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A B S T R A C T  

1-/]-n-Arahinofuranosylcytosine-5'-stearylphosphate (cytarabine ocfos- 
fate, stearyl-ara-CMP) is a newly synthesized 5'-alkyiphosphate derivative 
of 1-/]-n-arabinofuranosylcytosine (ara-C), which is lipophUic, resistant to 
inactivation by deamination, and orally active. Pharmacology of this drug 
was studied in patients with hematological malignancies. The concentra- 
tions of stearyl-ara-CMP, ara-C (its active metabolite), and 1-/]-n-arabi- 
nofuranosyluracil (ara-U, its inactive metabolite) were determined by 
radioimmunoassay. When six patients received a single p.o. dose of the 
drug (500 mg/m2), stearyl-ara-CMP, ara-C, and ara-U could be detected in 
the plasma for at least 72 h afterwards. The plasma disappearance curve 
of stearyl-ara-CMP corresponded to a one-compartment open model 
with first-order absorption kinetics. The peak plasma level (Cmax) was 
322 _+ 218 riM, and the predicted time to reach Crux (Tma,,) was 6.5 -+ 4.5 h, 
while the elimination half-life (t~/2) was very long (32.0 _+ 8.4 h). The plasma 
ara-C level increased slowly to a Cmax of 26.3 -+ 12.7 nM (Tmax, 13.3 -+ 4.7 
h) after stearyl-ara-CMP administration. This level was quite low com- 
pared with that achieved by low-dose s.c. ara-C therapy, but ara-C per- 
sisted longer in the plasma in the former case, and the area under the 
curve was similar for both regimens. For ara-U, the Cmax, Tmax, and t,/2 

were 483 _+ 315 riM, 23.6 + 4.0 h, and 19.6 _+ 5.3 h, respectively. No 
stearyl-ara-CMP was detected in the urine, and only 8.0% of the admin- 
istered dose was excreted as ara-C and ara-U within 72 h. The stearyl- 
ara-CMP concentration in the cerebrospinal fluid was below the limit of 
detection in three patients without meningeal involvement at 6 h. During 
clinical use of stearyl-ara-CMP, macrocytic anemia was observed, and 
some patients also developed megaloblastic change of their erythroblasts, 
suggesting a mild and persistent cytostatic effect. 

In conclusion, p.o. therapy with stearyl-ara-CMP achieved prolonged 
maintenance of the plasma drug level. Thus, the drug released a very 
low dose of ara-C over a long period in plasma and tissues and had 
a prolonged mild antineoplastic effect in patients with hematological 
malignancies. 

I N T R O D U C T I O N  

ara-C 3 is one of the most effective drugs for the treatment of 
hematological malignancies including leukemia and lymphoma (1, 2). 

Recently, low-dose or very low-dose ara-C therapy has been used to 
treat acute leukemia and myelodysplastic syndrome as a potential type 
of differentiation induction therapy and has been reported to be ef- 
fective in some cases (3, 4). One of the problems with this therapy is 
the troublesome need for daily s.c. or continuous i.v. injection of 
ara-C, which is especially difficult in patients with thrombocytopenia. 
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Thus, for relatively stable patients, such as those with myelodysplastic 

syndrome and smouldering acute leukemia, an orally active form of 

ara-C would provide certain clinical advantages. Stearyl-ara-CMP is a 

5'-alkylphosphate derivative of ara-C that was synthesized by Saneyo- 

shi e t  al. (5) in 1980. As a result of the introduction of a long-chain 

fatty acyl group at the 5'-position of ara-CMP, the drug shows lipo- 

philicity. Moreover, it is resistant to inactivation by cytidine deami- 

nase, which catalyzes ara-C to its inactive metabolite. These charac- 

teristics enabled stearyl-ara-CMP to be orally active and to show a 

long lasting antitumor effect in tumor-bearing mice (6). Phase I and 

Phase II clinical studies have since been completed in Japan (7-9). We 

have already reported some preliminary results of a pharmacokinetic 

study (10, 11). In addition, the successful treatment of myelodysplas- 

tic syndrome with this drug (12) suggested its possible superiority 

over low-dose ara-C therapy in the Japanese Phase II study. Phase I 

and Phase II trials are now also under way in Germany. The present 

study was performed in patients with hematological malignancies with 

the purpose of clarifying the unique pharmacological characteristics of 

the drug. 

