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ABSTRACT

Therapeutic efficacy and toxicity were evaluated in 28 children
with acute lymphoblastic leukemia, in ten with acute nonlym-

phoblastic leukemia (ANLL), and in 13 with metastatic neuro
blastoma. All were refractory to standard chemotherapeutic
agents and 25 were refractory to an investigational drug. The
initial dose was 12 mg/m2/day and was based on an established

maximal dose tolerated in adults. This dose was found to be
intolerable in 5 of 5 children with leukemia. Similarly an initial
dose of 9 mg/m2/day was intolerable in 4 of 5 patients with

leukemia. The starting dose in the next 28 children with leukemia
or neuroblastoma was 3 mg/m2. This drug was gradually in
creased to the highest tolerated dose by 3-mg/m2 increments.

Fifteen children with acute lymphoblastic leukemia, 3 children
with ANLL, and 2 children with neuroblastoma received the drug
daily. Seven patients with ANLL and 7 patients with neuroblas
toma received the drug biweekly. Seventeen patients with acute
lymphoblastic leukemia, 6 patients with ANLL, and 5 patients
with neuroblastoma had an adequate trial of the drug. An ade
quate trial was defined as a minimum of 5 weeks of therapy
unless progressive disease developed. Side effects of the drug
were striking and included fever, hypotension, myalgia, bone
pain, arthralgia, arthritis, abdominal pain, liver toxicity, thrombo-

cytopenia, and neurotoxicity. No complete remission occurred
although interferon levels above 100 units/ml were induced in
nearly 50% of the patients.

INTRODUCTION

The synthetic double-stranded RNA, polyriboinosinic-polyri-

bocytidylic acid, is an effective inducer of interferon in vitro and
in vivo in rodents (1-9). This polynucleotide is a poor inducer in
humans because primate serum contains a high level of hydro-
lytic activity (nuclease) against polyriboinosinic-polyribocytidylic

acid (10). In 1975, Levy eÃal. (11) prepared a complex of
polyriboinosinic-polyribocytidylic acid with poly-L-lysine and car-

1Contributing Children's Cancer Study Group Investigators, institutions and
grant numbers are given in the "Appendix." Grant support from the Division of

CancerTreatment, NationalCancer Institute, NIH,Departmentof Healthand Human
Resources. Address requests for reprints to Children's Cancer Study Group,

Operations Office, 1721 Griffin Avenue, Los Angeles, CA 90031. This paper was
presented in part at the March 1982 meeting of the American Society of Clinical
Oncology in St. Louis, MO, and to the Conference on Polyribonucleotides for
Cancer Therapy in Washington, DC, on April 4,1985.

2Formerly with the PediatrieOncology Branch, NationalCancer Institute.
Received4/1/85; revised 8/8/85; accepted 8/9/85.

boxymethylcellulose, poly(ICLC),3 which resists hydrolysis. In

1979, Levine ef al. (12) was able to induce significant levels of
interferon in humans with poly(ICLC) in phase I studies and in
their study an antileukemic effect was seen in one adolescent
with ALL. Because phase I trials had been done in adults,
interferon could be induced by the drug, and interferon had been
shown in a few patients to have an antitumor effect, we under
took a phase II trial of poly(lCLC) in children with acute leukemia
and neuroblastoma (13-15) starting with dose of 12 mg/m2 daily.

This dose had been found to be the maximal tolerated dose in
adults by Levine ef al. (12).

MATERIALS AND METHODS

All patients who were entered on this study did so after informed
consent was approved by the human review boards of the institutions
participating in Children's Cancer Study Group.

