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compared to i.v. administration. Since we confirmed
that the bioavailability of TMZ was close to 1 (i.e. AUC
p.0./AUC i.v. = 1), the difference, observed in this small
group of patients, reflects interpatient variability and
susceptibility to TMZ rather than route dependency.
However, some unrecognized effect of TMZ adminis-
tered by oral route cannot be fully excluded.

For further phase II trials of TMZ in association with
a nitrosourea, a starting dose of 300 mg/m? (150
mg/m?/day) divided over two days should be recom-
mended. This dose should be escalated in patients with-
out toxicity.

However, the cumulative toxicity of this regimen, and
in particuliar the risk of lung toxicity, is not known,
since only one cycle of TMZ and fotemustine was
administered in this study. The pulmonary toxicity that
occurred in three patients after further treatment with
DTIC and fotemustine has been previously reported
after this regimen, and a cumulative dose of DTIC of
1500 mg/m? [15]. Signs of such a toxicity should be
carefully looked for in future phase II trials of TMZ in
association with a nitrosourea.

TMZ clearly showed a linear pharmacokinetics with
AUC increasing proportionally with dose after i.v. ad-
ministration. Pharmacokinetic parameters and bioavail-
ability values found in this study [28] are in good
accordance with those previously published [19].

The progressive and cumulative AT depletion in
PBMCs with wide interindividual variation has been
previously reported after DTIC [16, 25] and after TMZ
[34]. It has been hypothesized that interindividual varia-
bility in AT depletion was due to differences in pharma-
cokinetics of TMZ. However, in our study, the variabil-
ity of TMZ pharmacokinetics did not influence the
absolute, relative or cumulative AT decrease. AT deple-
tion by DTIC was dose dependent [16] but we could not
demonstrate the same dose-response effect after TMZ.
Indeed, there was no clear relationship between the TMZ
dose administered and the extent of AT depletion.

Previous reports have mentioned the heterogeneity of
AT level in liver metastases from colon cancer [32] and
in skin metastases from melanoma [35]. In the same
patient a variation of up to 400% among lesions was
also observed [35]. Although we cannot rule out that the
lower AT levels we observed in melanoma skin metas-
tases after treatment might be due to interlesional heter-
ogeneity, the consistency of the decrease strongly suggests
that it is an effect of the treatment. Interestingly enough,
AT depletion in tumour and in PBMCs were not related.
An analogue observation has been reported in seven
patients with liver metastases from colon cancer treated
with streptozotocin and BCNU [32]. These observations
indicate that depletion of AT in PBMC is a marker for
production of O°®-alkylguanine in DNA, but the extent
of depletion in PBMCs may not accurately reflect the
extent of AT depletion in metastases from melanoma
and colon cancer. Inaccessibility prevented AT decrease
assessment in patients with glioma. A direct relationship
between AT depletion in glioma and in PBMCs can
therefore not be excluded.
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In our small group of patients maximum AT deple-
tion was observed at all TMZ dose levels in PBMCs and
at the lowest dose level in melanoma. Moreover, AT
depletion in tumour and in PBMCs could not be directly
related to TMZ exposure. If the aim of the TMZ treat-
ment 1s to sensitize tumour to the action of chloroethyl-
nitrosoureas, it may not be necessary to use the MTD.
Modulation of AT depletion by TMZ might be better
achieved by individualizing the dose of TMZ. Most of
dose adjustment strategies described to date rely on
pharmacokinetic measurements and on dose adjuste-
ment based on pharmacokinetic—pharmacodynamic
models [36]. In clinical practice, it has been successfully
applied to define the doses of methotrexate, carboplatin,
etoposide, teniposide, 5-fluorouracil and suramin [37].
Modulation of AT could be a future approach and
should concentrate on AT measurement in tumour. The
ultimate aim is to provide a model, based on the meas-
urement of AT and its depletion in tumour, to tailor the
administration of AT depleting agents to the individual
patient. Among the agents designed to inactivate AT,
OS-benzylguanine has recently received considerable at-
tention. Unlike TMZ, O%-benzylguanine acts as a direct
inactivator of AT without interaction with DNA and has
no intrinsic tumour activity [38, 39]. In a phase I study in
patients with glioma, it depleted completely AT levels in
glioma without occurrence of toxicity [39]. Phase I trials
defining the optimal dose of the chloroethylnitrosourea
carmustine to be combined with O%-benzylguanine are
ongoing. Preliminary reports seem however to show a
substantial enhancement of the hematologic toxicity of
carmustine by O®%-benzylguanine requiring the dose of
carmustine to be decreased [40]. It is however still not
clear which approach offers the best therapeutic window:
either a complete depletion by agents such a O%-benzyl-
guanine but resulting in increased end organ toxicities
necessitating a decrease in the dosage of the alkylating
agent or only a partial depletion by methylating agents
such as TMZ which have intrinsic cytotoxic activities.

