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Abstract

The pharmacokinetics of UCN-01 after administration as a 72- or 3-h
infusion to cancer patients in initial Phase I trials displayed distinctive
features that could not have been predicted from preclinical data. The
distribution volumes (0.0796-0.158 liters/kg) and the systemic clearance
(0.0407-0.252 ml/h/kg) were extremely low, in contrast to large distribu
tion volume and rapid systemic clearance in experimental animals. The
elimination half-lives (253-1660 h) were unusually long. In vitro protein
binding experiments demonstrated that UCN-01 was strongly bound to
human Â»,-acidglycoprotein. The results suggest that unusual pharmaco
kinetics of UCN-01 in humans could be due, at least in part, to its
specifically high binding to a,-acid glycoprotein.

Introduction

UCN-01 (7-hydroxystaurosporine; Fig. 1) is currently in open

Phase I clinical trials based on unique preclinical data from both the
United States (1, 2) and Japan, with two different administration
schedules. The drug inhibited the growth of various cultured human
cancer cell lines, such as human epidermoid carcinoma A431, fibro
sarcoma HT1080. acute myeloid leukemia HL-60, non-small cell lung
carcinoma A549, and breast carcinoma MDA-MB468 cell lines, in

vitro and showed significant antitumor activity in vivo against some of
these cell lines in several experimental animal models tested (3-7).
Recent studies have revealed that UCN-01 induced G, accumulation
in several human tumor cell lines, including MDA-MB-468, A431,

and human lung adenocarcinoma A549 cell lines (4, 7, 8), and that the
G, accumulation was accompanied by decreased cyclin-dependent

kinase 2 activity, potentially by direct inhibition of the kinase and also
indirect inhibition mediated by induction of p21/Cipl/WAFl and
p27/Kipl (8). In addition, UCN-01 has been shown to act synergis-

tically with several standard antitumor agents, such as mitomycin C,
cisplatin, 1-ÃŸ-D-arabinofuranosylcytosine, camptothecin, and 5-

fluorouracil in vitro and in vivo in A431 cells, human colon carcinoma
Co-3, HT29, murine lymphocytic leukemia P388, murine sarcoma

180, and other cell lines (6, 9, 10).
The pharmacokinetics of UCN-01 in experimental animals were

characterized by rapid clearance with a large distribution volume. The
volume of distribution at steady-state [Vd(ss)], the systemic clearance
(CÂ¿tot)and the elimination half-lives (r,/2s) in dogs, rats, and mice
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were all within the range of 6-17 liters/kg, 0.6-4 liters/h/kg, and
3-12 h,2 respectively. Here, we present the plasma concentration-time

profiles at first and second dose levels in the Japan Phase I study and
the first dose level in the study from the United States. Plasma
concentrations of UCN-01 in both studies were much higher than

expected. Extremely low systemic clearance and small distribution
volume of UCN-01 in humans could, at least in part, be explained by
specific high-affinity binding to hAGP.3 This information is very

important for the design of further clinical trials with UCN-01 and

should be also considered in the design of clinical studies with
anticancer drugs, especially those structurally related to staurosporine.

Materials and Methods

Test Compounds and Reagents

The sterile lyophilized powder containing 10 mg of UCN-01 in a vial for
administration to patients was supplied by Kyowa Hakko Kogyo. For the
protein binding studies. UCN-01 and staurosporine as internal standard for the
analysis by high-performance liquid chromatography were produced by the
fermentation technique in our laboratories as described previously (5). Essen
tially fatty acid- and 7-globulin-free lyophilized HSA prepared from fraction
V, hAGP (Cohn Fraction VI), and human -y-globulin(Cohn Fractions II and

III) were purchased from Sigma Chemical Co. (St. Louis, MO). All other
chemicals and solvents were of analytical grade.

