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Abstract Treosulfan (L-threitol 1,4-bismethanesulfon- 
ate, Ovastat) is an alkylating agent and a structural 
analogue of busulfan. It has been established in the 
clinical chemotherapy of human ovarian carcinomas 
for several years and has additionally been shown to be 
effective against xenografted human breast carcinomas. 
No other human carcinoma is yet known to be sensi- 
tive to treosulfan. The present study confirms the pro- 
nounced and significant antitumor activity of treosul- 
fan against heterotransplanted human lung carcinomas 
of both the small-cell and the non-small-cell type. 
Treosulfan reduced the growth of all four small-cell 
lung carcinomas that were investigated in a significant 
manner. It was even more active than equitoxic doses 
of the clinically approved cytostatics ifosfamide, cis- 
platin, and etoposide toward three of them and induced 
long-lasting growth reductions (60-98% of control tu- 
mor size) corresponding to partial and nearly complete 
remissions. In the case of the nine non-small-cell lung 
carcinomas investigated, treosulfan effected significant 
growth inhibition of more than 50%, again in all of 
them, and was more active than the comparative com- 
pounds ifosfamide, mitomycin C, and cisplatin at least 
in one of four epidermoid lung carcinomas, one large- 
cell carcinoma, and one of three lung adenocarcinomas. 
These results are remarkable and unexpected, and the 
present study should be followed rapidly by phase II 
clinical trials of treosulfan against human lung carci- 
nomas of both the small-cell and the non-small-cell type. 
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Introduction 

Treosulfan (L-threitol 1,4-bismethanesulfonate, Ovas- 
tat; Fig. 1) is an antitumor drug that was synthesized 
more than 30 years ago, but it has been characterized 
only insufficiently as far as antitumor properties 
in experimental systems are concerned [5, 6,10, 21, 24]. 
It was analyzed mechanistically during the late 1960s 
and the 1970s and was shown to be a structural ana- 
logue to the alkylator busulfan, but to differ from 
busulfan in its mechanism of biochemical action. It has 
been confirmed that treosulfan is the prodrug of L- 
diepoxybutane and converts non-enzymatically to the 
diepoxide (Fig. 1) via the corresponding monoepoxide 
under physiological conditions. This L-diepoxybutane 
species obviously effects alkylation at the nucleophilic 
centers of biological molecules such as proteins and 
nucleic acids, whereas busulfan alkylates as a primary 
methanesulfonate [6, 7]. 

As early as during the 1970s, treosulfan was intro- 
duced as an alkylating agent into the clinical therapy of 
ovarian carcinomas [8, 13]. It was well tolerated by 
human patients, induced only a negligible impairment 
of the general condition of the patients, and lacked the 
capacity to induce pronounced and troublesome side 
effects such as alopecia or gastrointestinal irritation 
[-1, 2, 8, 13, 14, 22]. Because of its high clinical compati- 
bility combined with its respectable antitumor activity 
in human ovarian carcinomas, treosulfan has proved to 
be especially appropriate for combination with plati- 
num-based cytostatic drugs [2, 4, 14, 18, 19, 22], which 
are highly effective against ovarian carcinomas but are 
burdened by severe and troublesome side effects such as 
nephrotoxicity, gastrointestinal irritation, and hair loss. 
Thus, treosulfan is increasingly replacing the alkylating 
agent cyclophosphamide in platinum-based combina- 
tion regimens for the treatment of ovarian cancer [3, 15]. 

More detailed studies into the spectrum of antitumor 
properties of treosulfan at the preclinical level have 
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Fig. 1 Formula (top) and molecular structure (cen~er, H atoms omit- 
ted) of treosulfan and its main active metabolite in vivo (bottom) 

been done within the past few years. These investiga- 
tions have revealed that the antitumor activity of 
treosulfan is not confined to ovarian carcinomas but 
that the organic compound also induces significant 
growth reduction in human breast carcinomas that 
have been xenografted to athymic mice [-12]. In the 
present study we continued these trials by investigating 
lung carcinomas as another important type of human 
cancer, and we report on the significant growth-inhibit- 
ory activity of treosulfan in human small-cell and non- 
small-cell lung carcinomas. 

