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SNS-595 is a novel naphthyridine analog, a class of compounds not previously used for cancer treatment. SNS-
595 is currently in an escalating-dose phase 1 trial in acute leukemia and several phase 2 studies in solid 
tumors. SNS-595 has a unique mechanism of action causing double-strand breaks during S phase that are 
solely repaired through a DNA-PK-dependent pathway. This damage induces DNA damage-repair signals 
through both p53 and p73 pathways during DNA synthesis and is accompanied by a rapid onset of apoptosis 
and an irreversible G2 arrest. This mechanism suggests that SNS-595 could interact in combination favorably 
with other DNA damaging agents that utilize different mechanisms of damage signaling and repair. SNS-595 
demonstrates potent anti-proliferative effects on human leukemic cell lines in vitro and is active in LM-3 Jck and 
CCRF-CEM hematologic xenograft models. Previously, we have shown that administration of SNS-595 results 
in a dose dependent loss in bone marrow cellularity and reduction in circulating neutrophils in mice (Proc. Amer. 
Assoc. Cancer. Res. 47: 4726, 2006). These data suggest that SNS-595 activity in bone marrow and circulating 
blood may provide a therapeutic rationale for the treatment of acute leukemias and advanced chronic 
myelogenous leukemia. In this study we evaluated the effects of SNS-595 on peripheral white blood cells and 
bone marrow cellularity as a single agent and in combination with cytarabine (Ara-C) and daunorubicin (DNR). 
SNS-595 dosed once a day at 10 mg/kg IV as a single agent and Ara-C dosed three times a day as a single 
agent at 20 mg/kg SC, on day 0 and 4, resulted in 44% and 12% reductions in cellularity, respectively. In 
contrast, combination dosing of SNS-595 once a day at 10 mg/kg IV with Ara-C dosed three times a day at 20 
mg/kg SC resulted in a 93% reduction in cellularity. Normal cellularity recovered on Day 12 (8 days post last 
dose). Furthermore, the SNS-595/Ara-C combination reduced cellularity more than Ara-C dosed at the MTD of 
60 mg/kg three times a day SC (42% reduction in cellularity). Circulating leukocyte levels were also reduced 
including neutrophils that dropped from 1359 cells/ml to 587 cells/ml for SNS-595 dosed at 10 mg/kg IV and 
1212 cells/ml for Ara-C dosed three times a day at 20 mg/kg SC on day 8. The co-administration of these two 
doses resulted in a near elimination of circulating neutrophils (29 cells/ml). Leukocyte counts subsequently 
returned to normal levels by Day 18 (14 days post last dose). In conclusion, co-administration of SNS-595 and 
Ara-C reversibly ablates murine bone marrow cells and reversibly depletes circulating neutrophils. These data 
indicate that SNS-595 has the potential to combine effectively with Ara-C for the treatment of acute leukemias 
and suggests that additional studies in patients with advanced hematologic malignancies are warranted.

SNS-595 A Novel S-Phase Active Cytotoxic Acts Syner gistically With Cytarabine To Reduce Bone 
Marrow Cellularity And Circulating Neutrophils.

Jennifer P. Arbitrario, Jeffrey L. Kumer, Caroline D. Scatena, Anthony R. Howlett, and Jeffrey A. Silv erman, Sunesis Pharmaceuticals, Inc.  South San Fra ncisco, CA 94080
Introduced by Judith Karp, M.D., Division of Hemato logic Malignancies, Sidney Kimmel Cancer Center, Jo hns Hopkins University
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• The combination of SNS-595 (50% MTD) with Ara-C (33 % MTD) was synergistic, decreasing 
bone marrow cellularity to 26% or less

• Complete bone marrow recovery was observed followin g treatment with SNS-595 in 
combination with Ara-C

• For the SNS-595/Ara-C combination, bone marrow abla tion and recovery were reflected in 
peripheral blood.
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STUDY DESIGN
Female CD-1 mice 7-8 weeks old were treated with either single agent SNS-595, Ara-C or the two combined on 
Day 0 and Day 4 at various doses and schedules:

•SNS-595: 10 and 20 mg/kg IV q4d x 2 (total drug administered = 20 and 40mg/kg) 
•Ara-C: 20 and 60 mg/kg SC tid q4d x 2 (total drug administered = 120 and 360 mg/kg) 
•Combination: SNS-595 at 10 mg/kg IV q4d x 2 (total drug administered = 20mg/kg) and 

Ara-C at 20 mg/kg SC tid q4d x  2 (total drug administered = 120 mg/kg) 

HEMATOLOGY and HISTOLOGY
•Blood was drawn for hematologic analysis on Days 6, 8, 12 and 18 post initiation of treatment.
•Blood was analyzed at Quality Control Labs (Mountain View, CA) for complete blood count and differential 
count 
•Bone marrow smears from femurs on Day 6 and Day 12 were prepared and geimsa stained for differential 
counts.  Femurs were also placed in Streck fixative, processed, sectioned and H&E stained.
•Femur and bone marrow smears were analyzed at BioPathology Sciences (South San Francisco, CA) for total    
cellularity and differential count.

