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Abstract--l,3,5-Triglycidyl-s-triazinetrione is a triepoxide derivative with attractive 
antitumor properties in mice. In this phase I trial, the drug was given, as an i.v. 
infusion over 30 + rain repeated every 2-3 weeks. The trial was initiated at a starting, 
dose of 33 mg/m" and doses were escalated up to 2,000 mg/m ~. Local thrombophlebitis 
was dose-limiting and apparently dose-related. Other toxic effects were mild to moderate 
and consisted of nausea, vomiting, leukopenia and hair loss. More favorable for- 
mulations or schedules of administration are needed before testing this new agent in 
phase I I  trials. 

INTRODUCTION 

1,3,5-TRIGLYCIDYL-S-TRIAZ1NETRIONE (TGT) is a 
new chemotherapeutic agent that was originally 
synthetized by Budnowski [1]. Its chemical 
structure is shown in Fig. 1. This triepoxide 
derivative appears to act through DNA cross- 
linking [2]. 

The a stereoisomer, which is 20 times more 
soluble than the /3 species, shows striking anti- 
cancer potential in experimental murine 
tumors [3]. a T G T  is effective against P388 
leukemia and against early and advanced L1210 
leukemia; it also exerts moderate activity 
against intracerebrally implanted L1210. When 
given orally against i.v. or ascitic L1210 the 
drug retains significant efficacy at optimal doses 
that are 2.5--6 times higher than with the in- 
traperitoneal route. In the Lewis lung car- 
cinoma the drug noticeably inhibits the growth 
of the primary tumor and that of lung metas- 

tases. Pronounced schedule dependency may 
be demonstrated in the L1210 system with daily 
doses for 5 or 9 consecutive days, achieving 
increases in life span of greater than 600%, 
whereas single doses on day 1, days 1 and 9, or 
days 1, 5 and 9 produce increases in life span 
ranging from 87 to 153%. Also of interest, 
marked activity was found against a P388 cell 
line made resistant to cyclophosphamide. 

The pharmacokinetics of the drug were 
determined in mice, using a gas-liquid 
chromatography assay [4]. Initial data indicated 
that, following single i.v. administration, the 
plasma disappearance curve was biphasic, with 
a terminal half-life of less than 2 min. 

The rationale for introducing a T G T  into 
clinical trials was based on its special chemical 
structure, its attractive anticancer properties in 
mice and the suggested lack of cross-resistance 
with cyclophosphamide. Our phase I study 
aimed at defining the maximum tolerated dose 
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for single intermittent treatments. This study 
was undertaken as part of the new drug pro- 
gram of the Early Clinical Trials Group of the 
EORTC. 

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

All patients selected for this trial had his- 
tologically confirmed solid malignancies no 
longer suitable for conventional therapy. They 
had completely recovered from major toxic 
effects induced by prior treatments. All patients 
had white blood cell counts (WBC) of at least 
4000/mm 3, platelet counts of 100,000/mm 3 or 
more, and maximum serum creatinine and bil- 
irubin levels of 1.5mg%. Expected survival 
upon entry into the trial was longer than 6 
weeks. 

Eighteen patients were treated with otTGT 
(Table 1). Among these there were 10 men and 
8 women, aged between 34 and 73 years with a 
median of 62, with performance status on the 
Karnofsky scale ranging from 30 to 90 with a 
median of 60. Most patients had head and neck 
cancer, malignant melanoma or non-small cell 
carcinoma of the lung. All had received prior 
chemotherapy and a majority of patients had 
also been previously treated with radiotherapy. 

The drug was supplied by Asta-Werke AG, 
Bielefeld, West Germany in vials containing 
100mg of a T G T  as a dry substance. It was 
reconstituted with dextrose 5% for injection at 
a maximum concentration of 6.66 mg/ml. Dur- 
ing the trial decreasing concentrations were 
used down to 1.66 mg/ml. Even at this lowest 
concentration, dissolution was very slow and 
required prolonged agitation of the preparation. 

