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Abstract-TGVL: ( l-(2-chloroet/~l)-3-[2-(dimet/!ylnminosul~ho~l)et~~l]- 1 -nitrosourea) is a 
newiy derseloped Lc,ater-soluble nitrosourea based on the endogenous aminoethanesul~honic acid 
taurine. TC1’1’ ty$aT in an e.rtended phase I trial given orally ecey: 4-8 U’eekJ usirq a .stej.wite 
dose escalation ,from 20 to 170 mglm’. One hundred and thirp-nine patients rereked a total 
oj 323 course,. Minor haematolo@c toxici LeNas obserued in 12 patients treated at dose 1wel.s 
< 70 mglm’. Thrombocytopenia 11.HO grades 1-4 occurred in 43% (55/127) and ieucofienia 
It’HO grades I-3 in 45% (571127) qf the patients treated at dose leL)els 1 70 mglm’. .Vausea 
and zlomiting u’a, recorded in about half the patients desbite the use of metoclopramide. ;lt the 
initial dose lersel 41 patient.\ receked 2 3 courses qf TC,Vl:. Cumulative leucopenia and 
thrombocytopenia ocrwred in 3/41 and in 12/‘41 patients, respecticeb, ulhile rez,ersible he~ato- 
toxic+ waJ obseraed in two patients. llntitumour acticify utas obserr’ed in patient.t with advanced 
Jquamous cell. adeno- and large cell carcinoma of the lung. The recommended starting doses,for 
phase II trials with TC~Vl~ are as follou,s: heaoilp pretreated patients 90 mg/m’, minimal($ 
moderate!11 pretreated patients I IO mglm’ and preGous& untreated patients IS0 mg/m’ u,ith 
TC;L:I’ gir’m ez,eg l-5 7r’eek.c. the repeated dare< and intewals being adju.,ted to indir,idual 
tolerance. 

INTRODUCTION 
THE FIRST nitrosourea compounds were introduced 
clinically in the 196Os, and therapeutic activity was 
soon demonstrated both for BCNU [1,3-bis-(2- 
chlorocthyl)- 1 -nitrosourca] and CCNU [ 1-(2- 
chlorocthyl)-3-cyclohcxyl-I-nitrosourca] in solid 
tumours and hacmatologic malignancies [ 1, 21. 
Both compounds arc highly lipophilic and the dosc- 
limiting toxicity is haematologic of delayed type. 

Since then a series of more hydrophilic nitroso- 
urea derivatives have been synthesized, and among 
these ACNU (I-(4-amino-2-methyl-5-pyrimidinyl)- 
-methyl-(2-chlorocthyl)-3-nitrosourea] and HECNU 
[ 1-(2-hydroxyethyl)-3-(2-chloroethyl)-3-nitrosourea] 
have undergone clinical evaluation showing some 
activity in solid tumours 131. 

In the starch for other nitrosoureas with diffcrcnt 
toxicity and antineoplastic pattern TCNU (1-(2- 
chlorocthyl)-3-~2-(dimcthylaminosulphonyl)cthyl]- 
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I-nitrosourea) was chosen for further clinical dcvel- 
opmcnt (Fig. 1). The decision was based upon 
its unique biochemical structure founded on the 
cndogenous aminoethancsulphonic acid taurinc as 
carrier making the compound more hydrophilic. 
Pharmacokinetic studies of TCNU in dogs revealed 
a bioavailability after oral administration of 26% 
as a mean, peak concentration was reached after 
about 25 min and the plasma half-life was 
15-20 min [4]. ‘I’CNU was furthcrmorc selected 
because of its favourablc antitumour activity in a 
number of in vitro and in vivo test systems [4, 51. 
Antitumour activity has been demonstrated in cell 
cultures of human colon tumour cell lines, BE and 
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HT-29 and in five human small cell lung cancer cell 
lines [4. 51. In five cxperimcntal murinc tumours 
TCNU cxhibitcd oral activity similar to or bcttcr 
than other nitrosourcas [4]. Against the Walker 256 
carcinosarcoma the median cffcctivc dose (ED;,,) of 
TCNU was only a fourth (0.25 mg/kg vs. 1.0 mg/ 
kg) as compared to BCNU, CCNU and MeCCNU, 
whereas TCNU had comparable activity against 
L 1210 lcukacmia, Harding-Passcy melanoma, 
Lewis lung and Colon C 26 tumours. 

