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Background
It has not been clearly established whether second-generation tyrosine kinase inhibitors actu-
ally improve the survival of patients with chronic myeloid leukemia in chronic phase who are
given nilotinib or dasatinib therapy after treatment failure with imatinib.

Design and Methods
To address this issue we compared the survival of 104 patients in whom first-line therapy with
imatinib failed and who were then treated with second-generation tyrosine kinase inhibitors
with the outcome of 246 patients in whom interferon-α therapy failed and who did not receive
tyrosine kinase inhibitor therapy. 

Results
Patients treated with second-generation tyrosine kinase inhibitors had longer overall survival
than the interferon controls (adjusted relative risk= 0.28, P=0.0001). However this survival
advantage was limited to the 64.4% of patients in whom imatinib failed but who achieved
complete cytogenetic response with the subsequent tyrosine kinase inhibitor (adjusted relative
risk =0.05, P=0.003), whereas the 35.6% of patients who failed to achieve complete cytogenet-
ic response on the second or third inhibitor had similar overall survival to that of the controls
(adjusted relative risk=0.76, P=0.65). 

Conclusions
Patients in whom imatinib treatment fails who receive sequential therapy with second-gener-
ation tyrosine kinase inhibitors have an enormous advantage in survival over controls (pallia-
tive therapy); this advantage is, however, limited to the majority of the patients who achieve a
complete cytogenetic response.
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Introduction

Imatinib is an extremely effective therapy for chronic
myeloid leukemia.1 Patients in chronic phase who achieve
an optimal response may expect a normal life expectancy,2
but not all patients achieve an adequate response or can
tolerate imatinib. At 5 years approximately 40% of the
patients have discontinued imatinib on account of an
unsatisfactory response or toxicity.1 Patients in whom
imatinib fails are often treated with second-generation
tyrosine kinase inhibitors such as nilotinib or dasatinib.
These drugs induce complete cytogenetic responses in
approximately 50% of such patients,3-7 but to date it is
unclear whether the use of second-generation tyrosine
kinase inhibitors as second- or third-line therapy prolongs
the survival of patients in whom imatinib has failed. This
lack of evidence has allowed funding agencies in some
countries to challenge the use of these drugs.8 In order to
address this point we compared the survival of 283
patients who received imatinib as first-line therapy (fol-
lowed by second-generation tyrosine kinase inhibitors if
imatinib therapy failed) in our institution with the out-
come of 246 patients in whom interferon-α therapy had
failed in the UK Medical Research Council’s CML-III trial.9

Design and Methods

Patients treated with tyroskine kinase inhibitors 
Between June 2000 and September 2009, 283 consecutive adult

patients with BCR-ABL-positive chronic myeloid leukemia in
chronic phase received imatinib 400 mg daily as first-line therapy
as described elsewhere.1 The study protocol was reviewed and
approved by the local Institutional Review Board and patients
gave written informed consent to their participation. The median
follow up was 67.9 months (range, 14-122). Of the 283 patients,
104 patients required second-line therapy with dasatinib (n=67) or
nilotinib (n=37) at some point after imatinib therapy had failed.3

Dasatinib and nilotinib were administered as described else-
where.3 Twenty-one patients in whom second-line dasatinib or
nilotinib failed were treated with the alternative tyrosine kinase
inhibitor as previously described.10 Complete, partial and major
cytogenetic responses were defined using standard criteria.1

Control patients
Between September 1986 and April 1994, 587 patients with

chronic myeloid leukemia in chronic phase were randomly allo-
cated to receive either interferon-α or chemotherapy (busulfan or
hydroxyurea) as maintenance therapy after initial induction treat-
ment with chemotherapy as part of the UK Medical Research
Council’s CML-III trial.9 Two hundred and ninety-three patients
were allocated to the interferon-α arm, of whom 246 failed to
respond to interferon-α at some stage, as described elsewhere.11

Thus data on these 246 patients were eventually used for this
study. After satisfying criteria for interferon-α treatment failure
122 (49.6%) patients remained on interferon-α-containing regi-
mens until disease progression, whereas 124 (50.4%) abandoned
interferon-α therapy at some stage after its failure; of these, 117
(94.3%) were treated with hydroxyurea and 7 (5.7%) with busul-
fan. The median follow up was 50.4 months (range, 2-202).

