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Abstract

To evaluate the importance of achieving a CCyR for CML patients failing imatinib and treated

with 2nd generation TKI’s, we studied the effect of CCyR on OS in 123 CP CML patients failing

frontline imatinib treatment. We found that achieving CCyR at 3 months is the only predictive

factor of good outcomes (EFS and OS).

Background—We assessed whether the achievement of a 3-month complete cytogenetic

response (CCyR) in 123 patients with chronic myeloid leukemia (CML) in the chronic phase,

which was treated with second-generation tyrosine kinase inhibitors (2nd-TKI) after imatinib

failure could predict for survival.

Patients and Methods—In a multivariate analysis, the lack of a 3-month CCyR to 2nd-TKI

therapy was selected as the only independent factor associated with poor event-free survival

(hazard ratio [HR] 4.5; P < .001) and overall survival (5.4; P = .03).

Results—The 3-year event-free survival and overall survival rates were 74% and 43%,

respectively, for patients with 3-month CCyR, and were 98% and 79%, respectively, for patients

without 3-month CCyR. In a multivariate analysis, high hemoglobin level, previous major

cytogenetic response to imatinib therapy, and ≤90% Philadelphia-positive metaphases were

associated with the achievement of a 3-month CCyR.

Conclusion—The achievement of a 3-month CCyR is the only predictor of outcome in patients

treated with 2nd-TKI therapy after imatinib failure. Patients with <3-month CCyR may not obtain

long-term benefit and should be followed-up closely.
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Introduction

The introduction of the tyrosine kinase inhibitors (TKI) has revolutionized the outcome of

chronic myeloid leukemia (CML).1 Imatinib therapy induced high rates of complete

cytogenetic and major molecular responses, and improved survival in CML.2–6 Despite the

benefit of imatinib over prior treatments, some patients may develop resistance,7 with a

reported annual resistance rate of 2% to 4% in newly diagnosed patients in the chronic phase

(CP), and the incidence decreases over time.8 Second-generation TKIs (2nd-TKI) dasatinib

and nilotinib are approved for the treatment of such patients, which induces a complete

hematologic response (CHR) in 77% to 91% and a complete cytogenetic response (CCyR)

in 41% to 53%.9,10

The achievement of a CCyR is now generally accepted as a surrogate marker for survival.

The association between early cytogenetic response and long-term survival has been clearly

demonstrated for patients treated with interferon or TKI.5,11,12 We recently showed that

early achievement of CCyR by 3 to 6 months of therapy with 2nd-TKI used as initial

therapy correlated with significant improvement of outcome.13 The aim of this study was to

assess the impact of an early CCyR on survival of patients with CML-CP who were treated

with 2nd-TKI after imatinib failure.

Patients and Methods

A total of 123 consecutive patients with CML-CP after imatinib failure were treated with

2nd-TKIs in phase II pivotal trials. Entry criteria were similar for both trials. Seventy-eight

(63%) patients were treated with dasatinib and 45 (37%) with nilotinib. CML-CP was as

previously defined.14 The definitions of imatinib failure have been previously described15,16

and generally are aligned with those later proposed by the European LeukemiaNet.17 The

patients were treated by using institutional review board–approved protocols. Informed

consent was obtained in accordance with the Declaration of Helsinki.

Event-free survival (EFS) was measured from the start of treatment to the date of any of the

following events while on therapy: death from any cause, loss of CHR or CCyR,

discontinuation of therapy for toxicity or lack of efficacy as per the European LeukemiaNet

criteria, or progression to accelerated or blast phases. Overall survival (OS) was measured

from the date of the start of therapy until death. Survival probabilities were estimated by the

Kaplan-Meier method and were compared by using the log-rank test. Differences among

variables were evaluated by the χ2 test and the Mann-Whitney U test for categorical and

continuous variables, respectively. Univariate and multivariate analyses were performed to

identify potential prognostic factors associated with response and survival. These factors

included age; performance status; the presence of splenomegaly, anemia, thrombocytopenia,

and hyperleukocytosis; the percentage of basophils and blasts in the blood and marrow; the

presence of clonal evolution; the mutation status; the presence of a CHR; and the percentage
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of Philadelphia (Ph) positive metaphases at the start of 2nd-TKI therapy, in addition to the

CML duration and the cytogenetic response to previous imatinib therapy. The 3-month

cytogenetic response to 2nd-TKIs was also included. All but 3 patients were not evaluable

for 3-month cytogenetic response, and they were removed from the total denominator.

Multivariate analysis of response used a logistic regression model, and survival analysis

used the Cox proportional hazard model.18–20

Results

Baseline patient characteristics for the 123 patients treated were as follows: median age of

56 years (range, 21–83 years) and median duration of CP (CML diagnosis to the start of

2nd-TKI therapy) of 67 months (range, 2–268 months). The best response to imatinib was

CHR only in 30 patients (24%), and cytogenetic response in 77 (63%) patients: 34 (28%)

patients complete, 21 (17%) patients partial, 22 (18%) patients minor. Among the others, 2

(2%) patients were refractory to imatinib, 6 (5%) had an unknown response, and 8 (7%)

were intolerant.