In mice, rats and dogs the main dose-limiting 
adverse reactions rccordcd, after a single oral dose 
as well as rcpeatcd doses, have been bone marrow, 
gastrointestinal and hcpatic toxicity. In comparison 
with CCNU TCNU induces in rcpcatcd toxicity 
studies a higher bone marrow toxicity but a lower 
hcpatotoxicity. Thus the toxicity profile of TCNU 
has been shown to bc similar to that of other 
nitrosourea compounds in clinical USC [4]. Based on 
the preclinical data of TCNU it was decided to 
conduct a phase I study with the following aims: to 
establish the maximal tolcrablc dose (MTD) of 
TCNU as a single dose as well as after rcpcatcd 
doses, to charactcrizc drug-induced toxic effects 
and to identify dose-limiting factors. In addition 
pharmacokinetic studies were pcrformcd. This 
report will dcscribc the results of the clinical obscr- 
vations while the pharmacokinctic studies will bc 
the subject of another publication [6]. 

METHODS AND MATERIALS 
Patients aged 18-75 years with histologically or 

cytologically confirmed diagnosis of malignancy for 
which no effective antitumour therapy was available 
were cligiblc for the study, provided that the per- 
formance status was d 3 (WHO scale) and life 
expectancy judged to be at least 8 weeks. 

Previous antincoplastic therapy, including radio- 
therapy, should have been discontinued for at least 
3 weeks or 6 weeks if other nitrosourcas or mitomy- 
tin C had been administcrcd. Prcthcrapcutic values 
of platclcts 2 100 X lo”/1 and white blood counts 
(WBC) 2 3.0 X log’/1 were required just as normal 
liver (se-alkaline phosphatase, se-ASAT, se-LDH, 
se-bilirubin and prothrombin time) and renal (sc- 
clectrolytcs and se-creatinine) function tests were 
demanded with the exception of abnormal values 
directly related to the underlying malignant disease. 
Informed consent from the patient, according to 
the Helsinki declaration, was obtained. Evaluablc/ 
measurable tumour lesions were not a prerequisite 
for inclusion into the trial, but when available, 
the WHO criteria were used in the evaluation of 
response [7]. The measurability ofdiscasc was based 
on chest X-ray, cutaneous metastases/lymph nodes 
with positive cytology at fine needle aspiration, 
CT-scan, ultrasound including positive cytology 
obtained by surecut biopsy or gynaecological exam- 

ination including bioptially verified residual dis- 
ease/relapse. 

Complete blood counts (CBC: hacmoglobin, 
WBC and platelets) were performed weekly. All 
patients were examined physically and laboratory 
evaluations consisting ofa differential count, serum 
electrolytes, se-creatinine, se-uratc, sc-alkaline 

phosphatasc, se-lactic dchydrogcnasc (LDH), se- 
ASAT, se-bilirubin, prothrombin time and blood 
sugar were performed before entry and rcpcatcd 
every 3 weeks for patients treated at intervals of 6 
weeks and every 4 weeks for patients trcatcd at 
intervals of 4 or 8 weeks. Before entry bone marrow 
aspiration from the posterior iliac crest, chest X- 
ray and ECG wet-c also performed. 

If patients died without toxicity during the first 
course of treatment they were categorized as ‘early 
deaths’ and cxcludcd from the study. 

