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ABSTRACT

Outcome after failure of initial therapy in younger adult patients with acute myeloid leukaemia
(AML) is highly variable. Cytogenetics, length of first remission (CR1) before relapse, and allogeneic
transplantation are known prognostic factors, but the contribution of leukaemic genotype is less
clear, particularly in resistant disease. Of 5,651 younger adult patients entered into UK MRC/NCRI
AML trials between 1988 and 2014 with available FLT3'™® and NPM1 genotype, 326 (6%) had
resistant disease and 2338 (41%) relapsed after achieving CR1. Overall survival (OS) was
significantly higher in relapsed compared to resistant disease (p=0-03). Independent favourable
prognostic factors for OS in resistant disease included lower blast cell percentage after two courses
of induction therapy (p=0.0006) and NPM1 mutant (NPM1MUT) (p=0.04). In relapsed disease, longer
CR1 was a favourable independent factor for attainment of CR2 (p<0.0001) and OS from time of
relapse (p<0.0001), but CR2 rate and OS from relapse were significantly worse in those who had
received an allograft in CR1 (respectively p<0.05, p<0-002). NPM1MYT was marginally beneficial for
0S (p=0.04). FLT3'™ and DNMT3AMYT were adverse factors for OS (respectively p<0.0001, p=0.02).
Mutational analysis adds additional independent prognostic information to demographic features

and previous therapy in patients with resistant and relapsed disease.
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1. Introduction

Risk-adapted therapy is standard practice in the treatment of acute myeloid leukaemia (AML), with
particular reference to the type of consolidation therapy given in first complete remission (CR1).
Allogeneic haematopoietic stem cell transplantation in CR1 is usually offered to younger patients
deemed to have a high risk of relapse, with variable use of transplantation in those with
intermediate-risk disease. Few centres would consider consolidation with an allogeneic transplant
in patients with favourable-risk disease. Risk factors include patient age, WHO performance status
(PS), presenting white blood cell count (WBC) and the cytogenetic risk group [1]. Mutational
analysis provides further prognostic information and is incorporated into most therapeutic
guidelines for first-line therapy [2,3]. Thus, the presence of an NPM1 mutation (NPM1MVT) without
a FLT3 internal tandem duplication (FLT3'™) is associated with a favourable outcome [4,5], as is
biallelic mutation of the CEBPA gene [6,7]. The presence of a FLT3'™® is a poor prognostic factor,
particularly when the FLT3'™® variant allele frequency (VAF) is high [4,8]. The presence of a DNMT3A

mutation (DNMT3AMYT) is also a poor prognostic factor in most series [9-11].

In patients failing first-line therapy, either failing to achieve a CR after initial induction therapy or
relapsing from CR1, there is general agreement that the cytogenetic risk category, the length of CR1
in those that relapse, and whether or not the patient received an allogeneic transplant in CR1 are
all important prognostic factors [12-15]. There is less clarity about the value of the presenting
leukaemic cell genotype, particularly in those patients deemed to have resistant disease following
initial therapy. The analysis is compounded by the fact that some reports refer to relatively small
cohorts of patients, resistant disease patients and relapsed disease patients are often considered

together, and there are significant differences in how resistant disease is defined [14,16,17].

Understanding the likely outcome of patients failing first-line therapy, and the factors influencing
this, is not just important for the provision of accurate information to patients, but also for the
development of novel therapies. New agents are often ‘targeted therapies’ and as these may only
be appropriate for relatively small subsets of patients, it is difficult to conduct adequately powered
randomised trials. Initial studies in the relapsed and resistant setting are, therefore, often single-
arm studies. Furthermore, this may be the only information available to license such drugs, for

example, as with the Food and Drug Administration approvals for gilteritinib, ivosidenib and



enasidenib (see https://www.fda.gov/), and a good appreciation of the natural history of such

patients treated without the new agents is essential.

We have, therefore, analysed the outcome of a large series of patients entered into four
consecutive UK National Trials for AML in younger adult patients who were either deemed to be
refractory to two cycles of intensive induction therapy containing both an anthracycline and

cytosine arabinoside, or who relapsed after achieving CR1.

