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A randomised comparison of the novel nucleoside analogue
sapacitabine with low-dose cytarabine in older patients with
acute myeloid leukaemia
AK Burnett1, N Russell2, RK Hills1, N Panoskaltsis3, A Khwaja4, C Hemmaway5, P Cahalin6, RE Clark7 and D Milligan8

The development of new treatments for older patients with acute myeloid leukaemia (AML) is an active area, but has met with
limited success. Sapacitabine is a novel orally administered nucleoside analogue that has shown encouraging activity in
unrandomised early-stage trials. We randomised 143 untreated patients with AML or with high-risk myelodysplastic syndrome
(410% marrow blasts) between sapacitibine and low-dose ara-C (LDAC) in our ‘Pick a Winner’ trial design. At the planned interim
analysis there was no difference between LDAC and sapacitibine in terms of remission rate (CR/CRi, 27% vs 16% hazard ratio (HR)
1.98(0.90–4.39) P= 0.09), relapse-free survival (10% vs 14% at 2 years, HR 0.73(0.33–1.61) P= 0.4) or overall survival (OS; 12% vs 11%
at 2 years, HR 1.24(0.86–1.78) P= 0.2). Sapacitibine was well tolerated, apart from more grade 3/4 diarrhoea. On the basis of these
findings sapacitibine did not show sufficient evidence of benefit over LDAC for the trial to be continued.
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INTRODUCTION
There has been increasing interest in developing new treatments
for older patients with acute myeloid leukaemia (AML) in
recognition of the increasing importance of this patient group
based on demographic changes, and as there remains a major
unmet clinical need. Ideally, such treatment should be well
tolerated, requiring minimal hospitalisation and, for convenience,
should be orally available. Several attempts have been made, but
so far with limited success.1–8

Sapacitabine (also known as CS-682, CYC682) is a rationally
designed 2ʹ-deoxycytidine-type nucleoside analogue that can be
administered orally.9 When compared with other nucleoside
analogues, sapacitabine is unique in its ability to induce cell
cycle arrest at the G2 phase and in causing single-strand DNA
breakage that is irreparable by ligation.10 Following oral admin-
istration, sapacitabine is converted to 1-(2-C-cyano-2-deoxy-β
(-D-arabino-pentafuranosyl) cytosine (CNDAC) by amidases and
esterases in the gut, plasma and liver.11 CNDAC is further
converted to CNDAC-mono phosphate by deoxycytidine kinase
and this is thought to be the rate-limiting step in the formation of
CNDAC-triphosphate, the most active metabolite in terms of
cytotoxicity. CNDAC-phosphates are degraded by cytidine deami-
nase and 5′nucleotidase.12 Both sapacitabine and CNDAC are
active against a wide range of human cancer cell lines in vitro and
animal models in vivo.
The first studies conducted by the MD Anderson Group in older

untreated or relapsed patients confirmed tolerability and
efficacy.13 In the randomised phase 2 study three schedules
were tested (200 or 300mg b.i.d. for 7 days or 400 mg b.i.d. for
3 days per week for 2 weeks, with each schedule being repeated

every 3–4 weeks14). As these studies demonstrated that the drug
was active, well tolerated in older patients and orally available, we
incorporated it as an option to prospectively test it as first-line
treatment for older patients.

MATERIALS AND METHODS
The aim of the study was to compare a 1:1 randomisation of low-dose
ara-C (LDAC) with sapacitabine in older patients who were not considered
suitable for intensive therapy. LDAC treatment comprised Ara-C 20mg
b.i.d. for 10 days by subcutaneous injection for 4 courses 4–6 weeks apart.
Sapacitabine was given orally 300mg b.i.d. for 3 consecutive days in weeks
1 and 2, which was repeated after 4 weeks. Six courses were intended.
Patients on either treatment who were considered by their investigator to
be benefiting were permitted to undergo more courses. Patients were
required to give written consent. The trial was sponsored by Cardiff
University and approved by the Wales Research Ethics Committee in
compliance with the Declaration of Helsinki.
Initially the randomisation was part of the AML16 trial (ISRCTN

