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Summary. Fotemustine is a highly reactive chloroethyl- 
nitrosourea anti-tumor drug that is currently undergoing 
phase III clinical trials in stage IV metastatic malignant 
melanoma. The drug is a potent alkylating agent and rapid- 
ly chloroethylates the active sites of the important thio- 
proteins thioredoxin reductase (TR), glutathione reductase 
(GR) and ribonucleotide reductase (RR). These enzymes 
control ribonucleotide reduction and, consequently, DNA 
synthesis in the S phase of the cell cycle. Side effects are 
minor due to the rapid metabolism of the drug. [14C]- 
Fotemustine exhibited a half-life of 90 rain in the vascular 
system after the administration of 100 mg/m2. Fotemustine 
was shown to yield the volatile degradation product acety- 
lene (a) in distilled water (4.1%/h), (b) in melanoma cell 
culture medium (MCDB) supplemented with 10% fetal 
calf serum (33%/h) and (c ) in  fotemustine-sensitive 
human melanoma cells in culture medium (70.5%/h). Due 
to its rapid metabolism and its low toxicity, high concen- 
trations of fotemustine (55 x 10-3 M) were injected directly 
into cutaneous and subcutaneous melanoma metastases 
(n = 36) of seven patiemts, resulting in minor necrosis fol- 
lowed by total remission of the metastases. Untreated me- 
tastases adjacent to the treated tumors were not affected by 
fotemustine, confirming that rapid local metabolism of this 
drug occurs only in the vicinity of injected tumors without 
producing any systemic effects. 
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Fig. 1. a Mass spec~:ometry of the volatile reaction product of the degra- 
dation of fotemustine (0.58 x 10 .3 M) in solution. The molecular ion has 
a mass of 26 [C2H2 (acetylene) = 26]. b Acetylene production as deter- 
mined by quantitative gas chromatography based on a calibration of the 
peak height with C2H2 at a 31-s retention time 

Introduction 

Fotemustine is a novel chloroethylnitrosourea containing a 
diethylphosphonium group attached to an alanine residue 
as its non-polar constituent. The presence of the diethyl- 
phosphonium group enables rapid transport of the drug 
into all organs due to excellent penetration of the blood- 
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brain barrier [1]. Recent preclinical studies using 
fotemustine have established that its principal mechanism 
of action involves alkylation of the thiolate-active sites of 
thioredoxin reductase (TR), ribonucleotide reductase (RR) 
and glutathione reductase (GR) to form chloroethyl- 
thi@ether-enzyme inhibitor complexes [6]. 

TR purified from human metastatic melanoma tissue 
has been shown to be 500 times more sensitive than GR to 
fotemustine [6]. Melanomas from patients responding to 
TR contained high amounts of TR and low levels of GR, 
whereas resistant tumors were found to contain high 
amounts of GR and low levels of TR [5]. Since TR and GR 
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Fig. 2 a - e .  This 22-year-old man presented with an ulcerated nodular 
malignant melanoma (Clark V, Breslow 6.3 mm) on the left lower leg and 
was admitted in October 1988 for surgical excision (diameter, 5 cm). The 
first intransit metastasis appeared in July 1989. The patient refused 
hyperthermic perfusion. In May 1990, he developed two in loco metasta- 

ses in the vicinity of the old scars, and these were treated with 
fotemustine, a Two epicutaneous metastases on the old scars, b Metasta- 
ses at days after the injection of fotemustine (55 x 10 -3 M). C The result of 
local fotemustine therapy in November 1990 (lower port: close-up): The 
patient did not develop any new metastases for 10 months 

Table 1. Stability of fotemustine in solution a 

Conditions 

% Acetylene 
derived from 
fotemustine/h 

Distilled water 4.1 

Serum-free MCDB culture medium 6.3 

MCDB culture medium with 10% fetal calf serum 33 

Human keratinocytes (106 ceils) in serum-free MCDB 12 

Human melanocytes (106 ceils) in 0.5% fetal 
calf serum 58 

Fotemustine-resistant melanoma cells ( 106 cells, 
Cal 7) in 10% fetal calf serum 31.3 

