
Abstract. Background: In a previous phase I clinical trial
of dietary methionine (MET) restriction with cystemustine
treatment for melanoma or glioma, we determined the
optimal MET-free diet duration to be 1 day. On this  basis, a
phase II clinical trial was initiated to evaluate safety and
efficacy of this combination. Patients and methods: Twenty-
two patients (20 with metastatic melanoma and 2 with
recurrent gloma) received a median of 4 cycles of the
association of a 1-day MET-free diet with cystemustine (60
mg/m2) every two weeks. Results: This association was well
tolerated (toxicity and nutritional status). Toxicity remained
mainly hematological and consisted of WHO grade 3-4
thrombocytopenia, leucopenia and neutropenia in 36, 27 and
27% of patients respectively. The median disease-free survival
was 1.8 months and the median survival was 4.6 months, with
2 long-duration stabilizations. The plasmatic MET depletion
obtained was of 40±31%.

Among the few effective chemotherapy agents used in the
treatment of glioma and melanoma, chloroethylnitrosoureas
(CENUs), such as carmustine (BCNU), fotemustine, nimustine
(ACNU) and cystemustine, have documented activity in
metastatic malignant melanoma and in recurrent glioma, with

an objective response rate of 10-25% (1-4). However, their
clinical usefulness has been limited both by their toxicity and
chemoresistance mainly due to the ‘suicide’ DNA repair
protein O6-methylguanine-methyltransferase (MGMT) (5). 

In contrast with normal cells, studies have revealed that
numerous human tumor cells are characterized by their
methionine (MET) dependency (6-9). This metabolic
difference has been extensively studied and offers interesting
perspectives for targeting tumor cells (10). MET depletion
induces many modifications in tumor cells, including cell
arrest in the S and G2 phases of the cell cycle, apoptosis,
decrease of glutathione (GSH) content and reduced activity
of MGMT (11, 12).

Furthermore, since the alterations induced by MET
restriction may sensitize tumors to alkylating agents,
numerous preclinical studies have tested the association of
MET restriction and CENUs. These studies have
demonstrated that MET depletion substantially improves the
therapeutic index of CENUs (11-14). The combination of
MET stress and CENU treatment increases sensitivity to
BCNU and cystemustine in human brain tumors xenografted
into athymic mice and in B16 melanoma tumors grafted into
syngenic mice, respectively (12, 14). 

To evaluate the potential synergistic effect of the
association of MET restriction and nitrosourea treatment in
cancer patients, first we carried out a phase I clinical trial of
dietary MET restriction with cystemustine in 10 patients
(metastatic melanoma or recurrent glioma) to determine the
optimal duration of the MET-free diet. With a good tolerance
of the association (acceptability of the diet, nutritional
status), the optimal plasmatic MET depletion (41%) was
obtained on the first day of the diet (15). 
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Based on these results, we then initiated a phase II clinical
trial. The aim of the current study was to estimate the safety
of the association of a 1-day dietary MET restriction with
cystemustine therapy (toxicity and nutritional status) and its
activity, defined by the determination of the response rate
and the median survival. The plasma MET depletion was
also explored.

Patients and Methods

Patients. Patients presenting with histological proof of metastatic
melanoma or recurrent high-grade glioma were enrolled in this study.
Eligibility criteria included at least one measurable metastatic lesion as
evaluated by gadolinium-enhanced magnetic resonance imaging (MRI)
or computed tomography (CT) scan, an estimated life expectancy of ≥2
months, a World Health Organization (WHO) performance status of 0-
2, and age >18 years. Patients with comorbidity factors that required
dietary restriction (i.e. diabetes, celiac disease) or who were unable to
meet nutritional requirements were excluded. All patients provided
written informed consent for the trial. The study protocol was reviewed
and approved by local ethical committees. 