Patient Selection and Drug Schedule for Children and Adolescents
for Treatment of Acute Leukemia with Poly(ICLC) (CCG-082). Thirty-

eight children with acute leukemia were registered on the protocol from
May 1979 to October 1982. Twenty patients with non-T, non-B-type

ALL as defined by absence of surface immunoglobulins and blasts which
formed less than 25% erythrocyte-forming rosettes, five patients with T
ALL as defined by presence of 25% or greater erythrocyte-forming

rosettes, three patients with ALL of unknown type, and ten patients with
ANLL were studied. Twenty-eight children were males and ten were
females. Twenty-one patients were not on prednisone but 17 were on

tapering doses of prednisone. Of the 38 patients, 2 had never responded
to chemotherapy. Three were in their first relapse; 11 were in their
second or third relapse. All of these patients were refractory to standard
chemotherapeutic agents and 22 had been treated previously with an
investigational drug. One course of induction therapy consisted of giving
the drug daily for 14 days with a rest period of 7 days. An adequate trial
was defined as a minimum of two courses unless progressive disease
occurred after one course. The dose at the start of the study was 12
mg/m2 and was based on the results of studies done in adults mainly

with solid tumors reported by Levine ef al. (12). This dose was given to
the first five patients and was intolerable in these children with acute
leukemia. Similarly 9 mg/m2/day as the starting dose was intolerable in

four of five patients. This study was temporarily interrupted for several
months because of the severe toxicity which was seen when the initial
dose was 12 or 9 mg/m2. The next 28 patients were started at 3 mg/
m2. If two injections at this dose were tolerated, the drug was then
increased in 3-mg/m2 increments every 2 days until 9 mg/m2/day or the

3The abbreviations used are: poly(ICLC),complex of polyriboinosinic-polyribc-
cytidylic acid with poly-L-lysineand carboxymethylcellulose; ALL, acute lympho
blastic leukemia; ANLL, acute nonlymphoblastic leukemia; CNS, central nervous
system; SGOT, serum glutamic-oxaloacetic transaminase (aspartate aminotrans-
ferase);SGPT,serum oxaloacetic-pyruvictransaminase(alanineaminotransferase).
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highest tolerated dose. Because Interferon levels usually did not increase
further after a second or subsequent daily dose but in some instances
decreased, 7 of 10 patients with ANLL were given the drug twice a
week. Initially 3 mg/m2 of poly(ICLC) were given; if this was tolerated
well, 3 days later 6 mg/m2 were given. If 6 mg/m2 were tolerated, then
9 mg/m2 were given 3-4 days later. If this dose was tolerated, 9 mg/m2

were given twice a week. An adequate trial was defined as a minimum
of 5 weeks at the maximal tolerated dose unless there was progressive

disease.
Patient Selection and Drug Schedule of Children with Neuroblas

toma (CCG-082A). Thirteen children who had metastatic disease and
were refractory to 5-(3,3-dimethyl-1-triazene)imidazole-4-cart>oxamide,
cyclophosphamide, vincristine, VM-26, c/s-diamminedichloroplatinum (II),

and doxorubicin were studied from October 1981 to August 1983. Three
of these patients also had received at least one investigation drug before
entry on this study. Two children were treated daily according to the
schedule outlined for the patients with ALL. The remaining 11 patients
were given the drug twice a week as outlined for the patients with ANLL.

Determination of Interferon in the Serum (Tables 1 to 3). Samples
of blood were obtained for Interferon levels before giving the drug, 8 h,
24 h, and 3 or more days after giving the first dose of the drug. Samples
were also obtained in some of the patients before and 8 h after several
subsequent doses of the drug. The serum was separated, frozen, and
sent to Dr. Hilton Levy for determination of the interferon levels using
the method of Oie ef al. (16). This method is reproducible Â±0.2(SD) of a
log. The assays were done by a cytopathic effect reduction method,
using human foreskin cells (HFS-34) and vesicular stomatitis virus,

Indiana strain, three times plaque purified. An internal house standard is
used with each assay. The internal reference is standardized twice yearly

versus the NIH human Â«-interferon reference (GOV3-901-5V7), using six

replicates. The mean titer of the NIH reference is 50,000 units, with an

expected titer of 20,000.

