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Summary. The anti-tumour properties of Cy 233, a new 
nitrosoureido sugar, were investigated in two murine solid 
tumours: B16 melanoma and subcutaneously implanted 
colon adenocarcinoma. Injected i.v., Cy 233 exerted a 
strong anti-tumour effect against the established B16 
melanoma: long-term survivors were recorded with all 
schedules of  treatment. The drug was even more effective 
against advanced colon 38 adenocarcinoma: it produced a 
high percentage of total tumour regression, regardless of 
the route of administration (i. p., i.v., p. o.). The marked in 
vivo activity of Cy 233 against advanced colon 38 
adenocarcinoma, which is known to be resistant to such 
major anti-cancer drugs as BCNU and chlorozotocin, its 
water solubility and its stability in aqueous media are fur- 
ther elements warranting toxicological and clinical studies 
of this agent. 

lung carcinoma and adenocarcinoma objectively respond- 
ed to a hydrophilic nitrosourea derivative, TCNU [16], 
which apparently possesses unusual pharmacological 
characteristics [11, 16]. 

In our laboratories, methyl 3-[3-(2-chloroethyl)-3-ni- 
trosoureidot-2,3-dideoxy-a-D-arabino-hexopyranoside (Cy 
233; NSC-609224) was found to be very potent against 
L1210 leukaemia, with a large therapeutic index, and 
showed stronger alkylating properties than BCNU, 
CCNU and RFCNU, with a lower carbamoylating poten- 
tial [8, 12]. Since all nitrosoureas are highly active against 
L1210 leukaemia, better discriminating models using ad- 
vanced and refractory diseases should be investigated to 
characterize their structures. The present report describes 
the therapeutic effectiveness of Cy 233 against established 
B16 melanoma and advanced colon 38 adenocarcinoma in 
mice. 

Introduction 

During the last decade, many efforts have been devoted to 
the development of new analogues of known anti-cancer 
drugs in the hope of reducing side effects and increasing 
therapeutic effectiveness. These new analogues include 
nitrosourea derivatives that are known to be experimental- 
ly very active and clinically very toxic. However, agents 
with similar chemical structures, such as nitrosourea 
analogues, may differ both quantitatively and qualitative- 
ly in their mode of action, toxicity and anti-tumour ac- 
tivity [5, 13, 15]. 

Lipophilic nitrosourea derivatives such as BCNU, 
CCNU and methyl-CCNU have shown similar toxicity 
and anti-tumour activity in animal models [7, 14, 18]. 
Hydrophilic derivatives such as chlorozotocin, GANU 
and MCNU share the structural property of a glucose 
moiety, although the position to which the N-(2- 
chloroethyl)-N-nitrosoureido group is attached differs 
from one molecule to another, which may change their 
pharmacological characteristics [1, 15].  Other sugar 
analogues with reduced bone marrow toxicity have shown 
strong anti-tumour effects in experimental models [3, 10, 
20]. Fox et al. [4] have also reported that carbamoylating 
activity may differ from one derivative to another, which 
may change the therapeutic index. Recently, large cells of 
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Materials and methods 

Drugs. BCNU and TCNU were kindly donated by the 
Drug Research and Development (DR & D) Division of 
Cancer Treatment (DCT, NCI, Bethesda, Md). Cy 233 was 
supplied by Institut Choay, Montrouge, France. Its struc- 
ture is shown in Fig. I. Drugs were dissolved in saline and 
freshly prepared in a volume of 0.01 ml/g body weight 
prior to their administration to turnout-bearing mice. 
Schedules and routes of treatment are indicated in 
Tables 1 - 6. 

Animals and tumours. B16 melanoma (B16) and colon 38 
adenocarcinoma (Co 38) were maintained in syngeneic 
adult C57BL/6 mice. For evaluation of the anti-tumour 
activity of  Cy 233, the B16 tumour was subcutaneously 
(s.c.) implanted on day 0 in B6C3FI (C57BL/6 • C3H) 
male mice weighing 20-23 g. After ! g tumour was mixed 
with 9 ml cold balanced salt, the preparation was 
homogenized and each mouse was inoculated with 0.5 ml 
tumour homogenate. The Co 38 turnout was also 
implanted s.c. in male or female BD2F1 (C57BL/ 
6x  DBA/2) mice. A tumour fragment measuring ap- 
proximately ( 3 x 3 x 2  mm 3) was implanted with a 12- 
gauge trocar into the flank of each mouse on day 0. Stan- 
dard NCI protocols [6], with minor modifications [2], were 
followed for maintaining, transferring and implanting the 
turnouts. The number and sex of the mice are indicated in 
Tables 1 - 6. 
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Fig. 1. Structure of Cy 233 

