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Phase Il Study of Daily Oral Etoposide in Children With Recurrent Brain

Tumors and Other Solid Tumors
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Pre-clinical data and adult experience sug-
gests that topoisomerase targeted anti-cancer
agents may be highly schedule dependent, and
efficacy may improve with prolonged expo-
sure. To investigate this hypothesis, 28 children
with recurrent brain and solid tumors were en-
rolled in a phase Il study of oral etoposide
(ETP).

Patients were prescribed ETP at 50 mg/m?/
day for 21 consecutive days. Courses were re-
peated every 28 days pending bone marrow
recovery. Evaluation of response was initially
performed after 8 weeks and then every 12
weeks either by CT or MRI.

Three of 4 patients with PNET (primitive neu-
roectodermal tumor)/medulloblastora achieved
a partial response (PR). Two of 5 with ependy-
moma responded, one with a complete re-

sponse and one with a PR. Toxicity was man-
ageable with only 1 admission for fever and
neutropenia in 120 cycles of therapy. Five pa-
tients had grade 3 or 4 neutropenia. One had
grade 4 thrombocytopenia and one grade 2
mucositis and withdrew as a result. One patient
had grade 2 diarrhea. Two patients who
achieved a PR had received ETP as part of prior
combination chemotherapy regimens.

Daily oral etoposide is active in recurrent
PNET/medulloblastoma and ependymoma.
Toxicity is manageable and rarely requires in-
tervention. Daily oral etoposide in combination
with crosslinking agents should be considered
in future phase lll trials. Determination of ac-
tivity in glioma and solid tumors is not com-
plete. Med. Pediatr. Oncol. 29:28-32, 1997.
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INTRODUCTION cell death [6]. It is important to note that the bond be-

tween etoposide and the cleavable complex is nor

Etoposide is a semisynthetic glycosidic derivative gfovalent and rapidly reversible [7]. Therefore, if etopo-
the extract from the roots and rhizomes of the May app@je is removed prior to an irreversible commitment tc
or mandrake p|ant?od0phy||um pe|tatum‘[he Cytotoxic cell death, fewer cleavable Complexes will remain anc
activity of the parent compound, epipodophyllotoxinthe cytotoxic effect will be reduced. Based on the pro.
was recognized in the early 1940s, but its clinical utility
was limited by toxicity. Two glycosidic derivatives, eto-
poside and teniposide, have demonstrated high levels'bépartment of Pediatrics, Children’s Hospital of Philadelphia, Phila-
clinical activity, with acceptable toxicity, in a wide rangedelphia, Pennsylvania.
of malignancies, including leukemias, Ewing’s tumorDivisions of Oncology and Neurology, Children’s Hospital of Phila-
lymphoma, and small-cell lung carcinoma [1]. delphia, Philadelphia, Pennsylvania.

Initially, the mechanism of action of etoposide an@Department of Radiation Oncology, Children’s Hospital of Philadel-
teniposide was thought to be mitotic arrest through bindghbia, Philadelphia, Pennsylvania.
ing to tubulin, at a distinct site from the vinca alkaloid$Division of Neurosurgery, Children’s Hospital of Philadelphia, Phila-
[2]. Subsequent data clarified the target as the topéelphia, Pennsylvania.
isomerase |I-DNA reaction intermediate, referred to &She University of Pennsylvania School of Medicine, Philadelphia,
the cleavable complex [3]. The nuclear enzyme top8ennsylvania.
isomerase Il binds to DNA and forms rapidly reversibléchildren’s Hospital Medical Center, Seattle, Washington.

DNA strand breaks which reduce torsional strain duringme university of Washington School of Medicine, Seattle, Wash-
DNA unwinding and facilitate strand segregation followington.

ing DNA replication [4]. The presence of etoposidecorrespondence to: Michael N. Needle, MD, Division of Oncology,
serves to stabilize the reaction intermediate, convertifige Children’s Hospital of Philadelphia, 324 South 34th Street, Phila
the cleavable complex into a double-stranded DNA bredRIphia, PA 19104.

