered on both sides of the
x-axis, indicating that dasatinib can generate cost-savings. Two per cent of the observations are to
the left of the y-axis, indicating observations where the QALY gain is higher for imatinib. Results
suggest that dasatinib could be expected to generate more health gain in terms of QALYs gained,
but it is uncertain whether this health benefit comes at extra cost or if it generates cost-savings.
There is a clear relationship between incremental survival and incremental costs, as greater life
expectancy carries a health-care burden due to greater resource utilisation. All observations fall
below the derived WTP threshold for a QALY in Sweden (based on avoiding a traffic fatality)
indicating that dasatinib treatment would be cost-effectiveness if this threshold is the same for
the health-care sector.
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Conclusions/implications
Give a brief summary of the author’s conclusions from their analysis:
The authors conclude that dasatinib is a cost-effective treatment among imatinib-resistant patients with CML in Sweden compared with imatinib
800 mg/day

What are the implications of the evaluation for practice?
Dasatinib is expected to generate greater health benefits at a cost per QALY of about €6880 with a life-long societal perspective

SHTAC commentary
Selection of comparators:
Appropriate

Validity of estimate of measure of benefit:
Reasonable, but long-term benefits estimated through surrogate measures

Validity of estimate of costs:
Reasonable although includes indirect costs in terms of production losses
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Bristol-Myers Squibb Pharmaceuticals
Study characteristics
Reference (lead author, year, refid)
Bristol-Myers Squibb Pharmaceuticals Ltd

Health technology
Dasatinib

Interventions and comparators
What interventions/strategies were included?
Dasatinib, nilotinib and HDI
HDI, high-dose imatinib.

Was a no-treatment/supportive care strategy included?
No. Bone marrow/SCT, IFN-α
IFN-α, interferon alfa; SCT, stem cell transplantation.

Describe interventions/strategies:
Dasatinib: 100 mg daily oral dose for CP and 140 mg/day AP and BP. Treatment continues until disease progression or until intolerant toxicity
Nilotinib: Oral dose of 800 mg daily. Treatment continues until disease progression or intolerable toxicity
Imatinib: Doses increased to 800mg per day in the absence of severe adverse drug reaction. Treatment in the model is assumed to continue until
disease progression or intolerable toxicity
AP, accelerated phase; BP, blast phase; CP, chronic phase.

Research question
What are the stated objectives of the evaluation?
To appraise the clinical effectiveness and cost-effectiveness of dasatinib, nilotinib and HDI compared with standard-dose imatinib, allo-SCT, HU,
IFN-α, acute leukaemia-style chemotherapy and best supportive care, for patients with CML who are resistant to imatinib
HDI, high-dose imatinib; HU, hydroxycarbamide; IFN-α, interferon alfa; SCT, stem cell transplantation.

Study type: cost-effectiveness/cost–utility/cost–benefit analysis?
Cost–utility
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Study population
What definition was used for [condition]? What are the characteristics of the baseline cohort for
the evaluation?
Three separate scenarios were explored:
Initiating dasatinib treatment in the CP, AC and BC of CML
AP, accelerated phase; BC, blast crisis; CP, chronic phase.

TABLE 54 Characteristics of patients included in the analysis
Value

Source

Patients starting treatment in CP
100 mg q.d. (n = 167)
Age (years) median

56

034 trial

Sex (% male)

50

034 trial

Time since diagnosis (months)

55

Prior treatments failed at baseline

61/167 > 600 mg/day imatinib

034 trial
a

034 trial

Patients starting treatment in AP
140 mg q.d. (n = 158)
Age (years) median

56

035 trial

Sex (% male)

56.5

035 trial

Median CML duration (months)

74

035 trial

Prior imatinib > 600mg/day (%)

43

035 trial

Prior imatinib > 3 years (%)

53

035 trial

Patients starting treatment in BP: myeloid
140 mg q.d. (n = 75)
Age (years) median

48

035 trial

Median CML duration (months)

41

035 trial

Prior imatinib > 600 mg/day (%)

44

035 trial

Prior imatinib > 3 years (%)

29

035 trial

Patients starting treatment in BP: lymphoid
Age (years) median

140 mg q.d. (n = 33)

035 trial

49

035 trial

Median CML duration (months)

46

035 trial

Prior imatinib > 600 mg/day (%)

46

035 trial

Prior imatinib > 3 years (%)

21

035 trial

AP, accelerated phase; BP, blast phase; CP, chronic phase; q.d. every day.
a Remaining 106 had failed 400–600mg/day imatinib at baseline.