2. Methods

2.1. Patients

Between 1988 and 2014, 9,396 patients aged between 16 and 64 years were entered into
consecutive UK Medical Research Council AML10, AML12 (ISRCTN17833622), AML15
(ISRCTN17161961), and National Cancer Research Institute AML17 (ISRCTN55675535) trials for
patients with newly diagnosed non-M3 AML [18-21]. Informed patient consent was obtained in
accordance with the Declaration of Helsinki; ethical approval for tissue use from the Wales
Research Ethics Committee 3. The mutational status for NPM1 and FLT3 was available in 5,651 of
these patients and this is the cohort analysed here. The genotyped patients had a number of
significantly different characteristics from those patients who were not genotyped, but this was
largely due to the large population sizes rather than the magnitude of differences between the
different populations (Supplementary Table A.1). A greater proportion of patients were genotyped
in the later trials, when genotyping had become a more routine procedure, and as genotyped
patients tended to have a higher presenting WBC (median 13.9 x 10%/L vs 8.6 x 10%/L, p<0.0001),
more stored material was available from these patients for genotyping. Overall survival (OS) at 5
years was significantly greater in those patients who were genotyped (43% vs 38%, p<0.0001
unadjusted), but this was reduced to a trend after adjustment for other prognostic variables
including the date of trial entry (p=0.09) (Supplementary Table A.2). This difference was mainly due
to a lower early mortality in the genotyped patients, and the adjusted OS post day 30 was not
significantly different (hazard ratio [HR] 0.98 [95% confidence intervals 0.92—-1.05]; p=0.6). In the
cohort analysed here, there was little change in the CR rate over the course of the four trials (81%,
85%, 86%, and 87% respectively), no significant change in 5-year relapse-free survival (38%, 35%,

39% and 39%) but a progressive improvement in 5-year OS (35%, 39%, 42% and 46%).



Of the 5,651 patients, 326 (6%) were alive and deemed not to be in remission after two cycles of
induction therapy and are classified here as resistant disease, in accord with ELN recommendations
[2]. A further 2,338 patients (41%) relapsed after achieving CR1; the median duration of CR1 was
9.8 months (range, 0.2-147). Of note, 59 patients classified as resistant disease achieved a late CR
and subsequently relapsed so are also included in the relapsed disease cohort (2.5% of all relapsed
patients). In the relapsed disease patients, CR1 was achieved after one cycle of induction therapy in
1840 patients (79%), two cycles in 331 patients (14%), and after more cycles in 59 patients (2.5%).

Data is incomplete in 4% of the patients.

2.2. Molecular analyses

Molecular analyses were performed on diagnostic samples either at the time of diagnosis or
retrospectively using stored material. Mutations in the FLT3, NPM1, DNMT3A, CEBPA, IDH1 and

IDH2 genes were investigated and FLT3'™® VAF was quantified as previously described [4,7,11,22].

2.3. (Clinical endpoints

CR was defined as a normo-cellular bone marrow containing <5% blasts and showing evidence of
normal maturation of other marrow elements. Peripheral blood regeneration was not a
requirement but 95% of cases defined as in CR achieved a neutrophil count >1 x 10°/L and a platelet
count >100 x 10°/L. The cumulative incidence of relapse (CIR) was defined as the time from
remission to relapse, with death in remission as a competing risk. OS was the time from

randomisation to death.

2.4. Statistical analysis

Mantel-Haenszel and x? tests were used to test for differences in demographic and clinical data.
Kaplan-Meier curves were constructed for CIR and OS data and compared by means of the log-rank
test, with standard tests for heterogeneity between subgroups. Multivariable Cox analysis (MVA)
was used for CIR and OS. Because some data was not available for all patients, a two-stage process
was used for the model building; first the variables with minimal missing data were used and then
other variables were explored to see if they added to the best parsimonious model. All p values are

two-tailed.