[5]. The double-stranded breaks, if not repaired, lead Received 18 April 1996; Accepted 26 September 1996
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posed mechanism of action, it was reasonable to speMETHODS
late that etoposide cytotoxic activity would be increased
by prolonged drug exposure. Twenty-nine patients with recurrent brain or other
Schedule-dependent cytotoxicity for etoposide hawlid tumors from two pediatric cancer centers were en
been the subject of considerable laboratory and clinidgred on study from October 1993 until May 1995. Study
investigation. In a comprehensive study of etoposidgntry criteria included: age less than 21 at original diag
dose and schedule efficacy in a murine L1210 subcut2esis, normal bone marrow, hepatic and renal functior
neous tumor model, Dombernowsky and Nissen olife expectancy greater than 8 weeks, ECOG perfor
served that prolonged treatment (e.g., ylaib days) was mance scale 0-2 (in bed less than 50% of the day c
superior to brief treatment (e.g., single parenteral boluggtter), and histologically proven tumor which had re-
when asingle course of etoposide was administerecturred following standard therapy. All children with
However, continuoustreatment with etoposide (i.e.,PNET/medulloblastoma and ependymoma had failed e
single bolus every 4 dayx 5 courses) was superior to aﬁgrnal beam |rrac_i|a_1t_|on and combination chemo.therap
single course schedules, yielding the greatest percent&§Ber as part of initial therapy or as part of a prior sal-
of “cured” animals [8]. Sixteen years later, Slevin and/29€ regimen. The patients with optic pathway glioma al
co-workers demonstrated the superior clinical activity ¢jad Prior treatment with at least carboplatin and vincris

5-day consecutive treatment over 1-day treatment in gii€- The patients with brainstem glioma were all previ-
tients with small-cell lung cancer [9]. Toxicity was comPusly treated with involved field irradiation. The patients
parable in the two treatment arms. with malignant solid tumors had all had prior treatment

Recent studies in adult cancer patients suggest tidi" at least 2 regimens of combination chemotherap

daily oral administration of etoposide for prolonged inand (excepting osteosarcoma) irradiation. Histologi

tervals, e.g., 21 days, may be an effective schedule. d&riﬁcation was wai.ve'd for patignts with neuroimaging
sponse rates of 60% have been reported in adult patie%Y%dence characteristic for optic pathway and diffuse

with recurrent non-Hodgkin’s lymphoma, even in Ioapontine tumors. All patients had measurable disease c

tients who were refractory to higher doses of etoposi(il}/lRl' No patient received any concurrent adjuvant

. o ferapy. No patient had neurofibromatosis. All patients
_admln_lstered over 1 to 3 days [lQ]: Thesg fmdmgs Iﬁ%jad §r¥ inforr%ed consent approved by the instFi)tutiona
investigators to conclude that additional clinical StUd'er%view board of the treating institution signed by a paren
of etoposide antitumor activity after prolonged intraveér guardian.
nous or daily oral administration are warranted in other The starting dose of etoposide was 50 madmin-
tumors, including those for which intermittent parenteral;. .o as 4 single daily oral dose for 21 days followed b
etoposide dose schedules yielded low tumor responge _ay rest. In an attempt to treat as many patients :

rates. , , _ possible with the 50-mg capsules, patients whose boc
Although etoposide has been incorporated into a NUIY;rface area was not within 12.5% of 1 or 2 mere