Institutional setting: where is/are the intervention(s) being evaluated
usually provided?
Not stated, but likely outpatient setting
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Country/currency
Has a country setting been provided for the evaluation? What currency are costs expressed in and
does the publication give the base year to which those costs relate?
Setting not discussed. Costs presented in £ UK for a base year 2009

Funding source
Bristol-Myers Squibb

Analytical perspective
What is the perspective adopted for the evaluation (health service, health and PSS, third-party
payer, societal (i.e. including costs borne by individuals and lost productivity)?
NHS/PSS

Effectiveness
Were the effectiveness data derived from: a single study, a review/synthesis of previous studies or
expert opinion? Give the definition of treatment effect used in the evaluation. Give the size of the
treatment effect used in the evaluation.
Not stated how effectiveness data was derived. Data were from several clinical trials. Disease prognosis was based solely upon the patient’s initial
best response to treatment

TABLE 55 Initial best response rate (chronic phase)

CP

NR (%)

Dasatinib22

8.1

CHR (%)
33.1

PCyR (%)
15.3

CCyR (%)

Survive bone
marrow SCT (%)

43.5

0.0

0.0

(%)

Follow-up
24 months

Imatinib 400 mg

100.0

0.0

0.0

0.0

0.0

0.0

NA

Imatinib 600 mg17

56.4

15.4

28.2

0.0

0.0

0.0

12 months

Imatinib 800 mg23

32.1

13.3

14.1

40.5

0.0

0.0

61 months

6.0

35.0

18.0

41.0

0.0

0.0

19 months

100.0

0.0

0.0

0.0

0.0

0.0

00

0.0

0.0

0.0

5.

35.0

a

Nilotinibb
IFN-αa
Bone marrow SCTb

NR
250 months

CP, chronic phase; CCyR, complete cytogenetic response; IFN-α, interferon alfa; NA, not applicable; NR, no response; PCyR, partial cytogenetic
response; SCT, stem cell transplantation.
a Assumption.
b Kantarjian et al. J Clin Oncol 2009b;27:abstract 7029.

Initial best response for AP and BC shown in tables 18 and 19.
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Intervention costs
Were the cost data derived from a single (observational) study, a review/synthesis of previous
studies expert opinion? Were the methods for deriving these data adequately described (give
sources if using data from other published studies)? List the direct intervention costs and other
direct costs used in the evaluation – include resource estimates (and sources for these estimates,
if appropriate) as well as sources for unit costs used:
Drug costs were estimated based on the recommended doses from their ‘Summary of Product Characteristics’. Prices were from the BNF

TABLE 56 Treatment costs associated with the technology in the economic model
One-off cost (£)

Monthly cost (£)

Dasatinib

0.00

2504.96

Imatinib 400 mg

0.00

1604.08

Imatinib 600 mg

0.00

2406.12

Imatinib 800 mg

0.00

3208.16
2613.05

Nilotinib

0.00

IFN-α

0.00

Bone marrow SCT

80,000

863.51
2400.00

IFN-α, interferon alfa; SCT, stem cell transplantation.

Direct costs also included for outpatient visits, tests and hospitalisation (table 24) and other
interventions (e.g. transfusion).
AE costs were included for treatment-related grades 3–4 SAEs (table 25). Most common SAEs
were neutropenia, thrombocytopenia and leucopenia.

Indirect costs: costs due to lost productivity, unpaid inputs to patient care
Were indirect costs included?
None

Health-state valuations/utilities (if study uses quality-of-life
adjustments to outcomes)
Were the utility data derived from a single (observational) study, a review/synthesis of previous
studies expert opinion. Were the methods for deriving these data adequately described (give
sources if using data from other published studies)?
A cross-sectional study was commissioned to calculate utility values for the purpose of the BMS analysis3 (Szabo et al. 2010).24 Ratings for health
states and response were elicited from a representative sample of 100 unaffected individuals in the UK using the TTO method and the EuroQoL
EQ-5D instrument
The impact of the SAEs on health utility was captured in the model using utility decrements identified in the non-CML literature
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List the utility values used in the evaluation:
TABLE 57 Summary of QoL values for cost-effectiveness analysis
Health state

Utilities

Cured (following bone marrow SCT)

0.60a

Chronic (no response)

0.68b

Chronic (with response)

0.85b

Accelerated (no response)

0.50b

Accelerated (with response)

0.79b

Blast (no response)

0.31b

Blast (with response)