3. Results

3.1. Comparative demographics and outcomes of patients with resistant and relapsed disease

The median age of the 326 patients with resistant disease was 49 years (range, 16-64), 58% were
male, 94% had a PS <2, median presenting WBC was 13.3 x 10°/L (range, 0.8-456) and 14% had
secondary disease (Table 1). There were only five resistant disease patients (2%) with favourable-
risk cytogenetics, 174 (60%) had intermediate-risk cytogenetics and 113 (39%) had adverse-risk
cytogenetics as defined by the MRC classification [23]. No patient with resistant disease received an
allograft before being designated as having this disease status, but 101 (31%) did achieve a CR with
further therapy, of which 50 (15% of total group) went on to receive an allogeneic transplant. For
the 2,338 relapsed disease patients, median age, PS at initial presentation, median presenting WBC
and the incidence of secondary disease were all similar to that of the resistant disease patients
(Table 1). A larger proportion of relapsed disease patients had favourable-risk cytogenetics (12%)
(p<0.0001) and fewer had adverse-risk cytogenetics (14%) (p=0.0004). Overall, 302 of the relapsed

disease patients (13%) received an allograft in CR1.

The OS for all patients from the time of designation as resistant disease was 30% at 1 year and 14%
at 5 years. Of the patients with relapsed disease, 1164 (50%) achieved a second CR, which is
significantly higher than the ultimate CR rate in those with resistant disease (p<0.0001), and 501
(21%) of these patients went on to have an allogeneic transplant in CR2. The OS for all patients with
relapsed disease was 39% at 1 year from the time of relapse and 20% at 5 years, which is
significantly higher than the OS for those with resistant disease (HR 1.29 [1.12-1.48]; p=0.03). If the
59 patients who appear in both cohorts are excluded from the relapsed disease cohort, then the

significance of the difference in outcome increases (HR 1.50 [1.28-1.76]; p<0.0001).



Resistant Disease (n=326)

Relapsed Disease (n =2338)

Characteristic No. CRrate Impact on CR OS at5 Impact on OS No. Second Impact on CR OSat5 Impact on OS
(% of group) p value years’ p value (% of group) CR rate p value years? p value
Trial 0-2 0-03 0-05 <0-0001
AML10 54 (17) 22% 2% 201 (9) 45% 9%
AML12 51 (16) 41% 20% 460 (20) 48% 17%
AML15 80 (25) 34% 11% 652 (28) 47% 18%
AML17 141 (43) 29% 18% 1025 (44) 53% 24%
Age, years 0-1%* 0-7%* <0-0001** <0-0001**
16-29 45 (14) 33% 10% 328 (14) 65% 29%
30-39 50 (15) 40% 18% 358 (15) 54% 23%
40-49 74 (23) 34% 20% 583 (25) 54% 23%
50-59 121 (37) 30% 12% 848 (36) 44% 15%
60-64 36 (11) 14% 9% 221 (9) 33% 7%
Median (range) 49 (16-64) 48 (16-64)
Sex 0-7 0-2 0-6 0-02
Female 137 (42) 32% 15% 1107 (47) 50% 23%
Male 189 (58) 30% 13% 1231 (53) 49% 17%
Disease Type 0-02 0-1 <0-0001 <0-0001
De Novo 281 (86) 33% 15% 2159 (92) 51% 20%
Secondary 45 (14) 16% 7% 179 (8) 32% 9%
WHO PS 0-2%* 0-0002* 0-1* <0-0001*
0 177 (54) 33% 19% 1411 (60) 51% 22%
1 95 (29) 32% 11% 636 (27) 49% 18%
2 33(10) 21% 3% 191 (8) 39% 10%
>3 21 (6) 24% 0% 100 (4) 53% 16%
WBC, x10°%/L 0-99** 0-1%* 0-6%* 0-01**
0-9-9 140 (43) 30% 15% 987 (42) 48% 18%
10-49-9 109 (33) 32% 17% 750 (32) 55% 23%
50-99-9 37 (11) 30% 6% 313 (13) 50% 18%
>100 40 (12) 33% 7% 288 (12) 44% 19%
Median (range) 13:3 (0-8-456) 15-2 (0-3-480-0)
Cytogenetics 0-0005* <0-0001* <0-0001* <0-0001*
Favourable 5(2) 80% 80% 250 (12) 84% 45%
Intermediate 174 (60) 37% 19% 1572 (75) 50% 19%
Adverse 112 (39) 21% 4% 287 (14) 21% 4%
Unknown 35 229
Courses to CR <0-0001* <0-0001*
1 - 1840 (79) 54% 22%
2 - 331 (14) 37% 10%
>2 101 (31) 59 (3) 27% 6%
Uncertain 8 (<1)
No CR 225 (69) 100 (4)




