Cancer Chemother Pharmacol (1982) 7:169—-172

VM26 Therapy in Children

ancer
hemotherapy and
harmacology

© Springer-Verlag 1982

with Drug-refractory Lymphocytic Leukemia

Gaston Rivera, Gary V. Dahl, Sharon B. Murphy, W. P. Bowman,

R.J. Aur, Thomas, L. Avery, and J. V. Simone

St. Jude Children’s Research Hospital, 332 North Lauderdale, P.O. Box 318, Memphis, Tennessee 38101, USA

Introduction

Despite modern chemotherapy, about one-half of
children treated for acute lymphoblastic leukemia
(ALL) will relapse, either during or after the
treatment course [2]. The reasons for this circum-
stance almost always can be traced to the failure of
chemotherapy to eradicate or permanently suppress
all leukemia cells. This is especially so for patients
whose leukemia is biologically disposed to the rapid
development of drug resistance. Different combina-
tions and higher dosages of previously used antileu-
kemic drugs will induce new remissions, but these are
generally brief, giving way to progressively more
resistant disease. At St. Jude Children’s Research
Hospital, Phase I and II trials of potentially valuable
antileukemic agents are conducted in patients with
drug refractory lymphocytic leukemias. We report
here a series of such investigations with the podo-
phyllum compound VM26 (see Table 1), a semisyn-
thetic derivative of the May-apple plant (Podophyl-
lum peltatum). First used in clinical trials in the early
1970’s [4, 9], VM26 has major cytotoxic activity in
mitosis {17] as well as the premitotic interval [8] of the
cell cycle. The oncolytic effects of this compound and

its congener, VP16-213, were assessed in a prelimi-
nary study in patients with advanced unresponsive
leukemia who had experienced multiple bone mar-
row relapses.

Patients, Methods, and Results

Phase I/Il Studies. As single agents, the epipodophyllotoxins
induced objective responses in 9 of 29 children evaluated; most
important, they were effective after established drugs had lost any
demonstrable oncolytic activity. In responding patients, rapid
reductions in leukocyte counts of 80% or more with clearing of
circulating lymphoblasts and a decrease in the proportion of bone
marrow lymphoblasts (> 50%), as well as disappearance of large
tumor masses or malignant effusions, were observed. These
results, defined as “oncolytic responses”, provided evidence of a
rapid antileukemic effect. However, with this single-drug therapy,
no complete marrow remissions were induced. In addition to
providing a clear indication that this new class of agents was active
in children with refractory lymphocytic leukemia, the initial trials
demonstrated that the epipodophyllotoxins could be administered
without producing prohibitive toxicity. Myelosuppression was the
most pronounced side effect produced by either VM26 or
VP16-213 but, in general, was no more severe from that induced by
most other antileukemic drugs [10). Bleyer et al. [1] reported
similar results in subsequent Phase II studies.

Table 1. Clinical trials of VM26 in childhood leukemia (1973—1980)

Treatment No. of Clinical status Responses CR
patients of leukemia

VM26 (or VP16-213) 29 Advanced 9 (0.31) 0

VM26 + ara-C 33 Advanced 10 (0.30) 9 (0.27)

YM26 + ara-C 26 Second remission Median 7 months

VM26 + ara-C 14 Induction failures 9 (0.64) 9 (0.64)

VM26 + P + VCR 53 Advanced 26 (0.49) 17 (0.32)

CR: complete remission; P: prednisone; VCR: vincristine
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Results
Early Results of Combination Chemotherapy

As with most drugs, the epipodophyliotoxins have
increased antitumor effects when used in combina-
tion. In animal studies with L1210 murine leukemia,
performed at our institution, VM26 and cytosine
arabinoside (ara-C) acted synergistically in curing or
extending the life-spans of leukemic mice [11]. By
analysis of variance, the basis of the enhanced effect
appeared to be a potentiation of ara-C activity by
VM26; this information, together with the perfor-
mance of the podophyllotoxin in Phase I studies,
formed a rationale for using combinations of the two
agents in patients with ALL for whom all other
therapeutic possibilities had been exhausted.