RESULTS

Patients with Leukemia

Thirteen patients with non-T, non-B ALL, four patients with T-

ALL, and six patients with ANLL had an adequate trial. Although
no complete or partial remissions were found, the WBC and the
absolute numbers of blasts in the blood decreased strikingly in
five of the patients with ALL (Table 4). In spite of this decrease,
patients 24 and 25 were found to have progressive disease by
the time the second course was due. Patient 26 died on day 17
of a probable CNS hemorrhage. Patient 11 (see Table 1) with T-
cell ALL and patient 14 (see Table 1) with non-T, non-B ALL

were found to have a hypocellular bone marrow and less than
5% blasts after 14 days of therapy. Interferon levels were mea
sured 8 h after poly(ICLC) on three occasions in patient 11 and
on 2 occasions in patient 14. The levels were increased on each
occasion. Unfortunately both children died of sepsis and at
autopsy both were found to have leukemic cells in extramedullary
sites. Progressive disease occurred in all six patients with ANLL
who had adequate trials.

Table 1

Serum interferon levels in patients with acute leukemia given poly(ICLC) daily

Age
Patient(yr)1

32

183

64
155

46

147
86
69

2310

411

1412

813

1214

615

1416

817

718

11Type

ofleukemiaNon-T,

non-BALLNon-T,

non-BALLNon-T,

non-BALLNon-T,
non-BALLT-cell

lymphomaNon-T,

non-BALLNon-T,
non-BALLNon-T,
non-BALLNon-T,
non-BALLNon-T,

non-BALLT-cell

ALLNon-T,

non-BALLNon-T,

non-BALLNon-T,

non-BALLT-cell

ALLALLALLALLDose

(mg/m2) of

poly(ICLC)when
interferon level

wasdrawn12912912121212999993434.53993934.539369363939Interferon

levels(units/ml)Pre-

poly(ICLC)0000016800255<800800008-10

h after a

dose of
potyOCLC)32208004002501310001613002630100164025804002008369086301304025405404024-h

after a dose
of poly(ICLC)3220136.31625168250401832200<25850
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Table2
Serum Interferon levels In patients with acute leukemiagiven poly(ICLC) twice weekly

Dose of poly(ICLC)
when Interferon level

wasdrawnAge

Type of
Patient (yr) leukemiaWk19

11AMoL"1st2nd5th7th10th20

7AML1st2nd3rd21

10AMMoL22

10AML1st2nd3rd23

4 AMLDose(mg/m2)3999993699936369993912Interferon

levels(units/ml)Pre-

8 h after a dose
poly(ICLC) ofpoly(ICLC)0

130/200"<3250/500"4006308050

25006302002001300

2500

802004020100

13050080S3

days after a dose
ofpdy(ICLC)<5<500080.<130"<51302000010500

" AMoL, acute monocytic leukemia;AML, acute myeloblastic leukemia;AMMoL, acute myetomonocyticleukemia.
'' Duplicate samples.

Patients with Neuroblastoma

The two patients with neuroblastoma who received the drug
daily had an adequate trial without response. Three patients who
received the drug twice a week for induction had an adequate
trial. Two of these patients had progressive disease but one had
stable disease for 6 months. Four additional patients had pro
gressive disease after two, three, or five doses of the drug. One
parent refused further therapy after two doses of the drug; one
patient died of injuries sustained in a car accident and had
received only three doses of the drug; one patient died a cardi-
orespiratory death from pulmonary involvement of the disease
after 1 dose of the drug; finally one patient was taken off study
because of severe liver toxicity which was coincident with giving
poly(ICLC) and acetaminophen.

Toxicity

Patients with Leukemia. Because all of the patients were in
a late stage of their disease, it was difficult to determine whether
some of the complications associated with giving poly(ICLC)
were due to the disease or the drug.

All of the children had temperatures greater than 39Â°Ca few

h after receiving the drug. Hypotension was the next most
common side effect and was defined as: (a) minimal, at least a
15% decrease in systolic and diastolic pressures; (o) moderate,
at least a 30% decrease in systolic and diastolic pressures; and
(c) severe, at least a 50% decrease in systolic and diastolic
pressures. Eight patients had minimal hypotension, six had mod
erate hypotension, and six had marked hypotension.