Blast cell % post #2 <0-0001 <0-0001 Not applicable
6-19% 70 (49%) 53% 18%
>19% 72 (51%) 17% 1%
Allograft in CR1 Not 302 (13%) 32% vs <0-0001 11% vs <0-0001
applicable 52% 21%
Length of remission Not <0-0001* <0-0001*
<6 months applicable 583 (25) 28% 7%
6-12 months 869 (37) 50% 17%
12-24 months 571 (24) 65% 29%
>24 months 315 (13) 62% 33%
FLT3'TD 0-3 0-4 <0-0001 <0-0001
WT 261 (80) 32% 14% 1739 (74) 54% 21%
Mutant 65 (20) 26% 11% 599 (26) 39% 14%
NPM1 0-01 0-03 0-6 0-5
WT 284 (87) 29% 11% 1636 (70) 50% 19%
Mutant 42 (13) 48% 31% 702 (30) 49% 22%
DNMT3A 0-003 0-1 0-004 0-01
WT 102 (78) 24% 9% 673 (66) 55% 21%
Mutant 29 (22) 52% 21% 349 (34) 45% 19%
Unknown 195 1022
CEBPA NE NE 0-03 0-005
WT 133 (96) 29% 11% 968 (92) 49% 19%
Monoallelic mutant 5(4) 20% 0% 39 (4) 64% 21%
Biallelic mutant 0 - - 46 (4) 65% Biallelic vs 36% Biallelic vs
Unknown 188 1285 rest =0-04 rest = 0-002
IDH1 0-7 0-6 0-7 0-5
WT 155 (92) 25% 8% 1026 (91) 51% 19%
Mutant 13 (8) 31% 15% 96 (9) 49% 21%
Unknown 158 1216
IDH2 0-1 0-4 0-1 0-2
WT 190 (89) 27% 11% 1312 (90) 49% 19%
Mutant 23 (11) 43% 13% 149 (10) 56% 21%
Unknown 113 877

Abbreviations: CR, complete remission; CR1, first remission; NE, not evaluable (groups too small for reliable estimation); OS, overall survival; PS, performance status; WBC,
white blood cell count; WT, wild-type
All p values are Chi-squared/logrank unless: *Mantel-Haenszel test for trend; **Wilcoxon rank sum test. "From the time of resistant disease. *From the time of relapse.

Table 1. Characteristics, genotype and the impact on response to therapy in univariate analysis of the patients studied with either
resistant or relapsed disease.



3.2.  Prognostic factors, excluding mutational genotype, in patients with resistant and relapsed
disease
As patients with resistant and relapsed disease received different therapies and had significantly

different outcomes, the prognostic factors in these two scenarios were considered separately.

3.2.1. Resistant disease

In patients with resistant disease, the blast cell percentage after the second course of induction
therapy was, by definition, 25%. Precise values were recorded in 142 (44%) of the patients; the
median percentage was 20% (range, 6-98%), and those with a blast cell count <20% had a better
chance of achieving a CR than those with 220% (53% vs 17%, p<0.0001). The OS was also longer in
those patients with below median levels (43% vs 17% at 1 year, 18% vs 1% at 5 years (HR 2.59
[1.79-3.74]; p<0.0001). Other risk factors for attainment of CR and OS that were significant in
univariate analysis are shown in Table 1. In MVA excluding blast percentage after course 2 as data
was only available in 44% of patients, the significant prognostic factors for survival were the
cytogenetic risk group (HR 1.84 [1.44-2.34]; p<0.0001), the PS (HR 1.2 [1.05-1.38]; p=0.003), and the
log of the WBC (HR 1.24 [1.02-1.50]; p=0.03) (Table 2). If the blast cell percentage in the bone
marrow after course #2 was put into the model post construction, it was also a significant factor
(HR 0.51 [0.35-0.76]; p=0.0006). In those patients with intermediate-risk cytogenetics, the ultimate
CR rate was 37%, the OS at 1 year was 39% and at 5 years 19%. In patients with adverse-risk

cytogenetics, the CR rate was 21%, the OS at 1 year was 17% and at 5 years it was only 4% (Fig. 1A).