11036523) as part of our ‘Pick a Winner’ trial strategy.15 When AML16
closed in November 2011, the randomisation was carried forward into the
LI-1 trial (ISRCTN40571019). The eligibility criteria for the randomisation
remained the same in both trials and included de novo and secondary AML
and high-risk myelodysplastic syndrome, which was defined as 410%
marrow blasts.
The Pick a Winner design is a multi-arm multi-stage randomised

comparison of several treatments against a common control arm. There
are two early assessment points at which arms can be closed for futility. In
the context of the AML16 and LI-1 trials the aim is to double 2-year survival
from 11 to 22%. For each comparison, 340 events are required to give just
o80% power at P=0.01 (to allow for multiple comparisons) after building
in two interim futility analyses. On the basis of the characteristics of the
compound being tested, these either take place after 50 and 100 patients
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have been recruited to each arm (requiring increases in remission rate of
2.5% and 7.5%, respectively, for the comparison to continue), or after a
total of 85 and 170 deaths have been observed (requiring a hazard ratio
(HR) on survival o1 and 0.85, respectively). The latter approach was used
for sapacitabine as it was felt that improving remission in this case would
not be a prerequisite for improving survival. As such, recruitment to the
first stage continued beyond 50 patients per arm to reduce the time
required for the necessary number of events to accumulate.
The reasons why patients were not considered suitable for intensive

treatment and details of comorbidity (using the Sorror index
components)16 were collected at entry. Patients were categorised using
the validated multi-parameter Wheatley risk score,17 which is based on
age, performance score, cytogenetics and de novo or secondary disease,
and has been prospectively validated in older patients who received LDAC.
Diagnosis was made locally, and response definitions as described below
were allocated by the local investigator. Cytogenetic (420 metaphases)
and immunophenotypic characterisation was carried out in regional
reference laboratories that participate in national quality assurance
schemes.

Toxicity
Adverse events and toxicity were recorded as defined by the National
Cancer Institute Common Toxicity Criteria Version 3.

Definitions of end points
The protocol defined complete remission (CR) as a normo-cellular bone
marrow aspirate containing o5% leukaemic blasts and showing evidence
of normal maturation of other marrow elements. Persistence of
myelodysplastic features did not preclude the diagnosis of CR. Although
not in the original protocol, in this report, to achieve CR, patients required
neutrophil recovery to 1.0 × 109/l and platelets to 100× 109/l, without
evidence of extramedullary disease. Patients who achieved CR according
to the protocol but without count recovery are denoted here as CRi.
Following international guidelines,18 overall survival (OS) is defined as

the time from randomisation to death. For remitters, relapse-free survival is
the time from remission (CR or CRi) until relapse or death. Survival from CR
is defined as the time from CR/CRi (first report) until death. Survival
percentages are quoted at 2 years, with 1-year survival in patients not
achieving CR because of small numbers at 2 years.

Statistical methods
All analyses are by intention-to-treat. Follow-up is complete to 1 January
2014 for patients entering AML16, and to 1 October 2013 for patients
entering the LI-1 trial. Surviving patients are censored at the date last
known to be alive. Median follow-up for survival is 26 months (longest
survivor 39 months).
Categorical end points (for example, CR rates) were compared using

Mantel–Haenszel tests, giving Peto odds ratios (OR) and confidence
intervals. Continuous variables were analysed by parametric (t-test) or
nonparametric (Wilcoxon rank sum) tests as appropriate. Time-to-event
outcomes were analysed using the log-rank test, with Kaplan–Meier
survival curves. OR/HR o1 indicate benefit for the investigational therapy
(sapacitabine).
For analyses of outcomes such as CR, survival, relapse-free survival and

so on, in order to take into account the fact that recruitment took place as
part of two trials, effect sizes and confidence intervals are given for the
effect of sapacitabine stratified for trial protocol, and tests for interaction
between treatment and trial are also given in all results. Survival data are
calculated on pooled data.
In addition to overall analyses, exploratory subgroup analyses were

performed by the randomisation stratification parameters and other
important variables, with suitable tests for interaction. Because of the well-
known dangers of subgroup analysis, these were interpreted cautiously.
In October 2012, the Data Monitoring and Ethics Committee (DMEC) met

to review data on 143 patients randomised, after 88 events had been
observed. The requirement at this stage for continuation was for an HR less
than 1. The observed HR for survival was 1.23 (95% CI 0.81–1.88, P=0.3). At
this point the conditional power to reach significance at P=0.01 was 9%
and that to reach significance at P= 0.05 was 15% using a design
characteristic of looking for an HR of 0.69. As this HR exceeded 1, the DMEC
recommendation was to close this randomisation.