M A T E R I A L S  AND M E T H O D S  

Patients. All 14 patients eligible for this study were diagnosed as having 
hematological malignancy by the usual criteria, including bone marrow find- 
ings (Table 1). Informed consent to participation in this trial was obtained from 
all patients. None of the patients had hepatic or renal dysfunction (serum 
bilirubin, -->2.0 mg/dl; serum creatinine, ->1.5 mg/dl). No other drugs were 
basically given until the sample collection was completed. 

Stearyl-ara-CMP Administration and Sample Collection. Stearyl-ara- 
CMP was kindly supplied by Nippon Kayaku Co., Ltd. (Tokyo, Japan) as 50-, 
100-, or 200-mg capsules. The drug was given p.o. as a bolus with 200 ml of 
water after an overnight fast, and patients were allowed to resume normal p.o. 
intake from 2 h after administration. Samples of blood, urine, and cerebrospi- 
nal fluid were collected and stored at -20~ as described previously (i3), until 
the assays for stearyl-ara-CMP, ara-C, and ara-U were carried out. Sample 
tubes for plasma and CSF contained tetrahydrouridine (cytidine deaminase 
inhibitor) at a final concentration of 0.1 mM (14). 

The concentration of stearyl-ara-CMP was determined by the radioimmu- 
noassay method of Watanabe et al. (15). Briefly speaking, antiserum was 
induced in rabbits immunized with hapten consisting of stearyl-ara-CMP- 
carboxymethoxime and stearyl-ara-CMP-hemisuccinate coupled to bovine se- 
rum albumin. [3H]Stearyl-ara-CMP (21 Ci/mmol) was synthesized by Yamasa 
Shoyu Co., Ltd. (Choshi, Japan). The cross-reactivity of ara-C and ara-CMP 
with the antiserum was 0.75% and 3.59%, respectively. The antiserum was 
hardly cross-reactive with ara-U, cytidine, and uridine (below 0.1%). Detection 
limits were 5 ng/ml. Concentrations of ara-C and ara-U were determined by the 
radioimmunoassay method of Sato et al. (16). The detection limits for ara-C 
and ara-U were 0.5 ng/ml and 10 ng/ml, respectively. 

Analysis of Plasma Concentrations. The plasma concentration data for 
stearyl-ara-CMP and its metabolites were assessed by nonlinear least-squares 
regression analysis, MULTI, including Akaike's information criterion, as de- 
scribed previously (13). The AUC was computed using the trapezoidal rule. 
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Table 1 Patient characteristics 

Type of Age Erythroid 
Patient a malignancy (yr) Sex abnormality 

Megaloblastic change 

Pre-Tx b Post-Tx 

1 MDS (RA) 47 F - 
2 MDS (RAEB) 59 M - 
3 MDS (RAEBt) 45 M - 
4 MDS (RAEBt) 56 M + 
5 AML (M2) 47 M - 
6 AML (M7) 75 M + 
7 MDS (RAEB) 41 M + 
8 AML (M2) 21 M - 
9 AML (i5) 60 M - 

10 CML (crisis) 45 M - 
11 MDS (RAEB) 75 M + 
12 MDS (RAEB) 70 F ND 
13 CML (chronic) 24 M + 
14 PV 66 F - 

- + 
- ND 

ND ND 
- + 

a Patients eligible for each study were as follows: pharmacokinetic study after single administration (Nos. 1 to 6); CSF assay (Nos. 7 to 10), study on changes of parameters of 
erythropoiesis (Nos. 2, 3, and 11 to 14). 

b Tx, treatment with stearyl-ara-CMP; MDS, myelodysplastic syndrome; RAEBt, refractory anemia with excess of blasts in transformation (RA and RAEB were defined similarly); 
AML, acute myeloid leukemia; CML, chronic myelocytic leukemia; ND, not determined; PV, polycythemia vera. 

