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ABSTRACT

Tricyclicnucleosidephosphate (TCN-P) was selectedfor clinicaltrials
becauseof its unusual chemical structure and activity against L1210
marine leukemia and MX-1 mammary xenograft. Inhibiting DNA syn
thesis,TCN-P was more toxic during S-phaseof cell cycle.

A phase I study was conducted in 24 patients with advanced solid

cancers.The drug was given as a slow i.v. injection over 5 mm on Days
I, 8, 15, and 22 of a 42-day cycle with a 2-week rest. Five dose levels

ranging from 12 to 96 mg/m2were studied with 3 to 12 patients treated
at each level a total of 106 doseswas administered.The major hemato
logical toxicity was thrombocytopenia,with a mediannadir occurring at
Day 34 of the cycle and first appearing at doses greater than 24 maJm2.
Anemia was seenat each dose level occurring betweenDays 8 and 34.
Non-myelosuppressivetoxic effects included stomatitis, anorexia, tran
sient fever, nauseaand vomiting, and dose-limiting hyperglycemia and
diarrhea. The highest tolerated dosewas48 mgJm2.

Plasma, pleural fluid, urine, and tissue samples were analyzed for
TCN-P and tricyclic nucleoside (TCN) in selected patients by high
performance liquid chromatography. Plasma decaycurves revealedex
tended retention of both TCN and TCN-P. Autopsy specimensobtained
61 days after therapy showed the highest residues of TCN-tk,ln liver

metastasesand of TCN in gall bladder, bile, and pancreas.No drug was
detectedin urine samplesoftwo patients. Prolongedretention anderratic
plasma levels of the drug are probably due to extensive enterohepatic
circulation, aswell as repeatedinterconversionbetweenTCN-P andTCN
within cells. This weekly scheduleproducedunexpectedclinical toxicity
and should not be pursued.

INTRODUCTION

TCN-Pâ€•is the more water-soluble phosphate ester of TCN,
an unusual nucleoside with a tricyclic structure (Fig. 1) (1â€”5).
Both agents have shown activity against i.p. implanted L1210
and human MX! mammary xenograft implanted beneath the
renal capsule, and moderate activity was demonstrated against
CD8F1 and P388 tumors (6, 7). Biochemistry studies indi@ate
that TCN-P inhibits DNA synthesis and is specifically toxic to
cells in the S phase of the growth cycle (8). TCN-P is enzymat
ically dephosphorylated by cellular ecto-5'-nucleotidase to per
mit entry into cells, where it is then rephosphorylated by
adenosine kinase. Intracellular formation of the compound
appears to be required for cytotoxic activity (9â€”12). TCN-P is
significantly (65%) bound to human plasma protein, and in
dogs it appears to follow a pattern ofbiphasic elimination, with
a terminal half-life of39.4 h (13, 14). Animal toxicology studies
in both mice and dogs revealed a dose-response relationship

with usually reversible side effects such as elevated blood sugar,
alkaline phosphatase, serum glutamic-pyruvic transaminase,
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serum glutamic-oxaloacetic transaminase, and total and direct
bilirubin. Cumulative toxicity occurred when the drug was
administered as five daily doses (7).

Earlier studies of intermittent schedules in patients revealed
occasional nausea and vomiting, reduction in serum phospho
rous, hyperglycemia and elevation of hepatocellular enzymes
beginning at a dose of 250 mg/rn2, and irreversible liver damage
at 350 mg/rn2 (15). Currently, Phase I studies are being con
ducted at five other institutions (M. D. Anderson Institute,
Mayo Clinic, Memorial Sloan-Kettering, Brown University,
and the National Cancer Institute), with schedules ranging from
acute intermittent every 3 weeks to continuous infusion and
daily times 5 doses every 6 weeks (15â€”19).The purpose of this
study was to identify the characteristics of toxicity, the mini
mum dose that shows reproducible biological effects, and the
maximally tolerated weekly dose of TCN-P in patients, along
with pharmacokinetic measurements in plasma, tissue, and
urine samples.