TCNU was supplied, by the LEO Company, 
Hclsingborg, Sweden, as tablets of 5, 10, 25 and 
50 mg containing lactosum and amylum maydis as 
bulk. The tablets were protected from light and 
stored in a refrigerator. The dosage was calculated 
in mg/m’ body surface arca to the nearest 5 mg and 
administcrcd on an empty stomach as a single oral 
dose (p.o.) every 4-8 weeks. Initially TCNU was 
given at intervals of 8 weeks but from dose lcvcls of 
40 mg/m’ and above the stipulated interval was 
shortened to 6 weeks and later on to 4 weeks based 
on experience from the USC of CCNU [8]. The 
starting dose was chosen to be slightly higher than 
l/l0 LD,,, in mice (12.7 mg/m’) or l/3 MTD in dog 
(14.9 mg/m2). The dosage was cscalatcd from 20 
to 170 mg/m2 in 10 steps using a modified Fibro- 
nacchi search scheme (Table 1). The scrics was 
postponed with a repeat of the CBCs weekly until 
restitution if there was no full rccovcry of hacmato- 
logic values (i.e. WBC 2 3.0 X lo”/1 and platelets 
3 100 X lO”/l) at the day of scheduled rctrcat- 

ment. 
Three patients were entered per dose at the lowest 

four dose steps. Thereafter a relatively large number 
of patients were included as compared to usual 
phase I studies because during the trial it became 
evident that considerable variability in toxicity, 
depending on the degree of previous treatment, 
occurred at the same dose level. In addition surpris- 
ing clinical activity was observed at 40 mg/m’ 
thereby making it desirable even at a low non-toxic 
dose to achieve as much information as possible 
concerning the potential therapeutic activity of 
TCNU. 

Each patient was scheduled to receive at least 
two courses of therapy. In the case of progressive 
disease (PD) the treatment was discontinued 
whereas no change (NC) or regression (PR + CR) 
after two courses resulted in continuation oftherapy 
until PD was noticed. If the patients had shown a 
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PR or CR at a non-toxic or slightly to moderately 
toxic dose level an incrcasc in dose was permitted 
in order to give the patients with a TCNU-sensitive 
tumour the possibility of achieving the longest dur- 
ation of rcsponsc. The latter group of patients was 
only included into this analysis with rcspcct to 
toxicity until the time of dose escalation. 

At dose levels 2 40 mg/m’ of TCNU patients 
wcrc treated with mctoclopramidc 40-80 mg 
30-40 min before TCNIJ and in case of nausea and 
vomiting the dose was rcpcatcd at intervals of 2-3 h. 

Patienl malerial 
Om hundred and sixty-nine patients wcrc 

includrd in the study from Deccmbcr 1984 to 
November 1985. Twenty-scvcn wcrc classified as 
early deaths. two wcrc lost to follow up while one 
patient was included at an incorrect dose Icvcl 
having 139 patients cvaluablc for toxicity. The 
median age was 58 years (range 18-74)) 102 pati- 
ents (73%) had pcrformancc status (PS) 0 or 1 while 
the remaining had PS 2 (33 patients) or PS 3 (four 
patients). The male-female ratio was 72/67. 

With rcspcct to prior trcatmcnt the patients have 
been divided into three categories: 

(a) previously untreated patients. 

(b) minimally/modcratcly pretreated patients 
dcfincd as patients having received d 3 cyto- 
toxic agents and/or minimal radiotherapy. 

(c) heavily prctrcatcd patients (patients having 
rccrivcd > 3 cytotoxic agents and/or extensive 
radiothera/y). 

RESULTS 
One hundred and thirty-nine evaluablc patients 

received a total of 323 courses with 98 patients 
(70%) having one or two courses of TCNU, while 

41 patients wcrr cxposrd to 2 3 courses of TCNU 
q 4-6 weeks at the primary dose lcvcl. Twrnty-four 
patients received three courses, 10 patients four 
courses, five patients Iivc courses and two patients 
six courses, rcspcctivcly. Iifty-four per cent 
(75/139) of all patients wcrc previously untreated. 