The regimen was given initially to 33 children with
multiple hematologic relapses [14]. Because there
was inadequate information on the use of VM26 in
combination chemotherapy for human subjects, the
treatment design incorporated five increasing dosages
of VM26 (50, 75, 110, 165, or 200 mg/m%dose)
combined with a constant dosage of ara-C
(300 mg/m?dose). Each dosage combination was
given twice a week for 4 weeks (total of 8 doses). The
initial dosage of VM26 50 mg/m?%dose, furnished a
base of comparison for results of the previous
single-drug study. The podophyllum compound was
administered in 30- to 45-min i.v. infusions at a
concentration of 1 mg/ml in a solution of 5% glucose
and normal saline (%4 dilution) to prevent crystalli-
zation. Cytosine arabinoside was diluted to a final
concentration of 50 mg/ml and administered by rapid
i.v. injection immediately after the VM26 infusion.
No other antileukemic drugs were used for remission
induction; antimicrobial agents, transfusions or blood
products and general supportive care were provided
as required.

Ten of the 33 patients attained remissions (nine
complete and one partial). Of the 23 non-responders,
nine could not complete the study owing to their
debilitated physical condition. Drug-induced toxicity
was noted over the full range of VM26 dosage; again
myelosuppression was the most frequent and most
severe side effect observed. It occurred at each level
of dosage, but was most prolonged at 200 mg/m?, with
3 rather than 2 weeks required for hematologic
recovery. '

An optimally effective dosage of VM26 for
combination with ara-C was not clearly established by
this study; instead, remissions were induced over the
entire range of podophyllotoxin dosage (total dosages
of 325—1,320 mg/m? vs 400—1,600 mg/m? for patients
who failed to respond). Because the independent
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contribution by VM26 in combination therapy is
likely to be dosage dependent, we suggest that the
drug be used at maximally tolerated dosage. In view
of the more protracted myelosuppression after treat-
ment with 200 mg/m?, that dosage appears to be equal
to or greater than 165mg/m? but less than
200 mg/m?.

This trial demonstrated that combinations of
VM26 and ara-C will induce complete remissions in a
relatively high proportion of children with drug-re-
fractory leukemia. Significantly, since seven of ten
responders had received ara-C before in other drug
combinations, its prior use did not appear to diminish
the effectiveness of the combination. Explanations
for the therapeutic efficacy of this combination are
still being sought, but from available evidence our
working hypothesis is that oncolytic contributions are
made by each of the drugs with ara-C activity being
potentiated by VM26.

Clinical studies to evaluate potentially useful
antileukemic drugs have undergone major changes
over the past 15 years. For example, when vincristine
and daunomycin were first studied, the median
duration of complete remissions was only about 1
year and prior chemotherapy was limited to only a
few effective agents [7, 18]. In some instances,
moreover, children who received these drugs were
previously untreated [6]. The patients admitted to
this trial, by contrast, had shown clinical resistance to
all first-line chemotherapy, including prednisone,
vincristine, daunomycin and asparaginase. There-
fore, the induction of complete responses in about
one-third of these children was encouraging, espe-
cially when one considers that ten patients did not
complete a full course of therapy and may have
become responders had they been treated under
more favorable circumstances.

In earlier evaluations of VM26 and VP16-213,
neither compound proved therapeutically superior to
the other, their toxic effects were comparable, and
both appeared to potentiate responses to ara-C in
mice. Hence, the selection of VM26 for combined
drug treatment of ALL was arbitrary and should not
be construed as indicating any superiority of this
agent over its congener.