MATERIALS AND METHODS

Patient Selection.All patients entered in this study had histological
confirmation of a cancer refractory to intensive prior treatment and
were off of therapy for a minimum of 4 weeks. Those who received
prior mitomycin C or nitrosoureas had to be off for at least 6 weeks.
Only patients who had a projected survival of at least 12 weeks and a
performance status of greater than 30â€”40%(Karnofsky) were eligible,
and those not eligible for any known treatment of higher potential
efficacy. Measurable lesions were not required. All patients had far
advancedsolid malignant tumors. No dose escalations were planned
within individual patients.

Prior to therapy, all patients had adequate blood cell counts (WBC
greater than 4,000 cells/mm3 and platelets greater than 100,000cells/
mm3),and adequaterenal and liver function (serumcreatinine lessthan
2.0 mg/100 ml and total bilirubinless than 2.0 mg/100 ml). Acute
myocardial infarction, congestive heart failure, clinically significant
cardiac arrhythmias, and diabetes mellitus excluded patients from
study. Prerequisites to treatment were a complete history and physical
examination and measurementsof height, weight, and body surface
area. Bone marrow aspiration and/or biopsy were taken from every
patient to exclude infiltration. During treatment, the patients had
weekly WBC with platelet counts, hemoglobin and hematocrit, 12-
channel or 17-channel sequential autoanalyzer chemistry panels, cre
atinine, bilirubin, and urine analyses.Other laboratory, radiological,
and isotopic studies pertinent to tumor evaluations, as well as electro
cardiograms, were performed prior to every course of treatment. Prior
to entry in the study, informed consent was obtained complying with
Wayne State University policy and approved by the Human Experi
mentation Committee.

Drug Formulation and Administration. TCN-P was provided in 10-
ml vials containing 50 mg of drug from the National Cancer Institute,
Bethesda,MD, and prior to useeachvial wasreconstituted with 2.5 ml
of sterile water, resulting in a solution of 20 mg TCN-P, 40 mg
mannitol, and sodium hydroxide adjusted to pH 7.5. The drug was
administered as an i.v. injection through the side tubing of a running
infusion. The starting dosewas 12mg/m2/week for 4 weeks;doselevels
were increased as noted in Table 3. Patients started at one level
continued at that level to observecumulative toxicity; ifno toxicity was
observed after 6 weeks, the next course was started. Treatment was
continued until progression wasobserved.
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Table1 PhaseI TCN-Pstudy:pa:ientcharacteristicsPatients
entered No.ofpatientsMen/women

9/15Age

(yr) 54a(28_76)bPerformance

status (Karnofsky)(%) 75@(30-90)Prior

treatmentNone
1Surgery

and chemotherapy5Surgery,
radiotherapy, and chemotherapy7Surgery,
hormones, and chemotherapy2Surgery,
radiotherapy,hormones,andIchemotherapyChemotherapy

IRadiotherapy
1Radiotherapy

andchemotherapy6a
Median.b

Numbers in parentheses,range.Table

2 TCN-P PhaseI triaLShistologyHistology

No.ofpatientsPrimary
siteColon
4Renal
2Sarcoma
4Lung
6Melanoma
IMiscellaneou?

7MetastasesSoft

tissue5Bone
2Visceral

17a
Bladder,l;adrenal,1;ovary,I;pancreas,I;unknownprimary,3.

PHASE I EVALUATION OF TRICYCLIC NUCLEOSIDE 5'-PHOSPHATE

Clinical Pharmacokinetic Methods. Samples of blood plasma and
urine were obtained from 9 patients who received 5-mm infusions of
TCN-P (70 or 96 mg/m2). Blood wasdrawn from a heparin lock placed
in the cephalic vein of one arm, and the drug was infused into the
contralateral arm. Samples of blood were drawn into tubes containing
heparin at selectedtimes after the infusion and centrifuged at 1520 x
g for 5 mm (Beckman TJ5; Beckman Instruments, Palo Alto, CA).