The details concerning the number of patients at 
each dose level with rcspcct to prior trratmrnt is 
given in Table 1, 

Toxicig 
Immediately obscrvcd advcrsc reactions sccond- 

ary to TCNU consisted of nausra and vomiting, 
which occurred in 55% (77/l 39) of patients dcspitc 
the fact that the majority had rccci\,cd mctoclopra- 
midc before TCNU. The symptoms occurred within 
few hours after administration of TCNU lasting 
from a few hours until 24-48 11 in rare cases. No 
allergic reactions wcrc ohscrvcd. 

Haematologic toxici 
Acute hacmatologic toxicity was rvaluatcd after 

an observation period of one and/or two courses. 
There were no drug-rclatrd deaths. 

At dose lcvcls < 70 mg/m” only minor haemato- 
logic toxicity was observed (Table 2). Anacmia 
(WHO grade 1) occurred in three out of 12 patients, 
whereas thrombocytoprnia and lrucopcnia was not 
observed. In contrast and as illustrated in Table 2 
and Figs 2 and 3 haematologic toxicity was found 
at all dose lcvcls 3 70 mg/m’. The nadir of the 
thrombocytopenia occurred 3-4 works after drug 
administration with recovery to prrtrcatmcnt level 
after another l-3 weeks. Thrombocytopcnia WHO 
grades l-4 was noted in 43% (X/127) of the 
patients treated at dosages 2 70 mg/m’; of these 
eight patients showed grade 4 toxicity (thrombo- 
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Tnblt 2. Toxici!y of TCiVL’following one and/or ho cmme~ of TCXC 

Dose(mglm’) 

Prior 
treatment 

No. of patients 

< 70 70 90 110 130 150 170 

None =z 3 > 3 Nonr c 3 > 3 Now Plus Nonr NOIIC None 
drugs drugs 

12 4 12 11 16 10 15 9 10 20 14 6 

Thrombqtes 
WHO grade 

I.eucq te.r 
WHO grade 

Haemoglobin 
WHO grade 

Nausea/vomiting 
WHO grade 

0 
1 
2 
3 
4 

0 
1 
2 
3 
4 

0 
1 
2 
3 
4 

0 
1 
2 
3 
4 

12 4 

12 4 

9 3 
3 1 

1 3 
2 
5 
4 1 

8 6 12 8 9 
2 1 1 1 - 
1 1 2 - ~ 
1 2 1 3 

1 1 - 1 

7 3 8 6 6 
2 - 3 l- 
3 5 2 1 4 

3 2 2 4 
I - 1 

4 

2 
2 

4 

3 

7 4 2 
3 2 
3 3 1 
4 2 2 
3 1 1 

6 8 3 
3 3 
6 2 2 
5 I 1 

10 4 4 
7 5 2 
2 5 
1 

12 6 2 
1 1 
4 3 1 
1 4 2 
2 1 

cytes < 25 X lO”/l) ncccssitating thrombocytc- 
transfusions in six patients. The nadir of the 
leucopenia was usually recorded 5 or 6 weeks after 
treatment with recovery 1 week later. WHO grades 
l-3 WBC toxicity occurred in 45% (57/127) of the 
patients, including 10 patients with grade 3 toxicity 
(WBC: 1.0-l .9 X lO”/l). In Figs 2 and 3 a pro- 
nounced dose toxicity relation is observed with 
respect to both leucopenia and thrombocytopcnia. 
WHO grades l-3 anacmia occurred in 52% (66/ 
127) of the patients, and 20 had anacmia WHO 
grades 2 and 3 (B-hacmoglobin 4.0-5.5 mmol/l). 

As can be seen from Table 2 the degree of 
haematologic toxicity was clearly related to the 
amount of prior treatment. This is also illustrated 
by Figs 4 and 5 showing the haematologic toxicity 
at a level of 90 mg/m2 with the patients separated 
according to prior treatment. 