Acknowledgements

We wish to thank J. Kibitel and Y. Garcia for their
technical assistance in immunostaining, and Ms M.
Gonin for secretarial help, as well as MEDIC founda-
tion for financial support. Gordon McVie and David
Secher from the Cancer Research Campaign are grate-
fully acknowledged for the gift of temozolomide and
Bruno Giroux from Servier Laboratories for the gift of
fotemustine.

References

1. Berger NA. Alkylating agents. In De Vita VT Jr, Hellman S,
Rosenberg SA (eds): Cancer Principles and Practice of Oncology.
Philadelphia: JB Lippincott 1993; 400-9.

2. Kohn KW, Interstrand cross-linking of DNA by 1,3-bis (2-chloro-
ethyl)-1-nitrosourea and other 1-(2-haloethyl)-1-nitrosoureas.
Cancer Res 1977; 37: 1450-4.

TTOZ ‘9 4800320 U0 1sanb Aq 610°s[eunolpioyxo auouue woij papeojumoq


http://annonc.oxfordjournals.org/

838

3.

10.

20.

22.

Tong WP, Kirk MC, Ludlum DB. Formation of the cross-link
1-(N? -deoxycytidyl),Z-(N’ -deoxyguanosinyl)ethane in DNA treated
with N,N'-bis (2-chloroethyl)-N-nitrosourea. Cancer Res 1982;
42: 3102-5.

Erickson LC, Laurent G, Sharkey NA, Kohn KW. DNA cross-
linking and monoadduct repair in nitrosourea-treated human
tumour cells. Nature 1980; 288: 727-9.

D’Incalct M, Citti L, Taverna P, Catapano CV. Importance of the
DNA repair enzyme O%alkyl guanine alkyltransferase (AT) in
cancer chemotherapy. Cancer Treat Rev 1988; 15: 279-92.

Olsson M, Lindahl T. Repair of alkylated DNA in Escherichia
coli. Methyl group transfer from O%-methylguanine to a protein
cysteine residue. J Biol Chem 1980; 255: 10569-71.

Yarosh DB, Rice M, Day RS et al. O methylguanine-DNA
methyltransferase in human cells. Mutat Res 1984; 131: 27-36.
Domoradzki J, Pegg AE, Dolan ME et al. Correlation between
O°-methylguanine-DNA-methyltransferase activity and resistance
of human cells to the cytotoxic and mutagenic effect of N-methyl-
N'"-nitro-N-nitrosoguanidine. Carcinogenesis 1984; 5: 1641-7.
Brent TP, Houghton PJ, Houghton JA. Q% -alkylguanine-DNA
alkyl transferase activity correlates with the therapeutic response
of human rhabdomyosarcoma xenografts to 1-(2-chloroethyl)-3-
(trans-4-methylcyclohexyl)-1-nitrosourea. Proc Natl Acad Sci
USA 1985; 82: 2985-9.