Materials and methods 

Antitumor drugs 

Treosulfan (L-threitol 1,4-bismethanesulfonate, Ovastat; medac, 
Hamburg) and the comparative compounds ifosfamide (Holoxan, 
Asta-Werke, Bielefeld), mitomycin C (Mitomycin medac, medac, 
Hamburg), cisplatin [cis-diamminedichloroplatinum(II), Alfa, Kar- 
lsruhe], and etoposide (Vepesid, Bristol Arzncimittel, Miinchen) 
were obtained from the suppliers mentioned above and were han- 
dled according to the instructions of the manufacturers. 

Table 1 Characteristics of the xenografted human lung carcinomas 
investigated in the present study 

Tumor Histopathological Mean doubling Passage 
designation classification time (days) a number b 

LX 1 Small-cell lung 4.2 51-59 
carcinoma 

L 182 5.3 39-51 
L 215 " 7.4 26-35 
H 69 " 11.0 13 

L 3 Lung epidermoid 10.0 21-29 
carcinoma 

L 2917 " 5.2 14-19 
L-Heck 6 " 11.1 10 
L-Heck 8 " 13.0 10, 11 

L 2906 Undifferentiated 9.1 14 16 
large-cell lung 
carcinoma 

L 27 Lung adeno- 6.2 28-44 
carcinoma 

L 261 " 8.0 36-45 
HTB 53 " 5.1 22,23 
CCL 185 " 10.5 11 

aDetcrmined during the phase of exponential growth 
bGiven are the passage numbers when the experiments of the present 
study were performed 

The LX 1 carcinoma represents a human small-cell lung carci- 
noma [20] that is one of the standard tumors of the National Cancer 
Institute (NCI, USA) and is used to evaluate the antitumor potency 
of newly developed cytostatic drugs [9, 231. It has been shown to be 
quite insensitive to established cytostatic drugs [231. The xenografts 
L 182 and L 261 were also used in previous preclinical trials 
concerned with determination of the antitumor activity of estab- 
lished and newly developed cytostatic agents [11, 16]. 

The general characteristics of the human lung carcinomas under 
investigation, such as the histological classification, the mean doubl- 
ing time, and the passage number during the testing experiments, are 
summarized in Table 1. 

Animals 

Human carcinoma strains 

Four small-cell lung carcinomas (LX 1, L 182, L 215, and H 69) and 
nine non-small-cell lung carcinomas (epidermoid carcinomas L 3, 
L 2917, L-Heck 6, and L-Heck 8; large-cell carcinoma L 2906; and 
adenocarcinomas L 27, L 261, HTB 53, and CCL 185) that had been 
serially heterotransplanted into athymic mice were investigated in 
the present study (Table 1). The xenografts L 3, L 27, L 182, L 215, 
and L 261 were generously provided by Dr. J. Mattern (Deutsches 
Krebsforschungszentrum, DKFZ, Heidelberg) in 1987; the small-cell 
lung carcinoma strains LX 1 and H 69, by H. L6hrke (Tumorbank, 
DKFZ, Heidelberg); and the non-small-cell lung carcinomas L 2906 
and L 2917, by Dr. I. Fichtner, Max-Delbriick-Centrum, Berlin- 
Buch. The non-small-cell lung carcinomas HTB 53 and CCL 185 
were received from the American Type Culture Collection (ATCC, 
Rockville, Md., USA). The tumor strains L-Heck 6 and L-Heck 
8 were obtained as surgically removed specimens from Prof. Dr. D. 
Kaiser, Krankenhaus Berlin Zehlendorf, Heckeshorn, and were es- 
tablished as xenografts in our laboratory. 

Male athymic mice (NMRI, nu/nu) were purchased from the Bom- 
holtgard Breeding and Research Centre Ltd. (Ry, Denmark) and 
were kept under a humidified atmosphere at 25-27~ in laminar 
air-flow benches. They obtained food (Altromin) and tap water ad 
libitum. The drinking water was adjusted to pH 2.5 by the addition 
of hydrochloric acid to prevent gastrointestinal infections. Anti- 
biotics were not applied. At the time of transplantation, the animals 
were about 8-12 weeks old and weighed 18-22 g. 