VM26 and ara-C as Consolidation Therapy

A particularly difficult group of patients to treat are
children who after an initial bone marrow relapse
during therapy attain second remission. Generally,
these remissions are short-lived and many therapeutic
efforts to prolong their duration have been unsuc-
cessful [3, 5, 12]. A comparative study was therefore
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designed to determine if a brief intensive treatment
with VM26 plus ara-C, after the reinduction of
remission, would extend the duration of second
hematologic remission in childhood ALL [16]. To test
this hypothesis, at the date of second remission we
randomized patients to receive or not to receive four
doses of VM26 (165 mg/m?) and ara-C (300 mg/m?)
over 2 weeks. Both treatment groups were compa-
rable with respect to (i) prognostic features at
diagnosis, (ii) development of a first marrow relapse
during a similar initial treatment, and (iii) length of
first marrow remission. In addition, all patients
received identical reinduction therapy (prednisone,
vincristine, daunomycin) and continuation therapy
(weekly i.v. injections of vincristine and cyclophos-
phamide for 30 months plus intrathecal chemother-
apy every 6 weeks). Thirty patients were randomized
not to receive VM26 plus ara-C, and their median
duration of second remission was 3 months (1-16
months). Only seven of 30 had prolonged second
remissions (> 6 months) and none were taken off
chemotherapy. By comparison, 26 children were
randomized to receive VM26 + ara-C consolidation
treatment, and their median duration of second
remission was 7 months (2—47+ months), a signifi-
cantly longer interval (P = 0.04) by logrank analysis.
In this group, 14 of 26 children had prolonged second
remissions and two are now off therapy, for 20+ and
22+ montbhs, respectively, after successfully complet-
ing 30 months of continuation treatment. Reversible
myelosuppression but no other untoward effects was
observed in 25 of 26 patients treated with VM26 and
ara-C. Analysis of selected patient variables in this
study indicated a clear correlation of early
VM26 + ara-C therapy with length of second re-
mission. We concluded, then, that VM26 + ara-C
significantly extended the duration of second remis-
sions. Furthermore, in two of these patients, treat-
ments were electively stopped, an unusual event
following a marrow relapse on therapy.

VM26 and ara-C for Induction Failures

Lastly, a study was conducted in patients with ALL
who failed to respond to initial induction therapy
(induction failures) [15]. There were 14 newly
diagnosed patients who did not attain remission
following 6—12 weeks of treatment with prednisone,
vincristine, daunomycin and asparaginase with or
without ara-C. Nine of these patients had high-risk
features at diagnosis, six had leukocyte counts
exceeding 100,000 cells'mm?, six had early CNS
leukemia and five had E-rosette positive lympho-
blasts. However, despite the presenting clinical and
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laboratory findings, each of the 14 patients had not
attained an initial remission and consequently had a
dire prognosis. The treatment plan for this group
consisted of 4 weeks of combination chemotherapy
with VM26 at 165mg/m%dose and ara-C
300 mg/m?%dose twice weekly. Three children did not
respond and died, two responded but did not attain
remission and likewise died, and nine attained
complete remission. Of these nine patients, five had
clinical high-risk features at diagnosis, three had
T-cell leukemia and six had received previous ara-C
therapy. Three of the nine responders are still in
remission, two off therapy for 26+ months and
surviving 5 years after diagnosis. In this study, the
complete remission rate was 64%, providing firm
evidence that the effectiveness of the drug combina-
tion could be extended to newly diagnosed unre-
sponsive patients.

VM26, Prednisone and Vincristine Combination

To further exploit its therapeutic potential, we
combined VM26 with prednisone and vincristine [13].
Only patients in relapse who repeatedly had received
prednisone and vincristine were studied; the objec-
tive was to determine if drug synergism could be
elicited with agents other than ara-C. Fifty-three
patients with equally refractory lymphocytic leuke-
mia were studied; 26 children responded to therapy
with 17 attaining complete marrow remission. These
results indicated that responses to VM26 therapy did
not depend on the drug’s combination with ara-C
and, indirectly, provided evidence to suggest that
clinical resistance to a compound or combination of
compounds may be overcome by adding an effective
new drug such as VM26 that has pronounced
oncolytic activity and a different mechanism of
antitumor activity.

Conclusion

The information from these trials should aid in the
design of future treatment strategies for leukemia
patients at high risk of early relapse. Since VM26 in
combination chemotherapy effectively destroyed
populations of leukemia cells not susceptible to the
cytotoxic activity of conventional agents, its most
important future role may be in alternate remission
induction treatments or perhaps as an added com-
ponent of primary treatments.

Acknowledgements. We thank John Gilbert for editorial assis-
tance.



172

References

. Bleyer WA, Krivit W, Chard RL, Hammond D (1979) Phase

IT study of VM26 in acute leukemia, neuroblastoma and other
refractory childhood malignancies: A report from the Chil-
dren’s Cancer Study Group. Cancer Treat Rep
63:977-981

. Bowman WP (1981) Childhood acute lymphocytic leukemia:

progress and problems in treatment. Can Med Assoc J
124:129-142

. Chessels JM, Cornbleet M (1979) Combination chemotherapy

for bone marrow relapse in childhood lymphoblastic leukemia
(ALL). Med Pediatr Oncol 6: 359365