No clear correlation was found with the dose of the drug given
and the type of side effect, but 12 and 9 mg/m2 as initial doses

resulted in a greater incidence of severe hypotension, myalgia,
bone pain, arthralgia, arthritis, and CNS findings (two had sei
zures, one had seizure and coma, and one had coma). Abdominal
pain was also a prominent feature in four patients. This finding

was associated with pleural effusions and ascites in one patient
and occurred in two patients who died shortly after the drug was
given. Five additional patients had markedly increased SCOT or
SGPT values after the drug indicating the drug affected the liver.
It appeared that fever, pain, and hypotension were less after
several doses of the drug even if the dose was increased.
Poly(ICLC) also caused profound depletion of platelets in three
patients whose counts were above 100,000 at the time the drug
was started.

Patients with Neuroblastoma. The patients with neuroblas
toma were less ill at the time poly(ICLC) was given than were
the patients with acute leukemia.

Acetaminophen was given to these patients every 4 h in an
attempt to prevent fever and all were hydrated with fluids before
and after giving the drug in an attempt to decrease the hypoten
sion. Four patients had fever in spite of acetaminophen; three
patients had minimal hypotension and one had moderate hypo
tension in spite of an increase in fluids. Three patients had pleural
effusions thought to be secondary to progressive disease. All
three had pulmonary disease before the drug was started. Two
of these patients died a pulmonary death which was thought to
be secondary to the disease. Nevertheless patients with pulmo
nary disease were subsequently excluded from the study. One
patient after one injection of 3 mg/m2 developed an increase in

blood pressure from 104/80 to 140/120 at 1 h and 45 min after
start of infusion. She began to wheeze at the same time and
became very lethargic. Her hands and feet were cool and she
had peripheral cyanosis. Fifty min later all signs had returned to
the pretreatment level. It was unclear whether the hypertension
was drug related or secondary to an increase in hydration. She
was premedicated and received a second and third injection of
the same dose without complications. She was withdrawn from
study after her third injection because of progressive disease.
Another patient had an increase in liver enzymes after three
doses of poly(ICLC). The base-line SCOT was 66 units; base-
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Tabte3
SerumInterferon levels in patients with neuroblastomagivenpoly(ICLC) twice weekly

Dose of poly(ICLC)when Inter
feron level was drawn Interferon levels (units/ml)

AgePatient
(yr)1

32

33

3DiseasestageIVIVIIIWk1st3rd4th5thPre-Dose

(mg/rrr*)polyiJCLC)69999333

4,5"98-10

harteradose
ofpoly(ICLC)40405016402553523

daysafter
adose

ofpolyOCLC)0000002

IV

IV

1st
2nd

8 Duplicate samples.
6 ND, not determined.

line SGPT was 19 units. The SGOT after three doses was greater
than 2000 units; SGPT after 3 doses was greater than 4530
units. This patient also received acetaminophen every 4 h; thus
it is conceivable that acetaminophen was partially responsible
for the liver toxicity.

The incidence and severity of myalgia, bone pain, and arthritis
were less in the patients with neuroblastoma and none of these
patients had CMS findings.

Levels of Interferon (Tables 1 to 3)

A level of Interferon above 100 units was induced in nearly
50% of the patients with leukemia or neuroblastoma.

40

o
o

so
130
so

o
25

7 3 IV308

3 IV3099

5 IV 35Drug

given every
3-4daysDrug

givenonceperwk99989

99999999999999910

2 IV 3099920050130/40"30050255025

40
5040252580630250200250200802502004020040063050500<5<5ND600

DISCUSSION

As Levine ef al. (12) found in adults, significant levels of
interferon were induced after poly(ICLC) in most of the children
with acute leukemia. Similarly interferon was induced with the
drug in children with neuroblastoma. Interestingly seven children
with leukemia and one with neuroblastoma had detectable levels
of interferon in their sera before poly(ICLC) was given. The
presence of measurable levels before the drug was given sug
gests that these patients were infected with a virus at the time
poly(ICLC) was started. Although higher levels were induced in
most patients by the 9- to 12-mg/m2 doses than by the lower
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Table 4
ResponseoÃpatients with leukemiato poly(ICLC)

Patient11

14*
24*
25*26Type

of
leukemiaT-cell"

Null ALL."