Blood samples obtained before the infusion served as blanks for the
drug assay.In one patient pleural fluid wasobtained on days20 and 26
following a single dose of TCN-P (70 mg/m2). Tissue from pancreas,
liver, liver metastasis, gall bladder, endocardium and myocardium,
primary lung tumor, and fluids such asbile and blood were obtained at
autopsy 2 h after the patient died on Day 61. Urine was collected
during the intervals 0 to 4, 4 to 8, 8 to 12, and 12 to 24 h, and a sample
was also obtained before administration of the dose.

The drug assay used is described in detail elsewhere (20). The high
performance liquid chromatography systemwas composedof a Rheo
dyne 7125 injector (Rheodyne, Inc., Berkley, CA); a Waters Model 440
fixed wavelength detector (Waters Associates, Milford, MA) set at 280
nm; a Waters 6000A pump at 1.0ml/min; a Linear strip chart recorder
(Linear Instruments, Inc., Irvine, CA); and a Waters C,8 @-Bondapak
column, 300 x 3.9 mm. The solvent systemwas87.5% 0.01 M phosphate
buffer, pH 7.0, and 0.0025 M tetrabutylammonium hydroxide titrant
(0.4 M in water, Eastman Kodak Company, Rochester, NY), both
adjusted to pH 7.0 by phosphoric acid and 12.5% methanol (v/v).
Specimenswere chilled at â€”1Cimmediately after collection and 1.0
mg AMP (Sigma Chemical Company, St. Louis, MO) per 1 ml plasma
was added to prevent rapid dephosphorylation of TCN-P. Two ml of
AMP-containing plasma, tissue homogenate,or urine were transferred
onto a conditioned Waters C18Sep-Pak ion pair column, washed with
5 ml mobile phase(without methanol), and eluted with 3 ml methanol.
The methanol layer was evaporated to dryness at +40C. The residue
wasdissolved in 100 @lhigh-performance liquid chromatography grade
water, and a 50-gilaliquot was injected. Patient predoseblood or urine
samplesdid not contain interferencesat the retention volumes of TCN
and TCN-P, and the limit of sensitivity (twice the normal background)
was 10 ng/ml plasma.

To approximately 5 g soft tissue obtained at autopsy was added
AMP (1 mg/g tissue) and distilled water (2.0 ml/g tissue). This mixture

was intermittently homogenized with a Polytron (Brinkman Instru
ments, Westbury, NY) for 30 s at 60% maximum speed. The homog
enate was centrifuged at 1520 x g for 5 mm (Beckman TJ5). A 2-ml
aliquot of the supernatant was thereafter processed.

RESULTS

Clinical Studies. Twenty-four patients were treated in this
Phase I study receiving 106 doses. Characteristics ofthe patient
population are shown in Table 1. Twenty-two patients (91.7%)
had received prior chemotherapy, and 15 (62.5%) had received
prior radiation; three patients (12.5%) had additional hormonal
treatment. Only 1 patient was previously untreated. Tumor

HO

types are shown in Table 2. One patient received escalating
doses of 24, 48, and 96 mg/rn2 without signs of cumulative
toxicity (Table 3). One patient (retroperitoneal leiomyosar
coma) was considered to be a drug related death 17 days after
the eighth dose of TCN-P (48 mg/rn2) due to severe hypergly
cemia and irreversible renal failure; 15 patients were sufficiently
treated to evaluate for clinical response.

The number of patients treated at each dose level and the
hematological toxicities noted at that level are shown in Table
3. Thrombocytopenia, diabetes mellitus, and hepatic toxicity
proved to be dose limiting. Myelosuppression was absent or
insignificant at the 12 and 24 mg/rn2 levels and was occasionally
noted at 48 mg/rn2. At the 96 mg/rn2 level thrombocytopenia
resulted in discontinuing treatment in 6 of 12 patients after 2
or 3 doses. This is only partially reflected in the median values
for platelet counts after each dose, since an equal number of
patients had little or no thrombocytopenia. The experience at
the 70 mg/rn2 dose level is inadequate to evaluate myelotoxicity,
since 3 of 3 patients had treatment discontinued due to other
toxicities.