Resistant disease Relapsed disease (all) Relapsed disease not allografted in CR1

HR p HR p HR p
Cytogenetics 1-84 (1-44-2-34) <0-0001 2:47 (1-92-3-17) <0-0001 1-73 (1-55-1-94) <0-0001
Duration of CR N/A 0-89 (0-86-0-93) <0-0001 0-86 (0-83-0-88) <0-001
Date of trial <0-0001 <0-0001
Age per decade 1-15 (1-08-1-24) <0-0001 1-15 (1-10-1-20) <0-0001
Blast cell % post #2 0-51 (0-35-0-76) 0-001
Allograft in CR1 Not applicable 1-35 (1-:09-1-66) 0-002 Not applicable

Log WBC 1-20 (1-05-1-38) 0-003 1-25 (1-08-1-44) 0-005 1-11 (1-02-1-20) 0-02
WHO PS 1-20 (1-05-1-38) 0-003

FLT3™ 1-44 (1-19-1.73) | <0-0001 1-36 (1-21-1-53) <0-0001
Biallelic CEBPAMYT 0-48 (0-30-0-78) 0-01 0-52 (0-32-0-85) 0-01
DNMT3AMUT 1-26 (1-04-1-53) 0-02

NPMIMUT 0-6 (0-38-0-94) 0-04 0-78 (0-65-0-95) 0-04 0-75 (0-62-0-91) 0-001

Abbreviations: CR, complete remission; CR1, first remission; HR, hazard ratio; MUT, mutant; PS,
performance status; WBC, white blood cell count

Table 2.

Risk factors predicting for overall survival in multivariate analysis
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Fig. 1. Kaplan-Meier curves showing the impact of cytogenetic risk group on overall survival in

patients with (A) resistant disease, (B) relapsed disease.

3.2.2. Relapsed disease

In patients with relapsed disease, many risk factors for the attainment of CR and OS were identified

in both univariate and multivariate analysis including, as expected, cytogenetics, age, presenting

WBC and duration of remission (Tables 1, 2). In patients with favourable-risk cytogenetics, 84%

achieved CR2 and the survival at 1 and 5 years was 66% and 45% respectively. In patients with

intermediate-risk cytogenetics, the CR2 rate was 50%, OS at 1 year 39% and at 5 years 19%. In
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patients with adverse-risk disease, the CR rate was 21%, OS at 1 year 15% and at 5 years only 4%
(Fig. 1B). The duration of the remission was also highly important (HR per 6 months 0.89 [0.86-
0.93]; p<0.0001). Patients in whom the duration of CR1 was 212 months had a CR rate of 64%
compared to 41% in those in whom it was <12 months (p<0.0001). The OS from the time of relapse
was also better in those with a longer CR1 (30% vs 13% at 5 years, p<0.0001). In those who received
a CR1 allograft, the CR2 rate was 32% and survival following relapse was 26% at 1 year and 11% at 5
years, whereas for those patients who had not received a CR1 allograft the CR2 rate was 52% and

OS at 1 and 5 years 41% and 21% respectively (HR 1.35 [1.09-1.66]; p<0.002) (Fig. 2).
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Fig. 2. Kaplan-Meier curve showing overall survival post-relapse in patients who received or did

not receive an allogeneic transplant in first remission.

In view of this large difference in outcome between those who had and had not received an
allograft in CR1, and the fact that treatment options are more limited in those who have already
received an allograft, MVA of the prognostic factors was carried out just in those relapsed patients
who had not received a CR1 allograft, but no major differences from the group of relapsed disease

patients as a whole were identified (Table 2).
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3.2. Prognostic significance of mutational genotype

3.2.1.Resistant disease

The presence of an NPM1 mutation was a significant favourable factor for attainment of a later CR
and for OS in patients with resistant disease (p=0.01 and 0.03 respectively in univariate analysis). In
NPM1IMVT patients, the ultimate CR rate was 48% and OS at 1 and 5 years was 36% and 31%
respectively compared to a CR rate of 29% and OS at 1 and 5 years of 29% and 11% respectively in
those with NPM1 wild-type (NPM1WVT) disease (Fig. 3A). When NPM1 genotype was entered into the
multivariate model, NPM1IMYT remained a significant independent factor for OS (HR 0.60 [0.38-

0.94]; p=0.04).