Dolan ME, Norbeck L, Clyde C et al. Expression of mammalian
O°-alkylguanine-DNA alkyltransferase in a cell line sensitive to
alkylating agents. Carcinogenesis 1989; 10: 1613-9.

Schold SC, Brent TP, von Hofe E et al. O%-Alkylguanine-DNA
alkyl transferase and sensitivity to procarbazine in human brain-
tumor xenografts. J Neurosurg 1989; 70: 573-7.

Zlotogorski C, Erickson LC. Pretreatment of human colon tumor
cells with DNA methylating agents inhibits their ability to repair
chloroethyl monoadducts. Carcinogenesis (London) 1984; 5: 83-7.
Dolan ME, Moschel RC, Pegg AE. Depletion of mammalian O°-
alkylguanine-DNA alkyltransferase activity by Oé-benzylguanine
provides a means to evaluate the role of this protein in protection
against carcinogenic and therapeutic alkylating agents. Proc Natl
Acad Sci USA 1990; 87: 5368-72.

Meer L, Schold SC, Kleihues P. Inhibition of the hepatic
O°%-alkylguanine-DNA alkyltransferase in vivo by pretreatment
with antineoplastic agents. Biochem Pharmacol 1989; 38: 929-34.
Gerard B, Aamdal S, Lee SM et al. Activity and unexpected lung
toxicity of the sequential administration of two alkylating agents
— dacarbazine and fotemustine — in patients with melanoma. Eur
J Cancer 1993; 29A: 711-9.

Lee SM, Thatcher N, Dougal M, Margison GP. Dosage and cycle
effects of dacarbazine (DTIC) and fotemustine on O%-alkylgua-
nine-DNA alkyltransferase in human peripheral blood mono-
nuclear cells. Br J Cancer 1993; 67: 216-21.

Stevens MFG, Hickman JA, Langdon SP et al. Antitumor activity
and pharmacokinetics in mice of 8-carbamoyl-3-methyl-
imidazo(5,1-d)-1,2,3,5-tetrazin-4(3H)-one (CCRG 81045; M&B
39831), a novel drug with potential as an alternative to dacarba-
zine. Cancer Res 1987; 47: 5846-52.

D’Incalci M, Taverna P, Erba E et al. O%-methylguanine and
temozolomide can reverse the resistance to chloroethylnitrosour-
eas of a mouse L1210 leukemia. Anticancer Res 1991; 11: 115-22.
Newlands ES, Blackledge GRP, Slack JA et al. Phase I trial of
temozolomide. (CCRG 81045: M&B 39831: NSC 362856). Br J
Cancer 1992; 65: 287 91.

O’Reilly SM, Newlands ES, Glaser MG et al. Temozolomide:
A new oral cytotoxic chemotherapeutic agent with promising
activity against primary brain tumours. Eur J Cancer 1993; 29A:
940 2.

Bleechen NM, Newlands ES. Lee SM et al. Cancer Research
Campaign phase II trial of temozolomide in metastatic melano-
ma. J Clin Oncol 1995: 13: 910-3.

Jacquillat C, Khayat D, Banzet P et al. Final report on the french
multicenter phase I study of the nitrosourea fotemustine in 153
evaluable patients with disseminated melanoma, including pa-
tients with cerebral metastases. Cancer 1990; 66: 1873-8.

23.

24,

25.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

Jacquillat C, Khayat D, Banzet P et al. Chemotherapy by fote-
mustine in cerebral metastases of disseminated melanoma.
Cancer Chemother Pharmacol 1990; 25: 263-9.

Wolrd Health Organization. Handbook for Reporting Results of
Cancer Treatment. WHO Offset Publication No. 48. Geneva:
WHO 1979.

Lee SM, Thatcher N, Margison GP, O%-alkylguanine-DNA alkyl-
transferase depletion and regeneration in human peripheral lym-
phocytes following dacarbazine and fotemustine. Cancer Res
1991; 51: 619-23.