Fotemustine-sensitive melanoma cells (106 cells, 
Cal 1) in 10% fetal calf serum 70.5 

a Acetylene production was measured as described in Patients and 
methods 

represent  al ternate e lect ron donors  for r ibonucleo t ide  re- 
duct ion v ia  R R  in the S phase  o f  the cell  cycle,  it  appears  
that  this metabo l ic  d i f ference  may  wel l  de te rmine  the 
success or  fai lure o f  fo temust ine  mono the rapy  [3, 5]. A 
cl inical  trial carr ied out  in 19 patients present ing with met-  
astatic m e l a n o m a  (cl inical  s tage IV according  to the 1987 
U I C C  class i f ica t ion  system) y ie lded  a 47% response  rate 
using a modi f i ca t ion  o f  the E O R T C  pro tocol  (conf idence  
l imit ,  95%; range,  2 4 - 7 1 % ) .  Modi f ica t ions  invo lved  a 
rap id  infusion using f resh ly  disso lved  fo temust ine  and a 
reduct ion in the rest per iod  f rom 5 to 3 weeks  [4, 7]. 

Since  TR, G R  and RR can be  inhibi ted  by  different  
concentra t ions  o f  the drug, the ra t ionale  for  the present  
s tudy was to fo l low in detai l  the degrada t ion  o f  fo temust ine  
under  a var ie ty  of  condi t ions  wi th  a v iew toward  proving  
the eff icacy o f  direct  inject ions o f  high concentra t ions  of  
the drug into cutaneous and subcutaneous metastases .  
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Fig. 3 a -d .  This 54-year-old woman presented with nodular malignant 
melanoma (high risk) associated with lung metastases and multiple cu- 
taneous metastases on the left lower extremity, a A metastasis treated 
with fotemustine (arrow), and an adjacent untreated tumor, b Response 

to fotemustine after 2 days. e Response after 9 days. d Response after 
14 days. The untreated tumor increased in size; whereas complete remis- 
sion of the treated metastasis was achieved 

Patients and methods 

Fotemustine was obtained from Servier Company (Prois, France) [2]. All 
other reagents were supplied by Sigma Chemical Company (St. Louis, 
Mo., USA). 

Gas chromatography. Experiments to determine the stability of 
fotemustine were conducted in 3 ml sealed serum vials. Reactions were 
conducted in 1 ml solutions containing 0.58 • 10 -3 M fotemustine. The 
gas volume in the sealed serum vials was 2 ml. In all, 40 l~l, gas was 
injected into a Hach-Carle AGC- 100 gas chromatograph (150 ~ C isother- 
mal) using N2 as the gas carrier at a flow rate of 30 ml/min for flame 
ionization detection (FID). The major volatile product was acetylene 
(retention time, 31 s). The structure of the gaseous product was deter- 
mined by mass spectrometry (Fig. 1). 

Patients and treatment protocol. Seven patients (four men and three 
women: mean age, 52.7 years; range, 22-67 years) presenting with 
metastasized melanoma of clinical stage H-IV (according to the 1987 
UICC classification system) were selected for the protocol. All patients 
exhibited cutaneous or subcutaneous metastases and received no other 
treatment during the observation period. Individual tumors were injected 
every 30 min for 2-3 consecutive h with 55 x 10 -3 M fotemustine. The 
drug was fleshly dissolved in 0.1 ml ethanol (95%) and then diluted with 
physiological saline to a volume of 2 ml. Aliquots were injected directly 
into and below the tumors. The follow-up included a weekly control 
using photographs. In three cases, biopsies were taken to assess file 
vitality of the tumor. 

Histology. Biopsies of the injected tumor were taken at 21 days after 
medical treatment following local anesthesia with xylocaine. Both H&E 
and S100 staining were used. 