Clinical Trials

Eligibility and Informed Consent. Thedetailsof eligibilitycriteriawill be
reported elsewhere.4 Briefly, adult patients with refractory neoplasms had
Eastern Cooperative Oncology Group performance scores of 0-2, had life
expectancies of >8 weeks, and had had no other chemotherapy within 4 weeks
(6 weeks if the therapy involved mitomycin C or nitrosourea) before entry into
the study. Patients also had normal function in bone marrow, liver, kidney,
heart, and lung, and had evidence of progressing pathologically proven cancer
for which a standard therapy was of equivocal or no value. The total prior
anthracyclin dose was a <300-mg doxorubicin equivalent dose, only in the
Japanese study. Written informed consent was provided by all patients. The
protocols were reviewed and approved by the Institutional Review Boards at
each institute in Japan and United States, respectively.

Clinical Design in Japan. The startingdose (level 1) was 0.65 mg/m2.
which is one-sixth of the TDL, after five daily 3-h constant infusion in dogs.5
UCN-01 was dissolved with physiological saline for injections and adminis-

- N. Kurata, T. Kuwabara, H. Tanii, E. Fuse, T. Akiyama, S. Akinaga, H. Kobayashi.

K. Yamaguchi. and S. Kobayashi. Pharmacokinetics and pharmacodynamics of a novel
protein kinase inhibitor, UCN-01, submitted for publication.

' The abbreviations used are: hAGP. human a,-acid glycoprotein; HSA, human serum

albumin; TDL, toxic dose low: MTD. maximal tolerated dose: AGP, a,-acid glycoprotein:
AUC, area under the concentration-time curve.

4 Unpublished data.
5 S. Imabeppu. M. Nito. J. Ikeda. N. Kurata, K. Tanaka, and T. HarÃ¡,unpublished data.
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Fig. 1. Chemical structure of UCN-01.

tered as 3-h constant i.v. infusion in an indwelling central venous catheter at

infusion rates of 50 ml (level 1) or 100 ml (level 2) per 3 h using an infusion
pump. After confirmation of no dose-limiting toxicity at the starting dose
(n = 1), the dose of 1.3 mg/m2 (level 2) was administered to three patients

according to the protocol. When the patient was eligible for additional course
of therapy at 3 weeks after first dosing according to the protocol, the same dose
with the first dose was administered to the patient after written informed

consent was obtained.
Clinical Design in the United States. The starting dose (level 1) was 1.8

mg/nr/day for 3 days (a total of 5.4 mg/m2), which is one-tenth of the MTD

in rats (MTD = 18 mg/nr/day). Rats were slightly more sensitive than dogs
(MTD = 24 mg/nr/day). The daily dose of UCN-01 was dissolved in 50 ml

of physiological saline for injection and administered as a constant i.v. infusion
in an indwelling central venous catheter at an infusion rate of 2.1 ml/h for 72 h
using an infusion pump. Courses were repeated every two weeks, provided that
toxicity was reversible grade 1 or 2 toxicity.

Pharmacokinetic Study in Patients. For the analysis of plasma concen
tration of UCN-01 in patients, 1-ml blood samples were drawn from the

contralateral arm of the infusion in heparinized polypropylene tubes. At the
dose of 0.65 mg/m2 UCN-01 (Japan study), samples were collected before the

start of the infusion, at 1, 2 and 3 h after the start of the infusion and then at
0.083, 0.25, 0.5, 1, 2. 4, 8, 10, 24, 48, 72, 96, and 671 h postinfusion. At the
dose of 1.3 mg/m2 UCN-01 (Japan study), samples were collected before the

start of the infusion, at 1 and 3 h after the start of the infusion, and then at 1,
2,4, 8, 24, 120. 336, and 504 h postinfusion. At the dose of 5.4 mg/m2 UCN-01

(United States study), samples were collected before the start of the infusion,
at 4, 12, 24, 48, and 72 h after the start of the infusion, and then at 0.5, 1, 2,
3, 6, 12. 24, 48, and 264 h postinfusion. Each plasma was separated and stored
at -20Â°C until analysis.