Table 1. Anti-tumour activity of Cy 233 against established B16 
melanoma 

Dose TI% (tumour-free mice ILS LTS on day 60/ 
mg/kg) on day 30/total) % total 

20 toxic toxic -38  0/10 
15 94 4/10 102 4/10 
10 88 0/10 63 2/10 
BCNU 20 67 0/10 98 4/10 
Controls 0 0/21 0 0/21 

The tumour was implanted s.c. on day 0 in male B6C3F1 mice 
(19-21 g); drugs were given i.v. on days 3, 7 and 11. TI, tumour 
inhibition; ILS, increase in life span; LTS, long-term survivors 

Table 2. Influence of the treatment schedule on the therapeutic ef- 
fectiveness of Cy 233 on B16 melanoma 

Schedule Optimal Median ILS a LTS on 
dose survival day 60/ 

(days) % total 

q6h x 2; day 3 (9h, 15h) 15 59 88 8/10 
q ldx  1; day 3 20 49 56 4/10 
qld x 5 (days 3-7)  5 54 72 4/10 
q4d x 4 (days 3, 7, 11, 15) 10 53 69 5/10 
q7d x 3 (days 3, 10, 17) 10 53 69 3/10 
Controls 0 31.3 0 0/30 

Male B6C3F1 mice were implanted s.c. with B16 melanoma on 
day 0; i.v. treatment started on day 3, when the tumour was 
measurable. 
a Long-term survivors (LTS) were excluded in the calculation of 
the increase in life span (ILS) 

Anti-tumour activity. For the survival experiments, the 
anti- tumour activity of the drugs was assessed from two 
parameters: (a) the median survival of drug-treated mice 
vs that of one saline-treated control, expressed as the per- 
centage of increase in life span (% ILS = T / C % - 1 0 0 ) ,  
calculated from the median survival of treated and control 
mice; and (b) the incidence of long-term (60 days) sur- 
vivors. 

For the tumour-growth inhibit ion studies, anti-cancer 
activity was assessed on the basis of the percentage of 
tumour inhibi t ion (% TI) calculated from median tumour  
weights in treated and control mice on the day of evalua- 
tion, as indicated in Tables 3 - 6 .  Tumour  weights were 
derived from caliper measurements of the tumours, using 
the formula for a prolate ellipsoid: tumour weight (mg) = 

Table 3. Anti-tumour activity of Cy 233 against early-stage colon 
38 adenocarcinoma 

Drugs Dose Median TI a Tumour- 
tumour/ free 
weight mice 
on day 20 on day 20/ 

(mg/kg) (mg) (%) total 

Cy 233 20 0 I00 4/9 
10 600 64 0/9 
5 864 48 0/9 

BCNU 20 1,648 0 0/10 
5-FU 70 358 79 0/10 
Controls 0 1,648 0 0/26 

Tumour fragments were implanted s.c. on day 0 in male BDF1 
mice weighing 21- 24 g; drugs were given i. p. on days 2 and 9 
a Tumour growth inhibition was evaluated on day 20 

Table 4. Comparative anti-tumour effect of Cy 233, TCNU and 
BCNU against colon 38 carcinoma 

Drugs Optimal dose TI a Tumour-free 
on day 20/ 

(mg/kg) (%) total 

Cy 233 20 100 3/10 
TCNU 15 100 5/10 
BCNU 30 45 0/10 

Control b 0 0 0/30 

Male BDF1 mice were implanted s.c. with Co 38 tumour frag- 
ments on day 0; drugs were given i.p. on days 2 and 9 
a Tumour growth inhibition was evaluated on day 20 
b The median tumour weight in control mice was 800 mg on 
day 20 

( Lx  W2)/2, where L and W are the tumour  length and 
width (ram), respectively. The % TI was calculated as 
100- [ (median  tumour  weight in treated mice /median  
tumour  weight in controls) x 1001. The number  of tumour- 
free mice in the group on the day of evaluation was 
recorded. Tumour  regressions were indicated when neces- 
sary in the advanced tumour system. 

Resul ts  

Activity against established solid B16 melanoma 

To ascertain whether or not the antineoplastic activity of 
Cy 233 was limited to murine leukaemia and early treated, 
i.p. implanted tumour,  the effect of a relatively late ad- 
ministration of this compound on s. c. BI6 melanoma was 
investigated. Cy 233 was injected i.v. on days 3, 7 and 11 
post- implantat ion at daily doses of 20, 15 and 10 mg/kg  
per injection. For comparison, 20 mg/kg  BCNU was given 
by the same route and schedule as was Cy 233. After ran- 
domization of the mice, the median tumour  weight in 
treated and control groups at the start of the treatment was 
32 rag; that in the control group on the day of evaluation 
(day 30) was 7,812 mg. 