The presence of a FLT3'™® expressed in binary terms was associated with a lower subsequent CR
rate (26% vs 32% in those without a FLT3'™), but this difference was not significant (p=0.3). OS at 1
year was also less in those with a FLT3'™® (28% vs 43%), as it was at 5 years (11% vs 14%), but this
difference in survival was again not significant (p=0.4). Of the 65 FLT3'™°-positive patients, the
FLT3'™ VAF was quantified in 42. The CR rate was unrelated to the FLT3'™® VAF (p=0.7) but OS
decreased as the mutant allele burden increased (Table 3), with those with a FLT3™ VAF >50%
having a significantly worse OS (p=0.01). Considering the combination of the NPM1 and FLT3'™®
mutational status, it is apparent that the improved outcome in NPM1IMYT patients is present in both
those with and without a FLT3'™® (Fig. 3B). The mutational status of the CEBPA, DNMT3A, IDH1 and
IDH2 genes was also determined in a variable number of these patients (Table 1). None of the 138
patients genotyped for CEBPA had biallelic mutations, in accord with the fact that this is a good
prognostic group with a very low rate of resistant disease [7]. Of those 131 patients genotyped for
DNMT3A, there was a significantly better CR rate in those 29 (22%) with a DNMT3A mutation
(p=0.003), and also a trend towards improved survival (21% vs 9% at 5 years, p=0.06). This apparent
paradox for a usually poor prognostic bio-marker is explained by the close concordance of DNMT3A
and NPM1 mutations, with the latter associated with a good prognosis [11], and if the impact of
DNMT3AMYT was restricted to the NPMIMYT patients, then the co-existence of a DNMT3A mutation
was no longer a good prognostic feature (p=0.4). Neither the presence of an IDH1 mutation
(present in 13 of 168, 7.7%) nor an IDH2 mutation (present in 23 of 213, 10.8%) was associated with
outcome in this cohort of patients in univariate analysis (for IDH1: HR of OS 1.17 [0.66-2.07], p=0.6;
for IDH2: HR 1.22 [0.79-1.87], p=0.4).
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Fig. 3. Kaplan-Meier curves showing the impact of genotype on overall survival in patients with
resistant disease. Patients were stratified according to (A) the presence or absence of an NPM1

mutation, (B) the presence or absence of both an NPM1 mutation and a FLT3'P,
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Resistant disease Relapsed disease
FLT3'T0 VAF n CRrate OS@1 year | OS@5 years n CR rate OS@1 year | OS@5 years
WT 259 32% 32% 14% 1739 54% 44% 21%
<25% 12 42% 42% 17% 79 37% 27% 14%
25-49% 19 26% 16% 11% 168 36% 25% 11%
250% 11 27% 0% 0% 47 21% 6% 2%

Abbreviations: CR, complete remission; OS, overall survival; VAF, variant allele frequency; WT, wild-type

Table 3.

Outcome according to FLT3'™® variant allele frequency at presentation

3.2.2. Relapsed disease

In relapsed disease, NPM1 genotype had no significant impact on survival when the whole group of
relapsed disease patients were analysed in univariate analysis (p=0.5), nor when the analysis was
restricted to those who had not received a CR1 allograft (p=0.3). However, the group of NPM1MUT
patients is largely exclusive of those with favourable-risk cytogenetics, and in MVA NPM1IMYT did
have a significantly beneficial impact on outcome (HR 0.78 [0.65-0.95]; p=0.04). This effect was
slightly greater in those who had not had an allograft in CR1 (HR 0.75 [0.6-0.91]; p=0.01). In
contrast to the situation in resistant disease patients, those patients that relapsed and had a FLT3'™P
at diagnosis had a significantly worse survival (HR 1.44 [1.19-1.73]; p<0.0001), even when
considered as a binary parameter. The FLT3'™® VAF was recorded in 294 of the patients, and this
showed that even a low level VAF at diagnosis (<25%) was associated with a reduced CR rate,
although overall the impact of the FLT3'™® VAF on CR rate was not significant (p=0.1) (Table 3). It
was, however, associated with significantly reduced survival (p=0.01). Patients with biallelic CEBPA
mutations had a significantly improved survival from the time of relapse (p=0.007). The presence of

a DNMT3A mutation was also a significant adverse factor in MVA (Table 2).