R E S U L T S  

Plasma Stearyl-ara-CMP Levels. The plasma concentration-time 
curve of stearyl-ara-CMP was determined following administration of 
500 mg/m 2 to 6 patients and was found to fit the one-compartment 
open model with first-order absorption kinetics (Fig. 1; Table 2). The 

Cm~x of stearyl-ara-CMP varied from 106 to 572 nM, with a mean 
(+__SD) of 322 ___ 218 nM. The Tmax was 6.5 +_- 4.5 h, and the plasma 
tl/2 was 32.0 + 8.4 h (range, 18.7 to 41.3 h). The mean (+__ SD) AUC 
value was 15,100 +_ 8,190 nM-h (range, 6,450 to 28,200 nM'h). 

Plasma Levels of ara-C and ara-U.  The plasma concentrations of 
ara-C and ara-U were assayed in the same samples used for determi- 
nating plasma stearyl-ara-CMP levels (Fig. 1, Table 2). Both com- 

pounds were detectable at least 72 h after administration in all 6 
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Fig. 1. A, plasma stearyl-ara-CMP, ara-C, and ara-U concentrations in 6 patients 
following p.o. administration of stearyl-ara-CMP (500 rag/m2). O, stearyl-ara-CMP; �9 
ara-C; A, ara-U (mean values from 6 patients). Bars, SD. B, urinary ara-C and ara-U 
excretion in 5 patients. Mean values of the cumulative ara-C (�9 and ara-U (A) excretion 
are given. Bars, SD. 

patients. The concentration of ara-C increased very slowly to reach 

26.3 ___ 12.7 nM at a Tmax of 13.3 --- 4.7 h. The apparent mean half-life 
for ara-C was extremely long, being 31.9 +_ 13.9 h. In the case of 

ara-U, its Cmax was 483 ___ 315 nu at a Tr~a,, of 23.6 --- 4.0 h, which 

was about 10 h later than that for ara-C. 
Ur ina ry  Excretion of Steary l -ara-CMP,  ara-C,  and  ara-U.  The 

unchanged drug was not detectable in the urine of any patient. How- 
ever, in a 72-h period, 0.3 +- 0.2% of the administered dose was 

excreted as ara-C and 7.7 _ 3.7% as ara-U, so that 8.0% of the 
original stearyl-ara-CMP dose was eliminated as metabolites in the 

urine within 72 h (Fig. 1). 
CSF Levels of Stearyl -ara-CMP,  ara-C,  and  ara-U.  The CSF 

concentrations of stearyl-ara-CMP and its metabolites were measured 

6 h after administration (at Tma x of the drug) in 4 patients who had no 

meningeal involvement (Table 3). Stearyl-ara-CMP was not detected 
in any of the patients examined. However, ara-C was detected in 2 of 

3 patients, and much higher concentrations of ara-U were found in all 

the patients examined. 
Plasma ara-C Disappearance Curves during Stearyl-ara-CMP 

Therapy and Low-Dose ara-C Therapy. A pharmacokinetic study 
was performed in 3 patients with hematological malignancies treated 

by a conventional dose of ara-C (10 mg/m 2, s.c.) in low-dose therapy, 

and the results were compared with those obtained during stearyl-ara- 
CMP therapy (Fig. 2). The conventional dose of ara-C yielded a 

maximum concentration of 432 nM with a tv2 of 2.4 h and an AUC of 

321 nM'h (mean values). In the case of stearyl-ara-CMP, the peak 

concentration of released ara-C was quite low (26.3 h i ) ,  but it per- 
sisted far longer, with a t,/2 of 31.9 h and AUC of 1,730 nM-h (mean 