At the start of 2nd-TKI therapy, 84 (68%) patients were not in CHR: 23% had clonal

evolution, and 70% had >90% Ph-positive metaphases. Kinase domain sequencing was

performed before the start of therapy in 80 (65%) patients. Mutations were detected in 53

(43%) of these patients: 23 (19%) had mutations sensitive to dasatinib and nilotinib, and 12

(10%) had mutations with intermediate sensitivity. Patients with the T315I mutation were

excluded from this analysis because this T315I mutation is universally resistant to all

available TKIs.

The median follow-up was 76 months (range, 25–109 months) for all patients from the start

of the 2nd-TKI therapy. The CHR and major cytogenetic response (MCyR) rates were 85%

and 63% (complete in 59%), respectively. The rates of CCyR at 3-, 6- and 12-month were

33%, 39% and 43%, respectively. The 3-year EFS and OS rates were 53% and 84%,

respectively. In a second step, we assessed the impact of a 3-month response by using the

transcript levels in 71 patients with available samples. Of these 71 patients, 42 (60%) had a

transcript level ≤1% on the International Scale, 14 (20%) had a transcript level superior to

1% and <10%, and 15 (20%) had a transcript level above 10%. The patients with a transcript

level below 1% had significantly better EFS and OS. The 3-year EFS rates were 68%, 54%,

and 29% (P = .02) and the 3-year OS rates were 93%, 79%, and 73% (P = .02), respectively.

At the time of the last follow-up, 94 (76%) of the 123 patients were alive, 20 (16%) had

progressed to accelerated or blast phase, 46 (37%) remained in CP while on study when

receiving 2nd-TKI therapy.

Factors associated with poor EFS in the univariate analysis were older age (>55 years), lack

of any cytogenetic response to previous imatinib therapy, performance status, more than

≥90% Ph-positive metaphases at the start of 2nd-TKI therapy, and the lack of a 3-month

CCyR to 2nd-TKI therapy (Table 1). In a multivariate analysis, the lack of a 3-month CCyR

to 2nd-TKI therapy (hazard ratio [HR] 4.5 [95% CI, 2.12–11.66]; P < .01) was the only

independent factor associated with poor EFS, with 3-year EFS rates of 74% and 43% (P = .

002) (Figure 1) for patients with and without 3-month CCyR, respectively. Factors
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associated with poor OS in the univariate analysis were older age (>55 years), increasing

peripheral blood blasts, a lack of any cytogenetic response to previous imatinib therapy,

performance status, and lack of a 3-month CCyR to 2nd-TKI therapy (Table 1). In a

multivariate analysis, only a lack of a 3-month CCyR to 2nd-TKI therapy (HR 5.4 [95% CI,

1.27–10.87]; P = .03) was independently associated with a lower probability of survival; the

3-year OS rates were 98% and 79%, respectively (P = .005) (Figure 2) (Table 2). The

achievement of a 3-month CCyR predicts for significantly better EFS and OS than any other

3-month cytogenetic response (eg, partial, minor, and lack of any cytogenetic response).

We then analyzed the factors associated with achievement of CCyR at 3 months. In the

univariate analysis, high hemoglobin level, previous MCyR to imatinib therapy, and ≤90%

Ph-positive metaphases were associated with 3-month CCyR. In the multivariate analysis for

response, these 3 factors remained as independent poor predictive factors for 3-month

CCyR.

Discussion

Our study has shown that the achievement of a 3-month CCyR is the only predictor of

outcome in patients treated with 2nd-TKI after imatinib failure. We and other researchers

have shown that the achievement of an early CCyR is the major surrogate endpoint for long-

term outcome in patients with CML treated with imatinib as well as with the 2nd-TKI

therapy.12,13,21 Furthermore, we recently reported that the achievement of a 3-month CCyR

was associated with optimal outcome in patients with early CP treated with 2nd-TKI

therapy.13 Our findings in the setting of post-imatinib failure are in line with our previous

report in the frontline setting. Importantly, the pivotal phase II trials showed that the median

time to MCyR was 2.8 months.15,16 Finally, as with the results reported by Milojkovic et

al,22 and more recently by Branford et al,23 our findings confirm the importance of the

achievement of an early response (molecular or cytogenetic) as a major surrogate endpoint

in predicting survival, which trumped all other factors.