Shen F, Decosterd LA, Gander M et al. Determination of temo-
zolomide in human plasma and urine by high-performance liquid
chromatography after solid-phase extraction. J Chromatogr Bi-
omed Appl 1995; 667: 291-300.

Marzolini C, Decosterd LA, Shen F et al. Pharmacokinetics of
temozolomide in association with fotemustine in malignant
melanoma and malignant glioma patients: Comparison of oral,
intravenous and hepatic intraarterial administration. Cancer
Chemother Pharmacol 1998; 42: 433-40.

Shah VP, Midha KK, Dighe S et al. Analytical methods valida-
tion: Bioavailability, bioequivalence, and pharmacokinetic studies.
Conference report. Eur J Drug Metab Pharmacokinet 1991; 16:
249-55.

Belanich M, Ayi TC, Li BF et al. Analysis of O%-methylguanine-
DNA methyltransferase in individual human cells by quantitative
immunofluorescence microscopy. Oncol Res 1994; 6: 129-37.
Belanich M, Randall T, Pastor MA et al. Intracellular localiza-
tion and intercellular heterogeneity of the human DNA repair
protein  O%-methylguanine-DNA  methyltransferase. Cancer
Chemother Pharmacol 1996; 37: 547-55.

Fisher RA, Yates F. Statistical Tables for Biological, Agricultural
and Medical Research. Edinburgh: Oliver and Boyd 1974.
Willson JKV, Haaga JR, Trey JE et al. Modulation of Q%-alkyl-
guanine alkyltransferase-directed DNA repair in metastatic
colon cancers. J Clin Oncol 1995; 13: 2301-8.

Mitchell RB, Dolan ME. Effect of temozolomide and dacar-
bazine on OS-alkylguanine-DNA alkyltransferase activity and
sensitivity of human tumor cells and xenografls to 1,3-bis(2-chloro-
ethyl)-1-nitrosourea. Cancer Chemother Pharmacol 1993; 32: 59—
63.

Lee SM, Thatcher N, Crowther D. Margison GP. Inactivation of
O°-alkylguanine-DNA alkyltransferase in human peripheral
blood mononuclear cells by temozolomide. Br J Cancer 1994; 69:
452-6.

Egyhazi S, Hansson J, Ringborg U. O°-Methylguanine-DNA
methyltransferase activities in biopsies of human melanoma tu-
mours. Br J Cancer 1995; 71: 37-9.

Kobayashi K, Jodrell DI, Ratain MJ. Pharmacodynamic—
pharmacokinetic relationships and therapeutic drug monitoring.
Cancer Surv 1993; 17: 51-78.

Kobayashi K, Ratain MJ. Individualizing dosing of cancer che-
motherapy. Semin Oncol 1993; 20: 30-42.

Dolan ME, Roy SK, Fasanmade AA et al. 06-benzylguanine in
humans: Metabolic, phamacokinetic and pharmacodynamic find-
ings. J Clin Oncol 1998; 16: 1803-7.

Friedman HS. Kokkinakis DM, Pluda J et al. Phase I trial of
O%-benzylguanine for patients undergoing surgery for malignant
glioma. J Clin Oncol 1998; 16: 3570-5.

Schilsky RL, Dolan ME, Vogelzang NJ et al. Phase I clinical and
pharmacologic study of O%-benzylguanine (BG) plus carmustine
{BCNU) in patients with advanced cancer. Proc Am Soc Clin
Oncol 1998; 17: 198a (Abstr).

Received 1 March 1999: accepted 11 May 1999.

Correspondence to:

S. Leyvraz, MD

Centre Pluridisciplinaire d’'Oncologie
CHUYV BH 10, Rue du Bugnon 46
CH-1011 Lausanne

Switzerland

E-mail: Serge.Leyvraz‘a chuv.hospvd.ch

TTOZ ‘9 4870320 Uo 1sanb Aq 610°sjeunolpioyxo auouue woij papeojumoq


http://annonc.oxfordjournals.org/