Cumulative haematologic toxicily 

Forty-one patients received 3 3 courses ofTCNU 
at the initial instituted dose level. Cumulative 
thrombocytopenia (platelets < 50 X 10” for 2 2 
weeks after 2 3 courses) occurred in 12 of these 
(29%) whereas cumulative lcucopenia (WBC 
< 2.0 X lo”/1 for 3 2 weeks after a 3 courses) 

occurred in three of 41 patients (7%). Tables 3 and 
4 describe in detail the cumulative hacmatologic 
toxicity exprcsscd by nadir values and the duration 
of cytopenia. 

Other signs of toxicity 
Reversible biochemical hepatic alterations occur- 

red in two patients at a dose level of 130 mg/m’ 
treated for 8 and 10 months, respectively. Obser- 
vation of an otherwise unexplainable increase in se- 
ASAT, se-alkaline phosphatasc and se-bilirubin 
resulted in an ultrasonic examination of the liver 
combined with a surecut biopsy. In both instances, 
the ultrasound evaluation was normal and the 
biopsy showed neither signs of malignancy nor any 
other pathologic changes. After termination of the 
treatment the biochemical values slowly returned 
to normal within a period of 6 and 8 weeks. 

In addition to the above mentioned signs of 
toxicity attacks of sweating-especially at 
night-and tumour pain occurrrcd in about 20% 
of the patients. No cardiac, renal, pulmonary or 
CNS toxicity nor alopecia were observed. 

Antitumour activity 
The majority of the 139 evaluable patients had 

primary bronchogenic carcinoma (77 patients, 
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Table 5) while the remaining had breast cancer 
(five patients), gynaccological tumours (27 pati- 
ents), urological tumours (nine patients), gastro- 
intestinal tumours (eight patients) and misccl- 
lancous tumours ( l-1 patients) 1 including one patient 
who had two malignant discascs. Thr histologic 
classification of responding lung tumours was prr- 
formed by the Pathology Dcpartmcnt of’ the rcfcr- 
ring hospital as well as by the specialized pulmonary 
pathologists at thr Finscn Institute. 

Overall 58 patients with non-small crll carcinoma 
of the lung (NSCCI,) wet-c cvaluablc for rcsponsr 
and a total ofonc complctc and 10 partial remissions 
wcrc obscrvcd (Table 5). ‘l‘hc first antitumour 
activity was rccordcd at a non-toxic Icvcl of 40 mg/ 
m” (Tablr 5) in two patients with large ccl1 carci- 
noma of the lung. III thr responding patients, who 
were rvcntuall), cxposcd to dosr wzalation, thr 
duration of rcsponsc ranged from 1 to 72+ wwks 
with a median of 2 1 woks. 

DISCUSSION 
The prrsrnt study rcvcals that ‘I’CNI! has a 

similar toxicity profile to other nitrosourcas hitherto 
rvaluated clinically with drlaycd hacmatologic tox- 
icity and csprcially thrombocytoprnia bring the 
dosr-limiting factor. In addition cumulati\.c hacma- 
tologic toxicity and sporadic hcpatotoxicity has 
been obscrvrd as drscribcd for other nitrosourcas. 
The data also indicate that thr rccommcndrd doses 
for further clinical trials rangr from 90-I 30 mg/m’ 
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Table 3. Cumulative thrombocytopenia for patients given 2 3 courses of TCNU 

Nadir ofthrombocytcs 
No. of patients (X 10”/1) Duration* 

Dose + Cumulativr TCNU c”“rsc No. orcytoprnia 

(mg/m’) Total toxicity 1 2 3 4 5 (weeks) 

70 7 0 

90 12 4 29 24 57 97 
226 253 25 
42 80 55 67 

106 131 44 

110 5 1 109 212 47 

130 11 4 105 29 10 
87 201 32 

138 241 74 98 
72 286 11 

150 5 3 56 110 187 36 
120 159 19 
55 169 8 

170 1 0 

18 

23 

21 

10 
2 

13 
3 

Died during 3rd 
coursr from 1’1) 

4 
3 

13 
6 

4 
2 
6 

Cumulative thromhocytopu&: thrombocytrs < 50 X lo”/1 for 3 2 weeks after 2 3 courses. 
*Stated for the last pwiod of thromhocytopenia (platclrts < 100 X lO”/l). 

