










true MTD associated with safingol treatment. In the pre-
vious study, one case of hemolysis was considered a
possible toxicity of safingol. In the current study, despite
careful monitoring, no hemolysis was observed in any
patient.
Extensive pharmacokinetic sampling was performed.

There was no significant interaction of safingol with
cisplatin. For patients treated in cohorts 1 to 7, safingol
Cmax and AUC were not significantly changed from day 1,
when safingol was administered alone, to day 8, when
safingol was administered with cisplatin (Table 4). Based
on this observation, pharmacokinetic sampling was there-

fore limited to only day 1 for those patients treated in
cohorts 8 to 10.

Overall, safingol PK parameters increased linearly with
dose (Fig. 1). Results were similar to those in the prior
phase I trial of safingol and doxorubicin. For example, the
mean Cmax at the 60 and 120mg/m2 doses were 1.3 (�0.1)
mmol/L and 3.5 (�0.7) mmol/L in the study of safingol and
doxorubicin, and 1.7 (�0.7) mmol/L and 3.4 (�1.8) mmol/
L in the current study. Dose escalation continued beyond
120 mg/m2 to a maximum administered dose of 930 mg/
m2. In patients treated at or near the MTD of this trial
(cohorts 8–10; safingol dose 750–930 mg/m2), Cmax of

Figure 1. Pharmacokinetic dose-
ranging for Cmax (top) and AUC
(bottom) of safingol. Cmax and
AUC for each patient studied are
plotted against safingol dose.
Diamonds represent doses of
safingol given alone. Circles
represent doses of safingol given
with cisplatin.
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over 20 mmol/L of safingol was achieved. Although the
duration of safingol concentration over 20 mmol/L was
relatively short (<1 hour), safingol levels of at least 5 mmol/
L (theKi for SphK) persist for at least 4 hours after treatment
(11).

Clinical activity was seen in 2 patients with adrenal
cortical cancer. One had prolonged stable disease after
progression on prior therapy and another patient, although
not strictly evaluable per protocol, had a partial response.
Although a promising result, we cannot conclude this is
different from what would have been achieved with cis-
platin alone. The overall low response rate may be
explained by the relatively refractory cancers treated. The
patient population was heavily pretreated (median of 4
prior regimens) and included a substantial majority of
patients with diseases that are resistant to cisplatin (such
as colorectal cancer and sarcoma).

Treatment with safingol and cisplatin was associated
with significant decreases in plasma levels of S1P. One
possible explanation is that safingol effectively inhibited
SphK leading to decreased S1P levels. However, S1P biol-
ogy is complex and other mechanisms must be considered.
SphK, when activated, translocates to the cell membrane
where its substrate, sphingosine, is located (17). S1P is
generated and transported extracellularly for autocrine and
paracrine signaling and can also act intracellularly through
histone deacetylases to regulate gene expression (18)(19)
S1P levels are closely regulated with tissue S1P generally
low, and plasma S1P generally high (20, 21). The high
levels of S1P normally measured in plasma are derived
frommultiple sources, including platelets, erythrocytes and
the vascular endothelium (22–25).

Thus, alternative mechanisms may explain the associa-
tion between safingol administration and S1P levels. The

Figure 2. A, pharmacodynamics
of sphingosine-1-phophate (S1P)
in peripheral blood. The mean S1P
levels 1 hour and 4 hours after
safingol treatment are shown, with
patients grouped by safingol dose
cohort. S1P levels are normalized
to the pretreatment S1P levels for
each cohort with standard error
bars shown. B, safingol plasma
concentration over time for the
patients treated at or near the
MTD. Safingol doses of 750 to 930
mg/m2were administered. Plasma
levels weremeasured beginning at
the end of safingol infusion
(time ¼ 0).
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observed changes in plasma S1P could be the result of
decreased S1P production or decreased S1P release from
either tumor or normal tissues such as hematopoietic or
endothelial cells. An increase in S1P utilization or degrada-
tion by tumor or normal tissue could also explain the
result. Our pharmacokinetic data only allow us to com-
ment on plasma levels of S1P. Whether these reflect intra-
tumoral levels of S1P is unknown. Other potential causes of
S1P reduction include an effect of safingol on a target other
than SphK, or even a nonspecific effect of the drug for-
mulation.
Nevertheless, the results show that high plasma levels of

safingol can be achieved and sustained for up to 4 hours
after dosing. These levels are in the range predicted to
effectively inhibit SphK. Sustained levels of safingol in
plasma were associated with decreased S1P, consistent with
theputativemechanismof action.Whether S1P suppression
correlates with intracellular or intratumoral SphK activity is
unknown and would require tumor biopsies to elucidate.