Protein Binding

Animal/Human Plasma and Proteins. Human control plasma was ob
tained from healthy male volunteers who gave written informed consent.
Laboratory animal plasma was obtained from male BALB/c-nu/nu mice (Clea

Japan Inc., Tokyo, Japan), male SD strain rats (Ninon SLC. Shizuoka, Japan),
and male LRE strain beagle dogs (HRP, Kalamazoo. MI). Laboratory animal
experiments were approved by the welfare committee for experimental animals
at the Pharmaceutical Research Institute. Kyowa Hakko Kogyo. HSA, hAGP.
and -y-globulin were dissolved in 66 mmol/liter phosphate buffer containing 50

mmol/liter NaCl (pH 7.4, PBS) at the concentrations of 4, 0.1, and 1 g/100 ml.
respectively, comparable to the normal concentrations in human serum.

Determination of Unbound Fraction in Plasma and Purified Protein
Solution. The protein binding of UCN-01 was determined by an ultracentrif-
ugation method (11). UCN-01 was dissolved at 1 mg/ml in DMSO. and the

stock solution was diluted with PBS or plasma of each animal. The final
concentration of DMSO did not exceed 1%. One-mi plasma samples from
humans, dogs, rats, and mice containing UCN-01 at 1 or 10 fig/ml were placed

into tubes siliconized with SIGMACOTE (Sigma), incubated for 10 min on
ice, and ultracentrifuged at 273,(00 X g for 18 h at 4Â°C.After the ultracen-

trifugation of 1 /xg/ml UCN-01 in hAGP solution, the concentration of
UCN-01 in 0.4 ml from the top o''the supernatant was less than lower limit of

detection. In addition, almost total amounts of added hAGP and UCN-01 were

recovered from the bottom tract on (200 /nl). Therefore, an aliquot (50 ^1)
from the top of the supernatant was used to determine unbound UCN-01
concentrations. The unbound fraction (fa) of UCN-01 was calculated as un

bound concentration (C,) over thj added concentration (C,).
Estimation of Binding Parameters. The human plasma, diluted 10-fold

with PBS at concentrations of 1.25-40 /xmol/liter UCN-01. was ultracentri

fuged. and the unbound fractions were obtained. In the similar way. the
unbound fractions were obtained from the ultracentrifuged AGP solution of
each animal and HSA containing UCN-01 at concentrations of 0.25-10 /Â¿mol/

liter. The protein concentrations were set at 1 juimol/liter. Modified Scatchard
plots were constructed using C and Cf, and initial estimates of binding
parameters were obtained. The fo lowing equations were fitted to the observed

data (12):

ni' -
Câ€ž= -

( l +

- C,

â€¢¿�C,)
+ k â€¢¿�C, (A)

Ct-k-c, IB)

where Ch, nP. Ka, and k are the nolar concentration of bound UCN-01, the

maximum binding concentration 10 the specific site, the association constant,
and the contribution constant of nonspecific binding, respectively. The param
eters were calculated using the fitting Eqs. A and B to the data by the nonlinear
least squares regression program 'MULTI; Ref. 13). with a weight of l/Ch".

For hAGP and dog AGP Solutions, the number of binding site per molecule of
AGP (n) was also calculated by cividing the Â«fs by the added AGP concen
tration 11 ^mol/liter). The appr >priateness of the model was judged by
Akaike's Information Criterion (AIC; Ref. 13) and the coefficient of variation

for each parameter.
Analytical Methods of UCN-dl and hAGP. The UCN-01 concentrations

were determined by a highly sensitive high-performance liquid chromatogra-
phy with a fluorescence detection 114). The Bradford method (Bio-Rad Protein

Assay. Nihon Bio-Rad Laboratorios. Tokyo. Japan) was used for the determi

nation of the protein concentrations using hAGP as a standard.
Determinations of Pharmacokinetic Parameters. The pharmacokinetic

parameters of UCN-01 in individual cancer patient, e.g.. peak plasma concen
tration (Cmax). the time (7"muJ, elimination half-life C|/2), AUC0..,., systemic

clearance (CL,C)1),mean residence ime. and apparent volume of distribution at
steady state [Vdlssl], were analyzeÂ«!using model-independent approaches (15,

16). e.g., the trapezoidal rule with extrapolation to infinity.
Statistical Analysis. All data for the protein binding studies are presented

as mean Â±SD of three samples. The statistical analysis was conducted by
using the Windows-SAS System Release 6.12 (SAS Institute Japan. Tokyo.
Japan). P < 0.05 was considered â€¢¿�iignificant.