values). 
Changes of Parameters in Erythropoiesis during Stearyl-ara- 

CMP Therapy. In the clinical use of stearyl-ara-CMP, doses of 100 
to 300 mg/body were usually given daily for 2 to 8 wk as a course. In 
such a condition, the characteristic suppression pattern of erythropoi- 
esis was noted with a decrease of RBC count, hemoglobin value, and 
hematocrit value. The decrease of RBC was more marked than that of 
the hemoglobin and hematocrit, so macrocytic anemia developed 
(Table 4). In some patients, a typical megaloblastic change of eryth- 

roblasts was observed in bone marrow. 

DISCUSSION 

The present study revealed that p.o. stearyl-ara-CMP slowly re- 
leased low levels of ara-C and showed a persistent mild antitumor 
effect in patients with hematological malignancies. It was supposed 
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PHARMACOLOGY OF STEARYL-ARA-CMP 

Table 2 Pharmacokinetic parameters of stearyl-ara-CMP and its metabolites 

Dose Ka a Ke AUC Cma x Zma x tl/2 
(mg/m 2) (/h) (/h) (nM.h) (nM) (h) (h) 

500 1.39 • 1.51 b 0.023 • 0.008 15,100 - 8,190 322 • 218 6.5 + 4.5 32.0 • 8.4 
0.027 • 0.015 1,730 • 1,150 26.3 + 12.7 13.3 • 4.7 31.9 • 13.9 

stearyl-ara-CMP 
ara-C as its 

metabolite 
ara-U as its 

metabolite 
0.037 • 0.009 32,100 • 22,900 483 • 315 23.6 • 4.0 19.6 ___ 5.3 

a g a  ' apparent first-order absorption rate constant; Ke, apparent first-order elimination constant; AUC, area under the plasma concentration curve from time zero to infinity; Cmax, 

peak plasma level; Tmax, predicted time of Cmax; tl/2, elimination half-life. 
b mean • SD from 6 subjects. 

Table 3 CSF concentrations of stearyl-ara-CMP and its metabolites 

Time after 
Age D o s e  administration 

Patient (yr) Sex (mg/m2/day) (h) 

stearyl-ara-CMP (nM) ara-C (nM) ara-U (nM) 

CSF Plasma CSF Plasma CSF Plasma 

I 60 M 300 6 a - -  16.4 12.4 - -  1025 
2 21 M 300 6 ND b - -  9.7 - -  1230 - -  
3 45 M 500 6 ND 75.8 ND 36.7 254 493 
4 41 M 130 6 (Day 7) c ND 65.6 ND 29.7 191 345 

'~--, not determined. 
b ND, not detected. 
c Six h after administration on Day 7 of therapy. 

that s tearyl-ara-CMP was absorbed f rom the gastrointestinal tract and 

released ara-C, which  was then converted to ara-U (6). The very long 

Tma,, and tl/2 values o f  s tearyl-ara-CMP might  suggest  its s low and 

persistent absorption f rom the gastrointestinal tract as well  as slow 

release of  the active form. 

In conventional  ara-C therapy, the drug is rapidly metabol ized to 

ara-U by cytidine deaminase (17), and the half-life o f  ara-U is longer 

than that of  ara-C (14). However ,  the Tmax values of  stearyl-ara-CMP, 

ara-C, and ara-U were  5.7, 12.6, and 23.3 h, respectively, while the ti/2 

values of  the s tearyl-ara-CMP and ara-C were  almost equal, and that 

of  ara-U was 40% shorter. The C m a  x and A U C  values of  ara-C were  

quite low compared  with those o f  s tearyl-ara-CMP and ara-U. These 

findings suggest  slow and persistent absorption of  the drug from the 

gastrointestinal tract, fol lowed by slow and variable metabol ism to 

ara-C in plasma, blood cells, and tissues, depending on the specific 

pharmacological  conditions in the type of  tissue or cell. The lipo- 

philicity and deaminase resistance of  s tearyl-ara-CMP probably also 

contributed markedly  to its pharmacokinet ics .  
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Fig. 2. Comparison of the plasma disappearance curves of ara-C following adminis- 
tration of stearyl-ara-CMP (500 mg/m 2, p.o.) and low-dose ara-C (10 mg/m z, s.c.), ara-C 
derived from stearyl-ara-CMP (@) and low-dose ara-C (O) are shown. Bars, SD. 