As shown in Table l, 20 mg/kg  Cy 233 given three 
times was toxic; compared with that in controls, survival 
in this group was reduced. The administrat ion of 
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Table 5. Comparative anti-tumour activity of Cy 233 and TCNU against advanced-stage colon 38 carcinoma 

Drug doses Route of Median tumour weight (mg) on days TI% on days 
(mg/kg) treatment 

20 27 20 27 

Cy 233 20 i.p. 2 0 100 (4/8) a 100 ( 5 / 8 )  a 
15 18 264 97 (0/8) 80 (2/8) 
10 18 196 97 (0/8) 85 (0/8) 

Cy 233 20 i.v. 0 0 100 (5/5) 100 (4/5) 
15 4 0 100 (4/8) 100 (6/8) 
t0 75 192 87 (7/8) 85 (2/8) 

TCNU 20 p.o. 2 6 100 (4/8) 100 (1/8) 
15 88 41 85 (0/8) 90 (0/8) 
10 331 613 42 (0/8) 53 (0/8) 

Controls 0 568 1,295 0 (0/24) 0 (0/24) 

Tumour fragments were implanted s.c. on day 0 in female CDF1 mice (19-22 g); drugs were given on days 8, 12 and 16. The median 
tumour weight before randomization on day 8 was 12 mg (range, 8-40  mg) 
a Numbers in parentheses indicate the number of tumour-free mice/total number in the group on the day of evaluation 

15 m g / k g  p roduced  a high increase in life span (ILS = 
102%), with four of  ten mice surviving on day 60. When 
tumour  inhibi t ion was evaluated in this group, four of  ten 
mice were free o f  tumour  on day  30, which indicated 
tumour  regression. B C N U  could increase survival (ILS = 
98% at 20 mg/kg) ,  but  no turnout  regression was recorded.  
We observed only turnout growth inhibit ion,  and all mice 
in the group had tumours  on day 30. 

Informat ion  on the influence of  the schedule of  treat- 
ment when the drug was given i. v. to mice bear ing s.c. BI6 
melanoma is given in Table 2. CY 233 exerted significant 
activity on a variety of  t reatment  schedules. The highest 
number  of  60-day survivors was recorded with the i.v. ad- 
ministrat ion of  15 m g / k g  twice daily on day 3 post-im- 
plantat ion.  

Activity against colon 38 adenocarcinoma 

At an early stage of  the disease, drug treatment  was given 
i .p.  on days 2 and 9 post - implanta t ion.  The activity of  Cy 
233 was compared  with that  of  B C N U  and 5-fluorouracil  
(5-FU). The results of  this experiment  are shown in Table 
3. The median turnout  growth inhibi t ion following the ad- 
ministrat ion of  20 m g / k g  Cy 233 reached a maximum of  

100%, and four of  nine mice were tumour-free on the day 
of  evaluat ion (day 20 post- implantat ion) .  BCNU was to- 
tally inactive in this experiment.  5-FU given at 70 m g / k g  
could induce a significant turnout  growth inhibi t ion (79%), 
but  all mice in this group had tumours on the day of  
evaluation. 

In a second experiment,  the efficacy of  Cy 233 against  
early-stage Co 38 was compared  with that of  TCNU,  a 
ni t rosourea currently undergoing clinical trials. The effec- 
tiveness of  Cy 233 against  Co 38 was conf i rmed in this ex- 
periment,  in which T C N U  produced  similar activity and 
that of  30 m g / k g  B C N U  was only marginal  (Table 4). 

To ascertain that  the ant ineoplast ic  activity of  Cy 233 
was not  l imited to the i .p.  route of  adminis t ra t ion and 
early treatment,  the effect of  the drug was investigated fol- 
lowing i.v. adminis t ra t ion  in mice with advanced-s tage 
disease. Cy 233 was injected either i. p. or i. v. on days 8, 12 
and 16 post - implanta t ion.  For  comparison,  oral T C N U  
was also given in this experiment.  The results are shown in 
Table 5. 

The median  tumour  weight in all animals  at the start of  
the t reatment  was 12 mg; that in control  animals was 
568 mg on day  20 and 1,295 mg on day 27. When given i .p.  
at 20 m g / k g  on days 8, 12 and 16, Cy 233 completely in- 

Table 6. Therapeutic effect of oral Cy 233 against advanced-stage colon 38 carcinoma 

Drug doses Median tumour weight(mg)on days TI% on days 
(mg/kg) 

9 20 27 35 20 27 35 

Cy 233 30 52 0 T T 100 (6/7) a T (2/2) a T (1/2) a 
20 40 0 0 0 100 (5/8) 100 (5/8) 100 (5/8) 
10 74 106 473 1,000 89.2 (0/8) 81.4 (0/8) 80.2 (0/8) 