The non-hematological toxic effects are outlined in Tables 4
and 5. Diabetes mellitus was observed at all doses except 70
mg/m2 without evident dose-toxicity relationship and ranged
from relatively minor reversible elevation of fasting serum
glucose to severe insulin dependent irreversible diabetes, includ
ing one case with fatal renal failure. This toxicity, although
serious, was dose-limiting in only the above cited patient.
Autopsies in two patients revealed no pancreatic islet cell
destruction but severe diffuse fatty metamorphosis.

Hepatic toxicity was observed in one patient at the 96 mg/
m2 level after 4 doses and consisted of elevation of serum
bilirubin to 4.1 mg/100 ml, aspartate aminotransferase to 233
units/liter, and alkaline phosphatase to 501 mg/iÂ® ml. Bili
rubinuria without acholic feces was noted. All manifestations

TCN-P

H2O

CH3â€” 2

Fig. I. Structure of TCN-P.
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Table 3 Hematologicaltoxicityin the TCN-P PhaseIstudyDose

level Median (cells x 1000/mm3)
(mg/rn2, No. of Total no. of Median no. of

weeklyx 4) patients doses/level doses/level WBCnadir Day PlateletnadirDay12
3 12 4 12.5(6.5_13.3)a 21 200(107â€”276) 31

24b 3 12 4 4.2(3.7â€”7.5) 14 160(155â€”169) 34
48b c 6 38 6 4.1(2.5â€”8.6) 10 169.5(45â€”280) 10
70â€• 3 6 2 3.7(3.2â€”6.7) 15 193(1 10â€”305) 37
96â€•c 12 38 3 4.4(2.2â€”14.8) 26 76(5â€”338)40a

Numbers in parentheses, range.
b One patient escalated from 24 to 48 and 96 mg/m2.
COnepatientdc-escalatedto48mg/m2.
d@ level was chosen following 96 mg/m2.Table

4 OthertoxiceffectsNo.

of toxic doses
Doselevel
(mg/rn2, No.of No.of to- Nausea

weeklyx 4) patients tal doses Anemiaa Anorexia vomiting Diarrhea Stomatitis FeverAlopecia12
3 12 1(31)b 0 o o 0 o o

24 3 12 2(8) 0 2 2 0 0 0
48 6 38 1(31) 0 2 2 0 0 0
70 3 6 1(20) 0 1 2 2 0 0
96 12 38 3(34) 1 7 5C o 10a

Anemia is defined as unexplained fall in hemoglobin @2g/100 ml during a course of therapy.

b Numbers in parentheses, median day.
C Severe diarrhea up to 3 weeks in 3 patients.Table

5 Clinicoiparametersofnon-hematologicoitoxicityin the TCN-P PhaseIstudyMaximum

blood Lowestserum Lowestserum Maximum Maximum Masimum
Dose level glucose phosphorus calcium SGO1@ ho5ha@S@ bilirubin

(mg/rn2 (mg/100 ml) (mg/iÂ® ml) (mg/100 ml) (units/liter)@ ml) (mg/100 ml)

weekly No.
for 4 of pa- Me- Me- Me- Me- Me- Me

weeks) tients dian Range Day dian Range Day dian Range Day dian Range Day dian Range Day dian RangeDayNormal
values (70â€”105) (2.5â€”4.5) (8.5â€”10.5) (11â€”40) (15â€”75) (0â€”0.5)

