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Abstract

Mutations of Fms-like tyrosine kinase-3 (FLT3) have been described in about 30% of patients

with acute myeloid leukemia (AML) and are associated with a shorter disease-free and overall

survival after initial therapy. We sought to examine whether the presence of these mutations in

relapsed disease was also associated with a poor response to salvage chemotherapy by comparing

the outcome of 34 patients with diploid cytogenetics and mutated FLT3 (internal tandem

duplication mutation – ITD) to 69 patients with normal karyotype and wild type FLT3 (FLT3-

WT) in first relapse. On univariate analysis, patients with mutated FLT3 were less likely to

achieve a CR to first salvage compared to FLT3-WT patients (24% vs. 41%; p=0.09).

Furthermore, survival was longer for the FLT3-WT patients achieving a second CR after salvage

compared to FLT3-mutated patients (p=0.017). Overall, patients with mutated FLT3 had a shorter

survival from the time of relapse compared to those with FLT3-WT (p<0.001). The adverse

prognostic impact of FLT3 mutations appears to persist beyond the initial treatment.
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INTRODUCTION

Fms-like tyrosine kinase-3 (FLT3) and Its ligand (FL) is important in progenitor cell

proliferation and differentiation.1 Expression of FL and FLT3 has been demonstrated in a

number of human leukemia cell lines of both myeloid and lymphoid lineage.2–4 FLT3 is also

expressed in primary leukemia cells in a number of hematological malignancies.3, 5–7 As a
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result of ligand binding, FLT3 receptor dimerizes, resulting in activation of its tyrosine

kinase domain, receptor autophosphorylation, and recruitment of downstream signaling

molecules such as signal transducer and activator of transcription–5a (STAT-5a), and the

MAP kinase pathways leading to proliferative and pro-survival effects.1, 8

Somatic mutations of FLT3 involving internal tandem duplications (ITDs) in the

juxtamembrane domain of the receptor or point mutations in the activation loop occur in

approximately 30% of patients with newly diagnosed AML.9–13 and, in the case of ITDs, are

associated with shorter response duration and higher cumulative incidence of

relapse.12, 14–17 The prognostic significance of tyrosine kinase point mutations is less clear

with conflicting reports on these mutations being associated with a poorer or more favorable

outcome.18–20 These FLT3 mutations commonly occur in patients with diploid cytogenetics,

lead to constitutive activation of FLT3 in a ligand-independent manner and contribute to the

leukemic transformation.2112, 14–17 The high incidence of these activating mutations as well

as their association with a poor prognosis has led to the clinical development of a number of

tyrosine kinase inhibitors with significant in vitro activity in myeloid leukemia cell lines and

primary cells.22–27

The impact of FLT3 mutations on the outcome of therapy for relapsed AML is not known.

From hereon we refer to such treatment as “salvage therapy”. This is of particular relevance

in trials examining the use of FLT3 kinase inhibitors in patients with AML in first relapse.28

We examined the effect of the presence of FLT3 ITD mutations on the response to salvage

therapy in patients with diploid cytogenetics (CR or not). The intensity of induction therapy

of newly diagnosed disease, age, duration of the first remission and intensity of salvage

regimens were also considered in the evaluation of the outcome.29, 30

MATERIALS AND METHODS

Patients

We analyzed data from 109 patients with diploid karyotype, FLT3 mutated AML treated at

the University of Texas – M D Anderson between 1995 and 2004. Only patients with FLT3

ITD mutations were included for this analysis. A group of 221 patients with verified FLT3

wild type AML treated during the same period were also analyzed for comparison. Patients

with cytogenetic abnormalities including those with APL were excluded; this includes all

the diploid patients with available FLT3 data seen during the specified period. Table 1

summarizes the characteristics of patients in the study including their response to induction

chemotherapy, duration of their first CR, as well as others. Similar remission rate in both

groups but shorter remission duration in the FLT3 mutated patients suggests that our patients

were representative of those reported in the literature.10, 15

Initial induction regimens

At initial presentation, all patients were treated without consideration of their FLT3 status.

Induction therapy consisted of either high dose ara-C (≥1 g/m2/dose) in combination with

other drugs such as idarubicin with or without fludarabine, or topotecan and

cyclophosphamide; a few patients received the DCTER regimen.31 A minority of patients
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received investigational agents including clofarabine, alone or with low dose cytarabine, or

gemtuzumab ozogamicin with or without IL-11. Patients achieving CR received up to 6

postremission courses of therapy, generally similar to what they received for induction but

with reduced dose intensity. Of note, only 4 patients (1 FLT3-mutated and 3 FLT3-WT)

underwent an allogeneic stem cell transplant in first CR.