Table 1. Patient characteristics 

Total number entered 18 
Men : women 10 : 8 

Age 
Median 62 
Range 34-73 

Performance status 
Median 60 
Range 30-90 

Primary tumors 
Head & neck 6 
Melanoma 4 
Lung (non-small cell) 3 
Lung (small cell) 1 
Breast 1 
Vulva 1 
Brain 1 
Unknown 1 

Previous treatment 
Chemotherapy only 5 
Chemo- and radiotherapy 13 

The drug was administered i.v. in no less that 
30 rain through filtration kit Satorius SM 16527. 
This filtration procedure was recommended by 
the manufacturer to ensure the sterility of the 
injected product. According to the manufac- 
turer, a T G T  was stable in dextrose 5% for at 
least 4 hr. a T G T  was given as a single treatment 
repeated every 2-3 weeks. The trial was initiated 
at a dose corresponding to 1/10 of the Lnl0 
(mg/m ~) in mice [4, 5]. Doses were escalated with 
decreasing increments. Patients were retreated 
at higher dose levels when no significant toxic 
effects were encountered in previous cour- 
ses. 

Three complete blood cell counts and one 
SMA12 chemistry panel were scheduled per 
week. In patients with measureable disease, 
tumor response was assessed according to con- 
ventional response criteria [6]. 

R E S U L T S  

The starting dose was 33 mg/m 2 and doses 
were escalated up to 2000 mg/m 2 (Table 2). Two 
to five patients and 3-6 courses were evaluated 
per dose level. Ten patients received one 
course only, 7 patients received 2--4 courses and 
1 patient received 7 courses for a total of 37 
courses of aTGT.  The dose-limiting factor was 
local thrombophlebitis, which usually became 
apparent at the injection site within a few days 
after drug administration and could develop 
regionally thereafter. This phenomenon was 
first noted at a dose of 600 mg/m ~ in 2 out of 3 
patients. Its severity seemed to increase with 
higher dosages and it could not be reduced 
with smaller drug concentrations down to 
1.66 mg/ml or a 2-hr post-hydration program to 
rinse the injected veins. At the highest dose 
levels a T G T  was administered over 2-3 hr; two 
patients received the drug as a 24-hr continu- 
ous infusion. There was no clear relationship 
between duration of infusion and extent of 
phlebitis. Shorter infusions were not given 
because of the poor solubility of the drug and 
the large amount of fluids to be infused. Con- 
comitant heparine, corticoids and/or isopro- 
terenol did not prevent thrombophlebitis 
either. 

Other toxic effects included nausea, vomi- 
ting, leukopenia and loss of hair. Mild to 
moderate gastrointestinal intolerance was seen 
at the initial dose level and inconsistently 
thereafter. Four patients experienced leuko- 
penia. At the level of 130mg/m ~, one patient 
had 3900WBC/mm 3 in one course and 
2000WBC/mm 3 in his subsequent and last 
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Table 2. Drug-induced toxic e~ects 

Dose No. of patients/ No. of toxic No. of patients with: 
(mg/m 2) No. of courses patients Phlebitis N & V Leucopenia Loss of hair 
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33 2/3 1 --  1 -- -- 
66 3/4 1 -- 1 --  -- 

130 5/6 1 --  --  1 --  
260 3/3 1 --  -- --  1 
400 3/3 2 --  -- -- 2 
600 3/3 3 2 2 --  -- 
90O 5/5 5 5 3 1 --  

1350 4/5 4 4 3 -- -- 
20O0 5/5 5 5 4 2 --  

course. At 2000 mg /mm 2, two patients had very 
t ransient  leukopenia  with WBC nadirs of 1600 
and 2900 respectively. T h r e e  patients had 
minimal loss of hair. Finally, there  was one  
brief episode of minor ,  questionably drug-  
related,  elevation of the serum creat inine level. 
No o ther  toxic effects were identified. 

Patients were also moni tored  to detect  pos- 
sible disease regression. T h e r e  was no clinical 
evidence of an t i tumor  activity in this trial. 