Tumor propagation and drug testing 

For tumor propagation and drug testing, the tumors were removed 
from donor animals when they had reached a size of 3-5 cm 3. They 
were minced mechanically, pressed through injection needles, and 
suspended in equal volumes of Hanks' balanced salt solution. Vol- 
umes of 0.3 ml tumor suspension were then injected subcutaneously 
into the right flank of athymic mice. Thereafter, the animals were 
randomized into control and treated groups, each group consisting 



of 3 5 animals. The day of tumor inoculation was defined as day 0 of 
the experiment. 

Drug application was done when the tumors had reached a size of 
0.4-0.7 cm 3. This volume was attained on days 8-9 (LX i, L 27, 
L 2917), days 10-11 (L 3, L 215, L 261), days 13-14 (L 2906, CCL 
185), day 15 (L 182, L 2906, L-Heck 8, HTB 53), or day 35 (H 69, 
L-Heck 6). Treosulfan, ifosfamide, mitomycin C, and cisplatin were 
applied intraperitoneally in single doses, whereas etoposide was 
given via the same route in a fractionated manner, i.e., as five 
injections every 2 days. The days of drug application are indicated 
by arrows in Figs. 2 4. Except for cisplatin, which was dissolved in 
saline, all cytostatics were dissolved in distilled water immediately 
before injection such that volumes of 0.4-0.5 ml/mouse, corres- 
ponding to 0.02 ml/g body weight, were given. Control animals 
received 0.4 ml of the vehicle fluid only. 

Evaluation of the experiments 

The animals were weighed on the days of drug application and at 2, 
4, 7, 10, 12, 14, 21, and 28 days thereafter, in some cases also at 35 
and 42 days after the last drug injection. At the same days, two 
perpendicular diameters (length, a; breadth, b) of the tumors were 
measured with a graduated caliper. Absotute tumor volumes were 
calculated according to the formula V = a x b2/2. Thereafter, rela- 
tive tumor volumes, expressing the changes in the volume of indi- 
vidual tumors following substance application, were calculated by 
relating the absolute tumor volumes measured on certain days after 
treatment to those determined on the (first) day of drug injection. 
Within all experimental and control groups, mean values ( _+ SD) for 
the relative tumor volume were then calculated for the different days. 
Treated/control (T/C) values were obtained by determining the 
quotient 

Mean relative tumor volume of treated tumors 

Mean relative tumor volume of control tumors 
x 100%. 

Growth inhibition, expressed as a percentage of control tumor size, 
was then calculated as 100% - T/C. 
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Results 

The  13 lung ca rc inomas  invest igated in the present  
s tudy  differed f rom one ano the r  no t  on ly  in his tological  
type, bu t  also in their m e a n  doub l ing  t ime and  their 
passage n u m b e r  in nude  mice when  the test ing experi- 
ments  were pe r fo rmed  (Table 1). There  were b o t h  
xenograf ts  of  high passage  n u m b e r  tha t  general ly pro-  
liferated rapid ly  with a shor t  doub l ing  time, such as the 
LX 1 and  L 182 tumors ,  and  xenograf ts  of  low passage  
n u m b e r  tha t  generally grew slower, such as the L -Heck  6 
and  L - H e c k  8 carc inomas .  The  m e a n  doub l ing  times 
ranged  f rom 4.2 days  in the case o f  the LX 1 t u m o r  to 
11.1 and  13.0 days  for the L - H e c k  6 and  L - H e c k - 8  
xenograf ts  respectively (Table 1). All five cytosta t ics  
invest igated were appl ied on  op t imal  dose  schedules,  
i.e., ei ther in single doses or, in the case of  e toposide,  in 
five f l 'act ionated doses. T h e y  were given at sublethal  
equi toxic  dose levels, the highest  dose being a b o u t  2 0 % 
smaller  t h a n  the dose tha t  was lethal to 20% of  the 
mice of  the same strain (LD20). At  the highest  dose level 
applied,  the animals  lost a b o u t  1 0 - 2 0 %  of  their initial 
b o d y  weight  wi thin  8 days  of  d r u g  injection. At the dose  
level benea th  tha t  the b o d y  weight  remained  un-  
changed  for 4 - 6  days  after subs tance  appl ica t ion  and  
increased con t inuous ly  thereafter,  whereas  at lower  
doses the weight  deve lopmen t  of  t rea ted  animals  did 
no t  differ f rom tha t  o f  con t ro l  an imals  tha t  had  re- 
ceived the vehicle fluid on ly  (wi thout  d rug  addition).  