•One-way ANOVA was used for statistical analysis.

•These experiments were performed in accordance with protocols approved by the Sunesis Pharmaceuticals, 
Inc. Institutional Animal Care and Use Committee and in accordance with local and Federal Regulations.
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SNS-595†

20 mg/kg q4d x 2
18% Cellularity

Ara-C 
60 mg/kg tid q4d x 2

58% Cellularity

SNS-595 10 mg/kg q4d x 2
+ Ara-C 20 mg/kg tid q4d x 2

7% Cellularity

 

Vehicle
98% Cellularity
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Representative H&E sections show average cellularity in bone marrow  two days after completion of treatment with either single agent SNS-595 or Ara-
C or a combination of SNS-595 and Ara-C.  Treatments were administered on Day 0 and Day 4. In animals treated with 60 mg/kg Ara-C (MTD), bone 
marrow cellularity was reduced to 58%. At 10 mg/kg SNS-595 (50% MTD), the cellularity was reduced to 56%.  However, the combination of 10 mg/kg 
SNS-595 (50% MTD) co-dosed with 20 mg/kg  Ara-C (33% MTD) reduced bone marrow cellularity to 7%. († H&E section from Exp #2, all other sections 
shown from Exp #1. Images at 10x magnification).

SNS-595 
10 mg/kg q4d x 2
56% Cellularity 

Ara-C 
20 mg/kg tid q4d x 2

88% Cellularity
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SNS-595, a novel cell cycle inhibitor, causes discrete double-
strand DNA breaks in cells in S phase resulting in rapid 
apoptosis and an arrest in G2 phase of the cell cycle.  SNS-595 
has shown strong anti-tumor activity in 16 human xenograft 
models grown in nude mice. SNS-595 is currently undergoing 
phase 1 & 2 clinical trials in hematologic and solid malignancies, 
respectively. 
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Bone Marrow Cellularity 
(Avg)  Exp #1

26%SNS-595 10 mg/kg q4d x 2
+ Ara-C 20 mg/kg  tid q4d x 2

54%Ara-C 60 mg/kg  tid q4d x 2 ‡

18%SNS-595 20 mg/kg q4d x 2 ‡

92%Ara-C 20 mg/kg  tid q4d x 2

54%SNS-595 10 mg/kg q4d x 2

96%Vehicle

Bone Marrow Cellularity
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Treatment

8 Days Post Treatment 
(Day 12)
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Peripheral Blood Reflects Bone Marrow Recovery 

Two Weeks Post Treatment (Day 18)

4 Days Post Treatment  (Day 8)
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Bone marrow smears were examined to assess changes in myeloid cell lineages following treatment with SNS-595, Ara-C or SNS-595 in 
combination with Ara-C. A significant decrease in mature neutrophils was noted two days after completion of the SNS-595/Ara-C combination
treatment with recovery occurring six days later.  A significant increase in immature neutrophils was noted on Day 6 in the SNS-595 treated animals 
which returned to control levels by Day 12.  The blast counts were slightly elevated on Day 6 in the SNS-595 and the SNS-595/Ara-C treated
animals, however, the increases were not significant. These changes in neutrophil lineage indicate bone marrow recovery following chemotherapy. 
(Data are from Exp #2. Cell counts are an average of three separate fields + SE.)
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The changes in bone marrow cellularity following treatment with SNS-595, Ara-C or the combination were reflected in peripheral blood.  A significant 
decrease in white blood cells and platelets occurred following combination treatment.  A significant decrease in neutrophils occurred for the single 
agents and the combination treatment.  (Data are from Exp #1 and are the Mean + SE)

The cellularity of the bone marrow returns to normal levels eight days after treatment with SNS-595/Ara-C combination.  The recovery of the marrow is 
reflected in peripheral blood one week later. (Data are from Exp #1 and are the Mean + SE. Images at 10x magnification). 

SNS-595 10 mg/kg q4d x 2
+ Ara-C 20 mg/kg tid q4d x 2

100% Cellularity  

White Blood Cells Neutrophils Platelets

Immature NeutrophilsMature Neutrophils Blast
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� These studies clearly demonstrate that the SNS-595/ Ara-C combination synergistically 
reduces bone marrow cellularity with a subsequent t imely recovery using doses significantly 
below single agent MTDs

� These data suggest that the SNS-595/Ara-C combinati on may be an effective treatment for 
acute leukemias

� A phase Ib clinical trial with SNS-595 in combinati on with Ara-C will be conducted in 2007

‡MTD in CD-1 mouse model     ND: not determined

Disclosures: JA, JK, CS, AH and JS are all Sunesis employees and stockholders. Judith Karp is a consult ant and clinical investigator for Sunesis. 


