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Abstract Purpose:To determine: (1) the maximum toler- \
able dose (MTD) of thiotepa (TT) that can be administerdftroduction
with etoposide without stem cell support; (2) whether thi . . . .

regimen is active against recurrent malignant glioma‘éesp'te the Incréasing use of chemotherapy in the treatment
Background Although several chemotherapeutic agenf§ high-grade gliomas, the median survival for patients

show minor activity against recurrent brain tumors, thefseated with a multidisciplinary approach is still less than
is no consensus about the most effective regimen. The/€a" [14]. Although the use of adjuvant chemotherapy

alkylating agent TT has excellent central nervous systegtch @ BCNU, procarbazine or hydroxyurea) has led to a

(CNS) penetration and is synergistic with the topoisomeraSgtstically significant irrtl)provem%nftf.in Isurvcilve;]l [6]. treallt—
Il inhibitor etoposide. Design/Methods Fifteen patients Ment atrecurrence may be more difficult and the tumor less

with recurrent malignant gliomas (14 glioblastomas, 1 angllfellay to resp?nd Llﬁ]' dard ch h d th
plastic astrocytoma) received intravenous etoposide FOOF results with standard chemotherapy, and the en-

100 mg/n? on days 1, 2, and 3, and intravenous TT (46:ouraging experience with high-dose thiotepa (TT) as well

50, 60, or 70 mg/t) on day 2. All had received irradiation, &S Other agents in children with primary brain tumors [7],
and eight BCNU. Chemotherapy was repeated every 3'—651 us to design th'.s phase | study in adults. We spught to
weeks, with stepwise TT dose increments of 10 rr?g/nijterm'ne the maximum tolerated dose (MTD) of intrave-
provided toxicity was less than grade IIResults The 10US (IV) TT in combination with a constant dose of

major toxicity was dose-fimiting leukopenia. The MTD of0POSIde in adults with previously treated, recurrent ma-
TT in cycle 1 was 60 mg/# All patients died of progres- ''gnant gliomas at doses that could be used without stem

sive disease and none died of chemotherapy-rela | support. In addition we evaluated the response rate to

complications.Conclusions The MTD of TT in this regi- TS combi_gatipn of aggnts.h . hat interf h
men for recurrent malignant gliomas is 60 m@/rHligher Etoposide Is a semisynthetic agent that interferes wit

doses of TT would require colony-stimulating factors Ot'he scis_sion-r_eunio_r) reaction of the enzyme topoisomerase
stem cell support I, leading to inhibition of cellular replication [20]. It has

been found to be active against a variety of systemic
malignancies as well as central nervous system (CNS)
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y P P g g metastases of adenocarcinoma [2]. Although cerebrospinal

Chemotherapy fluid concentrations have been found to be less than 5% of
those in the plasma after IV administration [3, 19], drug
levels can be detected in glioblastomas [18]. As a single
agent at conventional doses, etoposide yields response rates
of up to 22% in previously treated recurrent malignant
gliomas. High doses of etoposide with stem cell support
have led to response rates in the range 0—75% in patients

C. Balmaceda, M. R. Fetells) with malignant gliomas [15, 19, 21]. Myelosuppression is

Department of Neurology, Neuro-Oncology Unit, the major dose-limiting toxicity, but nausea, vomiting or

l;lle(t)lwogé%qu:'ngiitult\leé vvcc\)(léerbri\lavplrgggéteﬂg Medical Center, allergic reactions are also common.

s V€ ' : TT is a highly lipid-soluble alkylating agent that shows
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Table 1 Hematologic toxicity. T+ dose WBC ANC PLT Hb

Values are median nadir (range) (mg/n?) (per mn#) (per mn) (x 108 per mnd) (g/dI/1CP)
40 4.4 (2.5-4.8) 3408 (3003-3604) 263 (79-301) 13.0 (12.8-14)
50 2.2 (2.0-3.4) 2300 (1625-2970) 163 (102-224) 12.0 (12.2-13.0)
, 60 2.8 (1.4-4.1) 1357 (1120-3024) 159 (60-138) 12.0 (10-14)
a Range not available as only oneq 1.0 280 7% 10.¢

patient received this dose

tabolized to tepa, itself a potent alkylator, via the hepatdTD was defined as the highest dose tolerated by at least three
P450 system [17]. Previous studies [4, 12] have determin@@ients. For grade Jil loxicly, chemotherapy was delayed for 1
that_ 65 mg/rﬁ is the MTD in pati.ents with sy_stemic‘[’j\'gsee V‘f,‘gs j;irrtgasgysy/%g%t. @ prior dose; for grade [V toxicity, TT
malignancies treated with an IV regimen; the major dose-
limiting toxicity is hematologic. Pharmacologic studies
have shown CNS penetration of TT, with concentratiorﬁsults

in the cerebrospinal fluid equivalent to those in the plasma

within 3 h Of. v a(_jmln|stra}t|on [11]. In vitro, bc_)th agentsem jJune 1989 to June 1991, 15 patients were enrolled.
have cytotoxic activity against CNS tumor cell lines such Fhere were 13 men and 2 women: the median age of the
medulloblastoma [8, 9]. patients was 47 years (range 28-77 years). The tumor
histology was glioblastoma multiforme in 12, anaplastic
astrocytoma in 1; 2 patients had low-grade astrocytomas
that recurred as glioblastoma multiforme. More than half of