Unchanged  s tearyl-ara-CMP was not detected in the urine, probably 

because of  its lipophilicity, as is the case with Na-behenoyl-ara-C and 

N4-palmitoyl-ara-C, which  are Na-acyl-derivat ives o f  ara-C with simi- 

lar characteristics (13, 18, 19). The very low total urinary recovery  of  

the drug as ara-C and ara-U suggested its poor absorption and low 

bioavailability. The existence of  stearyl-ara-CMP, ara-C, and ara-U in 

plasma even at 72 h after infusion also suggests the possibility o f  the 

cont inued excret ion of  a significant portion o f  the drug even after 

72 h. 

Despite the lipophilic nature of  the drug, s tearyl-ara-CMP could not 

penetrate the blood-brain barrier as was also the case with N4-behe - 

noyl-ara-C (18) and N4-palmitoyl-ara-C (13). This might  be partly due 

to its strong affinity to plasma proteins, which  tend to retain the drug 

in the plasma. A similar f inding was reported in the case o f  pheno- 

barbital and phenytoin  (20). The ara-C and ara-U detected in CSF 

were thought to have been derived f rom plasma ara-C and ara-U. The 

prophylactic and therapeutic eff icacy for meningeal  involvement  of  

this low CSF concentrat ion of  ara-C deserves to be determined by 

further investigation. 

The pharmacokinet ic  characteristics of  s tearyl-ara-CMP were  

briefly compared  with those of  Nn-palmitoyl-ara-C (13) and Na-be - 

henoyl-ara-C (18). The plasma concentrat ion of  ara-C was the lowest  

for all 3 drugs, probably because of  its s low convers ion f rom the drug 

and also rapid deaminat ion to ara-U. In N4-palmitoyl-ara-C, the ara- 

U/drug ratio was usually around 100 (molar basis). By contrast, the 

pharmacokinet ic  study o f  both s tearyl-ara-CMP and N4-behenoyl  - 

ara-C revealed that the ara-U/drug ratio was around 1.0 to 2.0 at most  

Table 4 Changes of parameters of erythropoiesis during clinical use of 
stearyl-ara-CMP 

Parameter Before treatment After treatment Change (%) 

RBC (• 104/gl) 383 -+- 101 '~ 290 + 102 -24 b 
Hb c (g/dl) 12.0 + 2.5 10.6 _ 3.4 -12 
Ht (%) 37.4 ___ 8.1 32.3 • 10.2 -14 a 
MCV (/~m 3) 99.0 • 11.6 113.1 • 17.3 +14 d 
MCH (pg) 32.0 • 4.6 37.1 - 5.8 +16 b 
MCHC (g/dl) 32.2 • 1.1 32.8 -+ 1.2 +2 

a mean --- SD from 11 courses of therapy in 6 patients. 
b p < 0.02. 
c Hb, hemoglobin; Ht, hematocrit; MCV, mean corpuscular volume; MCH, mean 

corpuscular hemoglobin; MCHC, mean corpuscular hemog|obin concentration. 
d p < 0.05. 
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time points, although the level of stearyl-ara-CMP was about 2 orders 
lower than that of Na-behenoyl-ara-C, reflecting both the different 
route of administration (p.o. vs. i.v. infusion) and low bioavailability 
of stearyl-ara-CMP. This difference in the ara-U/drug ratio was 
thought to be due to the different metabolic pathways of these drugs. 
Na-palmitoyl-ara-C was reported to be metabolized directly to form 
ara-C and palmitic acid in mouse liver (21). By contrast, both stearyl- 
ara-CMP (22) and N4-behenoyl-ara-C (23) were metabolized as a 
manner of step-wise deacylation by oJ and/3 oxidation which finally 
formed ara-C and then ara-U. It is also interesting that these 3 drugs 
showed common characteristics as long-chain acyl derivatives of 
ara-C, such as no substantial excretion in the urine and no substantial 
penetration of the blood-brain barrier of the drugs as described above. 

