
Background
l	 Patients with relapsed or refractory acute myeloid leukemia (AML) 

have few therapeutic options and their prognosis is extremely poor1

l	 This phase II study evaluated the addition of AS1411, the most 
advanced aptamer in development in oncology, to high-dose 
cytarabine in patients with relapsed or refractory AML

l	 AS1411 is a G-rich oligonucleotide that forms a G-quadruplex 
structure resistant to nuclease degradation; it binds specifically to 
nucleolin, a predominantly nuclear protein that is overexpressed in 
the cytoplasm and on the surface of cancer cells2–4

l	 Targeted binding of AS1411 to cell-surface nucleolin results in uptake 
of the aptamer into cancer cells, disrupting normal functions of 
nucleolin including DNA replication and cell proliferation5,6

l	 AS1411 has been shown to kill AML blasts and cell lines in vitro and 
exhibits synergistic killing when combined with cytarabine in vitro 
and in vivo6,7

l	 In a phase I trial of AS1411 in 30 patients with advanced solid cancers, 
no serious toxicities were observed and no maximum tolerated dose 
could be determined. Promising signs of anti-cancer activity were 
seen, including two responses among 12 patients with metastatic 
renal cancer8

l	 Preclinical testing has shown AS1411 has potential against a wide 
range of malignancies, both as monotherapy and in combination9. 
AS1411 is currently in phase II studies in AML and renal cell carcinoma. 
Data from the phase II study in AML are presented here

Objectives
l	 To assess the efficacy of AS1411, when combined with cytarabine, in 

patients with relapsed or refractory AML 

l	 To assess the safety and tolerability of AS1411 in combination with 
cytarabine

Methods
Study design

l	 Randomized, multicenter, open-label, phase II study

l	 Patients aged ≥ 18 yrs who have:

•	A confirmed diagnosis of AML as defined by the World Health 
Organisation classification10

•	Refractory or relapsed AML

•	Received no more than three previous induction cycles

•	Received no high-dose cytarabine (HiDAC) within the past 6 months

l	 The study design is shown in Figure 1

•	Patients in cohort I were randomized 1:2 to receive either:  
(a) cytarabine (3,000 mg/m2/day) for 4 days (control); or (b) AS1411 
(10 mg/kg/day) on days 1–7 plus cytarabine on days 4–7 (AS1411-10)

•	Following safety assessment, cohort II was randomized 1:2 to 
receive either: (a) cytarabine (3,000 mg/m2/day) for 4 days (control); 
or (b) AS1411 at a higher dose (40 mg/kg/day) on days 1–7 plus 
cytarabine on days 4–7 (AS1411-40)

•	Patients not achieving a CR after one cycle of single-agent cytarabine 
were eligible for a subsequent cycle of AS1411 plus cytarabine at 
the AS1411 dose prevailing when they were randomized

Safety assessments
l	 Clinical examination	 l  12-lead electrocardiograms

l	 Adverse events	 l  Vital signs

l	 Laboratory tests

Efficacy assessments

l	 Bone marrow samples were collected between days 10 and 43 
following the commencement of treatment

l	 Peripheral blood counts were performed weekly until the final 
response determination

l	 Bone marrow aspirates and peripheral blood counts were used 
to determine the response of the patient to treatment

l	 A complete response (CR) was defined as:

•	A bone marrow containing fewer than 5% blast cells

•	A cellularity of at least 20%, with maturation of all cell lines

•	An absence of Auer rods

•	An absence of extramedullary leukemia (eg CNS or soft tissue)

•	An absence of blast cells in peripheral blood

•	An absolute neutrophil count of at least 1.0 × 109/l

•	A platelet count of at least 100 × 109/l

l	 A complete response without platelet recovery (CRp) was 
defined as all CR criteria except:

•	A platelet count less than 100 × 109/l, provided the patient 
remained platelet transfusion independent (platelet count 
maintained above 20 × 109/l)

l	 All response criteria had to be met between days 10 and 43 in 
order to declare a patient as a CR or CRp

Study variables / endpoints

l	 Primary safety outcomes: adverse events, laboratory 
abnormalities, pharmacokinetic parameters, and effect on QTc 
interval (from 12-lead electrocardiograms)

l	 Efficacy endpoints: proportion of patients achieving CR after 
first cycle of treatment (primary endpoint), proportion of 
patients achieving CRp after first cycle of treatment, proportion 
of patients achieving either CR or CRp following cross-over

Figure 1: Study design

Safety

l	 Addition of AS1411 to cytarabine was well tolerated; combinations of 
AS1411 with cytarabine had manageable side effects

Table 3: Non-hematological and non-biochemical adverse events  
(safety population; n (%))*

AS1411-40
n=25

AS1411-10
n=21

Control
n=21

 Grade ≥3 All  Grade ≥3 All  Grade ≥3 All

Nausea - 16 (64) - 12 (57) - 10 (48)

Diarrhea - 12 (48) - 7 (33) - 10 (48)