With the addition of the mutational status to the standard risk factors in patients with relapsed

disease, it was therefore possible to identify subgroups of patients with widely differing outcomes.
Thus, in the 49 patients with a FLT3'™® VAF >50%, the CR2 rate was only 21% and survival at 1 and 5
years 6% and 2% respectively. By contrast, in the 147 patients who had not had an allograft in CR1,
had a CR lasting a year or more before relapse, and were FLT3WT and NPM1MUT at presentation, the

CR2 rate was 69% and survival at 1 and 5 years 64% and 36% respectively.
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3.3 Impact of date of trial entry on prognostic factor analysis in both resistant and relapsed
disease

In resistant disease, there was no significant change in OS over the time course of the 4 trials
(p=0.5). In the cohort of relapsed patients, OS from the time of relapse did improve over the time
period of analysis; compared to the most recent AML17 trial, the HR for the earlier trials was 1.28
(1.00-1.62) for AML15, 1.51 (1.26-1.82) for AML12 and 2.12 (1.68-2.68) for AML10 (p value for
trend <0.0001). In order to ascertain whether the value of the different prognostic factors identified
changed over the time period of this study, prognostic factor risk scores were developed for both
resistant and relapsed disease using the survival data shown in Table 2 and used to assess whether
there was any interaction between the risk score and results from the last trial (AML17). No
significant interaction was observed for patients with resistant disease (p=0.2). Similarly, for
relapsed disease, in spite of the improvement in OS with time, there was no evidence of significant
interaction between prognostic factors over time (p=0.1). These analyses suggest that there is little

difference in the value of the prognostic factors identified between AML17 and earlier trials.

4. Discussion

The demographics of patients with resistant and relapsed disease are largely similar except that the
proportion of patients with the different cytogenetic risk categories differs markedly. Patients with
favourable-risk cytogenetics only rarely fail to achieve CR with 2 courses of induction therapy (2%
with resistant disease compared to 12% with relapsed disease, p<0.0001), whereas there is a
considerably higher proportion of resistant disease patients with adverse-risk cytogenetics
compared to those with relapsed disease (39% vs 14%, p=0.0004). Patients with resistant and
relapsed disease also receive differing therapies, with relapsed disease patients having post-
induction consolidation, in some cases including a CR1 allograft. It is commonly assumed that
survival is similar in patients with either resistant or relapsed AML, as was the case in the German-
Austrian AML Study Group series [17,24]. In our series, however, the overall outcome of patients
with resistant disease was worse than in those with relapsed disease, with CR rates after further
therapy of 31% compared to 50% respectively (p=0.0001) and 5-year OS rates of 14% and 20%

(p=0.03). We would argue therefore, that these two disease categories should be analysed
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separately when considering prognostic factors or the results of new treatments in early phase

trials.

In patients with resistant disease, the independent prognostic factors which predicted for OS,
excluding mutational genotype, were the cytogenetic risk group, PS and presenting WBC, which is
in accord with data from most previous series [14,16,17]. In our series, the percentage of blast cells
at the time of the post-course #2 bone marrow had a major impact on outcome (p=0.0006 in MVA),
yet this parameter is rarely analysed; indeed, data was only available in 44% of our patients. It is
perhaps not surprising that patients who nearly achieve a CR after two courses of induction therapy
fare better than those who do not, and this should be taken into account in prognostication and
decisions about further therapy. This finding inevitably raises the issue of the accuracy of
morphological blast cell enumeration and, in view of its importance seen here, residual disease
defined by morphological blast cell counts should be confirmed by flow cytometric or molecular

means [25].

In patients with relapsed disease, the prognostic factors for survival included the cytogenetic risk
group and WBC at presentation, as in resistant disease patients. Advanced age was also a poor
prognostic factor. PS at presentation was not, however, a prognostic factor for survival, contrasting
with the finding in resistant disease patients, presumably because PS at relapse bears only a limited
relationship to the PS at presentation. A major determinant of outcome in relapsed disease patients
was whether or not they had received a prior allograft, and separate consideration must be given to
those who had or had not received an allograft consolidation of CR1. These findings are again

broadly in accord with the previous literature [12,14,16,24,26,27].