In addition, stearyl-ara-CMP therapy was compared with low-dose 
ara-C therapy. The peak ara-C concentration reached with low-dose 
s.c. ara-C therapy was 432 nM, which can effectively inhibit DNA 
synthesis by leukemic blasts (24), suggesting that this therapy may 
have a cytostatic mechanism of action even though it has been pro- 
posed to induce the differentiation of malignant cells (3). Stearyl-ara- 
CMP therapy was more similar to low-dose ara-C therapy adminis- 
tered by continuous i.v. infusion. Spriggs et al. (25) reported that 
low-dose ara-C (20 mg/m2/day) by the continuous i.v. route resulted 
in mean steady-state plasma levels ranging from 1.8 to 6.9 • 10 -8 
mol/liter, with the AUC for a 14-day course being 6.5 to 15.9 • 10 -6 
mol/liter • h. These data were close to the results achieved with p.o. 
stearyl-ara-CMP at regular doses of 100 to 300 mg/body. Since 
stearyl-ara-CMP therapy achieved persistent low levels of ara-C, it 
might be an effective approach for differentiation induction. However, 
in the 2 myelodysplastic syndrome patients whom we reported to 
achieve remission by stearyl-ara-CMP therapy (12), moderate trilin- 
eage cytoreduction was observed, suggesting that this drug may have 
an antimitotic effect as its mechanism of action. We have already 
reported (26) that the maintenance of low extracellular ara-C levels 
could sustain higher intracellular levels of ara-CTP, the active form of 
ara-C (27). Moreover, ara-C has been reported to be a typical cell 
cycle phase-specific drug, the effects of which are time dependent 
(28). Thus, the persistence of very low levels of ara-C (AUC similar 
to that with low-dose ara-C therapy) might sustain intracellular ara- 
CTP at levels high enough to inhibit DNA polymerase activity. In the 
experimental tumor system using BALB/c • DBA/2 (hereafter called 
BD2F1) mice bearing P388 murine leukemia cells, although the 
deaminase activity of mice is lower than that of humans (29), the 
intracellular ara-CTP level gradually increased up to 24 h after a single 
p.o. administration (30). With respect to the cumulative effect, we 
have shown previously that no substantial accumulation of the drug or 
its metabolites, ara-C and ara-U, occurs in plasma during administra- 
tion for 8 days (12). 

During stearyl-ara-CMP therapy, a moderate decrease of RBC 
counts was observed, but the decrease of the hemoglobin and hema- 
tocrit values was smaller, and macrocytic anemia developed in most 
cases. Some patients also developed megaloblastic changes of their 
bone marrow erythroblasts. These findings regarding erythropoiesis 
might also indicate a mild inhibitory effect of the drug on DNA 
synthesis (31). This action of the drug also suggests that it may be 
useful for polycythemia vera (32). 

In the Japanese Phase II study (8, 9), the remission rate (including 
complete and partial remissions) was 20.7% in 58 cases of acute 
leukemia, 25.8% in 62 cases of myelodysplastic syndrome. 63.2% in 
19 cases of chronic myelogenous leukemia, and 81.8% in 11 cases of 
polycythemia vera. In previously untreated patients, the remission rate 
increased to 39.1% for acute leukemia (n = 23) and 31.4% for 
myelodysplastic syndrome (n = 35). These results correspond to those 
achieved by low-dose ara-C therapy (33). The benefits of p.o. admin- 
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istration and mild side effects (7-9) could thus enable this drug to be 
used for the treatment of various hematological malignancies. 
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