TCNU 20 40 32 88 136 96.4 (3/8) 96.5 (3/8) 97.3 (2/8) 
BCNU 40 76 221 446 608 75.4 (1/7) 82.5 (0/5) 88 (0/5) 
Controls 63 900 2,548 5,054 0 (0/17) 0 (0/15) 0 (0/11) 

Tumour fragments were implanted s. c. on day 0 in male BDF1 mice (18-23 g); drugs were given orally on days 9, 12 and 15. The median 
tumour weights and percentage of tumour inhibition (TI%) were evaluated on the days indicated 
a Numbers in parentheses indicate the number of turnout-free mice/total number in the group on the day of evaluation 
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hibited tumour growth in four of  eight mice on day 20 and, 
1 week later, tumour  regression was observed in another 
mouse. At lower doses, the therapeutic effectiveness was 
less pronounced. When injected i.v., 20 mg/kg  Cy 233 
given on days 8, 12 and 16 was lethal in three mice that 
died before day 20, whereas tumour regression was ob- 
served in the other five animals. At a dose of  15 mg/kg  
given i.v. on the same schedule, total tumour  regression 
was observed in four of  eight mice on day 20, and six of  
eight animals were tumour-free on day 27. T C N U  given 
orally on the same schedule was very effective in inhibiting 
tumour growth at 20 mg/kg,  but no tumour regression was 
observed between days 20 and 27. On the contrary, 
tumours started to re-grow in three of  four mice. At lower 
doses the drug was less active. 

In a final experiment in which Cy 233 was given oral- 
ly, as were BCNU and T C N U  on days 9, 12, and 15 post- 
implantation, the therapeutic effectiveness of  the former 
was confirmed. Table 6 shows that 30 mg/kg  Cy 233 was 
toxic, as six of  eight mice died before day 20. However, no 
sign of  toxicity was observed, and the therapeutic effec- 
tiveness at 20 mg/kg  was very high, since the median 
tumour weight regressed from 40 mg on day 9 to 0 on day 
20. Moreover, tumour  regression lasted until day 35 (the 
last day of  evaluation), when five of  eight mice were 
tumour-free. T C N U  showed slightly lower therapeutic ef- 
fectiveness under the same conditions, and B C N U  given 
at the maximal tolerated dose of  40 mg/kg  was the least 
active; no tumour  regression was observed. 

Discussion 

The present results show that Cy 233 has high antineoplas- 
tic activity in established murine tumours. Among these 
cancers, s.c. implanted B16 melanoma is a slow-growing 
tumour that metastasizes rapidly. Although this tumour  
model is considered to be refractory to chemotherapeutic 
agents [91, it was highly sensitive to Cy 233. There was a 
good correlation between the percentage of  increase in life 
span (ILS = 102%) and tumour  growth inhibition, which 
was observed in four of  eight mice on day 20. In this 
tumour model, Cy 233 given i.v. showed high therapeutic 
activity on all schedules used. Although the q 6 h x 2 
schedule given for only 1 day induced the highest number 
of  long-term survivors, we could not ascertain whether the 
effectiveness o f  the drug was schedule-dependent. 

Another solid tumour known to be one of  the most 
refractory to most compounds  screened against it, includ- 
ing many nitrosoureas, colon 38 carcinoma [16, 191 was 
very sensitive to treatment with Cy 233. Chlorozotocin, 
which has a very similar chemical structure, could not 
exert a reproducible anti-tumour effect even after early 
treatment of  Co 38, further evidence that two nitrosoureas 
with a similar structure may differ in their anti-tumour ac- 
tivity and pharmacological behaviour. An additional ad- 
vantage is that Cy 233 exerts its anti-tumour activity 
against s. c. colon 38 carcinoma even when the treatment is 
delayed, regardless of  the route of  administration. 

Staquet et al. have also reported that activity of  a drug 
in the colon 38 model would increase the probability of  its 
clinical activity [17]. This appears to be of  practical 
relevance and is a further element warranting further 
studies involving the selection of  drugs showing activity 

against naturally resistant and advanced solid tumours. In- 
deed, it would be of  great interest to find out whether com- 
pounds producing high activity against a refractory solid 
tumour such as Co 38 would be more or less effective 
against human solid-tumour xenografls than agents 
selected on the sole basis of  their activity against sensitive 
P388 leukaemia. 

The investigation of  the effectiveness of  Cy 233 against 
human xenografts in nude mice, including a number of  
malignant melanomas and colon adenocarcinomas, is 
under way, as are toxicological studies to find out whether 
the chemical modification in this structure would reduce 
the side effects usually encountered with this group of  
agents. In conclusion, the high effectiveness of  Cy 233 
consistently observed in advanced tumours as well as its 
hydrosolubility and chemical stability in aqueous solu- 
tions appear to justify interest in this compound.  
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