12 3 136 (91â€”434)30 2.04 (1.5â€”2.58)22 6.25 (5.7â€”6.8)24 181 (25â€”640)31 352 (94â€”610) 15 0.7 (0.47â€”1.1)31
24 3 139 (121â€”205)34 3.6 (2.3â€”4.6)17 8.5 (8.1â€”8.7)31 100 (33â€”127)41 387 (46â€”810)29 1.5 (0.7â€”9.0)31
48 6 191 (128-680) 30 3.2 (1.8â€”3.5) 21 8.2 (5.8â€”9.1) 36 155 (31â€”700)36 133 (90â€”561) 16 3.4 (0.5â€”7.7) 36
70 3 105 (93â€”214)9 3.0 (2.3â€”3.14)13 8.0 (7.3â€”9.0)20 43 (24â€”191)15 350 (124â€”>350)15 0.8 (0.5â€”3.7)14
96 12 186.5 (127â€”345)32 2.4 (0.9â€”3.3) 23 7.65 (4.9â€”9.2) 32 81 (35â€”303)26 109 (67â€”396) 13 0.95 (0.3â€”9.65)29a

SGOT, serum glutamic-oxaloacetic transaminase.

(mm)70 mg/m296mg/m2I183.0

Â±15.4@(209.6Â±34)b433.5 Â±123.6 (375.2 Â±126.3)30205.8
Â±19.9 (512.9Â±71.4)348.1 Â±183.6 (102.5 Â±53.5)60217.2
Â±11.4 (611.0 Â±169.5)856.8 Â±167.0(517.3Â±194.8)120296.9
Â±12.2 (209.6 Â±20.5)136.1 Â±103.9 (156.1 Â±98.1)240171.7
Â±34.2 (102.6 Â±10.4)564.5 Â±85.4 (165.0Â±98.1)360225.7
Â±17.1 (405.8 Â±17.8)163.1 Â±54.1 (84.7 Â±9.6)480100.5
Â±14.3 (102.6Â±2.9)407.9 Â±298.9(206.3Â±146.1)72069.2
Â±3.4 (138.3 Â±17.9)305.5 Â±210.5 (163.9 Â±152.8)

PHASE I EVALUATION OF TRICYCLIC NUCLEOSIDE 5'-PHOSPHATE

were reversible within several weeks ofdiscontinuation of TCN
P. Nausea, vomiting, anorexia, and diarrhea were frequent at
the 70 and 96 mg/rn2 levels and resulted in discontinuation of
therapy in five patients after one or more doses. These symp
toms were also frequent in those patients at the latter dose level
who had early treatment discontinuation due to thrombocyto
penia. The duration of 1â€”3weeks and the severity of these
symptoms were substantial and dose-limiting in 9 of 15 patients
treated at these dose levels.

Antitumor Activity. No complete or partial response was seen
in the 15 patients assesable for clinical response.

Pharmacokinetic Studies. Complete sets of plasma samples
were obtained from 9 patients. The plasma concentrations at
selected times are shown in Table 6 for 9 patients grouped by
dose level. After infusion, plasma TCN-P concentration de
dined initially then peaked at about 1 h as shown in Fig. 2.
TCN was found in plasma of all patients treated with TCN-P.
Plasma clearance behavior of both drugs was erratic and re
vealed large interpatient variations. Twelve h after infusions of
TCN-P (70 and 96 mg/rn2) 32 and 36% (69.2 and 407.9 ng/
ml) of peak plasma concentrations were found and 23 and 32%
(138.3 and 163.9 ng/ml) of corresponding TCN levels (Table
6). An extended plasma sampling period of 24 days revealed
prolonged persistance of both TCN and TCN-P with recurrent
peak concentrations 1 to 2 h after a meal. In one patient who

Table 6 TCN-Pploima concentrationsin patientsfoilowing treatment with TCN
P, 70 mg/mi (n = 2) and 96 mg/mi (n =7)

Plasmaconcentration(ng/ml)at thefollowingdoseof TCN-P:

a M@ Â±SE.
b Numbers in parentheses, concurrent metabolite TCN.

