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Summary. A clinical phase I - I I  evaluation of 2-amino- 
1,3,4-thiadiazole (A-TDA) administered daily, twice a 
week, or weekly was undertaken, in which 71 patients were 
treated with a range of doses from 2 mg/m 2 to 200 mg/m 2. 
Pharmacokinetic studies employing high-performance li- 
quid chromatography (HPLC) demonstrated a terminal (13) 
serum half-life of 2.19 h. 

Stomatitis, dermatitis, nausea, vomiting, and lethargy 
were observed. No significant leukopenia or thrombocyto- 
penia, however, was noted. A-TDA administration led to 
hyperuricemia, which was adequately controlled with con- 
current administration of allopurinol. 

Antitumor responses included one partial response in a 
patient with large cell carcinoma of the lung and three ob- 
jective responses (2 non-small cell lung and 1 squamous 
cell carcinoma of the esophagus). Two patients with adeno- 
carcinoma of the lung had a marked improvement of psor- 
iasis during A-TDA therapy. Further phase II studies in 
patients with cancer and trials in patients with psoriasis 
are recommended. 

Introduction 

The antitumor and uricogenic properties of 2-substituted 
thiadiazoles have been recognized for nearly 30 years [7]. 
The antitumor effect of 2-ethylamino-l,3,4-thiadiazole 
(EA-TDA) in murine systems and the inhibition of this ef- 
fect by nicotinamide were first reported in 1955 [11]. Clini- 
cal trials of another member of this class of compounds, 
2-amino-l,3,4-thiadiazole (A-TDA), were also limited by 
marked hyperuricernia as well as painful stomatitis [6]. Ni- 
cotinamide was shown to prevent both of these clinically 
limiting toxic effects, but also abolished the antitumor ef- 
fect in experimental systems. 

Since those early studies, concomitant administration 
of the xanthine oxidase inhibitor, allopurinol, has prevent- 
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ed the limiting toxic effect of hyperuricemia [5]. Nelson et 
al [9, 10] have presented data which support the concept 
that both the antitumor and the uricogenic effects of A- 
TDA are related to an inhibition of inosine monophos- 
phate dehydrogenase activity. With a better understanding 
of the mechanism of action of this drug and the availabili- 
ty o f  pharmacologic methods to control hyperuricemia, 
clinical interst in A-TDA and related thiadiazole nucleo- 
side compounds has received renewed attention. 

Materials and methods 

A total of 71 patients were treated with A-TDA at the Ver- 
mont Regional Cancer Center of the University of Ver- 
mont, 42 patients receiving the drug in a phase I trial and 
29 being treated in a subsequent phase II trial directed at 
non-small cell lung cancer. Patient characteristics and tu- 
mor types for the two studies are shown in Table 1. 

To be eligible for the phase I portion of the study, pa- 
tients had to have histologically proven cancer that had 
failed to respond to standard therapy or for which there 
was no therapy with a reasonable expectation of benefit. 
Informed consent consistent with the standards of the Uni- 
versity of Vermont was obtained from all patients. It was 
necessary for patients to have a serum bilirubin of 2 mg% 
or less, serum creatinine of 2.5 mg% or less, a platelet 
count of at least 100000/mm 3, and a white blood cell 
count of at least 3500/ram 3. 

A-TDA was supplied by the Investigational Drug 
Branch of the National Cancer Institute as a lyophilized 
powder. The drug was reconstituted with sterile water to a 
final concentration of 10 mg/ml and administered IV over 
5-10 min. 

In the initial, dose-finding (phase I) portion of this 
clinical trial, A-TDA was given in a dose of 12 mg/m 2 dai- 
ly. This was based on one-third of the Toxic Dose Low ob- 
served in preclinical toxicologic tests performed in rhesus 
monkeys [13]. Administration was projected for 5 consecu- 
tive days. However, in the first patients treated, stomatitis 
occurred after 2 days in one patient and 4 days in another. 
This stomatitis was severe and limiting. Therefore, the fre- 
quency of drug administration was decreased. As shown in 
Table 2, limiting stomatitis occurred in approximately 50% 
of patients given A-TDA twice weekly at all doses from 12 
to 125 mg/m 2. On a weekly schedule, it was possible to 
give 125 mg/m 2 with less frequent and less severe stomati- 
tis. That dose and schedule were used in nine patients and 
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Table 1. Patient characteristics 

Phase I Phase H 

Number  of patients in study 42 

Male 27 
Female 15 

Median age (range) 61 (33-  77) 

Median Karnofsky performance status (range) 60 (30-90)  