Molecular genotype in our large series clearly added further independent prognostic information in
those with both resistant and relapsed disease. In patients with resistant disease, NPMIMUT was
associated with a significantly better attainment of CR and improved OS, which is in contrast to the
study of Wattad and colleagues [17]. The reason for this difference is not clear, although the latter
study used a different definition of resistant disease (blast cell percentage >25% after the first cycle
of induction therapy or less than a 50% reduction if the blast cell percentage at diagnosis was
<50%) and included older patients. In our relapsed disease patients, NPMIMYT was also a significant

good prognostic marker but this was only apparent in MVA and was more marked in those patients
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who had not received a CR1 allograft. It appears that the very poor prognosis associated with
relapse after an allograft tends to negate any beneficial effects associated with an NPM1 mutation.
In a previous report from Chevallier and colleagues [16], NPM1IMYT at diagnosis was only associated
with a trend towards higher OS, and in a similarly combined Spanish series of both resistant and
relapsed AML the NPM1 genotype bore no significant relationship to outcome [14]. It is not clear in
those two series to what extent the different findings from ours with regard to NPM1 genotype
relate to the cohorts combining patients with resistant and relapsed disease or to the inclusion of
relapsed disease patients who had previously received an allograft. Schlenk and colleagues
analysed relapsed disease patients alone and also found no impact of the NPM1 genotype [15], but

the previous history of a consolidation allograft was not considered.

In patients with resistant disease, FLT3'™® as a binary parameter (present/absent) was not
significantly associated with outcome in MVA, but OS at 5 years was significantly worse in those
with a FLT3'™® VAF >50% (p=0.007). In relapsed disease patients, FLT3'™® was strongly associated
with a worse survival (p<0-0001 in MVA), in accord with previous reports [14,16,24,26,28], and our
data further shows that the prognosis is particularly bad in those with a FLT3'™® VAF >50%. Of note,
both loss and acquisition of a FLT3'™® have been described at the time of relapse, the latter being
more frequent [29,30]. It is likely, therefore, that the FLT3 status at the time of relapse will have
even greater prognostic significance than at presentation. Our cohort also shows that the presence
of biallelic CEBPAMYT remains a good-risk feature in relapse, as previously reported [7,24], and that
DNMT3AMYT is an independent poor prognostic factor. Of note, we did not find IDHIM'T to be
associated with a worse prognosis in resistant disease, contrasting with data from Wattad and
colleagues [17], but the number of IDHIMVT cases in our series was small and the power of the

analysis for this mutation was low.

This study emphasises that patients failing first-line therapy are a very heterogeneous group and
that outcome is affected by multiple factors. These factors, including the genotype, differ between
those with resistant and relapsed disease; consequently, these populations should be analysed
separately. In both populations, groups of patients could be identified with a relatively good
outcome with OS at 5 years in excess of 35% and, conversely, some with a very poor survival of
<5%. The extent of this variability can make the interpretation of single-arm studies difficult, and

adequately powered randomised trials in genetically defined subgroups of patients failing first-line
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therapy can be logistically very challenging. One approach is to carry out individual patient
matching analyses using the most recent large databases with adequate follow-up, such as the
AML17 database of 1107 patients, as contained within the current analysis. This matching should
take into account, as far as is possible, all the independent prognostic factors identified here,
including the NPM1, FLT3, CEBPA and DNMT3A genotype and the FLT3'™® VAF. Indeed, a ‘matched
threshold-crossing” approach is being used in Germany to determine whether to escalate from a
small single-arm study into a randomised comparison in a trial evaluating the efficacy of
bortezomid in relapsed and resistant AML [15]. Any matched pairs analysis, based on multiple
parameters using historical controls, is not a replacement for randomised trials [31], but in
situations where adequately powered randomised trials are not possible, it may in some instances

prevent the over-interpretation of Phase Il studies.

Appendix A. Supplementary Table A.1, Supplementary Table A.2
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