CR was achieved in 61% of patients with FLT3-mutated AML and 63% of those with wild

type FLT3. Primary resistant disease was present in 24% of FLT-3-mutated and in 19% of

FLT-3 wild type patients. With a median follow up of 196 weeks (range, 4 – 335 weeks) for

the FLT3-mutated cohort, the median disease free survival (DFS) was 42 weeks and median

overall survival (OS) 32 weeks. For the patients with wild type FLT3, with median follow

up of 189 weeks (range, 8 – 451 weeks), the median DFS and OS were 62 weeks and 72

weeks, respectively (p values for DFS 0.014 and for OS <0.001). The significantly inferior

outcome of patients with FLT3 mutations is in agreement with reports in the literature as

well as with our previous report on the impact of FLT3 mutation on the outcome of

induction therapy in diploid AML patients.32

Study population

From the above specified patient populations, 127 patients with known FLT3 status who

achieved CR of at least 4 weeks duration and subsequently relapsed were further analyzed

(Table 1). On their initial presentation, the majority of these patients (103; 81%) received

intensive cytoreductive induction regimens including high dose cytarabine (HIDAC) in

combination with idarubicin (I)(n=49), fludarabine (F)(n=5), F+I (n=21), daunorubicin

(n=4) or topotecan and cyclophophamide(n=24). An additional 7 patients received intensive

combination chemotherapy (DCTER). The remaining 17 patients (13%) received

miscellaneous induction regimens of intermediate intensity with the majority receiving

clofarabine low dose cytarabine, gemtuzumab ozogamicin, or cloratezine (as their treating

physician felt they were not candidates for more intensive chemotherapy).

Polymerase Chain Reaction assay of FLT3 mutational status

Genomic DNA from bone marrow samples was isolated using the Autopure extractor

(QIAGEN/Gentra, Valencia, CA). FLT3 ITD mutations were determined by a semi-

quantitative DNA-based polymerase chain reaction-capillary electrophoresis (PCR-CE)

assay.33 The sensitivity of the assay for mutation detection was 1% as determined by

dilution studies.

Statistical methods

Survival curves were plotted by the Kaplan-Meier method and compared using the log-rank

test. Differences in subgroups by different covariates were evaluated using the chi-square

test for nominal values, and the Mann-Whitney U for continuous variables.
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RESULTS

Follow up after first CR and salvage therapy

The median follow-up for the study patients from the time of relapse is 196 weeks and 14

patients are still alive. Forty seven patients with mutated FLT3 relapsed and 34 received

salvage chemotherapy. In the FLT3 wild type cohort, 80 patients relapsed and 69 received

salvage chemotherapy. The intensity of salvage regimens was comparable in the two cohorts

(total of 103 patients) consisting of intensive combination chemotherapy regimens in 64

patients (62% of total; HiDAC-based in 50%, and other intensive regimens including

allogeneic transplant in 12%). The remaining 39 patients (38%) received miscellaneous

therapies mostly consisting of single agents often in the setting of phase I/II trials as they

were considered not to be able to tolerate the more intensive regimens. Nine patients

received no further therapy, 4 received a FLT3 inhibitor and were excluded, and 11 were

lost to follow-up. Overall, 12 patients (12%) received an allogeneic stem cell transplant after

first relapse,10 with FLT3 wild type disease and 2 FLT3 mutated. The summary of patient

and treatment information is presented in Tables 2 and 3,

Response to salvage therapy

Of the 127 relapsed patients,107 (92%) received salvage chemotherapy. Twenty patients

were not treated or were lost to follow-up and 4 received therapy including CEP701 on a

trial and were excluded (Table 2). The response to salvage therapy in the remaining 103

patients stratified by the FLT3 status at diagnosis is summarized in table 3. A higher CR rate

was observed in patients with wild type FLT3.(p=0.09). With low occurrence of treatment-

associated early deaths, resistance accounted for most of the treatment failures. This

outcome was more frequent in patients with FLT3 mutation ((Table 3) although the

difference did not reach statistical significance. Although age is potentially another predictor

of outcome, the two groups were very similar in their age distribution. The patients varied

not only according to FLT3 status but also according to duration of first remission (CR1)

and type of salvage therapy received. Both these covariates are potential predictors for

second CR. Thus we accounted for both in our analyses. We evaluated patients by their CR1

duration (>1 to <12 months and 12 months or longer). We categorized intensive salvage

therapy as either (1) allogeneic transplant, or high-dose cytarabine (HDAC) with or without

additional agent(s), (2) other intensive regimens consisting of drug combination not

including high dose cytarabine, or investigational single agents such as clofarabine

cytarabine. The last group (3) received a variety of, primarily, single agents often given in a

phase I or II settings or low doses of conventional single agents and is hereafter referred to

as “miscellaneous”.