Prior t reatment 

Radiat ion and chemotherapy 14 
Radiat ion alone 14 
Chemotherapy alone 11 
None 3 

Tumor types 

Non-small  cell carcinoma of the lung ] 9 
Breast carcinoma 4 
Ovarian carcinoma 3 
Adenocarcinoma of the rectum 3 
Osteosarcoma 2 
Gastric adenocarcinoma 2 
Renal cell carcinoma 2 
Adenocarcinoma - unknown primary 1 
Bladder carcinoma 1 
Synovial sarcoma 1 
Prostate carcinoma 1 
Endometrial  carcinoma ! 
Melanoma 1 
Esophageal squamous cell carcinoma 1 

29 

2O 
9 

59 (41 - 79) 

70 (50-90)  

2 
13 
0 

14 

29 

Table 2. Phase I courses and toxicity 

Dose No. of Total no. a No. of patients No. of patients 
(mg /m 2) patients of doses with stomatitis with dermatitis 

2 q d x 5  1 5 - - 
5 q d x  5 1 5 - - 

12qd x 2 2 4 1 - 
12 qd x 4 1 4 1 - 
12 qd × 5 2 10 - 1 

12 2/week 2 8 1 2 
18 2/week 5 16 1 1 
27 2/week 9 42 5 - 
36 7/week 7 27 3 - 
50 2/week 12 35 3 1 
75 2/week 12 40 6 5 

125 2/week 7 21 5 2 

100 weekly 1 3 - - 
125 weekly 9 44 3 - 
150 weekly 3 5 - - 
175 weekly 1 5 - - 
200 weekly 2 2 2 - 

Some patients were treated with more than one dose level. The number  of doses per patient was varia- 
ble, depending on toxicity, dose escalation, and behavior of the underlying malignancy 

r e c o m m e n d e d  fo r  f u r t h e r  p h a s e  I I  s tudies ,  a l t h o u g h  s l ight-  
ly h i g h e r  doses  (150 a n d  175 m g / m  2) were  t o l e r a t e d  in fou r  
pa t i en t s .  W h e n  200 m g / m  2 was  g i v e n  in  a s ingle  dose  it 
p r o d u c e d  severe ,  u n a c c e p t a b l e  tox ic i ty  in  two  pa t i en t s .  

In i t i a l  t r e a t m e n t  was  w i th  A - T D A  only .  S e r u m  ur i c  ac- 
id  m e a s u r e m e n t s  were  o b t a i n e d  e a c h  day  p r i o r  to  t h e r a p y .  
A l l o p u r i n o l  was  g i v e n  o n l y  i f  t he  s e r u m  ur i c  ac id  was  ele- 
v a t e d  to g r ea t e r  t h a n  10 mg%. H y p e r u r i c e m i a  u n i f o r m l y  
o c c u r r e d  e v e n  at  the  l owes t  a d m i n i s t e r e d  doses ,  a n d  sub-  

s equen t ly ,  all  p a t i e n t s  r ece ived  a l l o p u r i n o l  (100 m g  t.i .d.) 
p r i o r  to  a n d  t h r o u g h o u t  A - T D A  the rapy .  F o r  t h o s e  pa -  
t i en t s  w h o  e x p e r i e n c e d  severe  s tomat i t i s ,  n i c o t i n a m i d e  
(100 m g  PO t.i.d.) was  g iven .  Pa t i en t s  were  c a u t i o n e d  to 
a v o i d  m u l t i v i t a m i n  p r e p a r a t i o n s  c o n t a i n i n g  n i a c i n  or  n i -  
c o t i n a m i d e .  

Assay of A-TDA. B l o o d  s a m p l e s  were  o b t a i n e d  at  spec i f i ed  
t i m e  p o i n t s  a f t e r  t he  i n j e c t i o n  o f  A-TDA. S a m p l e s  were  



centrifuged at 600 g for 10 rain, and the serum was stored 
for up to 1 week at - 2 0  °C prior  to assay of  drug levels. 
The concentra t ion of  A - T D A  in serum was determined by 
a combined  thin-layer  and h igh-performance  l iquid 
chromatographic  (HPLC) method.  The assay and the 
quant i ta t ion of  A - T D A  in human serum have been de- 
scribed elsewhere [1]. This method was specifically de- 
signed for the analysis of  A - T D A  and permits  assay of  A- 
T D A  in fluids containing as little as 400 ng A - T D A / m l  as 
well as separat ion and quanti tat ive analysis of  nicotin- 
amide  and al lopurinol .  