0.50b

Dead

0.00b

SCT, stem cell transplantation.
a Source: Pallua et al. Bone Marrow Transplant 2010;45:1534–9 and McKenzie et al. Value Health 2009;12:167–7, in appendix 6.6.
b Source: Szabo et al. (2010).24

Modelling
If a model was used, describe the type of model used (e.g. Markov state transition model, discrete
event simulation). Was this a newly developed model or was it adapted from a previously
reported model? If an adaptation, give the source of the original. What was the purpose of the
model (i.e. why was a model required in this evaluation)? What are the main components of
the model (e.g. health states within a Markov model)? Are sources for assumptions over model
structure (e.g. allowable transitions) reported? List them if reported.
A Markov model was developed to predict the health changes and resulting costs for patients starting dasatinib treatment in each of the three
phases of CML: CP, AP and BC. It is not stated whether this is a newly developed model or has been adapted from a previously reported model. The
model uses monthly cycles
The authors state that the Markov process was considered appropriate as it allows the incorporation of the three disease phases, different response
categories and the different rates of disease progression characteristic of CML, and the approach used has been used in previous economic
analyses in CML
For the CP and AP models, the model consists of three health states: ‘stable disease’, ‘progressed disease’ and ‘death’; for the BC model, the model
consists of two states: ‘stable disease’ and ‘death’. In each health state, five types of response to treatment are used in the model: ‘no response
to treatment’ (NR); ’achieve CHR’; ‘achieve partial cytogenetic and CHR (PCyR)’; ‘achieve complete cytogenetic and CHR (CCyR)’; and ‘achieve a
molecular response’
The modelling incorporates two stages: (1) initial assessment of the patient’s initial best response to treatment and (2) determination of prognosis
of the patient, based on their initial best response. Initial best response rates were based on clinical trial data and, in some cases, based on clinical
opinion. As such, once the patients’ initial best response has been determined, they enter a specific ‘submodel’ that links response with long-term
prognosis rates (e.g. PFS, OS). The prognosis rates for different response groups were based on evidence from the BMS 034 trial22
A list of assumptions is shown in table 20
AP, accelerated phase; BC, blast crisis; CCyR, complete cytogenetic response; CP, chronic phase; OS, overall survival; PCyR, partial cytogenetic
response; PFS, progression-free survival.

Extract transition probabilities for (natural history/disease progression) model and show sources
(or refer to table in text).
The PFS rates associated with each level of response (as observed in the 034 trial) are shown in Table 57
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TABLE 58 Progression-free survival rates associated with level of response (Shah et al 2010a)22
Month

NR (%)

CHR (%)

0

100.0

100.0

6

30.0

12

30.0

18

PCyR (%)

CCyR (%)

MR (%)

100.0

100.0

100.0

94.9

100.0

100.0

99.7

84.1

94.4

98.2

98.2

30.0

77.7

83.3

98.2

97.5

24

30.0

63.6

83.3

94.2

94.2

30

30.0

55.9

83.3

94.2

94.2

36

30.0

38.7

77.8

94.2

94.2

42

25.8

25.8

71.3

94.2

94.2

48

24.1

25.8

59.4

94.2

93.9

CCyR, complete cytogenetic response; NR, no response; PCyR, partial cytogenetic response.
a Shah et al. J Clin Oncol 2010;28:abstract 6512.

Initial best response rate for the CP is shown in table 49 (see treatment effectiveness). Initial best
response rates for AP and BC are shown in tables 18 and 19.
What is the model time horizon?
40 years

What, if any, discount rates have been applied in the model? Same rate for costs and outcomes?
3.5% for costs and benefits

Results/analysis
What measure(s) of benefit were reported in the evaluation?
QALYs, PFS, LYs
PFS, progression-free survival.

Provide a summary of the clinical outcome/benefits estimated for each intervention/strategy
assessed in the evaluation:
TABLE 59 Summary of results: chronic-phase CML
QALYs

PFS

LYs

Dasatinib

6.425

10.720

11.764

Imatinib 400 mg

1.485

2.094

3.557

Imatinib 600 mg

2.394

4.606

3.155

Imatinib 800 mg

5.910

11.013

9.938

Nilotinib

6.235

10.368

11.435

IFN-α

1.664

2.094

3.557

Bone marrow SCT

4.738

11.563

11.982

IFN-α, interferon alfa; PFS, progression-free survival; SCT, stem cell transplantation.
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Results for AP and BC shown in tables 30–33
AP, accelerated phase; BC, blast crisis.