We therefore, created six groups defined by duration of CR1 and type of salvage therapy

with relevant response data for each group summarized in Table 4. In groups defined by

CR1 duration, the above-noted CR rates were comparable to those observed in the 421

patients given the same salvage therapy during the study period but in whom flt3 status was

unknown (data not shown).
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Overall CR rates were 8/34 (24%) in patients with mutated FLT3 and 26/69 (38%) in

patients with wild-type FLT3 and the differences were not statistically significant (p=0.09)

(Table 4). The main cause of failure was resistance (rather than early death) in both FLT3

mutated and wild type groups with resistant disease appearing more frequently in patients

with FLT3 mutation (65% vs 48%, respectively). CR rates were also lower in patients with

mutated FLT3 who received transplant or HiDAC for first salvage:5/19 (26%) vs. 23/45

(51%). Although the numbers are small, the tendency for a lower CR rate in mutated FLT3

disease was seen in patients who were transplanted or received a HDAC-based regimen after

either a CR1 duration of <12 months or ≥12 months. The one scenario among the six shown

in the table 4 where mutated FLT3 was associated with a higher CR rate was with a CR1

duration <12 months and miscellaneous salvage therapy. However, this finding seems likely

to be due to a particularly poor outcome in wild-type disease given miscellaneous agents as

well as small numbers of the patients treated. Indeed, the most striking contrast in the table

is between patients with wild-type FLT3 who received trans/HDAC or miscellaneous

regimens after CR1dur < 12 months (CR rates 11/26 vs. 1/11, respectively).

Overall, patients with FLT3 WT had a significantly longer survival from the time of relapse

than patients with mutated FLT3 (p<0.001)(Figure 1a).. Although achieving CR is of

primary importance for the subsequent course of the disease, remission duration is closely

linked to the quality of life and survival. The data on second CR duration and overall

survival from relapse, summarized in Fig 1b, c, d further suggest a negative impact of FLT3

mutation on the results of salvage chemotherapy. Because of the limited size of the sub-

cohorts we felt that a detailed presentation of CR 2 duration and survival data for each

cohort would not be meaningful.

DISCUSSION

The small sample sizes in this report led to several possible oversimplifications. First, it is

likely that there is a continuous relationship between CR1 duration and response to salvage

therapy, i.e. the longer CR1 duration the higher the likelihood of response to salvage, rather

than the binary division shown here. Second, combining allogeneic transplant with HDAC-

containing salvage regimens is completely empirical (although the same is not true of

grouping all HDAC-containing salvage regimens).Third, although none are as predictive as

CR1 duration, other covariates, e.g. age and cytogenetics, that may have an effect on

probability of response to salvage therapy have not been evaluated.

In this study, all patients had diploid karyotype and we only evaluated the patients with ITD

mutations. Although the median age of patients with FLT3 mutation was lower, this was not

statistically significant. The small sample size did not allow a multivariate analysis to

determine if FLT3 status was an independent predictor of salvage CR rate or survival after

relapse. Another flaw with our report is that it assumes that FLT3 status at initial diagnosis

and at relapse are identical. It has been suggested that in a minority of patients FLT3 status

is different at relapse although this may be due to variations in sampling.34
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Despite these issues, our results do suggest that the prognostic impact of mutated Flt3 is not

limited to newly-diagnosed AML and its presence may have an adverse effect on response

in the setting of relapse, and is associated with shorter survival after relapse.
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Fig 1.
a – Overall survival from the time of relapse for all patients in first relapse by FLT3 status.

b - Survival for patients who achieved CR to first salvage. Time is in Weeks from relapse

date to last follow-up.

c - Survival for patients who were resistant to first salvage. Time is in Weeks from relapse

date to last follow-up.

d - CR Duration after first Salvage therapy –Time is indicated in Months from date of

second CR to either relapse or last follow-up.
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Table 1

History, characteristics outcome of AML patients in first relapse by FLT3 status (1994–2005)

Variable FLT3 status at
presentation

FLT3 WT
N (%)

FLT3 Mutant N
(%)

P value

Patient in cohort (n) 221 93 (85)

Receiving HDAC based Induction 175 (79) 109 0.18

Achieved CR 139 (63) 66 (61) 0.68

Relapsed (n) 80 (56) 47 (71) 0.06

  Age in years at relapse, Median (range) 61 (19–84) 55 (20–83) 0.29

  WBC at relapse × 109/L Median (range) 3.5 (0.4–66.0) 20.0 (1.8–154.8) <0.001

  1st CR duration (weeks), Median (range) 40 (7–290) 28 (4–237) 0.77

  Received treatment 74 (93) 36 (77) 0.01

  Received treatment 69* (86) 34* (72) 0.81

  Median survival from Relapse (weeks) 37 (1–369) 13 (0–119) <0.001

CR: Complete remission; WT: wild type;

*
: 5 and 2 patients in WT and Mutant groups were lost to follow-up after receiving treatment.
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Table 2

Treatment of patients in first relapse

Treatment FLT3 WT
N

FLT3 Mutated
N

High dose ara-C 35 17

Allogeneic transplant 10 2

Single agent 16 12

Other intensive 8 3

Total included in analysis 69 34

No treatment 2 7

CEP701 trial 0 4

Lost to FU 9 2

Overall total 80 47

WT: wild type; FU: follow-up
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Table 3

Overall response to salvage chemotherapy in 1st relapse of 189 AML patients by FLT3 status

FLT3 Status

Response Wild type
N (%)

Mutated
N (%)

p-value

CR+CRP 26+2 (41) 8 (24) 0.09

PR 3 (4) 0

Early Death 3 (4) 3 (9)

Resistant 33 (48) 22 (65)

Death Unknown 2 (3) 1 (3)

Total 69 34

CR: complete response; PR: partial response
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