RESULTS
Between August 2010 and November 2011, 82 patients were
randomised as part of the NCRI AML16 trial (ISRCTN 11036523),
and between January 2012 and September 2012 a total of 61
patients were randomised as part of the UK Leukaemia and
Lymphoma Research LI-1 trial (ISRCTN40571019). The data from
both trials remained confidential to all except the DMEC until the
final analysis.
The characteristics of the patients are shown on Table 1 and the

treatment disposition in Figure 1 (CONSORT diagram). The median
age of all randomised patients was 75 years (range 54–88); 3.5% of
patients were o65years and 81% were ⩾ 75 years; 59% had de
novo AML, 26% had secondary disease and 15% had high-risk
myelodysplastic syndrome. Secondary disease was for LDAC
(n= 20: 9 AHD, 1 t-AML, 5 both; 5 unknown) and for sapacitibine
(n= 17: 13 AHD, 1 t-AML, 2 both, 1 unknown). The reasons given
for not receiving intensive therapy were age in 77% of cases,
fitness in 56% of cases (both together in 39% of cases) and other
reasons in 9% of cases (patient choice accounting for more than
half of such decisions, with the remaining decisions owing to the
presence of comorbidities). Of the 143 patients randomised the
median number of treatment courses given was 3 for LDAC
(mean 3.0, 0 = 4%, 1 = 30%, 2 = 14%, 3 = 8%, 4 = 26%, 5 = 7%,
6 = 4%, 7 = 1%, 8 = 5%) and 2 for sapacitabine (mean
2.9,0 = 1%,1 = 34%,2 = 24%, 3 = 9%, 4 = 13%, 5 = 3%, 6 = 9%,
7 = 1%, 8 = 6%). The distribution of patients by the multi-
parameter risk score (Wheatley score) was 4% good risk, 36%
standard risk and 60% poor risk. This validated score predicted a
12-month survival of 36%, 42% and 14% for LDAC, respectively, in
the three risk groups. Of the comorbidities listed, the most
frequent were those described as cardiac, in 33% of patients.

Response
The overall response rate for all was 22% (CR 17%; CRi 5%) and
survival at 12 and 24 months was 27 and 11%. Of the 73 patients
randomised to LDAC, 21% achieved CR and 7% achieved CRi,
which was not significantly different from the 70 patients
allocated to sapacitabine (CR 13%; CRi 3%; stratified OR for CR
1.72 (0.72–4.12) P= 0.2; stratified OR for CR/CRi 1.98 (0.90–4.39)
P= 0.09; Table 2). The protocol specified a narrow assessment of
remission status after each course until remission status was
established. The median time to response was 89 days for both
LDAC and sapacitabine; the median number of courses given
before CR was 2.5 for LDAC and 2 for sapacitabine. Although there
was a trend for an increased 30- and 60-day mortality in the
sapacitabine arm, the difference was not significant (15% vs 16%,
pooled P= 0.9 and 23% vs 32% pooled P= 0.3), and there was no
heterogeneity in response between the risk groups.

Toxicity
The grade 3 and 4 toxicities that were reported in 410% of
patients, expressed as per course received, are shown in Figure 2,
wherein it can be seen that diarrhoea was more frequent among
spacitabine patients. There were no significant differences in
resource usage with the exception of more days on antibiotics in
course 1 and day visits to hospital after course 2 among
sapacitibine patients (Table 3), although figures were consistently
higher for sapacitabine.