The  results of  the test ing exper iments  with t reosul-  
fan, ifosfamide, cisplatin, and  e topos ide  at equi toxic  
dose levels in xenograf ted  h u m a n  small-cell lung 
ca rc inomas  are s u m m a r i z e d  in Tab le  2. The  g r o w t h  

Table 2 Growth inhibition ~ effected by treosulfan and comparative compounds in human small-cell lung carcinomas heterotransplanted to 
athymic mice (ND Not determined) 

Small-cell lung carcinomas 
Drug Dose b LX 1 H 69 L 182 L 215 

(mg/kg) day7 day 14 day 21 day7 day 14 day 21 day7 day 14 day 21 day7 day 14 day 21 

Treosulfan 1 x2,500 57 45 - 37 24 25 81 79 48 39 38 28 
1 x 3,000 58 43 - 37 64 71 90 92 85 60 70 68 
1 x 3,500 54 55 - 25 51 60 93 98 98 65 70 69 

Ifosfamide 1 x 200 0 7 5 57 47 0 0 11 25 
1 x 300 26 24 22 ND 76 76 70 0 21 40 
1 x 400 21 48 38 81 82 65 12 44 45 

Cisplatin 1 x 6 6 5 40 27 32 35 42 59 39 
1 x 9 40 30 19 ND 54 50 53 44 55 43 
1 x 12 33 20 5 75 64 62 38 47 32 

Etoposide 5 x 5 0 0 0 6 12 29 0 0 0 
5 x 10 0 0 0 ND 42 15 31 14 1 9 
5 x 15 0 0 19 48 56 66 16 0 0 

"The parameter evaluated is the tumor growth inhibition expressed as a percentage of control tumor size and calculated as 100% - T/C. The 
values determined on days 7, 14, and 21 after the last substance application are indicated. Growth inhibition values of _> 50% (boldface) are 
significant 
bThe doses investigated correspond to equitoxic dose levels. Treosulfan, ifosfamide, and cisplatin were applied in single doses; the etoposide 
dose was fractionated into five doses given every other day (q2d x 5 regimen) 
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development of the L 182 and L 215 tumors under 
treatment with the two higher doses of treosulfan and 
the comparative compounds (only in the case of L 182) 
are illustrated in Figs. 2 and 3. A significant growth 
inhibition of more than 50% was observed after admin- 
istration of treosulfan in the case of all four small-cell 
lung carcinomas. In the H 69 and L 215 xenografts, 
treosulfan reduced the tumor growth by about 70%; in 
the L 182 xenograft it achieved a growth reduction of 
90-98%. This means that the mean size of the treated 
tumors amounted to about 30% (H 69, L 215) or 
2-10% (L 182) of the size of untreated control tumors. 
There was an absolute reduction in the initial tumor 
size (1.0) of more than 50% to a relative tumor volume 
of 0.5 and 0.4 within 6-14 days of the application of 
treosulfan to the L 215 and H 69 xenografts and an 
absolute reduction of more than 90% to a relative 
tumor volume of 0.1 and even less in the case of the 
L 182 xenograft. 

In a comparison of these results with the growth 
development of the small-cell lung carcinomas LX 1, 
L 182, and L 215 under the influence of the clinically 
established cytostatic drugs ifosfamide, cisplatin, and 
etoposide, these compounds were clearly less effective 
than treosulfan and induced a significant growth inhi- 
bition of more than 50% in the case of just two of three 
(cisplatin) or one of three (ifosfamide, etoposide) xeno- 
grafts (Table 2; also see Table 5). In addition to this, the 
effects of these drugs on growth reduction were smaller, 
even in the case of the more sensitive xenografts, 
amounting to only 60% (L 215, cisplatin), 60-65% 
(L 182, cisplatin and etoposide), and 80-82% (L 182, 
ifosfamide), respectively (Table 2). This means that in 
the case of the three small-cell lung xenografts LX 1, 
L 182, and L 215, treosulfan was clearly more active 
than the reference compounds ifosfamide, cisplatin, and 
etoposide both when the mean values for growth inhi- 
bition (Table 2; also see Table 5) and when the tumor 
volume of individual xenografts (Figs. 2, 3) were con- 
sidered. 