Results and Discussion

The plasma concentration-time profiles and the pharmacokinetic
parameters during and after 3 or 72 h constant i.v. infusion of UCN-01

to cancer patients are shown in Fig. 2 and Table 1, respectively. The
plasma concentrations immediately increased after the start of the
infusion of UCN-01 at the doses of 0.65 and 1.3 mg/m2 for 3 h and

reached the maximum levels, 0 466 /ng/ml (n = 1) and 0.629 Â±0.190
jug/ml (mean Â±SD; n = 3), at 5.37 and 2.85-4.88 h after the start of
the infusion, respectively. Aftei that, UCN-01 concentration gradually
decreased, and its elimination half-lives, 855 h for 0.65 mg/m2 and
1370 Â±280 h for 1.3 mg/m2, were extremely long. The UCN-01

levels were >0.1 fig/ml, even at 504 h postinfusion. The AUCo^s
were 249 /ng-h/ml and 569 Â±2 '.0 pig-h/ml. The CLll)Ts,0.0666 ml/h/kg

for 0.65 mg/m2 and 0.0721 Â±0.0307 ml/h/kg for 1.3 mg/m2, were

unusually low. The Vd(ss)s, 0.0796 liters/kg and 0.132 Â± 0.032
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Fig. 2. Plasma concentration-time profiles of UCN-01 during and after 3- or 72-h
constant i.v. infusions to patients at doses of 0.65 mg/m2 (â€¢)or 1.3 mg/m2 for 3 h (O;
Japan study) or 5.4 mg/m2 for 72 h >â€¢United States study). Data points, individual data

(â€¢);means of three patients (O and â€¢¿�);bars. SD. Inset, plasma concentration-time
profiles from time 0 to 144 h.

liters/kg were also low and were 2-3-fold and 1/3-1/2 of the plasma

volume (0.04 liters/kg) and extracellular volume (0.2 liters/kg; Refs.
17 and 18). At a dosing schedule of 5.4 mg/m2 for 72 h in the United

States study (2), the plasma concentrations reached the maximum
levels ranging 71.4-75.0 h after the start of the infusion. After that,
UCN-01 concentration gradually decreased and the elimination half-

life was shorter than that in Japanese, but the interindividual variance
was large. Although the Vd(ss)sin both studies were almost equal, the
CZ.101s,0.168 Â±0.077 ml/h/kg, were approximately twice those in

Japanese patients. The higher CL101sin the United States study were
related to the shorter elimination half-lives than in the Japanese study

and the difference in plasma sampling time points between Japan and
the United States studies may have magnified this effect. Although the
plasma concentration of UCN-01 was much higher than expected,
there was no acute dose-limiting toxicity in these patients. The 7"ma;ls,

3.83-5.37 h in three of four patients in Japan study and 74.0-75.0 h

in two of three patients in United States study, were, following the
completion of the infusion, 3 and 72 h, respectively. However, the
difference in concentrations at the completion of the infusion and at
the actual Tmm was within 10%. The substantial long terminal half-
life of UCN-01 and/or the variance of the measurement may have

contributed to this unusual situation.
The activity of UCN-01 is assumed to be cell cycle phase specific

and time dependent. Actually, in certain cell lines, long exposure (for
as long as 72 h) was necessary to achieve the maximal growth
suppression (4). UCN-01 has a very long half-life and prolonged

residence time in humans. The pharmacokinetic property may actually
be useful for achieving antitumor activity, provided that a fraction of
the bound drug can distribute to tumor cells. Considering the long
drug exposure in cancer patients, it should be useful to compare the
AUC in humans with those in laboratory animals. However, the
plasma concentrations reported here were unexpectedly high, in rela
tion to preclinical studies, and the human AUCs in this paper were
much higher than those at LD]0 in mice or at MTD (TDL) in dogs
(2).2'5 In addition, although the peak concentrations of UCN-01 in

humans were comparable to or higher than IC50 11-125 ng/ml (3, 4)
and were much higher than the peak concentration, 50 ng/ml5 during

3 h of constant infusion to dogs at TDL, no severe toxicity was found
at the preliminary evaluations in both studies.