Statistical methods  
The probability of overall survival from the time point of diag-

nosis was calculated using the Kaplan-Meier method. Patients
were censored at the time of allogeneic stem cell transplantation

(28 and 63 patients in the tyrosine kinase inhibitor and control
group, respectively). Univariate analyses to identify prognostic
factors for overall survival were carried out using the log-rank test.
A Cox regression model of time to death was used to compare the
outcome of the tyrosine kinase inhibitor and control groups. In
addition to the treatment group the model was adjusted for the
independently significant variables shown in Table 1 (age at diag-
nosis and Sokal risk group). The influence of cytogenetic response
on overall survival was studied in a time-dependent Cox model
(also adjusted as described above). 

Results 

Improved survival on tyrosine kinase inhibitor therapy
is limited only to those patients who achieve complete
cytogenetic response on first or subsequent line 
of therapy
Table 1 shows the 7-year probabilities of overall survival

according to the characteristics of the patients.
Unsurprisingly the overall survival of the 283 patients who
received imatinib as first-line therapy was dramatically
superior to that of the 246 interferon-α treated controls,
(adjusted relative risk=0.11, P<0.0001). 
Equally, the 179 (63.2%) patients who achieved and

sustained a complete cytogenetic response on first-line
imatinib therapy had an even greater advantage in over-
all survival over the interferon controls (adjusted relative
risk=0.02, 95% confidence interval=0.002-0.126,
P<0.0001).
In the remaining 104 (36.8%) patients, imatinib was

deemed to have failed at some point (73 had primary cyto-
genetic resistance, 8 lost their complete cytogenetic
response and 23 were imatinib intolerant). These patients
had an overall survival longer than that of the control
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Table 1. Seven-year probability of overall survival according to the
patients’ characteristics.

Seven year probability of overall survival
Total Controls First line 

population imatinib

Sokal risk group** n P<0.0001 n P<0.0001 n P<0.0001
Low 138 77.8 50 55.3 88 95.4
Intermediate 202 65.6 90 43.2 112 94.4
High 189 38.1 106 21.7 83 72.5

Sex n P=0.31 n P=0.52 n P=0.27
Male 292 54.0 134 31.3 158 85.6
Female 237 61.3 112 38.1 125 91.5

CE at diagnosis* n P=0.035 n P=0.06 n P=0.17
Yes 35 36.4 20 17.91 15 74.7
No 419 56.2 226 35.9 193 93.2

Age at diagnosis** n P<0.0001 n P=0.0005 n P=0.05
<50 years 270 74.6 101 48.7 169 92.5
>50 years 259 44.5 143 27.9 114 82.0

Hemoglobin n P<0.0001 n P=0.14 n P=0.01
at diagnosis
<11 g/dL 251 46.2 146 32.0 105 78.6
>11 g/dL 258 66.8 100 38.1 158 93.7

*CE stands for additional cytogenetic abnormalities other than the Philadelphia chro-
mosome. Data were missing for 75 patients.**Sokal risk group and age at diagnosis
were the only independent predictors of overall survival in the global population as
well as in the separate cohorts of patients.



patients in whom interferon treatment had failed (adjust-
ed relative risk=0.28, 95% confidence interval, P=0.0001;
Figure 1). Sixty-seven (64.4%) of the 104 patients in
whom imatinib had failed achieved complete cytogenetic
responses on second- (n=49) or third-line (n=14) therapy
with another tyrosine kinase inhibitor. These patients also
had a longer overall survival than the interferon controls
(adjusted relative risk=0.05, 95% confidence inter-
val=0.007-0.36, P=0.003) and an overall survival similar to
that of the patients who responded to imatinib; in contrast
the 37 patients who failed to achieve complete cytogenet-
ic response on second- or third-line tyrosine kinase
inhibitor therapy had an overall survival similar to that of
the control patients (adjusted relative risk=0.76, P=0.65);
thus the survival benefit conferred by tyrosine kinase
inhibitor therapy is limited to the majority of patients who
achieve a sustained complete cytogenetic responses either
on imatinib or on subsequent tyrosine kinase inhibitor
therapy, while the patients whose imatinib therapy failed
and who then did not achieve a complete cytogenetic
response with subsequent tyrosine kinase inhibitors had a
prognosis similar to that of the control patients in whom
interferon therapy failed.