Treatment schedule. Patients received 4 cycles of cystemustine every
two weeks as conventionally used (4, 16, 17) associated with a MET-
free diet. Each patient had to receive at least 4 cycles of treatment to
be assessed for response evaluation and at least 1 cycle for the
assessment of other studied parameters (toxicity, plasma MET
concentration, and nutritional status). At each cycle, during the
hospitalization period, patients received a standard diet on the first day
(D0) and the MET-free diet on the following day (D1). Cystemustine
treatment was administered at 12 a.m. on the day of MET-free diet. 

Cystemustine was administered i.v. at 60 mg/m2, being infused for
15 min in 100 ml of 5% dextrose. The treatment plan consisted of
one administration every 2 weeks. In the event of a granulocyte count
below 1,500/μl or a platelet count below 100,000/μl on the day before
the forecast date of cystemustine administration, the treatment was
delayed for a minimum of 1 week until blood parameters recovered
acceptability. However, a delay greater than 5 weeks between two
cycles led to premature treatment discontinuation. Treatment was
prolonged until progression or unacceptable toxicity occurred. 

Concerning the MET-free diet, the main source of dietary
nitrogen was provided by XMET Maxamum (SHS, Liverpool, UK),
an amino acid-modified medical food. This was supplemented with
soluble DUOCAL (SHS), which is a medical food providing fat and
carbohydrate, in order to reach the estimated energy requirements.
The mixture of XMET Maxamum and soluble DUOCAL contains
no methionine and was formulated to meet the energy and nitrogen
requirements of a 70-kg man. It supplied a total energy intake of
2,510 kcal/day and 1 g of protein/kg body weight per day. Patients
were advised to spread the MET-free diet throughout the day, i.e.
from 8 a.m. to 12 p.m. 

Patient monitoring. The clinical and biological characteristics of the
patients were assessed before each cycle. The following measurements
were made: i) Nutritional parameters: Patients were monitored by a
dietician the day of MET-free diet to collect the food record.
Compliance with the MET-free diet was evaluated by calculating the
percentage of MET-free diet ingested versus MET-free diet
administered (theoretical intake). Nutritional status was evaluated daily

during the hospitalization period via physical (weight) and biological
(albumin and prealbumin) assessments. During hospitalization, the
patients were weighed every morning to the nearest 0.1 kg, and the
body mass index (BMI) [weight (kg)/height (m2)] was calculated. ii)
Toxicity: This was assessed by clinical examination, peripheral blood
count and standard biochemistry. The toxicity assessment was
performed weekly before each chemotherapy administration and
during the rest period. Clinical toxicity was graded retrospectively
according to WHO scoring system (18). iii) Disease response: This
was assessed by CT scans or MRI after 4 cycles. To qualify as a
confirmed response, 2 objective assessments at least 4 weeks apart
were required. Responses were recorded using the WHO criteria (18).
Complete response (CR) was defined as disappearance of all clinical
and radiological evidence of target lesions. Partial response (PR) was
defined as a 50% or greater decrease in the overall sum of the products
of diameters of all target lesions in reference to the baseline sum. Stable
disease (SD) was defined as neither a sufficient increase to qualify for
PD nor sufficient shrinkage to qualify for PR. Progressive disease (PD)
was defined as 25% or greater increases in the overall sum of the
products of diameters of all target lesions taking as reference the
smallest sum recorded at or following baseline. The overall response
rate (ORR) was defined as the percentage of patients with confirmed
CR or PR. iv) Plasma MET concentrations: During the hospitalization
period, blood samples collected in heparinized tubes were taken every
day at 8 a.m (just before the first meal) and at 12 a.m. (4 h after the
start of the MET-free diet). Plasma samples were treated as described
previously (19). Briefly, all samples were immediately deproteinized
using sulfosalicylic acid (50 mg/ml plasma). After centrifugation (4˚C,
3,500 rpm, 10 min), the supernatants were stored at –80˚C until
analysis. Plasma MET concentrations were quantified in the supernatant
by ion exchange chromatography using high-performance liquid
chromatography (P680 HPLC pump, ASI-100 automated sample
injector; Dionex, Voisin-Le-Bretonneux, France) with post-column
ninhydrin derivatization, model PCX5200 (Pickering Laboratories,
Mountain View, CA, USA), with a coefficient of variation of the
internal standard within and between runs of <5%.