Provide a summary of the costs estimated for each intervention/strategy assessed in
the evaluation:
TABLE 60 Summary of results: chronic-phase CML
Treatment cost (£)
Dasatinib

SAE cost (£)

PFT cost (£)

Other cost (£)

Total cost (£)

224,268

342

11,654

78,149

314,413

Imatinib 400 mg

12,565

282

31,699

90,780

135,326

Imatinib 600 mg

61,171

282

24,249

88,002

173,705

Imatinib 800 mg

254,018

282

15,909

80,155

350,365

Nilotinib

228,576

414

11,573

78,415

318,978

6764

49

31,699

90,780

129,292

302,937

0

3664

17,633

324,234

IFN-α
Bone marrow SCT

IFN-α, interferon alfa; SCT, stem cell transplantation.

Results for AP and BC shown in tables 30 and 32
AP, accelerated phase; BC, blast crisis.

Synthesis of costs and benefits – are the costs and outcomes reported together (e.g. as costeffectiveness ratios)? If so, provide a summary of the results:
TABLE 61 Summary of ICERs: chronic-phase CML
Dasatinib vs

Incremental cost (£)

Incremental QALYs

ICER (£)

Imatinib 400 mg

179,087

4.940

36,251

Imatinib 600 mg

140,707

4.031

34,907

Imatinib 800 mg

–35,952

0.515

Dasatinib dominant

–4565

0.190

Dasatinib dominant

185,121

4.762

38,877

–9821

1.687

Dasatinib dominant

Nilotinib
IFN-α
Bone marrow SCT

IFN-α, interferon alfa; SCT, stem cell transplantation.

Results for AP and BC shown in tables 31 and 33
AP, accelerated phase; BC, blast crisis.

Give results of any statistical analysis of the results of the evaluation:
None
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Was any sensitivity analysis performed – if yes, what type(s) [i.e. deterministic (one-way, twoway, etc.) or probabilistic]:
Deterministic and PSAs
PSA, probabilistic sensitivity analysis.

What scenarios were tested in the sensitivity analysis? How do these relate to structural
uncertainty (testing assumptions over model structure such as relationships between health
states), methodological uncertainty (such as choices of discount rate or inclusion of indirect
costs) or parameter uncertainty (assumptions over values of parameters in the model, such as
costs, QoL or disease progression rates)?
Parameters used in the model were varied in the deterministic sensitivity analysis, including costs, utilities, starting age, time horizon and
discounting

Give a summary of the results of the sensitivity analysis – did they differ substantially from the
base case analysis? If so, what were the suggested causes?
The key impact factors include the utility of responders, starting age, and time horizon of the model. The sensitivity analyses were not presented in
the normal way and are difficult to interpret
The PSA showed the probability of dasatinib being cost-effective compared with bone marrow SCT of 81%. Cost-effectiveness acceptability curves
were not presented for all possible drugs together, and results were not shown for the probability that dasatinib was cost-effective compared with its
alternatives
PSA, probabilistic sensitivity analysis; SCT, stem cell transplantation.

Conclusions/implications
Give a brief summary of the author’s conclusions from their analysis:
Dasatinib is more clinically effective than HDI and cost-effective compared with HDI which BMS3 considers the appropriate comparator
HDI, high-dose imatinib.

What are the implications of the evaluation for practice?
Potential savings of different scenarios are shown in table 40. In summary, if all eligible patients switch to dasatinib from HDI, the average annual
savings are £6,591,445; if all eligible patients switch to dasatinib from nilotinib, the average annual savings are £953,037
HDI, high-dose imatinib.
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SHTAC commentary
Selection of comparators:
Appear to be valid and reasonable

Validity of estimate of measure of benefit:
Concerns over the approach taken with regard to initial best response and extrapolation from this to PFS (using a submodel)
PFS, progression-free survival.

Validity of estimate of costs:
Concerns over length of the treatment durations used to estimate total treatment costs
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Novartis
Study Characteristics
Reference (lead author, year, refid)
Novartis manufacturer’s submission 20104

Health technology
Nilotinib

Interventions and comparators
What interventions/strategies were included?
Nilotinib compared with:
■■

HDI

■■

HU and allo-SCT as exploratory analyses reported only in an appendix

HDI, high-dose imatinib; HU, hydroxycarbamide; SCT, stem cell transplantation.