DISCUSSION 

In this phase I trial using single or inter- 
mit tent  administrat ions of a T G T ,  t h romboph-  
lebitis at the injection site was dose-limiting 
and,  apparent ly ,  dose-related.  T h r o m b o p h l e -  
bitis is not  unusual  with c h e m o t h e r a p y  [7-10]: 
it may occasionally become dose-limiting, but  it 
is generally c i rcumvented  by appropr ia te  dilu- 
tions and infusion times. With a T G T  there  is 
little room left to modify  these parameters  
because of the poor  solubility of the d ru g  and 
its probable  short  stability in solution. In ad- 
dition to convent ional  measures  we also in- 
vestigated the effect of isoproterenol ,  which 
had been r epor t ed  to p revent  adriamycin-in-  
duced soft tissue necrosis in animals [11]. None  
of these manipulat ions appea red  to clearly 
affect the occur rence  of local problems 
p roduced  by a T G T .  

Overall, besides d rug- induced  th romboph-  
lebitis, a T G T  was remarkably  well tolerated.  
O the r  toxic effects encoun te red  in this trial had 
minimal clinical significance. In most cases 
vomit ing was probably condi t ioned by pr ior  
cytotoxic therapy.  Leukopenia  was inconsistently 
found,  conceivably in relation to large varia- 
tions in pe r f o rmance  status and extent  of pr ior  
t rea tment  in the popula t ion  selected for  this trial. 

T h e  starting dose in this s tudy was based on 
1/10 of the EBb0 (mg/m 2) in mice and doses were 

escalated by 3 increments  of 100% followed by 
increments  of 50% for  a total of 8 escalation 
steps. Based on past exper ience  in phase I trials 
a r ecommendab le  dose for  phase II trials 
should be reached for  95% of the drugs  af ter  
such dose escalations [5], which was clearly not 
the case for  a T G T .  This puzzling observation 
was unlikely to result f rom d r u g  loss, a l though 
crystals of undissolved d ru g  might  have been 
s topped in the filtration kit and d ru g  degrada-  
tion might  possibly occur  dur ing  pro longed  
d ru g  prepara t ion  and administrat ion.  

A limited pharmacokinet ic  study of a T G T  was 
conducted  in o u r  patients. Using a gas-liquid 
ch roma tog raphy  assay [4], prel iminary studies 
revealed plasma concentrat ions of about  1/~g/ml 
dur ing  infusions of a T G T  at doses of 
2000mg/m 2. Such d rug  levels showed that 
significant amounts  of d ru g  had been actually 
received. As repor ted  in mice, the d rug  seemed 
to clear almost immediately f rom the plasma. 
These  interim results must  be in te rpre ted  with 
caution and firm conclusions on  the phar-  
macokinetics of o tTGT in humans  must  still await 
addit ional investigations. 

Initial results in a soft agar clonogenic assay 
indicated that a T G T  may achieve growth in- 
hibition of freshly sampled h u m a n  cancer  cells 
[12]. No hints of an t i tumor  activity could be 
documen ted  in this clinical trial. However ,  all 
patients had far-advanced disease previously 
t reated with at least one chemothe rapy  regi- 
men.  Moreover ,  in this expectedly re f rac tory  
popula t ion  few patients received adequate  
t rea tment  with a T G T ,  as evidenced by the lack 
of major  toxic effects o ther  than th rombo-  
phlebitis. At the beginning of the trial doses were 
rapidly escalated within the same patients to 
allow most of these to receive the d ru g  at 
potentially therapeut ic  dosages. Troubles  at the 
injection site occurr ing subsequently account  
for  the fact that, overall, a majori ty of patients 
received only one  course of a T G T .  
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In conclusion, the method of drug ad- 
ministration selected for this study is clearly 
inadequate. Other formulations and possibly 
oral preparations should be explored. Frac- 
tionated daily i.v. administrations might also 
yield more favorable findings in man [13], in 
accordance to the schedule dependency 
demonstrated in animal models [3]. Finally, the 
Screening and Pharmacology Group of the 

EORTC has identified, in preclinical systems, 
new T GT  derivatives that are more water- 
soluble than the parent compound and that 
deserve special consideration for further testing. 
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