Statistical analysis. Data are presented as means±standard deviation.
To evaluate the impact of the association of the MET-free diet with
cystemustine on nutritional status (weight, albumin and prealbumin
levels) or the impact of the MET-free diet on plasmatic MET
concentration, values after treatment were compared to those prior to
treatment using a paired t-test. The evaluation of the cycle effect during
the 2 months of treatment on MET concentration was made using
analysis of variance (ANOVA or a Kruskal-Wallis H test). The level
of significance was set at p<0.05. Time to progression was measured
from the initiation of cystemustine chemotherapy to the first
observation of PD. Survival was calculated from the date chemo-
therapy was started until death or the last observation. Median overall
survival (OS) and median time to progression were estimated by
Kaplan-Meier methods. Data were analyzed using SEM software (20).

Results

Patients characteristics. Patient characteristics are given in
Table I. Twenty-two patients, 20 presenting with metastatic
melanoma (among whom 6 with choroid melanoma) and 2
with recurrent glioma, were recruited between December 2001
and November 2006 at the Jean Perrin Center in Clermont-
Ferrand. Sixteen had previously received chemotherapy either
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in an adjuvant setting (n=6) or at a metastatic state (n=14).
The latter  patients received a median of 4 cycles (range from
1 to 7 cycles) of the association of cystemustine with a 1-day
dietary MET restriction. Because of hematological toxicity, 11
of them completed the last cycle with a MET-free diet only
(i.e. without chemotherapy treatment).

Nutritional status. Patients consumed 78±27% of the MET-free
diet administered, i.e. an energy intake of 2,265±802 kcal. The
initial BMI of patients was normal (24.6±3.1 kg/m2). During
the 2-month treatment period, body weight (68.8±11.5 kg
before treatment vs. 67.8±11.4 kg after treatment, p=0.11) and
BMI (24.6±3.1 kg/m2 before treatment vs. 24.5±3.0 kg/m2 after
treatment, p=0.63) remained normal and stable. Plasmatic
albumin (from 37.8±5.6 g/l to 36.6±6.8 g/l, p=0.09) and
prealbumin (from 0.25±0.1 g/l to 0.23± 0.1 g/l, p=0.32) levels
were normal and unchanged comparing before and after
treatment.

Toxicity. Toxicity data are given in Table II. Hematological
toxicity was the main toxicity and consisted of
thrombocytopenia (WHO grade 3-4 in 8/22 of patients),

leukopenia (WHO grade 3-4 in 6/22 of patients) and
neutropenia (WHO grade 3-4 in 6/22 of patients). Non-
hematological toxicity remained limited, with no WHO grade
3-4 reported.

Response and survival. Among the 22 patients included, 17
were evaluable for response after the fourth cycle  by CT
scans or MRI assessement. Three patients showed a disease
stabilization of 3.4, 7 and 29.4 months duration, respectively.
Four patients died because of disease progression. One
patient, not evaluated by medical imaging, was considered
as having disease progression after clinical evaluation. The
median time to progression of the 22 patients was 1.8
months (range: 0.4 to 29.4 months) (Table III), and median
overall survival was 4.6 months (range: 0.4 to 55 months)
(Figure 1). 

MET variations. The fasting MET concentrations were
unchanged on the MET-free diet. During the MET-free diet
day, the plasma MET fall was of 53.1±21.8% after 4 h from
the start of the MET-free diet (from 25.1±8.7 μmol/l at 8
a.m. D1 to 12.5±7.1 μmol/l at 12 a.m. D1; p<0.05).
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Table I. Patient characteristics.