The unbound drug concentration in plasma is directly related to

Table 2 Summarized pharmacokinetic and protein binding parameters of UCN-01 in
humans and laboratory animals after i.v. administration

SpeciesHumanMouseRat

DogCÂ£,ol(ml/h/kg)0.0721'

0.168''1930'349<r

616'Vd,ss,(liters/kg)0.132'

0.113d7.95'16.9'

6.09'Unbound

fraction
in plasma(%)"<0.021.171.750.49K

for AGP
(XlO^liters/mol)*803Not

testedNonspecific

13.2
" In vitro unbound fraction in plasma at l Â¿tg/mlUCN-01 determined by ultracentrif-

ugation method.
Association constant for the specific binding in AGP (see Fig. 3).

* Data from Table 1. Human pharmacokinetic parameters after 3-h infusion at 1.3
mg/m'.

' Data from Table 1. Human pharmacokinetic parameters after 72-h infusion at 5.4
mg/m2.

'' Submitted manuscript by Rural,i el al. (see text footnote 2). The pharmacokinetic

parameters after bolus i.v. administration to mice, rats, and dogs at doses of 9, 3.5, and 0.5
mg/kg, respectively.

Table 1 Pharmacokinetic parameters of UCN-01 in patients during and after 3- or 72-h constant i.v. infusions

(h) ' h/ml) C^toi (nil/h/kg) VCKM)(liters/kg) Mean residence time (h)

3-h infusion: Japanstudy0.65
mg/m"Patient

11.3
mg/m2Patient

2Patient
3Patient

40.4660.5140.5240.848Mean"
Â±SD 0.629Â±0.19072-h

infusion:5.4
mg/m~Patient

1Patient
2Patient

3Mean
Â±SDUnited

Statesstudy1.621.191.741.52

Â±0.295.374.882.853.833.85

Â±1.0274.075.071.473.5

Â±1.98551340111016601370

Â±280253947544581

Â±349249533379794569

Â±2105191210884871

Â±3460.06660.07350.1020.04070.0721

Â±0.03070.2520.09960.1530.168

Â±0.0770.07960.1410.1580.09590.132

Â±0.0320.08860.1350.1140.113

Â±0.02312001920156023601950

Â±4003511350746816

Â±503
" Mean and SD of three patients at a dose of 1.3 mg/m2.
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Fig. 3. Scatchard plots of UCN-01 binding to hAGP (A).
human albumin (ÃŸ),dog AGP (C), rat AGP (D). and 10-fold-
diluted human plasma (Â£"}.Protein concentrations were set at 1

(imol/liter. , optimum fitting curves from the model that
has the one specific and one nonspecific binding site (A. C. and
Â£)or only the nonspecific binding site (5 and D).
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permeability through tissue membrane and is known to be a more
important determinant of activity than the total plasma concentration
(17, 19). As reported previously (2), the/us in plasma samples of dogs,
rats, and mice at 1 fig/ml were 0.42 Â±0.07, 1.75 Â±0.22, and
1.17 Â±0.09%, respectively (Table 2). The/u for humans, at 1 /xg/ml,
was less than the lower of detection (<0.02%) and substantially lower
in comparison with other animals (Table 2). Similarly, the /us in
plasma, at 10 jag/ml UCN-01 for dogs, rats, and mice were

0.49 Â±0.11, 1.88 Â±0.09, and 1.65 Â±0.04% and were not signifi
cantly different from those at 1 jag/ml except mice. The/u at 10 pig/ml
of UCN-01 in human plasma was 0.22 Â±0.04% and dramatically
increased with the increase of the concentration of UCN-01. More
over, the/us at 1 /j.g/ml UCN-01 in 4 g/100 ml HSA and 1 g/100 ml
y-globulin were 6.20 Â±0.02 and 37.1 Â±3.5%, respectively. Surpris

ingly, the/u in 0.1 g/100 ml hAGP solution was lower than the lower
limit of detection (<0.02%). This suggests that the protein highly
bound to UCN-01 in human plasma is hAGP.