ber of treatment protocols for pediatric brain tumorsyiven discontinuous dosing, resulting in an approxima
there is little data regarding the objective response rg{gn of the 50 mg/rA dose. For example a patient who
for single agent i.v. bolus etoposide in childhood brain Q{35 1.5 R was given 100 mg alternating with 50 mg on
solid tumors. However, published experience with othgrdaily basis. Small children who could not swallow cap-
tumors suggests that etoposide cytotoxicity may be moggles were given the solution for injection by mouth. For
schedule-dependent than dose-dependent. To addresstHige children, the dose was calculated exactly. Patier
guestion, we conducted a phase Il clinical trial of dailyith stable or improving disease who had hematologit
oral etoposide in children with recurrent or progressi@covery (ANC >1,000/m# platelet count >100,000/
brain and solid tumors. The starting etoposide dose us@@) on day 28 began a second course. Patients who:
in this study, 50 mg/rfiday x 21 days, was lower thanANC remained >1,000/mfand whose platelet count
the phase | maximum tolerated dose (60 néfay) for remained >100,000/mhthroughout the first course had
daily oral etoposide in children reported by Mathew antheir dose increased by 25% for subsequent cycles. P
colleagues at St. Jude Children’s Research Hospital [1fignts who experienced grade 4 hematologic toxicity a
In the St. Jude study, patients with refractory solid tuany time during a course of therapy had a dose reductic
mors were given escalating doses of oral etoposide dadlf/25% for the subsequent course. Patients continued ¢
for 21 days on a t.i.d. schedule. The small individuatoposide for 52 weeks or until tumor progression.
doses required the use of the intravenous injection di- Patients were monitored carefully for response an
luted 1:2 for oral administration [12]. For the presenbxicity. To identify tumor responses, computed tomog-
study, patients were given the total daily dose of 50 mgaphy (CT) or magnetic resonance imaging (MRI) was
m?/day in a single daily oral administration, usually usperformed after the second course of therapy and eve
ing the 50-mg capsules. 12 weeks thereafter. Brain tumor patients were followe
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TABLE I. Response Datd one achieved a CR (Fig. 1), which failed to progress fo
Disease (n= 28) Number CR PR sD pp 14 months, and another a PR lasting for 5 months. Thet
were no responders in brainstem glioma, supratentori

Eg’;ﬂ;‘;gﬂg’maﬁoma é 10 13 20 11 malignant glioma, or the limited number of patients with
Optic pathway 3 0 0 3 o solid tumors. Although none of the patients with progres:
Malignant glioma 3 0 0 0 3 sive optic pathway glioma had an objective response t
Brainstem glioma 3 0 0 1 2 etoposide, all three had stable disease. Two have be
Ewing’s sarcoma 4 0 0 0 4 stable for over 2 years and the third was stable at
8?;‘:?5”00”""" 42 00 00 01 41 months when he was removed from study secondary t

severe mucositis. This patient proceeded directly to re
20ther includes one patient each with ganglioglioma, neuroblastomfiation therapy.

habdomyosarcoma, and schwannoma. Five patients responded to oral etoposide and two c
exclusively with MRI. Patients were initially seenthese had prior exposure to intravenous etoposide. One

weekly for a physical exam and complete blood count. five pat_ients with medul!oblastoma had prior exposure t
chemistry profile was performed at the start of eachioPoside and that patient responded to oral etoposid
cycle. Once a pattern of mild myelosuppressismy(ade Four of five patients with ependymoma received prior
2) was established in an individual patient, CBC could HgioPoside, one of whom responded to oral etoposide ¢
performed on alternate weeks. Toxicity was graded usiff§S Study- . .

the common toxicity criteria of the National Cancer In- 10XICity was manageable with only one patient re-
stitute. questing to be removed fr_om study (_Jlue to grade_2_ mu

Standard response criteria were used. Complete f@sitis (Table 1I). Most patients had !lttle or no toxicity.

sponse (CR) was defined as disappearance of all tunidr120 COurses of chemotherapy given to 29 patient:
on CT or MRI. Partial response (PR) was defined as gply 4 patlgnts had a platelet count drop below 100,00
least 50% decrease in the product of the two greaté@'i'ﬁ 1 patient had a platelet count drop below 25,000
diameters on CT or MRI. Stable disease was defined B4 @nd only 3 patients had an ANC drop below 500/
<50% decrease in the product of the two greatest diafii™- Complete blood counts were obtained weekly an
eters on MRI but no evidence of an increase in tumor sizgS Possible that the true nadir was missed. There wa
and no new tumor foci distant from the primary tumor®€ @dmission for fever and neutropenia and no episod
Progressive disease was defined as any evidence ofohpacteremia. One patient had grade 2 diarrhea.