Febrile 
neutropenia

8 (32) 8 (32) 5 (24) 8 (38) 8 (38) 8 (38)

Constipation - 8 (32) - 6 (29) - 9 (43)

Headache - 8 (32) - 5 (24) 9 (43)

Pyrexia 2 (8) 13 (52) - 5 (24) 2 (10) 4 (19)

Fatigue 1 (4) 8 (32) - 6 (29) - 5 (24)

Vomiting - 9 (36) - 5 (24) - 5 (24)

Peripheral 
edema

- 10 (40) - 4 (19) - 5 (24)

Chills - 7 (28) - 5 (24) - 4 (19)

Anorexia - 6 (24) 1 (5) 6 (29) - 2 (10)

Tachycardia - 2 (8) - 5 (24) 1 (5) 6 (29)

Rash - 8 (32) - 2 (10) - 2 (10)

Hypotension 1 (4) 3 (12) 1 (5) 2 (10) 2 (10) 6 (29)

Cough - 7 (28) - 2 (10) - 2 (10)

Infections† 11 (44) 18 (72) 8 (38) 13 (62) 4 (19) 9 (43)

* �Events listed by MedDRA preferred term; includes all event categories that occurred  
at any grade in ≥ 25% of patients in any arm

† No one organism or infection site was observed in >25% of patients in any group 

Table 4: Hematological and biochemical laboratory abnormalities  
(safety population; n (%))*

AS1411-40
n=25

AS1411-10
n=21 

Control
n=21

Grade 3+4 All Grade 3+4 All Grade 3+4 All

Hematological

Hemoglobin 	 13	 (52) 	25	(100) 	 17	(81) 	21	(100) 	 10	(48) 	21	(100)

Platelets 	 25	 (100) 	25	(100) 	 21	(100) 21	(100) 	 21	(100) 	21	(100)

White blood 
cells

	 23	 (92) 	25	(100) 	 21	(100) 21	(100) 	 18	(86) 	18	(86)

Neutrophils 	 25	 (100) 	25	(100) 	 21	(100) 21	(100) 	 17	(85) 	17	(85)

Lymphocytes 	 24	 (96) 	25	(100) 	 19	(91) 21	(100) 	 16	(80) 	18	(90)

ANC 	 24	 (96) 	25	(100) 	 21	(100) 21	(100) 	 17	(85) 	17	(85)

Biochemical

ALT 	 0	 (0) 	14	(56) 	 1	(5) 	11	(52) 	 0	(0) 	 9	(43)

Hypocalcemia 	 3	 (12) 	23	(92) 	 3	(14) 	17	(81) 	 3	(14) 	18	(86)

Creatinine 	 1	 (4) 	 8	(32) 	 0	(0) 	 5	(24) 	 0	(0) 	 5	(24)

GGT 	 2	 (9) 	18	(82) 	 3	(15) 	14	(70) 	 2	(13) 	11	(69)

Hyperglycemia 	 6	 (26) 	21	(91) 	 3	(14) 21	(100) 	 2	(10) 	18	(86)

Hypokalemia 	 7	 (28) 	14	(56) 	 2	(10) 	15	(71) 	 0	(0) 	 9	(43)

Hyponatremia 	 1	 (4) 	12	(48) 	 3	(14) 	11	(52) 	 0	(0) 	10	(48)

* Includes all categories where Grade 3/4 abnormalities occurred in ≥ 10% of patients in any arm

Results
Patient characteristics

Table 1: Patient populations in the study (n)

ITT Safety Efficacy evaluable

AS1411-40 26 25 21

AS1411-10 22 21 19

Control 23 21 19

All 71 67 59

l	 Four patients from the randomized (ITT) population were 
excluded from the safety population because they did not 
receive any treatment

l	 Eight patients from the safety population were excluded 
from the efficacy evaluable population because they 
received less than 75% of their planned drug dose (7) or 
they did not meet the inclusion criteria (1)

Table 2: Baseline characteristics (safety population; n (%) 
unless stated)

AS1411-40  
(n=25)

AS1411-10  
(n=21)

Control  
(n=21)

Median age, years 
(range)

65 (21-77) 60 (21-76) 63 (26-86)

Male /  
female

15  
10

(60)/
(40)

10  
11

(48)/
(52)

16 
5

(76)/ 
(24)

Initial diagnosis

De novo AML 15 (60) 17 (81) 14 (67)

Secondary AML 10 (40) 4 (19) 7 (33)

   �Myelodysplastic 
syndromes

9 (36) 3 (14) 3 (14)

   Chemotherapy 1 (4) 1 (5) 4 (19)

Current status

Primary refractory 9 (36) 10 (48) 5 (24)

Relapsed 16 (64) 11 (52) 16 (76)

Type of AML

M0 2 (11) 2 (10) 2 (10)

M1 3 (16) 3 (15) 4 (19)

M2 6 (32) 4 (20) 8 (38)