Outcome of nonresponders
The median OS of patients who did not achieve CR/CRi was
3.9 months and was not significantly different between the 53
LDAC (median OS 4.8 months) and 59 sapacitabine patients
(median survival 3.7 months) (stratified HR 1.20 (0.80–1.80) P= 0.4)
(Figure 3a).
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Table 1. Patient characteristics

Characteristic Overall AML16 LI-1

LDAC (n= 73) Sapacitabine (n= 70) LDAC (n= 42) Sapacitabine (n= 40) LDAC (n= 31) Sapacitabine (n= 30)

Age
o60 1 (1%) 0 1 (2%) 0 0 0
60–64 3 (4%) 1 (1%) 1 (2%) 1 (3%) 2 (6%) 0
65–69 12 (16%) 10 (14%) 7 (17%) 6 (15%) 5 (16%) 4 (13%)
70–74 20 (27%) 22 (31%) 10 (24%) 11 (28%) 10 (32%) 11 (37%)
75–79 25 (34%) 18 (26%) 14 (33%) 10 (25%) 11 (35%) 8 (27%)
80+ 12 (16%) 19 (27%) 9 (21%) 12 (30%) 3 (10%) 7 (23%)
Median (range) 75 (54–84) 75 (62–88) 76 (54–84) 76 (62–88) 74 (60–82) 75 (65–85)

Sex
Female 27 (37%) 22 (31%) 17 (40%) 11 (28%) 10 (32%) 11 (37%)
Male 46 (63%) 48 (69%) 25 (60%) 29 (73%) 21 (68%) 19 (63%)

Diagnosis
De Novo 44 (60%) 41 (59%) 26 (62%) 23 (58%) 18 (58%) 18 (60%)
Secondary 20 (27%) 17 (24%) 11 (26%) 9 (23%) 9 (29%) 8 (27%)
High risk MDS 9 (12%) 12 (17%) 5 (12%) 8 (20%) 4 (13%) 4 (13%)

WBC (x109/l)
o10 41 (56%) 42 (60%) 22 (52%) 22 (55%) 19 (61%) 20 (67%)
10–49.9 21 (29%) 21 (30%) 13 (31%) 13 (33%) 8 (26%) 8 (27%)
50–99.9 5 (7%) 4 (6%) 4 (10%) 3 (8%) 1 (3%) 1 (3%)
100+ 6 (8%) 3 (4%) 3 (7%) 2 (5%) 3 (10%) 1 (3%)
Median (range) 8.3 (0.5–336) 5.3 (0.3–177.5) 9.5 (0.5–127) 8.0 (0.3–177.5) 8.0 (0.5–336) 3.3 (0.9–109.6)

Performance Status
WHO PS 0 20 (27%) 19 (27%) 15 (36%) 13 (33%) 5 (16%) 6 (20%)
WHO PS 1 40 (55%) 35 (50%) 20 (48%) 18 (45%) 20 (65%) 17 (57%)
WHO PS 2 9 (12%) 11 (6%) 6 (14%) 6 (15%) 3 (10%) 5 (17%)
WHO PS 3,4 4 (5%) 5 (7%) 1 (2%) 3 (8%) 3 (10%) 2 (7%)

Cytogenetics
Favourable 1 (2%) 0 0 0 1 (5%) 0
Intermediate 39 (78%) 33 (75%) 26 (84%) 21 (75%) 13 (68%) 12 (75%)
Adverse 10 (2%) 11 (25%) 5 (16%) 7 (25%) 5 (26%) 4 (25%)
Unknown 23 23 11 12 12 14

Wheatley Group
Good 1 (1%) 4 (6%) 0 2 (5%) 1 (3%) 2 (7%)
Standard 28 (38%) 24 (34%) 17 (40%) 15 (38%) 11 (35%) 9 (30%)
Poor 44 (60%) 42 (60%) 25 (60%) 23 (58%) 19 (61%) 19 (63%)