increase in the product of the two greatest diameters gliscussiON
MRI or evidence of new tumor foci distant from the
primary tumor. To qualify as an objective response, pa-

tients on corticosteroids had to be on a stable or decre .
ing dose of steroid. For patients with optic pathwa e remain unsettled, and may depend on the tumor stu

glioma only, all of whom were progressing at the time _]ed. Prolonggd _administration of etoposjde may improv
study entry, the duration of stable disease (growth arreEﬁ therapeutic index. For example, Hainsworth and col
was also recorded since use of chemotherapy to delay ues demonstrated a 60% response rate in patiel
start of radiation therapy may represent an importan.t recurrent non-Hodgkin's 'ymphon?a regardles_,s o
therapeutic benefit for these children. prior exposure to short course etoposide [10]. This re
sponse rate is nearly twice that demonstrated for shor
RESULTS term therapy. In small-cell lung cancer, the response ra
of oral etoposide has been reported to be 45% compart
Twenty-nine patients were entered on study during @o response rates of 10% in short course administratic
18-month period and are evaluable for toxicity. One bdy3]. These studies indicate that the optimal dose an
with medulloblastoma was taken off study at 1 montbchedule have not been systematically evaluated.
and went on to autologous bone marrow transplantation. The earliest studies of etoposide in childhood cance
Of the 28 patients evaluable for response, there wereBserved responses in leukemia and various solid tumor
girls and 19 boys. Mean age was 11.5 years (range 2—20hard and colleagues in the Children’s Cancer Stud
Twenty patients had primary brain tumors and 9 ha@roup treated 126 children with recurrent cancer witt
extraneural solid tumors. Histologic diagnosis and obje@5-125 mg/rday i.v. for 5 days [14]. Responses were
tive response data are reported in Table I. Of the foupted in 8 of 78 leukemia patients, all but one in acute
evaluable patients with PNET/medulloblastoma, thre®n-lymphoblastic leukemia. Ten of 48 patients with
achieved a partial response, two lasting for 6 months, asolid tumors responded including lymphoma, neuroblas
the third had radiotherapy implants to the tumor bed aftewma, Wilms’ tumor, rhabdomyosarcoma, and Ewing’s
achieving a PR. Of the five patients with ependymomaarcoma. Rivera and colleagues at St. Jude Children

Etoposide is an active agent in the treatment of variou
alignancies. Unfortunately the optimal dose and schec
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Fig. 1. Enhanced T1 weighted magnetic resonance images of patient with a recurrent ependymoma immediately following partia(agsect
The residual tumor, with enhancement at the periphery, is seen superior to the operative cavity. After 12 cycles of oral gipfiesidsidual
tumor is no longer evident.

TABLE II. Toxicity Data ment groups combined were observed in 6 of 35 patien
Grade with medulloblastoma, 2 of 14 with low-grade glioma, 2
Toxicity (n = 29) ) 3 of 18 with high-grade glioma, and 2 of 20 with brain

stem glioma (Kobrinsky, personal communication). By

#‘ﬁr“;;?gggiao enia i % 8 contrast, Chamberlain reported more encouraging resul
Mucositis yiopen 1 0 in children with recurrent optic pathway tumors or brain
Diarrhea 1 0 o Stem glioma treated with daily oral etoposide. Objective

responses were noted in 5 of 14 children with recurrer

Research Hospital studied 39 children with either etopgl@ismatic-hypothalamic glioma; three additional pa
side, teniposide, or both given on a twice weekly schell€Nts had stable disease for at least 6 months [17]. F¢
ule [15]. Patients were randomly assigned to receive of@ildren with recurrent brain stem glioma, 4 of 12 had ar
agent, and if after 2 to 4 weeks were unresponsive, wetgiective response [18]. _ _
given the alternate agent. Five patients with leukemia N the present study three patients with PNET/
responded to etoposide. None of 10 patients with a solf¢dulloblastoma responded to daily oral etoposide wit
tumor responded to either agent. No patient with a bra§feater than 50% tumor shrinkage. The duration of thes
tumor was treated on either study. responses exceeded 6 months. Two patients with epe
The subsequent pediatric experience with etoposiéi¥moma responded, one had a complete response last
for brain tumors remains limited. Pons and associatB¥re than 1 year. Although the number of patients in thi:
treated 20 children with etoposide (100 mg/daily x 5) study does not allow an accurate estimate of the tru
and vincristine for low-grade glioma [16]. One patientesponse rate, our results in medulloblastoma and epe
had an objective (partial) response. The Children’s Calymoma suggest that daily oral etoposide has clinicall:
cer Group evaluated the activity of Etoposide (100 mgignificant activity for these primary brain tumors. Fur-
m? i.v. daily x 5) with or without mannitol disruption of thermore, our responses to oral etoposide in patients wt
the blood brain barrier for children with recurrent brainvere previously treated with intravenous etoposide, den
tumors. Objective responses (CR + PR) for the two treatnstrates that resistance to short course (5 day) intrav
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nous etoposide does not preclude response to daily ordl van Maanen JMS, Retel J, de Vries J, Pinedo HM: Mechanism c
etoposide. action of antitumor drug etoposide: A review. J Natl Cancer Inst