Table 4. Cumulative leucopenia for patients given 2 3 courses of TCA’l: 

Nadir of lcucocytcs 
No. orpatients (X 10-D) Duration* 

Dose + CumulatiYc TCNU cwrsc No. of lcucopcnia 

(mglm’) Total toxicit! 1 2 3 4 5 (wrrks) 

70 7 0 

90 12 1 2.2 3.4 2.9 3.2 1.8 11 

110 5 0 

130 11 2 4.9 3.1 1.9 2 
3.2 2.5 0.8 Unknmvn 

150 3 0 

170 1 0 

Cumulative lcucoprnia: lcucocytcs <2.0 X lo”/1 for 3 2 wrcks artrr 2 3 cwrscs. 
*Statrd for the last prriod oflrucoprnia (LVBC < 3.0 X lo”/t). 

Table 5. Responses in patients Lelith bronchogenic carcinoma 

WHO I 23 16 130 X 5 

WHO II 3 3 

WHO III 37 30 70 X 2 
90 X 2 
90 X 5 

130x 1 
150 X 4 

WHO IV 14 12 40 X 2 
40 X 2 
90 X 3 

130 X 3 
130 X 1 

L I’R 22 

PR 
PR 
I’R 
PR 
PR 

CR 
PR 
PR 
I’R 
PR 

20 
11 
20 

72+ 

34 
21 
34 
21 

1 

* t Dose rscalation; 1 dosr drrscalation; t non-toxic death. 
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y 4-5 weeks with the starting dose depending 
on the degree of prior anti-neoplastic treatment. 
Dosages above 130 mg/m’ produced regularly 
grade III + IV thrombocytopcnia necessitating 
platelet transfusions and therefore cannot be rec- 
ommcndcd in gcncral. 

Whilr TCNU thus does not differ in its toxicity 
protilc from other nitrosourcas, the thcrapcutic 
results in this phase I trial suggest that TCNU 
might ha\rc a dift‘crcnt antincoplastic profile, even 
though the mechanism of action appears similar to 
that of BCNU-at lcast based on flow cytometric 
analysis [ 51. First of all therapeutic action was 
obscrvcd at non-toxic levels which is somewhat 
unusual for cytostatic agents. Secondly, overall high 
activity was srcn in patients with non-small cell lung 
cancer, which othcrwisc is rather chcmorcsistant. It 
should br cmphasizcd, however, that the ma.jority 
of the latter patients included in the trial wcrc 
untreated and in a good performance status, and 
thus presclcctcd with rclati\rcly good prognostic 
characteristics. :1 direct comparison of the activitv 

of TCNU with the established but low activity 

of other nitrosourea compounds in non-small cell 
carcinoma of the lung is thus not possible. 

Only the results from ongoing phase II trials in 
solid tumours, especially in non-small ccl1 lung 
cancer, will establish whcthrr TCNL has clinically 
noteworthy activity. If that is the cast. a rccvalu- 
ation ofthe cntirc group ofnitrosourcas is indicated, 
especially the influcncc of the changes in the chcmi- 
cal structure caused by the inclusion of’ taurinc as 
carrier. It would also be intrrcsting to invrstigatc 
whether incorporation of taurinc in other alkylating 
agents such as nitrogen mustard dcrivativcs could 
induce not only a modulation of’ thr toxicity but 
also an improvement in thr antincoplastic pattern 
as suggested in prc-clinical systems b) Pierson ~1 al. 

[91. 
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