In addition, our study has identified that tumor burden (≥90% Ph-positive metaphases) and

mainly a previous MCyR to imatinib therapy was independently predictive for the

achievement of a 3-month CCyR. This is consistent with the finding of the Hammer-smith

group who identified best cytogenetic response to imatinib as being predictive for response

to 2nd-TKI therapy.24,25 Thus, patients with poor cytogenetic response to imatinib have a

low likelihood of achieving a 3-month CCyR after 2nd-TKI therapy. This observation may

have important practical consequences and should prompt the discussion as to what the

definitions should be for the patients treated with 2nd-TKI therapy after imatinib failure.

Therefore, we propose that, for patients treated with 2nd-TKI therapy after imatinib failure,

who achieved a CCyR by 3 months of therapy should be considered an optimal response;

patients with <3-month CCyR should be followed-up closely and might be considered for

alternative treatment options provided that these options can realistically be expected to

offer a better long-term outcome. Such patients could be evaluated concurrently for

transplantation eligibility.26
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Conclusion

In summary, the achievement of a 3-month CCyR is the only predictor of outcome in

patients treated with 2nd TKI therapy after imatinib failure. The patients with a high tumor

burden and who had not achieved MCyR while on imatinib therapy have a low likelihood of

achieving 3-month CCyR to 2nd-TKI therapy and, therefore, might be offered additional

options.
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Clinical Practice Points

• Achievement of a CCyR is now generally accepted as a surrogate marker for

survival. The achievement of a 3-month CCyR predicts for significantly better

EFS and OS than any other 3-month cytogenetic response for patients treated

with 2nd-TKI therapies after imatinib failure.

• We propose that, for patients treated with 2nd-TKI therapy after imatinib

failure, achieving a CCyR by 3 months of therapy should be considered an

optimal response.

• Patients with less than CCyR by 3 months should be considered for alternative

treatment options provided these can realistically be expected to offer a better

long-term outcome.
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Figure 1.
Event-Free Survival by 3-Month Complete Cytogenetic Response (CCyR)
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Figure 2.
Overall Survival by 3-Month Complete Cytogenetic Response (CCyR)
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Table 1

Patients and Disease Characteristics Associated with 3-Year Survival Outcomes

Parameter and Category
% 3-Y Patient Survival

EFS P OS P

Age .007 .01

  ≤55 y 62 87

  >55 y 40 80

Splenomegaly .07 .44

  No 52 85

  Yes 0 57

Hemoglobin .48 .08

  <10 g/dL 36 60

  10–11 g/dL 48 93

  ≥12 g/dL 53 86

WBC .40 .08

  <10 × 109/L 54 88

  ≥10 × 109/L 48 80

Platelets .28 .94

  ≤450 × 109/L 55 88

  >450 × 109/L 42 80

Peripheral Basophils .27 .85

  <2% 56 86

  2–6% 38 81

  ≥7% 54 83

Peripheral Blasts .14 .02

  0% 54 86

  1–2% 41 84

  ≥3% 15 56

Marrow Basophils .39 .10

  <2% 56 89

  2–4% 44 74

  >4% 39 86

Marrow Blasts .79 .21

  0% 49 83

  1–2% 48 96

  3–4% 56 71

  ≥5% 39 60

Clonal Evolution .35 .37

  No 51 87
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Parameter and Category
% 3-Y Patient Survival

EFS P OS P

  Yes 49 71

CML Duration .42 NA

  0–3 y 41 84

  4–y 56 NA

  ≥6 y 55 NA

CHR at the Start of 2nd-TKI .82 .16

  No 53 84

  Yes 48 83

Best Response to Imatinib .02 .02

  Intolerant 50 100

  MCyR 66 87

  mCyR 54 82

  No CyR 26 81

  No data 20 50

Performance Status .04 ≤.001

  0 53 91

  ≥1 39 59

Ph at the Start at the Start of 2nd-TKI .02 .31

  ≤90% 67 81

  >90% 41 80

Prior IFN .46 .56

  No 55 77

  Yes 47 87

Mutation Status .06 .06

  None 52 81

  Low IC50 39 87

  Int IC50 25 50

  Not done 65 95

3-mo CyR .001 .001

  CCyR 75 97

  PCyR 62 74

  mCyR 40 86

  None 23 84

Abbreviations: CCyR = complete cytogenetic response; CHR = complete hematologic response; CML = chronic myeloid leukemia; CyR =
cytogenetic response; EFS = event-free survival; IC = inhibitory concentration; Int = intermediate; IFN = interferon alfa; MCyR = major
cytogenetic response; mCyR = minor cytogenetic response; NA = not available; OS = overall survival; PCyR = partial cytogenetic response; Ph =
Philadelphia chromosome; 2nd-TKI = second-generation tyrosine kinase inhibitor therapy; WBC = white blood cells.
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Table 2

Multivariate Analysis for Survival

Adverse Feature HR P Value 95% CI

For Overall Survival: No CCyR at 3 months 5.4 .03 1.27–10.87

For Event-Free Survival: No CCyR at 3 months 4.5 <.001 2.12–11.66

Abbreviations: CCyR = complete cytogenetic response; HR = hazard ratio.
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