Comorbidity
Arrhythmia 6/70 (9%) 14/67 (21%) 2/40 (5%) 9/39 (23%) 4/30 (13%) 5/28 (18%)
Cardiac 19/71 (27%) 27/67 (40%) 13/42 (31%) 21/39 (54%) 6/30 (20%) 6/28 (21%)
Cerebrovascular 4/71 (6%) 5/68 (7%) 4/40 (10%) 4/40 (10%) 0/31 1/28 (4%)
Diabetes 14/72 (19%) 11/68 (16%) 9/41 (22%) 7/40 (18%) 5/31 (16%) 4/28 (14%)
Mild hepatic 5/71 (7%) 2/67 (3%) 3/40 (8%) 2/40 (5%) 2/31 (6%) 0/27
Severe hepatic 0/71 1/67 (1%) 0/42 1/40 (3%) 0/31 0/27
Heart valve disease 1/72 (1%) 0/68 0/42 0/40 1/31 (3%) 0/28
Inflammatory bowel 3/73 (4%) 2/68 (3%) 1/40 (3%) 1/40 (3%) 2/31 (6%) 1/28 (4%)
Infection 11/72 (15%) 10/67 (15%) 7/41 (17%) 9/40 (23%) 4/31 (13%) 1/27 (4%)
Obesity 9/72 (13%) 5/68 (7%) 6/41 (15%) 2/40 (5%) 3/31 (10%) 3/28 (11%)
Peptic ulcer 2/72 (3%) 2/68 (3%) 1/41 (2%) 1/40 (3%) 1/31 (3%) 1/28 (4%)
Prior tumour 6/72 (8%) 4/68 (6%) 4/41 (10%) 1/40 (3%) 2/31 (6%) 3/28 (11%)
Psychiatric 3/71 (4%) 4/68 (6%) 3/40 (8%) 0/40 0/31 4/28 (14%)
Moderate pulmonary 3/68 (4%) 10/64 (16%) 2/38 (5%) 6/37 (16%) 1/30 (3%) 4/27 (15%)
Severe pulmonary 3/69 (4%) 5/64 (8%) 2/38 (5%) 5/37 (14%) 1/31 (3%) 0/27
Renal 3/70 (4%) 3/68 (4%) 2/40 (5%) 3/40 (8%) 1/31 (3%) 0/28
Rheumatological 15/72 (21%) 12/68 (18%) 13/41 (32%) 5/40 (13%) 2/31 (6%) 7/28 (25%)

Reason for NI
Age 54/72 (75%) 54/68 (79%) 29/41 (71%) 32/40 (80%) 25/31 (81%) 22/28 (79%)
Fitness 38/72 (53%) 40/68 (59%) 29/41 (71%) 28/40 (70%) 9/31 (29%) 12/28 (43%)
Age and fitness 22/72 (31%) 32/68 (47%) 17/41 (41%) 23/40 (58%) 5/31 (16%) 9/28 (32%)
Other 7/72 (10%) 6/68 (9%) 5/41 (12%) 3/40 (8%) 2/31 (6%) 3/28 (11%)
Patient choice 3 4 1 2 2 2
No inpatient stay 0 1 0 0 0 1
Cardiac 2 0 2 0 0 0
COPD 1 0 1 0 0 0
Misc comorbidities 0 1 0 1 0 0
Only option open 1 0 1 0 0 0

Abbreviations: AML, acute myeloid leukaemia; COPD, chronic obstructive pulmonary disease; LDAC, low-dose ara-C; MDS, myelodysplastic syndrome;
NI, non-intensive.
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Survival of responders
In the 31 patients who achieved a CR/CRi the median survival from
time of response was 13.2 months, but there was no difference
between the treatment arms (stratified HR 1.00 (0.39–2.56) P= 1.0;
Figure 3b). When comparing patients who achieved CR with those
who achieved CRi, there was no significant difference overall
(P= 0.2), although patients with a CR had a longer median survival
(13.2 months vs 9.5 months).

Survival from relapse
Following relapse there was some evidence of better survival
among patients treated with LDAC than with sapacitabine (2-year
survival 46% vs 8%, stratified HR 3.86 (0.90–16.67) P= 0.07;
Figure 3c).

OS
As the outcome of remitters and nonremitters did not differ
between the treatments, it is unsurprising that neither relapse-free
survival (median 7.1 months vs 7.0 months) (Figure 3d) nor OS
(median 4.7 months vs 5.9 months) (Figure 3e) was significantly
different between the treatment arms at 2 years.

Subgroup analysis
Exploratory analyses were carried out to find out whether there
was an identifiable subgroup with a differential response. Notably
there was no heterogeneity by trial (Supplementary Figure 1;
Table 2). Baseline covariates including age, sex, diagnosis,
cytogenetics, white blood count, performance status and Wheat-
ley risk group were explored (Supplementary Figures 2 and 3)
There was some evidence of significant interactions between
treatment and diagnosis and white blood count on OS, but in no
subgroup was there evidence of a benefit for sapacitabine.