Was a no treatment/supportive care strategy included?
No

Describe interventions/strategies:
Nilotinib: 400 mg twice/day orally
HDI: 800 mg/day
SCT: allo-SCT as third-line therapy if appropriate
HU: 2 g/day as third-line therapy
HDI, high-dose imatinib; HU, hydroxycarbamide; SCT, stem cell transplantation.

Research question
What are the stated objectives of the evaluation?
To evaluate the cost-effectiveness of nilotinib for the treatment of adult patients with CML who are resistant to prior standard-dose imatinib therapy
in the CP
CP, chronic phase.
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Study type: cost-effectiveness/cost–utility/cost–benefit analysis?
Cost-effectiveness and cost utility

Study population
What definition was used for (condition)? What are the characteristics of the baseline cohort for
the evaluation?
Patients with standard dose imatinib-resistant CML in CP
An equal number of male and female patients aged 57 years entered the model
No further characteristics presented
CP, chronic phase.

Institutional setting: where is/are the intervention(s) being evaluated
usually provided?
Not specified – presumably outpatient for CP/AP and some inpatient setting for BC
AP, accelerated phase; BC, blast crisis; CP, chronic phase;

Country/currency
Has a country setting been provided for the evaluation? What currency are costs expressed in and
does the publication give the base year to which those costs relate?
UK £, 2009–10

Funding source
Novartis

Analytical perspective
What is the perspective adopted for the evaluation [health service, health and PSS, third-party
payer, societal (i.e. including costs borne by individuals and lost productivity)]?
UK NHS and PSS perspective
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Effectiveness
Were the effectiveness data derived from a single study, a review/synthesis of previous studies or
expert opinion? Give the definition of treatment effect used in the evaluation. Give the size of the
treatment effect used in the evaluation.
Effectiveness data derived from a systematic review
TTD of treatment, which is a Kaplan–Meier estimate of duration of exposure defined as the time difference (days) between the first dose and last
dose (and included censored observations over time); OS rate
Nilotinib: 24-month OS 86%; duration of treatment NR (study CAMN107A2101E2)
HDI: OS at 12 months 96%, at 24 months 84%; duration of treatment 14 months (Kantarjian et al. 20097)
SCT: 5-year OS 34% (Gratwohl et al. 200918)
HU: 5-year OS 16% (Allan et al. 199526); survival in AP 9.14 months, survival in BC 9.89 months
Probability of non-CML death taken from age-specific mortality rates (Office for National Statistics 2008)
Discontinuation rate nilotinib: 18% (data on file)
Discontinuation rate HDI: 2% (Kantarjian et al. 20097)
Discontinuation rate HU: 0% (assumption)
AP, accelerated phase; BC, blast crisis; HDI, high-dose imatinib; HU, hydroxycarbamide; NR, not reported; OS, overall survival; SCT, stem cell
transplantation.

Intervention costs
Were the cost data derived from a single (observational) study, a review/synthesis of previous
studies expert opinion? Were the methods for deriving these data adequately described (give
sources if using data from other published studies)? List the direct intervention costs and other
direct costs used in the evaluation – include resource estimates (and sources for these estimates,
if appropriate), as well as sources for unit costs used.
TABLE 62 Table 14 in manufacturer’s submission
Quarterly cost (£) of nilotinib (400 mg b.i.d.)

7928

BNF 60, 2010

Quarterly cost (£) of HDI (400 mg b.i.d.)

10,490

Novartis, personal communication

Quarterly cost (£) of HU (2 g daily)

38.00

BNF 60, 2010

Cost (£) of routine appointment (outpatient visit)

103

NHS reference costs 2006/07

Cost (£) of inpatient visits

300

NHS reference costs 2006/07

Quarterly cost (£) of AEs (nilotinib)

135

Details given in appendix 2

Quarterly cost (£) of AEs (HDI)

125

Details given in appendix 2

Quarterly cost (£) of AEs (HU)

0

Assumption

Cost (£) of allo-SCT: first 100 days

79,380

NHS reference costs 2006/07

Cost of allo-SCT: adjustment for long-term costs

25%

Saito 2007

HDI, high-dose imatinib; HU, hydroxycarbamide; SCT, stem cell transplantation.