Disclosure of Potential Conflicts of Interest

No potential conflicts of interest were disclosed.

Acknowledgments

For expert technical assistance in lipid biochemistry, the authors thank
Jeremy Allegood, Sibali Bandyopadhyay, Kristin Jones, Samuel Kelly,
Rebecca Shaner, and Elaine Wang.

Grant Support

This study was supported by NIH (R21CA112910 to G.K. Schwartz)
and by LIPID Metabolites And Pathways Strategy (LIPID MAPS; GM069338
to A.H. Merrill).

The costs of publication of this article were defrayed in part by the
payment of page charges. This article must therefore be hereby marked
advertisement in accordance with 18 U.S.C. Section 1734 solely to indicate
this fact.

Received August 30, 2010; revised December 21, 2010; accepted January
15, 2011; published OnlineFirst January 21, 2011.

References
1. Pitman MR, Pitson SM. Inhibitors of the sphingosine kinase path-

way as potential therapeutics. Curr Cancer Drug Targets
2010;10:354–67.

2. Cuvillier O, Ader I, Bouquerel P, Brizuela L, Malavaud B, Mazerolles C,
et al. Activation of sphingosine kinase-1 in cancer: implications for
therapeutic targeting. Curr Mol Pharmacol 2010;3:53–65.

3. Reynolds CP, Maurer BJ, Kolesnick RN. Ceramide synthesis and
metabolism as a target for cancer therapy. Cancer Lett 2004;206:
169–80.

4. Olivera A, Kohama T, Tu Z, Milstien S, Spiegel S. Purification and
characterization of rat kidney sphingosine kinase. J Biol Chem
1998;273:12576–83.

5. Kedderis LB, Bozigian HP, Kleeman JM, Hall RL, Palmer TE, Harrison
SD Jr, et al. Toxicity of the protein kinase C inhibitor safingol admi-
nistered alone and in combination with chemotherapeutic agents.
Fundam Appl Toxicol 1995;25:201–17.

6. Coward J, Ambrosini G, Musi E, Truman JP, Haimovitz-Friedman A,
Allegood JC, et al. Safingol (L-threo-sphinganine) induces autophagy

Figure 3. Regression of
pulmonary and hepatic
metastases from a patient with
adrenal cortical carcinoma,
16 weeks after a treatment with
safingol and cisplatin.

Phase I Trial of Safingol and Cisplatin

www.aacrjournals.org Clin Cancer Res; 17(8) April 15, 2011 2491



in solid tumor cells through inhibition of PKC and the PI3-kinase
pathway. Autophagy 2009;5:184–93.

7. Hoffmann TK, Leenen K, Hafner D, Balz V, Gerharz CD, Grund A, et al.
Antitumor activity of protein kinase C inhibitors and cisplatin in human
head and neck squamous cell carcinoma lines. Anticancer Drugs
2002;13:93–100.

8. Schwartz GK, Jiang J, Kelsen D, Albino AP. Protein kinase C: a novel
target for inhibiting gastric cancer cell invasion. J Natl Cancer Inst
1993;85:402–7.

9. Maurer BJ, Melton L, Billups C, Cabot MC, Reynolds CP. Synergistic
cytotoxicity in solid tumor cell lines between N-(4-hydroxyphenyl)
retinamide and modulators of ceramide metabolism. J Natl Cancer
Inst 2000;92:1897–909.