DISCUSSION
Older patients with AML present an important challenge in several
respects. In many cases it is concluded that they are not likely to
benefit from intensive therapy.19–21 This may be because it is
perceived by the physician or the patients that the traditional
‘3+7’-like approach will possibly shorten life, or because adverse
features such as adverse cytogenetics or secondary disease has a
low chance of providing a remission, or one of any useful duration.
Some patients who may be able to withstand an intensive
approach may be reluctant to invest in the likely morbidity and
hospitalisation if there is an alternative. Some patients may lack
the social back-up required for an intensive approach. An
important component in this decision is the physician. In our
previous AML14 trial we planned to randomise older patients to
an intensive or nonintensive approach. Of 1485 patients in the
trial, only eight were randomised.22 When examining the variables
that were associated with the decision on treatment modality in
centres where both were available, the physician emerged as a
significant independent factor in multivariable analysis after
performance score and age.
Efforts have been made to develop scoring systems to indicate

more accurately the prospects for patient groups.16,17,23 Several of
these were derived from data sets in which patients only had an
intensive treatment on offer. Few have been prospectively
validated, and, although they have prognostic utility, they are
not predictive. Epidemiological data and older small clinical trial
data suggest that patients who receive intensive therapy will
survive better;24 nevertheless, there are a substantial proportion of
patients, mostly, as in this trial, over 70 years, who choose, or are
advised to accept, a nonintensive approach. Historically, such
patients may have received only supportive care. Given that this
population is going to increase based on demographic changes
and increased aspirations, they become a priority group requiring
therapeutic improvement who have seldom been the focus of
collaborative group trials.

143 patients enter sapacitabine 

randomisation between 16/8/2010 

& 7/9/2012 

(AML16 n=82, LI-1 n=61) 

70 allocated Sapacitabine 300mg 

bid (3 d/w for 2 w, q4 w) 

(AML16 n=40, LI-1 n=30) 

73 allocated LDAC 

20mg bid days 1-10 

(AML16 n=42, LI-1 n=31) 

Remission information 
(n=70) 

Compliance (course 1): 
96% receive allocated 
treatment (data on 68 

patients) 

Remission information 
(n=73) 

Compliance (course 1): 
95% receive allocated 
treatment (data on 73 

patients) 

Figure 1. CONSORT diagram for trial.

Table 2. Outcomes for patients by randomised allocation—overall, results stratified by trial

LDAC, % Sapa, % HR/OR, 95% CI P-value P-value for heterogeneity
between AML16, LI-1

CR 21 13 1.72 (0.72–4.12) 0.2 0.6
CRi 7 3
ORR (CR+CRi) 27 16 1.98 (0.90–4.39) 0.09 0.6
Resistant disease 58 69 1.59 (0.81–3.13) 0.2 0.8
Induction death 15 16 1.05 (0.42–2.59) 0.9 0.6
30-day mortality 15 16 1.04 (0.45–2.41) 0.9 0.7
60-day mortality 23 32 1.40 (0.74–2.63) 0.3 0.7
2-year survival 12 11 1.24 (0.86–1.78) 0.2 0.6
2-year RFS 10 14 0.73 (0.33–1.61) 0.4 0.4
2-year survival from CR 31 16 1.22 (0.48–3.09) 0.7 0.9
2-year survival from relapse 46 8 3.86 (0.90–16.67) 0.07 0.4
1-year survival for non-CR 19 17 1.09 (0.73–1.62) 0.7 0.4

Abbreviations: CR, complete remission; HR, hazard ratio; OR, odds ratio; ORR, overall response rate; RFS, relapse free survival. Percentages are pooled
percentages.