. Dombernowsky P, Nissen NI, Larsen V (1972) Clinical

investigation of a new podophyllum derivative, epipodophyl-
lotoxin, 4'-demethyl-9-(4,6-0-2-thenylidene-8-p-glucopyrano-
side) (NSC-122819), in patients with malignant lymphomas
and solid tumors. Cancer Chemother Rep 56:71-82

. Ekert H, Ellis WM, Waters KD, Matthews RN (1979) Poor

outlook for childhood acute lymphoblastic leukaemia with
relapse. Med J Aust 2:224-226

. Evans AE, Farber S, Brunet S, Mariano PJ (1963) Vincristine

in the treatment of acute leukemia in children. Cancer
16: 13021306

. Karon M, Freireich EJ, Frei E, III, Taylor R, Wolman 1J,

Djerassi I, Lee SL, Sawitsky A, Hananian J, Selawry O, James
D, George P, Patterson RB, Burgert O, Haurani FI, Oberfield
RA, Macy CT, Hoogstraten B, Blom J (1966) The role of
vineristine in the treatment of childhood acute leukemia. Clin
Pharmacol Ther 7:332-339

. Krishan A, Paika K, Frei E, III (1975) Cytofluorometric

studies on the action of podophyllotoxin and epipodophyllo-
toxins (VM26, VP16-213) on the cell cycle traverse of human
lymphoblasts. J Cell Biol 66: 521530

. Mathé G, Schwarzenberg L, Pouillart P, Weiner R, Oldham

R, Jasmin C, Rosenfeld C, Hayat M, Scheineder M, Annel JL,
Ceoara B, Steresco-Nusset M, Vassal F et de (1974) Essai de
traitement de divers hematosacromes par le 4’-déméthyl-épi-
podophyllotoxine beta D thénylidéne glucoside (VM26 or
EPT). Nouv Presse Med 3:447-451

10.

11.

12.

13.

14.

15.

16.

17.

18.

G. Rivera et al.: VM26 Treatment for Refractory ALL

Rivera G, Avery T, Pratt C (1975) 4'-demethylepipodophyl-
lotoxin  9-(4,6-0-2-thenylidene-f-p-glucopyranoside) (NSC-
122819; VM26) and 4’-demethylepipodophyllotoxin 9-(4,6-0-
ethylidene-8-p-glucopyranoside) (NSC-141540; VP16-213) in
childhood cancer: preliminary observations. Cancer Chemo-
ther Rep 59:743—749

Rivera G, Avery T, Roberts D (1975) Response of L1210 to
combinations of cytosine arabinoside and YM26 or VP16-213.
Eur J Cancer 11:639—647

Rivera G, Murphy SB, Aur RJA, Verzosa MS, Dahl GV,
Mauer AM (1978) Recurrent childhood lymphocytic leuke-
mia. Clinical and cytokinetic studies of cytosine arabinoside
and methotrexate for maintenance of second hematologic
remission. Cancer 42:2521-2528

Rivera G, Murphy SB, Wood A, Dahl GV, Bowman WP, Aur
RJA (1979) Combination chemotherapy with prednisone,
vincristine and the epipodophyllotoxin VM26 for refractory
childhood lymphocytic leukemia (ALL). Blood (abstract)
54:265a

Rivera G, Aur RJ, Dahl GV, Pratt CB, Wood A, Avery T
(1980) Combined VM26 and cytosine arabinoside in treatment
of refractory childhood lymphocytic leukemia. Cancer
46:1284—1288

Rivera G, Dahl GV, Bowman WP, Avery TL, Wood A, Aur
RJ (1980) VM26 and cytosine arabinoside combination
chemotherapy for initial induction failures in childhood
lymphocytic leukemia. Cancer 46:1727—1730

Rivera G, Dahl GV, Bowman WP, Aur RJA, Murphy SB,
Tsiatis A (1981) Prolonged second marrow remission in
children with lymphocytic leukemia (ALL) treated with VM26
and cytosine arabinoside (Ara-C). Proc AACR ASCO
(abstract) 22: 481

Stahelin H, Poschmann G (1978) Effects of the epipodophyl-
lotoxin derivative VM26 in mitosis and in interphase. Oncol-
ogy 35:217-219

Tan C, Tasaka H, Yu KP, Murphy ML, Karnofsky D (1967)
Daunomycin, and antitumor antibiotic, in the treatment of
neoplastic disease. Cancer 20: 333353

Accepted July, 1981