Indirect costs (costs due to lost productivity, unpaid inputs to
patient care)
Were indirect costs included?
No


DOI:
10.3310/hta16230

Health Technology Assessment 2012; Vol. 16: No. 23

Health-state valuations/utilities (if study uses quality-of-life
adjustments to outcomes)
Were the utility data derived from a single (observational) study, a review/synthesis of previous
studies expert opinion. Were the methods for deriving these data adequately described (give
sources if using data from other published studies)?
Utility values were assigned to the different health states derived from Reed et al. 2004 from the IRIS study using EQ-5D. Utilities were assumed to
be independent of drug therapy and time
A utility decrement was used for patients experiencing grades 3 or 4 AEs during first 18 months of treatment in CP, except those receiving HU
(assumption)
A decrement was applied to the long-term utility for 52% patients following SCT (assumption)
CP, chronic phase; HU, hydroxycarbamide; SCT, stem cell transplantation.

List the utility values used in the evaluation.
CP 0.854; AP 0.595; BC 0.595
Disutility for AEs: 0.049 nilotinib; 0.027 HDI; 0.00 HU (various sources)
SCT decrement: 0.079
AP, accelerated phase; BC, blast crisis; CP, chronic phase; HDI, high-dose imatinib; HU, hydroxycarbamide; SCT, stem cell transplantation.

Modelling
If a model was used, describe the type of model used (e.g. Markov state transition model, discrete
event simulation). Was this a newly developed model or was it adapted from a previously
reported model? If an adaptation, give the source of the original. What was the purpose of the
model (i.e. why was a model required in this evaluation)? What are the main components of
the model (e.g. health states within a Markov model)? Are sources for assumptions over model
structure (e.g. allowable transitions) reported? List them if reported:
Markov model was developed to simulate the transition of a hypothetical cohort of 1000 patients over a lifetime of patients resistant to standarddose imatinib
Cycle length was 3 months with a monthly cycle for the first six cycles
All patients assumed to have died of CML or other causes by age 100 years
At each cycle patients have the probability of remaining in CP or progressing to AP. Patients failing on second-line treatment may remain in CP and
receive further treatment (SCT if eligible or HU) before progressing to AP/BC. Patients can then progress from AP to BC and finally from BC to death.
Patients are able to remain in CP, AP or BC for more than one cycle and they may die from other causes in CP and AP. Patients may only die from
CML in BC. On progression to AP patients receive HU
TTD and OS used to predict lifetime costs, LYG and QALYs
AP, accelerated phase; BC, blast crisis; CP, chronic phase; HU, hydroxycarbamide; OS, overall survival; SCT, stem cell transplantation.

Extract transition probabilities for (natural history/disease progression) model and show sources
(or refer to table in text):
Not stated (uses data shown above for effectiveness)

What is the model time horizon?
Lifetime horizon
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What, if any, discount rates have been applied in the model? Same rate for costs and outcomes?
Costs and benefits discounted at 3.5%

Results/analysis
What measure(s) of benefit were reported in the evaluation?
LYG and QALYs gained

Provide a summary of the clinical outcome/benefits estimated for each intervention/strategy
assessed in the evaluation:
LYs

QALYs

HDI

5.53

4.28

Nilotinib

5.80

4.51

HDI, high-dose imatinib; HU, hydroxycarbamide; SCT, stem cell transplantation.
Appendix 4 in manufacturer’s submission for exploratory analyses of SCT/HU, 4.21 LYs and 3.18 QALYs.

Provide a summary of the costs estimated for each intervention/strategy assessed in
the evaluation:
Costs (£)
HDI

146,234

Nilotinib

139,216

HDI, high-dose imatinib; HU, hydroxycarbamide; SCT, stem cell transplantation.
Appendix 4 in manufacturer’s submission for exploratory analyses of SCT/HU, cost £80,933.

Synthesis of costs and benefits – are the costs and outcomes reported together (e.g. as costeffectiveness ratios)? If so, provide a summary of the results:
ICER [cost (£)/LYG]

ICER [cost (£)/QALY]

–26,006

–30,513

HDI
Nilotinib

Nilotinib dominates HDI (Nilotinib is less costly and more effective than HDI)
HDI, high-dose imatinib; HU, hydroxycarbamide; SCT, stem cell transplantation.
Appendix 4 in manufacturer’s submission for exploratory analyses, ICER nilotinib vs SCT/HU £36,748 (LYG) and £44,028 (QALY).