To clarify this issue, the binding of UCN-01 to human plasma, HSA

and the AGP of various aninials were characterized by the modified
Scatchard plots (Ref. 12; Fig. 3). Single saturable and high-affinity

binding sites, as well as other nonsaturable binding sites, were found
in human plasma and hAGP The association constant (KJ for the
specific binding site in human plasma was 799 X 10h Â±244 X IO6

liters/mol, and the maximum binding capacity was 16.4 Â±0.7 /nmol/
liter. The Ka for the specific binding site in hAGP was 803 X 10fi Â±
144 X IO6 liters/mol (Table 2), and the number of specific binding

sites per molecule of hAGP was 0.721 Â±0.034. The K.ts in human
plasma and hAGP were almost equal, and the binding capacity in
human plasma was comparable to normal hAGP concentration
(10-25 fimol/liter) in healthv humans (19). These results are con
cordant with the idea that the main binding protein of UCN-01 in
human plasma is hAGP. The Ka of UCN-01 to hAGP is > 10-fold

higher than those of the typical ligands to hAGP. such as dipyridamol,
disopyramide, and thioridazine. with K.ÃŸof 15.5 X IO6 liters/mol,
1.0 X IO6 liters/mol, and 6ÃŽX 10" liters/mol (19). Whether the

binding sites of these ligands are same as that of UCN-01 is unknown.
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although the binding site of hAGP is generally assumed to be single
(19). The binding of UCN-01 to hAGP is much "tighter," so UCN-01

could displace other drugs bound to hAGP, including the above
ligands, and not vice versa. Although the displaced molecules may
bind to HSA, the combination in therapeutic use of drugs which
mainly bind to hAGP and have narrow therapeutic concentration
range should be carefully considered. The levels of hAGP in patients
described here were comparable to the normal range (data not shown).

The /us of UCN-01 to HSA and rat AGP were almost constant
within the range of the tested concentration of UCN-01, and only the
nonspecific binding of UCN-01 to these materials was found. The Ka
for the specific binding site in dog AGP was 13.2 X IO6 Â±8.3 X IO6

liters/mol (Table 2), and the number of binding sites per molecule was
0.344 Â±0.093. The K, was 1/60 ofthat for hAGP. The "nonspecific"

binding component for UCN-01 had apparent binding constants
within the range of 1.0 X 106-1.6 X IO6 liters/mol for all of the

proteins tested, i.e., hAGP, HSA, rat AGP, and dog AGP. The non
specific binding constant for the 1/10 diluted human plasma was about
2 X IO6 liters/mol.

Because unbound drug is involved in systemic elimination and
distribution (17-19), the binding of UCN-01 to plasma protein(s) is
expected to limit the distribution of UCN-01 to tissues. For example,

the distribution volumes of several acid drugs tightly bound to HSA
were reported to be comparable to that of HSA, â€”¿�0.1liters/kg (18).

None of drugs tightly bound to hAGP were, however, known to have
such a low distribution volume (18). This implies that many drugs
bound to hAGP but with less affinity for hAGP can easily distribute
into tissues and have high clearance and distribution volumes for their
lipophilicity and basicity (18, 19). For example, the distribution vol
umes for erythromycin, lignocaine, and methadone in humans, which
are known to bind considerably to hAGP, are 1-4 liters/kg, indicating
relatively high tissue distribution (18). UCN-01 (Fig. 1) is also li-

pophilic, e.g., its log P [octanol/PBS (pH 7.4)] is 1.04 and its pKa is
7.4 (i.e., weak basic), and the intrinsic distribution should be high.
These physicochemical characteristics also match the common prop
erty of many agents that bind to hAGP ( 18, 19). The CL,OIof UCN-01