Non-small-cell lung carcinomas are a quite hetero- 
genous group of carcinomas with respect to their his- 
tological classification. They are represented by either 
epidermoid carcinomas, large-cell carcinomas, or ade- 
nocarcinomas, all of them being derived from the bron- 
chial epithelium. All three subtypes of non-small-cell 
lung carcinomas were investigated in the present study, 
the epidermoid carcinoma type being represented by 
the four xenografts L 3, L 2917, L-Heck 6, and L-Heck 8, 
the large-cell carcinoma type, by the L 2906 xenograft; 
and the adenocarcinoma type, by the four tumors L 27, 
L 261, HTB 53, and CCL 185. All these xenografts were 
treated with treosulfan, and most of them were addi- 
tionally treated with equitoxic doses of the comparative 
compounds ifosfamide, mitomycin C, and cisplatin. 

In the case of epidermoid lung carcinomas, treosul- 
fan effected a significant growth inhibition of more than 
50% in all four xenografts investigated, whereby the 

recently established xenograft L-Heck 6 was the most 
sensitive one. It was inhibited in growth by treosulfan 
by more than 90% in comparison with control tumors 
(Table 3; also see Table 5). The analysis of the develop- 
ment of individual tumor growth showed an absolute 
growth reduction of more than 80% in relation to 
the initial value of 1.0 ]'or relative tumor volume to 
less than 0.2 on days 14-28 after the application of 
3,500 mg/kg treosulfan (Fig. 3). The comparison with 
other clinically established cytostatic drugs, which were 
applied at equitoxic dose levels, confirmed that only 
mitomycin C was more effective than treosulfan in the 
xenografts L 3, L 2917, and L-Heck 8 but not in the 
L-Heck 6 tumor (Table 3; also see Table 5). 

Regarding the large-cell lung carcinoma L 2906, the 
only one of this histological type that was investigated 
in the present study, it was more sensitive to treosulfan 
than to the comparative compounds ifosfamide and 
cisplatin, whereas mitomycin C effected a similar 
growth reduction. Both treosulfan and mitomycin C in- 
duced a remarkable growth inhibition of 80 89% 
(Table 4), corresponding to absolute diminutions in the 
initial tumor volume (1.0) of 70-80% to relative tumor 
volumes of 0.3-0.2 within 1~14 days of drug applica- 
tion (Fig. 3); ifosfamide inhibited the tumor growth by 
only 50 60% to relative tumor volumes of 0.6-0.5; and 
cisplatin was totally inactive (Table 4). 

A third and clinically important type of non-small- 
cell lung carcinoma is reflected in adenocarcinomas, 
represented by the xenografts L 27, L 261, HTB 53, and 
CCL 185. All four xenografts were inhibited signifi- 
cantly by more than 50% of control tumor size by 
intraperitoneal single-dose application of treosulfan at 
higher dose levels (Table 4). Pronounced growth reduc- 
tion of more than 80-90% was observed with treosul- 
fan, especially in the L 261 tumor (Table 4, Fig. 4), the 
long-term growth reduction effected by treosulfan in 
this xenograft clearly surpassing that of ifosfamide, 
mitomycin C, and cisplatin (Table 4, Fig. 4). On the 
other hand, regarding the adenocarcinoma xenografts 
L 27 and HTB 53, treosulfan was certainly active and 
inhibited the tumor growth by more than 50%; the 
comparative compound mitomycin C, however, was 
more effective at least in one (L 27) of the two xeno- 
grafts (Tables 4, 5). 

Table 5 summarizes the results of the antitumor 
testing experiments, obtained with treosulfan and the 
comparative compounds ifosfamide, mitomycin C, 
cisplatin, and etoposide in human small-cell and 
non-small-cell lung carcinomas. It documents that 
treosulfan is highly active both in small-cell and in 
most non-small-cell lung carcinomas investigated in 
the present study, whereby the growth inhibition in- 
duced by treosulfan clearly surpassed the growth re- 
ductions caused by most of the comparative cytostatic 
drugs, all of which have been approved as cytostatic 
drugs in the clinical therapy of human lung carcinomas 
(Table 5). 
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Fig. 2 Growth development of 
the xenografted human small- 
cell lung carcinoma L 182 
growing in the 39th, 51st, 42rid, 
and 48th passage, respectively, 
and treated with equitoxic doses 
of treosulfan, ifosfamide, 
cisplatin, and etoposide applied 
in a single dose or in 
5 fractionated doses (arrows), 
respectively. The graphs show 
the growth curves generated for 
individual tumors (Ordinate 
Tumor volume related to the 
volume measured on the [first] 
day of drug administration; 
crosses ~, deaths occurring 
during the experimental period) 
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Fig. 3 Growth development of the xenografted human small-cell 
lung carcinoma L 215 in the 28 m passage (top), the epidermoid lung 
carcinoma L-Heck 6 in the 10 t~' passage (center), and the undifferen- 
tiated large-cell lung carcinoma L 2906 in the 14 th passage (bottom) 
after single-dose application of treosulfan. Further details are ex- 
plained in the legend of Fig. 4. (crosses*, Deaths occurring during the 
experimental period) 