Human serum samples were prepared  for TLC by ad- 
di t ion of  9 volumes of  acetonitrile.  After centr ifugation 
(600 g, 10 min at 5 °C), the supernatant  was collected and 
brought  to dryness under  vacuum with air  purging at 
37 °C using a Fisher I M D  sample  concentra tor  (Fisher 
Scientific, Pittsburgh, Pa). The residue was reconsti tuted 
with 0.4 ml HPLC-grade  water. The samples (50 gl ali- 
quots) were manual ly  spot ted onto Avicel-F (250 Ixm par-  
ticle size; Analtech,  Newark,  Del) TLC plates along with 
the appropr ia te  A-TDA,  nicot inamide,  a l lopurinol  and 
uric acid s tandards.  

TLC plates were developed at ambient  room tempera-  
ture in a closed chamber  over a 5-h per iod using a solvent 
system of  2-propanol -water  (70:30, v/v) .  This procedure  
resulted in Rf values of  0.42 for uric acid, 0.78 for al lopuri-  
nol, 0.80 for A-TDA,  and 0.92 for nicot inamide.  UV 
(254 nm) absorbing spots, which cor responded  to uric acid 
or n ico t inamide  s tandards,  were scraped separately from 
the plate, eluted in 0.4 water,  sonicated and analyzed indi- 
vidual ly with the HPLC system. The single spot containing 
both A - T D A  and a l lopur inol  was likewise scraped from 
the plate, eluted in 0.4 ml water  with sonication,  and in- 
jected onto the HPLC apparatus .  

HPLC condi t ions included a mobile  phase consisting 
of  an isocratic system of  water-methanol  (99 : 1, v /v) ,  and 
the pai red- ion reagent  1-octanesulfonic acid (buffered to a 
pH of  3.0) at a final concentra t ion of  5 m M  of each of  the 
four compounds .  The concentra t ion was measured by UV 
absorpt ion  at 254 nm, which was considered opt imal  for 
A-TDA.  Quanti ta t ive analysis was based on peak areas 
which were computed  using a preset integrat ion program 
in the software da ta  system of  Spectra Physics Model  8000 
microprocessor-cont ro l led  h igh-performance  liquid chro- 
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matograph  equipped with a da ta  system. The HPLC was 
equipped with a Schoeffel Model  770 var iable-wavelength 
UV detector  set at 254 nm. The column (30 c m x  3.9 mm 
I. D.) was a 10-txm part icle  size reversed-phase Cl8 Ix Bond- 
apak (Waters Assoc.). A guard column (7 cm x 0.2 mm 
I. D.), packed with Co : Pell ODS, part icle size 30-38  Ixm 
(Whatman,  Clifton, N J) was instal led to protect  the main 
column. Samples were injected onto the column through a 
100-Ixl loop using a manual  injector. 

A-TDA pharmacokinetic parameters. Aminoth iadiazole  se- 
rum disappearance  was essentially biphasic,  and calcula- 
tions of  basic pharmacokine t ic  parameters  were based up- 
on an open 2-compar tment  model  according to the formu- 
la: C = C A e -~t + CBo e-I~t where C is the serum concentra-  
t ion at any t ime (t), C A and c~ are constants for the function 
representing drug el iminat ion [i1. The volume of  distribu- 
t ion (Vd) was calculated using the formula:  Vd = D/J3 (CA/ 
a + CoB/I~), where D is the dose of  adminis tered drug. 

Results 

Toxicity 

The incidence of  stomatit is  and skin rash is shown with 
dose levels used in Tables 2 and 3. Stomatit is  was the most 
frequent and severe side effect, resulting in dose and 
schedule l imitat ion in the phase I por t ion of  the study. One 
presentat ion was that of  a diffuse erythematous glossitis 
with ulcerat ions along the lateral  margins of  the tongue. 
This was noted in pat ients  with good denti t ion as well as 
those with carious teeth or no teeth at all. Other patients 
exper ienced an angular  cheilitis with secondary  infection 
in the most severe cases. Several pat ients  also had general-  
ized erythema of  the buccal  mucosa with minimal  involve- 
ment  of  the pharynx  and palate.  

Oral  toxicity most commonly  occurred within the first 
2 4 - 3 6  h after adminis t ra t ion  of  A - T D A  and was most se- 
vere between 48 and 72 h. There was usually rapid  resolu- 
t ion of  mouth soreness after 3 days,  but  occasional  pa-  
tients required up to 10 days for complete  healing. All 
forms of  oral toxicity were painful ,  and there was often 
general ized mouth soreness without visible lesions. 