received a single dose ofTCN-P of 70 mg/rn2, severe persistent
diarrhea began 10 days later but stopped after oral intake of 4
g cholestyramine daily times four. Concomitant TCN-P plasma
levels, however, were not significantly altered, as shown in Fig.
3. TCN and TCN-P penetrated into pleural fluid and low levels
were detectable on Days 20 and 25 after therapy. In autopsy
specimens ofone patient (obtained 61 days after treatment with
a TCN-P dose of 70 mg/rn2) the highest ratio of plasma to
organ concentration was found in a liver metastases for TCN
P and in gall bladder, bile, and pancreas for TCN, as summa
rized in Table 7. Neither parent drug nor metabolite were found
in urine samples of 2 patients examined.
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Table7 TCNW,dTCN-Pconcentrationsin variousbodyfluidsandti&cues
obtainedat autopsyofafe,nalepatient who receiveda single doseof TCN-P

(70 mg/rn2 i.v.) 61 daysearlierConcentrations

(@ig/mlor@ig/g)Material

TCNTCN-PLung
metastases 1.0 7.5

Heart 0.5 0.4
Liver 0.3 7.5
Livermetastases 2.1 12.3
Gall bladder 87.0 7.5
Bile 54.0 3.8
Pancreas 3.8 6.6
Blooda 0.4 3.9
Pleuraleffusionb 1.4 0.2
Pleuraleffusioit 0.8 0.01

PHASE I EVALUATION OF TRICYCLIC NUCLEOSIDE 5'-PHOSPHATE

TCN-P 70m@Mi2 S @k@SWi@Ã³i
TCN-P 70mg/rn2 5 h@nute Wusion

0
E
In
0
Q.

E
0'

C
0

0

C
U
C
0

U

Days
Fig.3. TCN-Pandits metaboliteTCN plasmaconcentration-timecurvein a

patientfollowinga 5-mminfusionof TCN-P(70 mg/mi).Beginningat Day 16
patient received4 g cholestyramine every 6 h for 9 days. Blood plasma samples
weredrawnat selectedtimesfor 29days.

Hours
Fig. 2. TCN-P and TCN 24-h plasma concentrations in 1 patient following a

5-mminfusionofTCN-P (70mg/mi).Theendofthe infusiontimeisdesignated
zero.

DISCUSSION

In this weekly schedule, gastrointestinal effects and throm
bocytopenia allowed delivery of a planned full course of48 mg/
m2/week (192 mg/m2/month) in 5 of 6 patients. The risk of
clinically induced diabetes mellitus, however, was substantial,
with 2 of6 patients being hyperglycemic after 1 or 2 full courses
of TCN-P.

Similar dose-limiting toxicities of TCN-P such as hypergly
cemia, elevation of hepatocellular enzymes, and irreversible
liver damage at intermittent doses ranging from 240 to 350
mg/m2/month have been seen in a previous study (15).

We conclude from pharmacokinetic results that TCN-P is
dephosphorylated in plasma and probably in liver tissue, and
TCN is secreted into bile and stored in the gall bladder. There

is necessarily a re-phosphorylation at some site, the small
intestine or RBC to account for the observed prolonged resi
dence ofTCN-P in plasma and tissues (17). The pertinent high
pancreatic and hepatic concentrations of TCN-P and TCN
probably account for liver damage and possibly for islet cell
dysfunction observed in this and other studies and for the
sustained gastrointestinal toxicities (6, 7, 15, 21). In concur
rence the highest organ concentration was found in pancreatic
tissue 15 mm after i.v. TCN-P application to rats (20).

At this time our group is discouraged to conduct further
studies with TCN-P given on weekly or intermittent schedules.
A future Phase Iâ€”I!study using a different regimen (e.g., single
application once a month) might be resumed if TCN-P dem

a Blood clot obtained from heart.
aObtained on day 20 after therapy total volume was 1050 mL
C Obtained on day 26 after therapy, total volume was 1480 ml.

onstrates pronounced in vitro activity against therapy resistant
primary pancreatic and hepatic tumors (22).
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