Give results of any statistical analysis of the results of the evaluation:
Not applicable

Was any sensitivity analysis performed? If yes, what type(s) (i.e. deterministic (one-way, two-way,
etc.) or probabilistic)?
One-way sensitivity analyses and PSAs
PSA, probabilistic sensitivity analysis.
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What scenarios were tested in the sensitivity analysis? How do these relate to structural
uncertainty (testing assumptions over model structure such as relationships between health
states), methodological uncertainty (such as choices of discount rate or inclusion of indirect
costs) or parameter uncertainty (assumptions over values of parameters in the model, such as
costs, QoL or disease progression rates)?
Range of efficacy assumptions, health utilities, costs and other parameters were considered
DSA
Efficacy outcomes
HU 5-year OS 29% (Allan et al. 1995)
HDI higher time on treatment (median 19.4 months) (Kantarjian et al. 2009)
Outcome of SCT in third line based on risk factors 3 and 5 (base-case 4)
Health utility
CP upper 95% CI 0.862, lower 95% CI 0.846
Decrement with allo-SCT long-term 0.1 and no utility decrement
Disutility associated with AEs increased to upper 95% CI
Costs
Cost of allo-SCT assuming 50% long-term cost and excluding 25% long-term costs
Cost of AE treatment doubled
Other parameters
Upper age limit for allo-SCT = 70 years (base-case 60 years)
Proportion of patients receiving allo-SCT in both arms reduced by 30%
Age of cohort increased to 70 years (no patients eligible for SCT so all receive HU as third line)
Age of cohort decreased to 50 years (majority of patients with a donor will have SCT as third line)
Five-year time horizon
PSA
Costs: interquartile ranges presented in NHS reference costs using gamma distribution
QoL: uncertainty reported by Reed et al. 2004, using beta distribution
TTD: widest range around these parameters was adopted so that the minimum TTD does not become negative, using normal distribution
CP, chronic phase; HDI, high-dose imatinib; HU, hydroxycarbamide; OS, overall survival; PSA, probabilistic sensitivity analysis; SCT, stem cell
transplantation.

Give a summary of the results of the sensitivity analysis – did they differ substantially from the
base-case analysis? If so, what were the suggested causes?
Results of one-way sensitivity analyses are reported in table 16 (and table 15 of Appendix 2)
For the DSA, most ICERs are close to the base-case result of –£30,000 except for the 5-year time horizon when the ICER is –£82,000 (owing to
reduced treatment costs) and for extending HDI TTD from 14 months to 19.4 months when the ICER is £201,871 (higher costs of HDI treatment
with marginal QALY gain for HDI vs nilotinib)
HDI, high-dose imatinib.

PSA results (reported in separate document):
PSA, probabilistic sensitivity analysis.

© Queen’s Printer and Controller of HMSO 2012. This work was produced by Loveman et al. under the terms of a commissioning contract issued by
the Secretary of State for Health.

127

128

Appendix 5

Costs (£)

LYs

QALYs

ICER (LYG) (£)

ICER (QALY gained)
(£)

HDI

157,729

5.81

4.52

–

–

Nilotinib

144,344

5.99

4.68

–73,813

–86,413

HDI, high-dose imatinib.

From cost-effectiveness acceptability curves, nilotinib is predicted to be cost-effective at a
threshold of over around £10,000.

Conclusions/implications
Give a brief summary of the author’s conclusions from their analysis:
Nilotinib represents a clinically effective and cost-effective treatment option for patients with CP-CML, who are resistant to standard-dose imatinib
(From exploratory analyses reported only in an appendix, when compared with SCT/HU, the cost per QALY gained for nilotinib in CP is £44,028)
CP, chronic phase; CP-CML, chronic-phase chronic myeloid leukaemia; HU, hydroxycarbamide; SCT, stem cell transplantation.

What are the implications of the evaluation for practice?
It is estimated that the annual incidence of patients becoming eligible for treatment with nilotinib is 41. It is assumed that uptake of nilotinib will be
52% over a 5-year period. Some patients will discontinue treatment
The net impact of treating CP-resistant patients with nilotinib rather than HDI will be cost saving (–£1,651,241 by year 5)
CP, chronic phase; HDI, high-dose imatinib.

SHTAC commentary
Selection of comparators:
Appropriate (meets scope and current practice)

Validity of estimate of measure of benefit:
Reasonable although concerns over the duration of OS
OS, overall survival.