Retreatment  with A - T D A  pr ior  to complete  resolution 
of  mouth soreness caused more severe oral toxicity. There 

Table 3. Phase II courses and toxicity 

Dose (mg/m 2 No. of patients No. of patients with No. of patients with 
stomatitis dermatitis 

125 weekly x 1 4 1 1 

x 2 9 2 1 

x 3 3 - _ 

x 4 4 b - _ 

x 5 2 - _ 
x 6 3 b - _ 

x 7 2 a 1 1 

x 9 1 ~ - 1 
× l0 1 b - _ 

Transient toxicity with each dose precluding escalation 
b Escalation to higher dose in one patient 
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did not appear to be a simple relationship, however, be- 
tween the degree of oral toxicity and the dose of A-TDA. 
Three patients with significant mouth pain were given ni- 
cotinamide without benefit. The use of allopurinol did not 
appear to influence the occurrence or severity of the oral 
toxicity. Oral toxicity was quite variable from patient to 
patient, and even with once-weekly doses some patients 
developed mouth soreness requiring treatment delay. 

Six patients in the phase I trial and four in the phase II 
study experienced dermatitis, which occurred in two clini- 
cal patterns. Dermatitis was only seen in the phase I trial 
in those patients who received daily treatment, as was giv- 
en in the initial patients, or at doses of 75 mg/m 2 or greater 
given twice weekly. Four patients had lesions which were 
3 - 1 0 m m  in size, well marginated, crusted, and superfi- 
cially eroded. These occurred primarily on the face, but al- 
so on the trunk and scalp. Three patients developed sebor- 
rheic dermatitis with greasy scales on an erythematous 
base that was most severe in the eyebrows and nasolabial 
fold areas, but was also seen on the scalp, eyelids, and be- 
hind the ears. Both types of skin reaction appeared within 
3 days after initiation of A-TDA administration and usual- 
ly resolved within a week. Neither type of skin reaction 
was pruritic or painful. 

Prior studies with A-TDA and related thiadiazoles had 
shown that hyperuricemia could be expected in humans 
treated with the drug. Elevation of serum uric acid oc- 
curred in most patients not treated with allopurinol in this 
series. As expected, no significant elevation of serum uric 
acid was observed in patients treated concomitantly with 
allopurinol and A-TDA. 

Other toxicities were mild and infrequent. Seven pa- 
tients experienced mild nausea and vomiting occurring 
6-12 h after treatment and resolving after 24 h. This oc- 
curred at a dose range of 75-125 mg/m 2. Six patients 
treated with 125 mg/m 2 weekly complained of malaise and 
sleepiness occurring 2-3  days after therapy. There was no 
evidence of A-TDA-induced myelosuppression. Two pa- 
tients experienced minimal scalp alopecia at 75 and 
150 mg/m 2. Although A-TDA is excreted principally in the 
urine, minor patient-to-patient variation of renal function 
did not appear to result in a quantitative change in toxi- 
city. 

Pharmaeokinetie studies 

The basic pharmacokinetic parameters determined after 
administration of a single IV dose of A-TDA at 50 mg/m 2 
are shown in Table 4. In seven patients with normal renal 
and liver function, the average drug distribution half-life 
(tlA c~) was 4.96 min (range, 2.32-9.06 min) and the aver- 
age drug elimination half-life (t~213) was 2.19h (range, 
1.19-3.80h). The volume of distribution of A-TDA in 
these patients averaged 23.09 1/m 2, which is close to total 
body water content. 

Three patients who received 75 mg/m 2 A-TDA every 3 
days had serial serum drug levels determined after the first 
and second doses. No serum A-TDA was detectable 72 h 
after the second drug dose, suggesting that serum drug ac- 
cumulation is not likely with this dose and schedule of ad- 
ministration. 

Clinical response 

Forty-two patients were treated in a traditional phase I tri- 
al. In the phase I study, a patient with squamous cell car- 

Table 4. A-TDA Pharmacokinetic parameters 

Patient Dose tl/2 ~ tV2 ~ Vd a 
(rain) [h] (liters/m 2) 

mg/m 2 mg 

1 50 82 3.42 2.31 30.56 
2 50 82 2.32 1.09 15.96 
3 50 89 9.06 2.39 27.31 
4 50 81 4.73 3.80 18.23 
5 50 77 6.78 1.25 27.78 
6 50 95 4.47 1.18 19.09 
7 50 85 3.92 3.34 22.73 