Patients aged 18-75 years with recurrent malignant brain tumcthse patients had received prior nitrosourea chemotherapy as

(glioblastoma or anaplastic astrocytoma) and Karnofsky performani@@t Of their initial treatment. The median number of BCNU
=>50% were eligible. Recurrence was defined-a85% increase in the Cycles prior to treatment was two (range one to four), and
cross-sectional area of the contrast-enhancing tumor on serial MRithe median dose of prior BCNU was 240 mg/mit

CT scans. All patients had adequate bone marrow function, defined i ; ;
a white blood cell count (WBC)>4000 cells/mrd, hemoglobin (Hb) H&:urrence’ six patients were treated with chemotherapy

~10 g/dl and platelet count (PLT}150 000/md, adequate liver only, while e_ight patients first underwent syrgical resect.ion
function (bilirubin <1.5 mg/dl, normal transaminases), and normd?€fore entering the protocol. Of the 15 patients, 12 received
renal function (creatinine<1.8 mg/dl and creatinine clearancetwo or more cycles of chemotherapy, while 3 received only

>60 ml/min per 1.7 ra body surface area). Exclusion criteria wagpne cycle. All patients had residual evaluable disease prior
as follows: radiation therapy within 4 weeks and chemotherapy Wltl‘iﬁ protocol entry

6 weeks of study entry, and pregnancy or lactation. Toxicity w. .
graded according to NCI toxicity criteria. The treatment protocol was FOUr patients were treated at a TT dose of 40 nig/m
reviewed and approved by the Institutional Review Board of Columbthree at a dose of 50 mghrthree at 60 mg/@ and one at
Presbyterian Medical Center. All patients signed an informed consery mg/n?. We then treated four more patients at 60 nmgy/m
P”O,;FO enrollment into the treatment protocol. __of TT. The dose-limiting toxicity was hematologic, with
rior to treatment all patients underwent a complete physical a (i_ . .

neurological examination, enhanced CT of the head or MRI afg-1 ahd WBC being predominantly affected (Table 1). The
baseline complete blood count (CBC), coagulation profile, SMA-2maximal ANC (absolute neutrophic count) toxicity was
urinalysis, creatinine clearance, chest radiogram and electrocardigade IV, seen at doses of 70 m@/rhikewise, the maximal
gram. CT or MRI were monitored every other cycle for tumo%r de of thrombocytopenia was grade Il, seen at doses also

response. Tumor area was determined by measuring the tumor’s larggs . -
dimension and multiplying by the perpendicular diameter. In determify- 0 and 70 mg/ra The median WBC nadir at a dose of

ing response, corticosteroid dose must have remained stable over4Remg/n? was 4.4 mrd, while the median WBC nadir at a
intervening period. CBC and SMA-20 were monitored weekly. Stalose of 70 mg/iwas 1.0. The median ANC nadir at a dose
dard response criteria were used: complete response (CR) was defiged o mg/n? was 3408 mrd, while median ANC nadir for

as disappearance of all tumor on CT/MRI for at least 4 weeks, part] . . .
response (PR) as-50% decrease in the area of the tumor, stab ose patients receiving 60 mg7m T was 1357. Median

disease (SD) as no objective change, and progressive disease (PD}kE nadir at 40 mg/mwas 26300_0 mﬁ? while the r_‘adi_r at
increase in the tumor area by at least 25%. 70 mg/n? was 73000. The median time to nadir did not
Etoposide was administered IV at 100 mg/per day over 1-2 h change with increasing doses of TT. The time to WBC nadir

ondays 1, 2,and 3,and TT IVat 40—70 mg/mn day 2 of each cycle. : :
Cycles were repeated every 3—4 weeks. In the initial portion of t#’gnged from 12 to 15 days (median 14 days), for Hb nadir

study, the dose of TT was escalated from 40 to 70 rgfsteps of [10M 9 to 33 days (median 14.5 days) and for PLT nadir,
10 mg/n? in groups of three patients. Dose-limiting toxicity wasfrom 11 to 15 days (median 14 days). To determine whether
evaluated for the first cycle and was defined as that dose of TTtffere was dose-cumulative toxicity we looked at the pa-

WhiChd Ngl %radﬁl 'L' heT"’}tO'Pgif (.Or.t”O”hemato'ogitc).ft%i;”g OCtients who had received multiple cycles of the same dose of
currea. rade ematologic toxicity was present | wa . .
=1.9 x 10/mms3, PLT =49 000/mm, or Hb =8 mg/dl. Prior to %hemOtherapy and compared their median ANC, WBC,

dose escalation in subsequent cycles, three patients must have tolef@leli and Hb during the first cycle of chemotherapy and
the prior dose with toxicity less than grade II1. If one of three patienuring the second cycle. There was a mild, nonsignificant

in a group developed grade Il toxicity, three additional patients had fgand towards cumulative toxicity. No hepatic toxicity and
tolerate the same dose level before dose escalation. In addition

permit patients entered at lower dose levels to receive more do@g.a”erglc reactions t.o etOPQSIde Wer.e observed. One
intense therapy in subsequent treatment cycles dose of TT for a giR@ient hadPneumocystis carinipneumonia after cycle 1
patient was increased provided toxicity was less than grade Ill. Toé chemotherapy but recovered, and another had a nonfatal

Materials and methods
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intraventricular bleed, not associated with thrombocytopﬁ—
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