Characteristic n 

Included patients 22
Gender

Male 13
Female 9

Median age, years (range) 62 (35-76)
WHO performance status

0 8
1 9
2 5

Primitive tumor sites
Melanoma (choroid) 20 (6)
Glioma 2

Metastatic sites
Liver 11
Lung, pleura 10
Central nervous system 9
Lymph node, skin 4
Bone 2
Other

Previous treatments
Prior surgery 21
Prior radiotherapy 14
Prior chemotherapy 16
Adjuvant treatment 6
Metastatic treatment line
1 7
2 4
3 2
4 1

Table II. Maximal toxicity observed per patient. 

WHO grade

1 2 3 4

Hematological toxicity, n
Anemia 7 6 0 0
Leukopenia 2 6 5 1
Neutropenia 1 5 6 0
Thrombocytopenia 7 1 6 2 

Non-hematological toxicity, n
Nausea/vomiting 5 3 0 0
Diarrhea 3 0 0 0
Hepatic 2 3 0 0
Renal 2 1 0 0

Table III. Responses, time to progression and survival data from the
start of cystemustine treatment.

Response n Median time to Median 
progression survival 

(months) (months)
(range) [range]

Included patients 22 1.8 (0.4-29.4) 4.6 (0.4-55)
CR 0 - -
PR 0 - -
SD 3 7 (3.4-29-4) 12.1 (9.6-55)
PD 19 1.7 (0.4-2.4) 4.1 (0.4-8.8)

CR: Complete response; PR: partial response; SD: stable disease; PD:
progression disease.



Comparing methioninemia in the fed stade (12 a.m.) from
D0 to D1, a MET depletion of 40.0±31.3% was obtained
(from 20.3±7.4 μmol/l at 12 a.m. D0 to 12.5±7.1 μmol/l at
12 a.m. D1; p<0.05). During the 2-month period of
treatment, no cycle effect was observed on plasma MET
concentrations, neither of fasting (p=0.13) nor fed state
concentrations (p=0.51), nor on values determined on the
day of the standard diet (p=0.09) nor during the MET-free
diet (p=0.75).

Discussion

Numerous experimental studies have demonstrated a
synergistic effect of MET restriction and alkylating agents
on tumor regression (12, 14). In cancer patients, only few
studies have tested the effects of MET depletion (21, 22). In
a previous phase I clinical trial testing the association of a
short dietary MET-free period (1 to 4 days) with nitrosourea
treatment for metastatic melanoma or recurrent glioma, we
demonstrated that an optimal plasmatic MET depletion was
obtained on the first day of the diet (of 41% comparing 12
a.m. D1 vs. 12 a.m. D0, or of 55% comparing 12 a.m. D1 vs.
8 a.m. D1), without effect by extending the MET-free diet
period to 2, 3 or 4 days (15). The lack of cumulative effect of
the MET-free diet on plasma MET concentrations could be
linked to the daily increase in MET level during the night
fasting. Moreover, we also showed that the association of a
MET-free diet with cystemustine reduced MGMT activity, a
main mechanism of nitrosourea resistance, in peripheral
blood mononuclear cells (23). Based on these different
results, a phase II clinical trial combining a 1-day MET-free
diet with cystemustine treatment was initiated. The primary
objective of this phase II trial was to assess safety and
efficacy of the association in metastatic melanoma and
recurrent glioma. 

In the current phase II clinical trial, we confirmed the
feasibility of the association with a good compliance of the
MET-free diet by patients. Moreover, as previously shown (15),
the successive short period of MET-free diet associated with
chemotherapy did not alter the nutritional status of patients as
seen by the stability of their body weight and by the relatively
constant level of plasma albumin and prealbumin. 