Partial cytogenetic response does not confer
a survival advantage 
Fourteen (5.5%) of the 256 patients who achieved a par-

tial cytogenetic response (≤35% Philadelphia chromo-
some positivity) on tyrosine kinase inhibitor therapy
(either first-, second-, or third-line) failed to achieve a
complete cytogenetic response (i.e. the response did not
improve to complete cytogenetic response). These 14
patients had significantly worse overall survival that the
242 patients who eventually achieved complete cytoge-
netic responses (adjusted relative risk=6.64, 95% confi-

dence interval=1.74-25.4, P=0.006), and an overall survival
similar to that of the controls in whom interferon had
failed (adjusted relative risk=0.6, P=0.4), indicating that a
partial cytogenetic response per semay not be an adequate
therapeutic target.

Discussion

The results of observational studies based on historical
comparisons, such as the present study, have been regard-
ed by some as intrinsically less reliable than results of ran-
domized prospective studies. There is, however, evidence
that the results obtained in well-designed observational
studies do not differ from those of randomized trials12,13
and there are circumstances when randomized prospec-
tive studies would be impossible to design or indeed
unethical.11 Moreover bias is not inevitable in observation-
al studies if the prognostic factors used in the adjustment
strongly predict the outcome,14,15 and if physicians are pre-
vented from selecting a preferred therapy, even inadver-
tently, for the patients with the poorest prognosis.12
Our study appears to satisfy these three conditions:

firstly, it is unlikely that a randomized trial involving the
type of patients we studied will ever be possible; secondly,
the model was adjusted for strongly predictive factors; and
thirdly, the clinicians had no opportunity to influence the
treatment allocation. In other words, the UK Medical
Research Council’s CML-III patients could only continue
interferon or switch to palliative treatment since tyrosine
kinase inhibitors were not available at the time and all
later patients in our catchment area were treated with
imatinib.
We used an adjusted Cox model to study a population

of patients with chronic myeloid leukemia in chronic

Survival after second-generation TKI
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Figure 1. Adjusted probabilities of survival for patients in whom imatinib failed and for controls (A) and unadjusted probabilities of overall
survival (OS) in the different groups of patients (B). Panel (A) shows the adjusted probabilities of overall survival for the 104 patients in
whom imatinib treatment failed and the 246 controls in whom interferon treatment failed (adjusted relative risk; aRR = 0.28, 95CI=0.145-
0.531, P=0.0001). The unadjusted probabilities of 7-year survival for both groups were 73.4 and 34.4% respectively. Panel (B) shows the
unadjusted 7-year probability of overall survival for the 246 interferon controls (34.4%), the 179 patients who achieved and sustained a
complete cytogenetic response on imatinib (96.6%), the 67 patients who achieved a complete cytogenetic response on second-line tyrosine
kinase inhibitor therapy (100%) and the 37 patients who failed to achieve a satisfactory response on tyrosine kinase inhibitor therapy
(30.2%). We also show the adjusted relative risk for overall survival with respect the interferon controls, see text.
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phase who received imatinib as first-line therapy, and
compared their outcome with that of a population of
patients treated originally with interferon-α whose thera-
py eventually failed but who then continued treatment
with interferon-α, hydroxyurea or, occasionally, busulfan.
As the outcome of this control population represents the
outcome of patients with chronic myeloid leukemia treat-
ed with palliative therapy, it is not surprising that imatinib
responders had a dramatically better outcome. Patients
whose imatinib treatment failed who then received thera-
py with another tyrosine kinase inhibitor also had an
enormous advantage in survival over the controls (adjust-
ed relative risk=0.28, P=0.0001, Figure 1), but we found
that this survival advantage was limited only to those
patients who achieved complete cytogenetic responses
after failed imatinib therapy, while the other patients had
a prognosis identical to that of the controls. In other words

patients who fail to achieve a complete cytogenetic
response did not fare better than if they had been given
palliative therapy. It is, therefore, of paramount impor-
tance to ensure that patients whose imatinib treatment
fails are treated subsequently with at least one other tyro-
sine kinase inhibitor and, if necessary, preferably with two
tyrosine kinase inhibitors. 
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