10. Schwartz GK, Ward D, Saltz L, Casper ES, Spiess T, Mullen E, et al. A
pilot clinical/pharmacological study of the protein kinase C-specific
inhibitor safingol alone and in combination with doxorubicin. Clin
Cancer Res 1997;3:537–43.

11. Vessey DA, Kelley M, Zhang J, Li L, Tao R, Karliner JS. Dimethyl-
sphingosine and FTY720 inhibit the SK1 form but activate the SK2
form of sphingosine kinase from rat heart. J Biochem Mol Toxicol
2007;21:273–9.

12. Trotti A, Colevas AD, Setser A, Rusch V, Jaques D, Budach V, et al.
CTCAE v3.0: development of a comprehensive grading system for the
adverse effects of cancer treatment. Semin Radiat Oncol 2003;13:
176–81.

13. Therasse P, Arbuck SG, Eisenhauer EA, Wanders J, Kaplan RS,
Rubinstein L, et al. New guidelines to evaluate the response to treat-
ment in solid tumors. European Organization for Research and Treat-
ment ofCancer,NationalCancer Instituteof theUnitedStates,National
Cancer Institute of Canada. J Natl Cancer Inst 2000;92:205–16.

14. Morales PR, Dillehay DL, Moody SJ, Pallas DC, Pruett S, Allgood JC,
et al. Safingol toxicology after oral administration to TRAMP mice:
demonstration of safingol uptake and metabolism by N-acylation and
N-methylation. Drug Chem Toxicol 2007;30:197–216.

15. Sullards MC, Allegood JC, Kelly S, Wang E, Haynes CA, Park H,
et al. Structure-specific, quantitative methods for analysis of sphin-

golipids by liquid chromatography-tandem mass spectrometry:
"inside-out" sphingolipidomics. Methods Enzymol 2007;432:83–
115.

16. Gonen M. A Bayesian evaluation of enrolling additional patients at the
maximum tolerated dose in phase I trials. Contemp Clin Trials
2005;26:131–40.

17. Pitson SM, Xia P, Leclercq TM, Moretti PA, Zebol JR, Lynn HE, et al.
Phosphorylation-dependent translocation of sphingosine kinase to
the plasma membrane drives its oncogenic signalling. J Exp Med
2005;201:49–54.

18. Alvarez SE, Milstien S, Spiegel S. Autocrine and paracrine roles of
sphingosine-1-phosphate. Trends Endocrinol Metab 2007;18:300–
7.

19. Hait NC, Allegood J, Maceyka M, Strub GM, Harikumar KB, Singh SK,
et al. Regulation of histone acetylation in the nucleus by sphingosine-
1-phosphate. Science 2009;325:1254–7.

20. Edsall LC, Spiegel S. Enzymatic measurement of sphingosine 1-
phosphate. Anal Biochem 1999;272:80–6.

21. Caligan TB, Peters K, Ou J, Wang E, Saba J, Merrill AH Jr. A high-
performance liquid chromatographic method to measure sphingo-
sine 1-phosphate and related compounds from sphingosine kinase
assays and other biological samples. Anal Biochem 2000;281:36–
44.

22. Yatomi Y, Igarashi Y, Yang L, Hisano N, Qi R, Asazuma N, et al.
Sphingosine 1-phosphate, a bioactive sphingolipid abundantly stored
in platelets, is a normal constituent of human plasma and serum. J
Biochem 1997;121:969–73.

23. Hanel P, Andreani P, Graler MH. Erythrocytes store and release
sphingosine 1-phosphate in blood. FASEB J 2007;21:1202–9.

24. Pappu R, Schwab SR, Cornelissen I, Pereira JP, Regard JB, Xu Y,
et al. Promotion of lymphocyte egress into blood and lymph by
distinct sources of sphingosine-1-phosphate. Science 2007;316:
295–8.

25. Venkataraman K, Lee YM, Michaud J, Thangada S, Ai Y, Bonkovsky
HL, et al. Vascular endothelium as a contributor of plasma sphingo-
sine 1-phosphate. Circ Res 2008;102:669–76.

Dickson et al.

Clin Cancer Res; 17(8) April 15, 2011 Clinical Cancer Research2492