M4 4 (21) 4 (20) 4 (19)

M5 2 (11) 6 (30) 1 (5)

M6 1 (5) 1 (5) 1 (5)

M7 1 (5) 0 (0) 0 (0)

Unknown 6 1 1

ECOG performance status

0 6 (24) 12 (57) 5 (24)

1 15 (60) 7 (33) 9 (43)

2 4 (16) 2 (10) 7 (33)

Cytogenetics

Favorable 1 (5) 1 (5) 2 (10)

Intermediate 14 (64) 13 (68) 10 (50)

Adverse 7 (32) 5 (26) 8 (40)

Not done 3 2 1

l	 Nine patients from the control arm crossed over to receive 
AS1411 plus cytarabine

•	Three patients received AS1411 10 mg/kg/day plus 
cytarabine

•	Six patients received AS1411 40 mg/kg/day plus cytarabine

Table 5: Deaths within 29 days of first study treatment  
(safety population; (n(%))

AS1411-40
n=25

AS1411-10
n=21

Control
n=21

2 (8)* 1 (5)† 3 (14)‡

* �One patient died due to pulmonary alveolar hemorrhage and one patient died due to 
disease progression

† �One patient died due to hypotension, acute renal failure and acute respiratory failure
‡ �One patient died due to tumor lysis syndrome and two patients died due to disease 

progression

Efficacy

l	 Combination of cytarabine with AS1411 at either 10 mg/kg/day 
or 40 mg/kg/day produced higher response rates than cytarabine 
alone

Table 6: Responses (efficacy evaluable population; n (%)) 

AS1411-40 
(n=21)

AS1411-10 
(n=19)

Control 
(n=19)

CR 	 2	 (10) 	 4	 (21) 	 0	 (0)

CRp 	 2	 (10) 	 0	 (0) 	 1	 (5)

CR + CRp 	 4	 (19) 	 4	 (21) 	 1	 (5)

l	 Responses reported here include patients with <20% cellularity, 
as per the guidelines of Cheson et al. (2003)12 

•	According to the narrower response definition applied in this 
study (requiring >20% cellularity), one CR in the AS1411-10 
group and one CRp in the AS1411-40 group would be excluded 
because of low cellularity

l	 Of the nine patients who crossed over from the control arm none 
showed a CR or CRp with AS1411 plus cytarabine

•	One patient, who sustained no reduction in bone marrow 
blasts following cytarabine alone, achieved a 90% reduction 
in bone marrow blast count following treatment with AS1411  
10 mg/kg/day plus cytarabine

l	 Of the patients for whom cytogenetic response data (FISH) are 
available, two not qualifying as CR or CRp responders had a 
cytogenetic response

•	One patient in the AS1411-10 group

•	One patient in the control group

Table 7: Characteristics of responding patients

Sex, 
age

Initial 
diagnosis

Baseline  
status

Type of  
AML

Cytogenetics

AS1411-40

CR 1 F, 57 De novo Relapsed M4 Eo Favorable

CR 2 M, 77 De novo Refractory Not done Not done

CRp 1 F, 54 De novo Relapsed M6 Intermediate

CRp 2 M, 52 De novo Relapsed Not done Intermediate

AS1411-10

CR 1 F, 60
Secondary 

(MDS)
Refractory M2 Adverse

CR 2 M, 21 De novo Relapsed M4 Favorable

CR 3 F, 56 De novo Relapsed M4 Intermediate

CR 4 F, 56 De novo Refractory M1 Intermediate

Control

CRp 1 F, 67 De novo Relapsed M2 Intermediate

Table 8: Response rates (CR+CRp) according to demographic  
parameters (n/total (%))

AS1411-40  
(n=21)

AS1411-10  
(n=19)

Control  
(n=19)

Initial diagnosis

De novo AML 	 4/13	 (31) 	 3/15	 (20) 	 1/14	 (7)

Secondary AML 	 0/8	 (0) 	 1/4	 (25) 	 0/5	 (0)

Current status

Primary refractory 	 1/7	 (14) 	 2/9	 (22) 	 0/5	 (0)

Relapsed 	 3/14	 (21) 	 2/10	 (20) 	 1/14	 (7)

Cytogenetics

Favorable 	 1/1	 (100) 	 1/1	 (100) 	 0/2	 (0)

Intermediate 	 2/12	 (17) 	 2/13	 (15) 	 1/10	 (10)

Adverse 	 0/6	 (0) 	 1/4	 (25) 	 0/7	 (0)

Not done 	 1/2 	 0/1 	 0/0
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Conclusions
l	 The addition of AS1411 to cytarabine in patients with relapsed and 

refractory AML was well tolerated

l	 The combination of AS1411 with cytarabine demonstrated enhanced 
activity compared with cytarabine alone

l	 Further evaluation of AS1411 in AML is planned
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* Patients were only randomized to this cohort following completion of recruitment to 
the AS1411–10 cohort and a data safety review