Discussion 

Although treosulfan was synthesized as a chemical 
compound and recognized to be cytostatically active 

more than 30 years ago [10, 24], it has thus far been 
introduced into clinical chemotherapy only in the 
case of advanced ovarian carcinoma and is increasingly 
being combined with cisplatin or carboplatin instead 
of other alkylating agents such as cyclophosphamide 
for the treatment of ovarian cancer [2-4, 8, 13, 18, 
19, 221. Moreover, since treosulfan does not show 
significant cross-resistance to cisplatin in cisplatin- 
resistant sublines of human ovarian carcinoma cell 
lines (Harstrick, personal communication), it should 
be considered as a "second-line" drug to be applied 
to patients with advanced ovarian carcinomas 
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Table 3 Growth inhibition a effected by treosulfan and comparative compounds in human epidermoid lung carcinomas heterotransplanted 
to athymic mice 

E p i d e r m o i d  lung  c a r c i n o m a s  

Drug Dose b L 3 L 2917 L-Heck 6 L-Heck 8 
(mg/kg) day 7 day 14 day 21 day 7 day 14 day 21 day 7 d14 day 21 day 7 day 14 day 21 

Treosulfan 1 x 2,500 23 45 55 30 32 30 55 58 68 3i 62 62 
1 x 3,000 23 30 46 53 63 62 52 68 81 22 55 58 
! x 3,500 31 55 60 60 69 61 63 84 96 17 52 69 

1 x 200 0 12 17 45 65 55 10 0 0 0 0 0 
1 x 300 9 19 25 43 76 69 0 0 0 18 22 12 
1 x 400 27 31 25 63 80 80 25 29 26 19 34 30 

1 x 6 38 48 55 52 77 67 42 74 89 64 93 94 
1 x 8 50 61 73 62 92 87 53 76 85 68 93 97 
1 x 10 41 67 76 66 94 93 64 72 80 73 97 99 

1 x 6 0 0 0 38 60 - 16 36 26 30 29 39 
1 x 9 0 0 0 31 58 - 24 46 44 39 46 51 
1 x 12 32 19 14 46 71 - 52 75 80 57 66 70 

Ifosfamide 

Mitomycin C 

Cisplatin 

aThe parameter evaluated is the tumor growth inhibition expressed as a percentage of control tumor size and calculated as 100% - T/C. The 
values determined on days 7, 14, and 21 after the last substance application are indicated. Growth inhibition values of >_ 50% (boldface) are 
significant 
bThe doses investigated correspond to equitoxic dose levels. All compounds were applied in single doses 

Table 4 Growth inhibition a effected by treosulfan and comparative compounds in some non-small-cell lung carcinomas heterotransplanted to 
athymic mice 

Drug Dose b Undifferentiated Lung adenocarc inomas  
(mg/kg) large-cell lung 

carc inoma 
L 2906 L 27 L 261 HTB 53 CCL 185 
day7 day 14 day 21 day7 day 14 day 21 day7 day 14 day 21 day7 day 14 day 21 day7 day 14 day 21 

Treosulfan 1 x2,500 42 79 71 42 50 27 57 71 76 29 43 43 47 55 65 
1 x 3,000 40 77 73 40 40 25 60 76 88 35 49 51 53 55 55 
1 x 3,500 52 79 86 52 53 34 69 83 92 59 61 61 60 77 75 