Mean 4.96 2.19 23.09 
SE 0.856 0.411 2.10 

a Vd = Volume of distribution 

cinoma of the lung exhibited a less than partial response 
by measurement of chest X-ray lesions after a total dose of 
550 mg/m 2 given as doses of 50, 75, then 125 mg/m 2 twice 
a week. The tumor progressed after 2 months despite con- 
tinued therapy. Another patient with unresectable squa- 
mous cell carcinoma of the cervical esophagus experi- 
enced improvement in symptoms, with lessened dysphagia 
and minor improvement as measured by barium swallow 
after a total of 575 mg/m 2 of A-TDA given as 125, 75, or 
100 mg/m 2 per dose. The disease progressed after 2 
months despite continued treatment. It was determined 
that 125 mg/m 2 A-TDA given once a week was the maxi- 
mum tolerated dose based on skin and mucosal toxicity 
and was, therefore, recommended as the starting dose for a 
phase II trial. Therefore, 29 patients with non-small cell 
carcinoma of the lung were then treated according to the 
phase II schedule, with dose regulation dictated by the 
severity of stomatitis. 

In the phase II portion of the study, two patients with 
large cell carcinoma of the lung demonstrated responses to 
A-TDA. One patient had a less than partial response after 
receiving weekly doses of drug to a total of 1200 mg/m 2 
over 9 weeks. In this patient, six doses of 125 mg/m 2 were 
administered without toxicity and the dose was increased 
to 150 mg/m 2 for three doses. The disease progressed de- 
spite continued treatment after 3 months from the time of 
maximal response. Another patient demonstrated a partial 
response by measurement of CXR lesions after two doses 
of 125 mg/m 2. The tumor progressed after 1 month of con- 
tinued weekly treatment. Two patients with coincident 
psoriasis had improvement of their skin lesions while re- 
ceiving A-TDA therapy. 

Discussion 

The uricogenic effect of 2-amino-l,3,4-thiadiazole and re- 
lated thiadiazole and thiazole compounds is no longer a li- 
miting factor for this class of drugs in clinical cancer trials. 
Doses of A-TDA higher than those used prior to the avail- 
ability of allopurinol have resulted in a dose- and sche- 
dule-limiting toxicity of oral mucositis but also in the at- 
tainment of objective clinical antitumor effect. 

The human serum A-TDA half-life of 2.19 h deter- 
mined in the present study is similar to that observed in 
mice in our laboratory and that reported by others [3]. This 
is in marked contrast, however, to the much longer A- 
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T D A  half-life values of  6 h in dogs given 60 m g / m  2 [3] and 
10 h in dogs given 500 m g / m  2 repor ted  by Lu and Loo [8]. 
The pharmacokinet ics  of  A - T D A  are complex however,  
and appear  to be dose-dependent .  As repor ted  by E1 Da- 
reer [3], adminis t ra t ion  of  a small dose of  A - T D A  (3.6 m g /  
m 2) to monkeys  results in serum drug levels that decrease 
in an exponent ia l  fasion, with a half-life under  4 h, while 
for monkeys  given a larger dose (36 mg/m2), serum levels 
decreased l inearly with a half-life of  13 h. Final ly,  mon-  
keys given 360 m g / m  2 A - T D A  exhibited both exponent ia l  
and  l inear phases of  drug el imination.  As discussed by E1 
Dareer  [3], this type of  dose-dependent  kinetics suggests 
saturat ion of  metabol ic  or, more likely, excretion mechan- 
isms. Whether  similar dose-dependent  kinetics exist for 
humans  remains to be determined.  

2-[~-D-Ribofuranosylthiazole-4-carboxamide (tiazofu- 
rin) has been shown by Jayaram et al [4] and  Cooney et al 
[2] to form an analogue of  N A D  in which t iazofurin is sub- 
stituted for nicot inamide.  That  analogue is a potent  inhibi- 
tor  of  IMP dehydrogenase,  as is the comparab le  analogue 
of  A-TDA. In clinical studies at the Vermont  Regional  
Cancer  Center [12] t iazofurin has been shown to produce  a 
ur icogenic effect s imilar  to that caused by A - T D A  and it, 
too, is inhibi ted by al lopurinol .  

Preclinical studies of  t iazofurin suggest that  it may be a 
more effective ant i tumor  agent than A-TDA.  Therefore, it 
may be ant ic ipated that t iazufurin and other compounds  
with the same mechanism of  act ion may prove to have use- 
ful clinical activity in patients with cancer. 

Al though l imited therapeut ic  ant i tumor activity was 
observed in the study repor ted  here, the fact that some re- 
sponses were seen in lung cancer  has encouraged further 
phase II  studies of  A - T D A  and has provided  further impe- 
tus to the investigation of  a series of  related compounds.  
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