The association also showed acceptable toxicity, mainly
hematological, especially on platelets as already shown in
the previous trials with cystemustine treatment (4, 16, 24).
WHO grade 3-4 toxicity for leukocytes, observed in 27% of
the patients, appeared slightly more frequent compared with
the prior trial using cystemustine at 60 mg/m2 in second-line
treatment of metastatic melanoma (13%) (4) but inferior to
results reported in the trial testing cystemustine at 90 mg/m2

for the 3 first cycles and then 60 mg/m2 (44%) (16).
However, no life-threatening side-effect was registered with
the association of the MET-free diet and cystemustine
treatment. Non-hematological toxicity remained limited, with
no WHO grade 3-4 reported, and consisted mainly of WHO
grade 1-2 nausea and vomiting (37%). Comparing with
WHO grade 1-2 nausea and vomiting observed in previous
trials with cystemustine treatment, the MET-free diet seemed
not to increase the gastrointestinal toxicity of cystemustine
(4, 16, 24). These results need to be confirmed in a
randomised trial versus cystemustine treatment.

Among the 22 patients of this study, we reported 3 cases of
SD and 19 PD. No CR or PR  was observed. The median OS
and the median time to progression, of 4.6 months and 1.8
months, respectively, were comparable to those observed with
cystemustine alone as second-line treatment of metastatic
melanoma (4 months and 1 month respectively) (4).
Interestingly, we observed two long-duration stabilizations of
7 and 29 months. Survival of patients with SD (12 months)
treated with this combination  seems to be comparable with
the median survival of responders with cystemustine alone
(11 months) (4). The patient characteristics, i.e. mixed
population with melanoma or glioma previously treated with
different numbers of chemotherapy lines in a metastatic state,
make it difficult to compare these results with those from
previous trials with cystemustine and also with literature
focused on one localization (melanoma or glioma) and mainly
on first- or second-line of metastatic treatment. In the current
trial, 16/22  of patients had already been treated by
chemotherapy and 7/22 of patients had already received more
than 2 lines of metastatic treatment and had a limited life
expectancy. Moreover, a large proportion of patients of this
phase II trial already had a poor prognosis. Our population
comprised a high proportion of patients with choroid
melanoma (30%) with a low median OS of 2 to 6 months (25-
27). Numerous patients presented hepatic metastasis (50%),
which is currently associated with a median survival of around
3 to 4 months (28). 
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Figure 1. Survival of 22 patients treated by the association of
cystemustine and MET-free diet.



As observed in the phase I clinical trial, a plasmatic MET
depletion of 40% from the first day of MET-free diet vs. D0
was obtained (53% vs. D1 8 a.m.). The reduction threshold
for plasma MET was consistent with previous reports for
dietary MET restriction in healthy men (49%) (29), in
patients with metastatic solid cancer (42%) (22) and also in
animal models (50%) (30). In mice bearing human glial
tumor xenograpfts, a dietary MET restriction induced
regression of some tumor lines, whereas some others did not
respond to a MET-free diet alone (plasmatic MET restriction
of 50%) but did to a drastic depletion of plasma MET of
93% achieved by an enzymatic method with methioninase
(30). From these experimental results, we wondered if an
optimal plasmatic methionine depletion of 40-50% with a
MET-free diet was sufficient to obtain a tumor effect.
Recombinant methioninase infusion reduced serum MET
levels to 0.1 μM within 2 hours in cancer patients (31).
Methioninase may be able to offer the possibility to
potentiate greater efficacy of nitrosourea treatment but at the
moment, further investigations are needed before it can be
used clinically especially because of its antigenicity and the
risk of anaphylatic reaction with repeated administrations, as
reported in primates (32-33). 

In conclusion, the association of a 1-day MET-free diet
with cystemustine treatment in patients with metastatic
melanoma or recurrent glioma was well tolerated (toxicity,
and nutritional status) and while producing no objective
response gave a median survival comparable to the previous
trial using cystemustine treatment,  with an interesting long-
duration stabilization for 2 patients. These results might be
confirmed in a larger randomized trial.
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