Ifosfamide l x 200 33 38 48 5 0 0 52 62 57 52 59 71 12 17 7 
1 x 300 38 55 60 15 0 0 48 60 58 48 60 75 10 0 0 
1 • 400 32 37 52 25 32 0 57 62 60 58 66 77 7 0 0 

MitomycinC 1 x 6 36 73 79 56 74 66 63 76 54 30 33 - 29 34 40 
1 • 8 45 78 76 57 65 68 79 84 84 26 40 - 27 54 50 
1 x 10 36 78 79 69 90 98 68 74 64 30 30 - 50 40 57 

Cisplafin 1 x 6 0 0 0 32 0 0 16 3 4 0 2 37 32 32 36 
1 x 9 0 0 0 32 13 1 61 59 63 18 25 38 53 56 68 
1 x 12 11 12 12 43 31 0 67 64 61 41 46 49 68 74 70 

aThe parameter evaluated is the tumor growth inhibition expressed as a percentage of controi tumor size and calculated as 100% - T/C. The values 
determined on days 7, 14, and 21 after the last substance application are indicated. Growth inhibition values of >_ 50% (boldface) are significant 
bThe doses investigated correspond to equitoxic dose levels. All compounds were applied in single doses 

after the failure of "first-line" therapy regimens with 
cisplatin [17]. 

Recent experimental investigations have confirmed 
that beyond this, treosulfan effec~Ls pronounced anti- 
tumor activity in human breast carcinomas that have 
been heterotransplanted to athym~c mice, whereby the 
growth inhibition observed in most of the investigated 
breast carcinoma xenografts has clearly surpassed the 
growth regressions induced by the alkylator cyclophos- 
phamide and the intercalator doxorubicin hydrochlo- 

ride [12]. Since treosulfan is characterized by a clinical 
compatibility much higher than that of other alkylating 
cytostatics and since it lacks the capacity to induce 
severe and troublesome side effects such as gastrointes- 
tinal irritation and alopecia and does not impair the 
patients' general condition to a mentionable extent 
[1-3, 14, 19, 22], clinical trials should be initiated in which 
cyclophosphamide and other alkylators are replaced by 
treosulfan in chemotherapeutic regimens for the clinical 
treatment of hormone-independent breast carcinomas. 
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Fig. 4 Growth development of 
the xenografted human lung 
adenocarcinoma L 261 growing 
in the 41st, 36th, 39th, and 45th 
passage, respectively, and 
treated with single and equitoxic 
doses of treosulfan, ifosfamide, 
mitomycin C, and cisplatin, 
respectively. The graphs show 
the growth curves generated for 
individual tumors. (Arrows Day 
of drug application, ordinate 
tumor volume related to the 
volume measured on the day of 
drug administration, crosses ~, 
deaths occurring during the 
experimental period) 
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Table 5 Survey of the maximal 
growth inhibition ~ effected by 
treosulfan and comparative 
compounds b in xenografted 
human lung carcinomas (ND 
Not determined) 
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Treosulfan Ifosfamide MitomycinC Cisplatin Etoposide 

Small-cell 
carcinomas: 
LX 1 + (+)  ND (+)  
H 69 + + ND ND ND ND 
L 1 8 2  + + + + +  + + +  ND + + +  + +  
L 215 + +  (+)  ND + 

Epidermoid 
carcinomas: 
L 3 + (+)  + + +  - ND 
L 2917 + +  + + +  + + + + +  + +  ND 
L-Heck 6 + + + + +  (+)  + + + +  + + +  ND 
L-Heck 8 + +  (+)  + + + + +  + +  ND 

Undifferentiated 
large-cell carcinomas: 
L 2906 + + + +  + + + + +  - ND 

Adenocarcinomas: 
L 27 + - + + + + +  (+)  ND 
L 261 + + + + +  + +  + + + +  + +  ND 
HTB 53 + + + +  (+)  (+)  ND 
CCL 185 + + +  - + + + +  ND 

aThe parameter evaluated was growth inhibition in comparison with untreated control tumors. 
Key: + + + + + ,  inhibition by more than 90%; + + + + ,  inhibition by 80-90%; 
+ + + ,  inhibition by 70-80%; + + ,  inhibition by 60 70%; + ,  inhibition by 5(~60%; 

( + ), inhibition by 25-50% (minor response); -, inhibition by less than 25% (no effect) 
bTreosulfan, ifosfamide, mitomycin C, and cisplatin were applied in single doses; etoposide was 
injected in 5 fractionated doses according to the q2d x 5 regimen 