; P 80:1526-1533, 1988.
In contrast to published reports of objective FESPONSES g eiiff JA, Gootz TD, Barrett JF: Biochemical characteristics and

in patients with brain stem gliomas and optic pathway physiological significance of major DNA topoisomerases. Anti-
tumors treated with daily oral etoposide [17,18], we did microb Agents Chemother 33:2027-2033, 1989.
not observe responses in either of these tumors. In addi- Liu LF: DNA topoisomerase poisons as antitumor drugs. Annu
tion, no responses were noted in any solid tumors outside 'gg‘r’tri'r?ghsméﬁ:fsaﬁ‘gﬁé alrzﬁg- M. Pommier Y- Cell death in
the bram,' The Ia,Ck of response in brainstem glioma, duced by tépoiso?nerasé inhibitgors.’ Biochem Pharmacol 42:77:
though discouraging, remains an all-too-common result. g5 1991
However, our finding of prolonged clinical stability in 7. Long BH, Musial ST, Brattain MG: Single- and double-stranded
patients with optic pathway tumor deserves further com- DNA breakage and repair in human ling adenocarconoma cell
ment. In the young patient with optic pathway glioma, a exposed to etoposide and teniposide. Cancer Res 45:3106—311
major goal of ChemOtherapy Often is the del_ay of radlaé. Dombernowsky P, Nissen NI: Schedule dependency of the ant
tion therapy to the developing brain [19]. Daily oral eto-  |eykemic activity of the podophyliotoxin-derivative VP 16-213
poside may have clinical benefit in achieving this goal (NSC-141540) in L1210 leukemia. Acta Pathol Microbiol Scand
with manageable acute toxicity. However, treatment of 81:715-724, 1973. _
optic pathway/hypothalamic low-grade gliomas with car-: Eémn g"é CR'Z‘;';ZI'( Jé’He' ?/5 r'ig’l':;/'k F?ﬁﬁ?%”%i?&ifﬁ%}"’m
boplatin and VIn_CfIStIn_Q has shovyn .SIgnlflcant objective evaluate t’he effect of échedule on the activity of etoposide ir
response rates in addition to achieving the goal of delay- small-cell lung cancer. J Clin Oncol 7:1333-1340, 1989.
ing radiation therapy [20]. 10. Hainsworth JD, Johnson DH, Greco FA: Chronic etoposide schec
Bioavailability after oral administration is a function ules in the treatment of non-Hodgkin's lymphoma. Semin Oncol
of dose, and at doses higher Hhans0 n?gmava”ab”- ﬁ;&lﬂm}?lgiﬁ;?ﬁéggs%nnichsen D, Relling M, Pratt C, Mah
|ty'c.iecreases. At' the dose used in this study, .bloava]ﬂl‘ moud H. Bowman L M,eyer W, Avery L, Crist%/v: Phase | ’Smdy
ability can be estimated to be 76% [21]. There is, hOW-  of oraj etoposide in children with refractory solid tumors. J Clin
ever, 3-fold interpatient variability. The standard dose for Oncol 12:1452-1457, 1994.
children is often 100 mg/l"‘ni.v. daily for 5 days, for a 12. McLeod HL, Relling MV: Stability of etoposide solution for oral
total of 500 mg/tA every 28 days. In the present study , 155 E0 < BheR AR CUEITE (KR Hainsworth I
patients rec_e|ved 50 mgﬁixday pO for 21 days yielding Prolonged ac’Iministratior; of oral e’toposide in batients with re-
a net effective dose of approximately 800 mg/avery lapsed or refractory small-cell lung cancer: A phase Il trial. J Clin
28 days (50 x 0.76 x 21). The estimated 50% increase in Oncol 8:1613-1617, 1990.
the dose intensity of etoposide did not result in unma#4. Chard R, Krivit W, Bleyer WA, Hammond D: Phase II study of
ageable toxicity. An assessment of long-term risks is be- \(gfoigf:;?olr? Cche"'gsgrogrg;"gg?)”ég'lssgge:l%gh'l'g%”’S Cancel
yond ?he scope of thIS_StUdy' The primary risk faCtorﬁs. Rivera G, Avery T, Pratt C: ’4Demethy|epipo‘dophyllotoxin
associated with etoposide related secondary acute my-g_(4 6-0-2-thenylidene-b-D-glucopyranoside) (NSC-122819:
elogenous leukemia, (11923 translocation), remains un- VM-26) and 9-(4,6-0-2-ethylidene-b-D-glucopyranoside) (NSC-
clear. However, the risk of secondary AML is an impor- 141540; VP-16-213) in childhood cancer: Preliminary observa-