was between 620 and 3500 ml/h/kg in mice, rats, and dogs, and the
Vd(ss)was between 6.1 and 17 liters/kg (Table 2). However, the CLtot
and Vd(ss)in cancer patients were 0.07-0.17 ml/h/kg and 0.11-0.13
liters/kg (Table 2), respectively, and they were 1/50,000-1/3,600 and
1/150-1/36 of those in the laboratory animals, respectively. As far as

we know, such a large species difference in pharmacokinetic param
eters has not been reported previously (20). In addition, although
species difference in the binding of several ligands to AGP is known
(17, 19), none of them has a very large difference between human and
other animal species as does UCN-01. The large species difference in

hAGP binding could not be explained by the physicochemical char
acteristics of UCN-01 alone. This suggests that hAGP recognizes not
only the lipophilicity and weak basicity of UCN-01 but also some part

of the structure. This specific and extremely strong binding to hAGP
is apparently responsible for the low Vd(ss)in humans being almost
equal to the distribution volume of hAGP, 0.12 liters/kg (18), unlike
laboratory animals. The levels of hAGP, the main binding protein of
UCN-01, can vary between 10 and 80 jumol/liter of plasma as a result

of certain diseases, the use of drugs, or pregnancy (19). In many
reports, variations in the plasma level of hAGP have affected the
pharmacological effects, toxicity, and the disposition of the drugs (19,
21). For example, studies have documented alteration of the total and
unbound concentrations and attenuation of the antidepressant effects
of imipramine in the transgenic mice with elevated rat AGP (21).

The unexpected clinical pharmacology findings of UCN-01 in
cancer patients may be explained by the high affinity of UCN-01 to

hAGP. Patients described here, both from Japan and the United States,

had normal hAGP levels (data not shown) and were afflicted with
solid tumors, including gastric, esophagus, lung, renal, and prostate.
No patients with hematopoietic neoplasms were in this data set.

The long half-lives of UCN-01 in cancer patients were much longer
than that of hAGP itself, ~3-5 days (18). This finding is of extreme

interest. Potential explanations include the existence of plasma com
ponents, in addition to hAGP, that might bind UCN-01; "subsets" of

hAGP molecules which bind UCN-01 with altered turnover in com
parison to "bulk" hAGP; "recycling" of UCN-01 to newly produced

hAGP molecules, to which unbound UCN-01 dissociated from hAGP

may rebind immediately. Additional experiments, in particular with
animals reconstituted with or actually expressing varied levels of
hAGP, will be required to understand the basis for these phenomena.

The implications of the findings on the clinical pharmacology of
UCN-01 in humans to the subsequent clinical studies should be

considered. It is true that one interpretation of the data presented here
might be that prolonged infusions are not advantageous. However, the
biological necessity is that certain cell types do require relatively
prolonged exposure for persisting antiproliferative effect to occur
(e.g., see Ref. 4). Current and future clinical studies of UCN-01 at or

below the MTD of drug administered according to a variety of
schedules must, therefore, attempt to assess "free" levels of UCN-01.

This will allow a definition of the optimal schedule to distribute drug
to tissues, ideally with concurrent assessment of pharmacodynamic
effects on tumor or surrogate cell cycle progression. An additional
consideration is that, irrespective of the schedule under study, the
unbound concentration would be expected to increase precipitously
after dose escalation to stoichiometric equivalence of UCN-01 to

hAGP concentrations. So, careful dose escalation should be conducted
from the dose at which the UCN-01 total plasma concentrations are

comparable to hAGP levels. In addition, it would be ideal that hAGP
levels are monitored in patients.

In conclusion, the pharmacokinetics of UCN-01 in human have

shown a very distinctive feature, i.e., low clearance/distribution vol
ume and long half-life, in contrast to the experimental animals. The
extremely high affinity binding of UCN-01 to hAGP was responsible

for the low /us in human plasma, being less than the lower limit of
detection. These results suggest that the specific high affinity binding
to hAGP is one of the reasons for unusual pharmacokinetics of
UCN-01 in clinical studies. Therefore, careful dose escalation should
be conducted at dose levels at which the UCN-01 total plasma

concentrations would be comparable to or exceed hAGP levels.
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