In the present study, a strong growth-inhibitory ac- 
tivity was confirmed for treosulfan in most of the inves- 
tigated xenografted human lung carcinomas of both 
the small-cell and the non-small-cell type. Treosulfan 
proved to be even more active than cisplatin or etopo- 
side at equitoxic doses in three of four small-cell lung 
carcinomas, the fourth one having thus far been treated 
only with treosulfan, not with the comparative com- 
pounds. Against non-small-cell lung carcinomas, 
treosulfan was significantly more effective than ifosfam- 
ide, mitomycin C, or cisplatin, at least in the case of 
three of nine xenografts (one of four epidermoid carci- 
nomas, one large-cell carcinoma, and one of four aden- 
ocarcinomas). This antitumor activity of treosulfan 
against human small-cell and non-small-cell lung carci- 
nomas is remarkable and highly surpasses the expecta- 
tions for a compound that has been known as a cytos- 
tatic drug for more than 30 years [24] and has been 
used clinically against the quite limited spectrum of just 
one type of human carcinoma for many years [2, 14, 
18]. Since the growth-inhibitory activity of treosulfan 
against heterotransplanted human lung carcinomas is 
comparable to or even higher than that of clinically 
approved, standard chemotherapeutic drugs, phase II 
clinical trials should rapidly follow to investigate the 
clinical activity of treosulfan in both small-cell and 
non-small-cell lung carcinomas. In case the antitumor 
activity should be confirmed under clinical conditions, 
treosulfan should be introduced into poly- 
chemotherapeutic regimens for the treatment of human 

lung cancer and substitute for other alkylating agents. 
This would be favored especially by the proven low 
subjective toxicity and good clinical compatibility in 
human patients of treosulfan in comparison with other 
alkylating antitumor drugs [1-3, 14, 18, 19]. 

In the present study, treosulfan was applied by single 
intraperitoneal injection. In this connection it is worth 
mentioning that recent experimental studies with 
athymic mice bearing the breast carcinomas MDA-MB 
436 and M 3 confirmed that after intravenous applica- 
tion of single doses of treosulfan, the growth regres- 
sions were as pronounced as those seen after in- 
traperitoneal administration of the drug (K6pf-Maier, 
unpublished results), whereby optimal growth inhibi- 
tion was observed after intravenous treatment with 
single doses of 250 500 mg/kg treosulfan. Since the 
first toxic deaths did not occur until the administration 
of doses higher than 3,000 mg/kg, a therapeutic index 
(T.I., LDso/EDgo) of 16 was determined after intra- 
venous administration of treosulfan to tumor-bearing 
athymic mice (Fig. 5). In the case of cyclophosphamide 
applied intravenously under the same conditions, the 
T.I. value was found to amount to 13 (Fig. 5), thus 
being a little lower than that of treosulfan (K6pf-Maier, 
unpublished results). 

In this connection it should be mentioned that the 
dose-limiting toxicity of treosulfan in both animals and 
human patients has been found to be hematoxicity and 
that the counts of leukocytes and thrombocytes drop 
markedly (WHO grades 1-3) within 3 weeks of the 
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graphs, squares) relationships of treosulfan and cyclophosphamide. 
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application of doses higher than 7 g/m 2 in human pa- 
tients [4, 13, 17]. Although no mentionable additional 
organ toxicity is observed after the administration 
of treosulfan, this side effect actually limits the possi- 
bilities of combining treosulfan with other organic 
cytostatic drugs in clinical polychemotherapeutic regi- 
mens, since most other organic cytostatics similarly 
induce hematoxicity as their main and dose-limiting 
side effect. Thus, a phase I clinical study is currently 
under way with the aim of investigating whether the 
combination of treosulfan with G-CSF (granulocyte 
colony-stimulating factor) might reduce the hematoxic- 
ity caused by treosulfan, which would allow a further 
increase in the dose of treosulfan in human patients and 
facilitate the combination of treosulfan with other or- 
ganic cytostatic drugs. A positive result of this study 
would be especially beneficial with respect to the clini- 
cal chemotherapy of human lung carcinomas of both 
the small-cell and the non-small-cell type with treosul- 
fan combined with other organic cytostatic drugs. 
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