tant issue, especially in patients with low-grade tumorg tions. Cancer Chemother Rep 59:743-749, 1975.
where Iong—term survival is expected 16. Pons MA, Finlay JL, Walker RW, Puccetti D, Packer RJ, McEl-

; ; wain M: Chemotherapy with vincristine (VCR) and etoposide
In summary, daily oral (_etop05|de, at the dose of 50 (yp-16) in children with low-grade astrocytoma. J Neurooncol
mg/mé/day for 21 consecutive days followed by a 7-day 14:151-158, 1992.

rest is well tolerated and active in medulloblastomd/. Chamberlain MC, Grafe MR: Recurrent chiasmatic-hypothalami

PNET and in ependymoma. An interesting approach for glioma treated with oral etoposide. J Clin Oncol 13:2072-2076.
' 1995.
further study would be the replacement of short cour §. Chamberlain MC: Recurrent brainstem gliomas treated with orz

etoposide for daily oral etoposide in a randomized study, vp.16. J Neurooncol 15:133-139, 1993.
perhaps for high-risk PNET. Such a study would allow 0. Janss AJ, Grundy R, Cnaan A, Savino PJ, Packer RJ, Zackai El
direct assessment of etoposide schedule dependent activGoldwein JW, Sutton LN, Radcliffe J, Molloy PT, Phillips PC,

ity in a childhood brain tumor demonstrated to be eto- 23532 E%‘jﬁ“grﬂﬂ:‘r‘:":‘yeagdgg’fso\}aﬁ:zmécﬁgfﬂgxcug|iocnlle:]sc g
poside responsive. young gedy y p.

75:1051-1059, 1995.
Packer RJ, Lange B, Ater J, Nicholson HS, Allen J, Walker R,
Prados M, Jakacki R, Reaman G, Needle MN, Phillips PC, Ryatr

REFERENCES 20.

1. Rowinsky EK, Donehower RC: Vinca alkaloids and epipodophyl-
lotoxins. In Perry MC (ed): “The Chemotherapy Source Book.”
Baltimore: Williams and Wilkins, 1992, pp. 368-376.

. Loike JD, Horwitz SB: Effects of Podophyllotoxin and VP-16-2121.
on microtubule assembly in vitro and nucleoside transport in HeLa
cells. Biochemistry 15:5435-5443, 1976.

J, Boyett JM, Geyer R, Finlay J: Carboplatin and vincristine for
recurrent and newly diagnosed low-grade gliomas of childhood. .
Clin Oncol 11:850-856, 1993.

Hande KR, Krozely MG, Greco FA, Hainsworth JD, Johnson DH:
Bioavailability of low-dose Etoposide. J Clin Oncol 11:374-377,
1993.