Validity of estimate of costs:
Reasonable
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Appendix 6
Base-case analysis reflecting updated cost
of high-dose imatinib

F

or the SHTAC analysis, the cost of the interventions dasatinib, nilotinib and high-dose
imatinib were taken from the BNF 60 (2010). The cost of high-dose imatinib is due to
increase in a subsequent edition of the BNF. This cost was commercial-in-confidence at the
time of the SHTAC analysis but has subsequently been made public by the manufacturer,
although this remains unpublished. The effect of this cost increase on the SHTAC analysis is
presented here. The effect of this price change increases the ICER for high-dose imatinib versus
hydroxycarbamide from £30,200 to £31,500 and does not alter the bottom-line results.
TABLE 63 Scenario analysis using new cost for high-dose imatinib

Intervention

QALY

Cost (£)

ICER vs HU (£/QALY)

ICER vs next-best
optiona (£/QALY)

HU

2.20

18,128

HDI

7.31

179,338

31,538

Dominated

Nilotinib

7.63

161,667

26,434

26,434b

Dasatinib

7.85

172,473

27,336

50,016c

HDI, high-dose imatinib; HU, hydroxycarbamide.
a Treatments compared with the preceding best option, i.e. the preceding treatment which is neither dominated or extendedly dominated.
b ICER for nilotinib vs HU.
c ICER for dasatinib vs nilotinib.
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Appendix 7
Additional scenario analyses

T

he SHTAC assessment report conducted analyses using the PenTAG2 model with minor
modifications to take into account a number of issues, including the treatment duration of
the interventions.

In the PenTAG AR,2 progression-free survival was based upon trial data, albeit of poor quality,
which gave a longer treatment duration for dasatinib that was more than double the treatment
duration of nilotinib. For the base analyses, SHTAC assumed that progression-free survival for
dasatinib was the same as for nilotinib, based on clinical evidence from nilotinib and high-dose
imatinib studies.
The SHTAC base-case results differ from other models for a number of reasons, including:
■■
■■
■■
■■

different comparators were used
different survival estimates for the chosen comparators were used
different treatment schedules were used
different assumptions regarding how long patients remain on treatment were used.

There is uncertainty around the correct treatment duration for the interventions. The clinical
evidence suggests that treatment duration is shorter than the time to disease progression to
accelerated phase. However, to test the effect of different treatment durations, SHTAC was
requested to undertake two additional scenario analyses, which are presented here. The SHTAC
analyses included each of the interventions and comparators in the appraisal scope. However, in
Table 42 the comparators interferon alfa, standard-dose imatinib and stem cell transplantation
were dominated or extendedly dominated in the base case, and therefore in the subsequent
scenario analyses these data have not been presented for ease of reference. It is important to
note that in the PenTAG2 model, the time between the end of treatment and disease progression
is labelled as ‘chronic phase no treatment’. During this time, the model assumes that third-line
treatments are given to patients.

Scenario analysis one
A scenario analysis was undertaken to use the progression-free survival and treatment duration
estimates from the PenTAG AR2 for dasatinib (treatment duration of 6.5 years) for nilotinib and
high-dose imatinib. The result of this scenario analysis can be seen in Table 64.
There is no change in QALY because the PenTAG2 model predicts overall survival independently
of progression-free survival and time to treatment discontinuation. Time in chronic phase is
calculated by subtracting time in accelerated phase and blast crisis from overall survival. As the
time in accelerated phase and blast crisis are constant, the time in chronic phase is also constant
unless overall survival is changed. As utility values on and off treatment in the chronic phase is
the same, changes to treatment duration have no effect on the QALYs.
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Scenario analysis two
A scenario analysis was also undertaken to test treatment duration of approximately 10 years for
all interventions. The result of this scenario analysis can be seen in Table 65.
TABLE 64 Scenario analysis using treatment duration of 6.5 years for all of the interventions

Intervention

QALY

Cost (£)

HU

2.2

18,128

HDI

7.31

238,594

ICER vs HU (£/QALY)

ICER vs next-best
optiona (£/QALY)

43,151

Dominated

Nilotinib

7.63

222,093

37,562

Dominated

Dasatinib

7.85

221,325

36,007

36,007b

HDI, high-dose imatinib; HU, hydroxycarbamide.
a Treatments compared with the preceding best option, i.e. the preceding treatment which is neither dominated or extendedly dominated.
b ICER for dasatinib vs HU.

TABLE 65 Scenario analysis using treatment duration of 10 years for all interventions

Intervention

QALY

Cost (£)

HU

2.2

18,128

ICER vs HU (£/QALY)

ICER vs next-best
optiona (£/QALY)

HDI

7.31

300,182

55,179

Dominated

Nilotinib

7.63

266,204

45,685

Dominated

Dasatinib

7.85

265,521

43,816

43,816b

HDI, high-dose imatinib; HU, hydroxycarbamide.
a Treatments compared with the preceding best option, i.e. the preceding treatment, which is neither dominated or extendedly dominated.
b ICER for dasatinib vs HU.
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