Results 

The stability of fotemustine in solution could be assessed 
by measur ing the volati l ization of acetylene f r o m  the drug 
using quanti tat ive gas chromatography. The degradation 
rates of fotemustine/h were determined for a 0.58 x 10-3 M 
solution (a) in distilled water, (b) in MCDB cell culture 
med ium in the presence and absence of 10% fetal calf  
serum, (c) in serum-free cultures of human  keratinocytes, 
(d) in cultures of human  melanocytes supplemented with 
0.5% fetal calf serum and (e) in fotemustine-sensit ive 
(Cal 1) and -resistant (Cal 7) human  melanoma cell lines in 
MCDB supplemented with 10% fetal calf  serum. Previous 
investigations had established that the resistance of Cal 7 
cells to fotemustine was based on low rates obtained for the 
transport of  and reactivity with 14C-labelled drug as com- 
pared with those found for fotemustine-sensit ive (Cal 1) 
cells [5]. The results of  this study on fo temust ine ' s  stability 
are presented in Table 1. Based on our knowledge of the 
instabil i ty of fotemustine,  it was anticipated that successful 
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Fig. 4 a, b. Histologic examination 
of punch biopsies taken at 
a 4 weeks and b 6 weeks after treat- 
ment with fotemustine, a Total ne- 
crosis with a homogeneous 
eosinophJlic mass, whereby the 
cells can be recognized only as 
shadows, b Detailed view, whereby 
some pigment from the tumor cells 
remains recognizable but cell struc- 
tures are not visible 

chemotherapy with this drug required its fresh preparation 
followed by its rapid infusion into patients so as to deliver 
an effective dose to the melanoma metastases. In addition, 
the biochemical mechanism of action of fotemustine indi- 
cated that the direct delivery of high concentrations of the 
drug to the tumor would have to be 100% effective. 

Based on this rationale, 7 patients exhibiting 36 cu- 
taneous or subcutaneous metastases were selected for local 
injections of fotemustine (55 x 10 .3 M) directly into and 
below the tumors. Figure 2 shows the results obtained in 
one of these patients, who experienced some necrosis fol- 
lowed by complete remission of the metastases as shown 
by subsequent histologic examination (Fig. 3). However, 
the reactivity and degradation of fotemustine was limited 

to the zone of injection in each metastasis. Figure 4 shows 
two adjacent metastases; one was injected with 
fotemustine and the other was left untreated over a period 
of 2 weeks. Total remission of the injected tumor left little 
scarring, whereas the untreated metastasis continued to 
increase in size. 

Discussion 

The results of the present study demonstrate that the ad- 
ministration of fotemustine directly into cutaneous and 
subcutaneous melanoma metastases provides effective pal- 
liative treatment and good cosmetic results. The technique 
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is s imple  and was wel l  to lera ted by  the patients wi thout  
affect ing their  qual i ty  of  life. Al l  metas tases  (diameter ,  
0 . 5 - 1  cm) injected with fotemust ine  showed 100% remis-  
s ion as de te rmined  by  s tandard h is to logic  procedures .  No  
sys temic  side effects were caused by  cutaneous or  subcu- 
taneous inject ion of  the drug. This local  t rea tment  could  be 
ra t ional ized only  on the basis  of  the prec l in ica l  studies of  
fo temus t ine ' s  instabi l i ty ,  o f  its lack  of  toxici ty,  and of  a 
deta i led  unders tanding  o f  the mechan i sm of  act ion o f  the 
drug [3, 5, 6]. The method  descr ibed  provides  a new mode  
of  pa l l ia t ive  t rea tment  of  specia l  cases o f  me lanoma  exhib-  
i t ing recurrent  cutaneous metastases .  Our  results  also indi-  
ca ted that this t reatment  should be  l imi ted  to metastases  
that measure  ~< 1 c m  in d iameter  so as to avoid  major  
necrosis  and compl ica t ions  during the hea l ing  process.  In 
our exper ience,  pat ients  have  favored  this p rocedure  over  
surgical  and c ryosurg ica l  in tervent ion due to the minor  
d i scomfor t  invo lved  and the cosmet ica l ly  sat isfactory re- 
sults. 
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