Comparison of sapacitabine with cytarabine in AML patients
AK Burnett et al

1315

© 2015 Macmillan Publishers Limited Leukemia (2015) 1312 – 1319



LDAC in various schedules has been used for many years,25,26

but in our AML14 trial we established that it was superior to
supportive care with no evidence for increased toxicity.27 The
survival benefit appeared to be limited to patients who entered CR
(~15–20%). Since that trial, it has been the comparator to beat in
six completed randomised attempts to improve the outcome for
this patient group using our ‘pick a winner’ design. This design
was based on our observation that improvement in survival was
associated with achievement of CR, and therefore CR served as a
useful surrogate for early assessment of a likely survival benefit.
However, this assumption turned out not to be the case in two
previous trials where both clofarabine and gemtuzumab

ozogamicin combined with LDAC were able to double the
remission rate but did not improve OS.4,28 The requirement to
improve the remission rate in order to improve survival has been
questioned by the experience of demethylation agents. However,
in randomised data so far demethylation agents have not shown
significantly superior survival to LDAC given b.i.d. for 10 days.6–8

Owing to insufficient numbers in the azacitidine trial with 20–30%
blasts, the survival benefit was not confirmed in the LDAC subset,
but the overall benefit seen was delivered by the comparison with
best supportive care.6 In the recently reported trial in AML with
430% blasts, significant survival was only apparent in the best
supportive care comparison and was not significant vs LDAC.7
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Figure 2. Grade 3/4 toxicities by course, with mean grade and test for differences using the Wilcoxon rank-sum test. The mean grade is the
mean of all toxicity grades reported (NCI CTC grades 0–4); additionally the rate of grade 3/4 toxicity is presented graphically. (a) Course 1;
(b) Course 2.
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In the decitabine trial the LDAC was given only once per day,
which delivered a low CR rate.8 In any case there is an urgent need
for better treatments.
The Pick a Winner Programme15 was devised to screen for new

treatments that could make a useful clinical impact. The principle
behind trials of this type is that there should be a reliable
surrogate for survival, that event (remission or death) should be
frequent and should occur early. Our initial experience comparing
LDAC against best supportive care suggested that achievement of
CR is closely correlated with clinical benefit. Subsequent
experience has indicated that this alone is insufficient. Whereas
an inadequate CR rate is unlikely to produce benefit for most
drugs, a superior CR rate is not a guarantee of survival benefit. As
explained in the methods section the DEMC’s remit is to advise on
the likely chance of benefit and whether appropriate to
recommend continuation of the trial.
Sapacitabine is one of several novel nucleoside analogues for which

there were encouraging data in older predominantly untreated but

Table 3. Resource usage during courses 1 and 2

Toxicity LDAC Sapacitabine P-value

Course 1
Mean blood units 5.6 6.7 0.10
Mean platelet units 4.5 4.3 0.9
Mean days antibiotics 5.0 8.8 0.03
Mean day visits to hospital 4.5 6.0 0.13
Mean nights in hospital 10.8 12.4 0.3

Course 2
Mean blood units 4.0 4.4 0.4
Mean platelet units 2.0 3.0 0.3
Mean days antibiotics 2.6 4.2 0.17
Mean day visits to hospital 4.5 6.6 0.05
Mean nights in hospital 6.3 7.4 0.8

Abbreviation: LDAC, low-dose ara-C.
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Figure 3. Outcomes for patients. (a) Survival for patients not achieving CR/CRi; (b) survival from CR/CRi; (c) survival from relapse; (d) relapse-
free survival; (e) overall survival.

Comparison of sapacitabine with cytarabine in AML patients
AK Burnett et al

1317

© 2015 Macmillan Publishers Limited Leukemia (2015) 1312 – 1319



also relapsed patients to justify assessment as a first-line option. These
studies, conducted by the MD Anderson Group, suggested that
400mg b.i.d. for 3 days in two consecutive weeks every 3–4 weeks
was the better schedule with a 60-day mortality of 26% and 1-year
survival of 27%. The present prospective study in unselected older
patients reproduces these results albeit with a different dosing
schedule. We chose, following discussion with those familiar with
the drug, a schedule of 300 mg b.i.d. for 3 days in two
consecutive weeks. The conclusion of this randomised compar-
ison is that, based on the efficacy and toxicity data, sapacitabine,
as used here, and LDAC do not give different outcomes, although
the oral option provided by sapacitabine could be considered an
advantage for older patients, although we did observe a general
trend for increased-grade toxicity, particularly diahorroea. Our
preclinical data suggest that at least in some cases there is
synergy with Ara-C. This may suggest that sapacitabine in
combination could be more effective. This is currently being
tested in a company-sponsored study alternating sapacitabine
with decitibine in this older AML population.29
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