Null ALL
Null ALL
Null ALLDosage(mg/

m2)9

9
9
6
9No.

of
days
given14

14
14
1414BeforeWBC

(x I0Â»/liter)916

1.8
18.85

1400
77.9%of

blasts95

12
99
9496AfterWBC

(x 109/liter)0.1

0.5
0.025
0.9
0.1%of

blasts0

NDC

60
0

24
8 Bone marrow aspirate, no leukemia cells seen; bone marrow biopsy, very

hypocellular.
" Interferon levels not done.
c ND, differential not done.

doses, there was no clear relationship with the level of Interferon
induced and the dose of poly(ICLC) given. The levels of interferon
after the first dose were higher than subsequent levels in most
of the patients with ALL who were analyzed and received the
drug daily. A similar decrease in the interferon level with subse
quent doses of the drug was not seen consistently in the patients
with ANLL or neuroblastoma who received the drug twice
weekly. In one patient with neuroblastoma who received the
drug weekly higher levels were seen when the drug was given
weekly than when it was given twice a week. These results
confirm that cells producing interferon require an interval of rest
before further production of interferon (7).

Since there were no patients who went into a complete
remission, a correlation of the ability to induce a remission with
the induction of interferon and the level of interferon cannot be
made. It is, however, interesting to note that an antileukemic
effect was found in two patients with ALL who also had signifi
cant levels of interferon induced. Recently Rohatiner ef al. (17)
reported that 4 of 15 adults with ANLL who were given a-
interferon by daily continuous infusions for 5-10 days had a

marked fall in the number of circulating blasts but no change in
the degree of bone marrow infiltration. In two additional patients,
blasts were cleared from the blood and there was a decrease in
the blasts in the bone marrow to 5%. Blasts were not cleared
from the blood in any of our patients with ANLL studied in spite
of inducing significant levels of interferon in four patients in whom
interferon levels were measured. Interferon in primates is an
immune enhancing agent especially at Â¡owdoses (18). At higher
doses, there may be an inhibition of some of the cell-associated

immune responses. It is possible that lower rather than higher
doses might have given better results in our patients.

The toxicity of poly(ICLC) was much greater in the children
with leukemia than had been expected based on the phase I
studies done in adults mainly with solid tumors and reported by
Levine ef a/. (12). Subsequent papers by Kerr ef a/. (19) and
Levine ef a/. (12, 20) reported that the drug was tolerated less
well by children than by adults, that there was more variability in
toxicity at any dose level than had been appreciated in preliminary
trials, and that tolerance was lower in patients with widely
disseminated disease. These investigators emphasized the ne
cessity of starting at a low dose, as was done in our patients.
Most of our children tolerated 9 mg/m2 when the drug was
started at 3 mg/m2 and gradually increased, whereas a 9-mg/m2

dose was not tolerated in most patients when the drug was
given at that dose initially.

Many of the side effects that occurred after giving poly(ICLC)
were similar to those after giving exogenous leukocyte interferon

(21-23). However, hypotension was a much more prominent

finding after giving poly(ICLC). Hypotension has been reported
after high doses of interferon but in our patients there was no
association with the level of interferon induced and the presence
of hypotension. Hydration before and after giving the drug less
ened the severity of hypotension. Other side effects seen after
poly(ICLC) such as myalgias, arthralgias, bone pain, arthritis,
and abdominal pain also did not correlate with the level of
interferon induced. Weight loss and alopecia which have been
seen after administering interferon were not seen after giving
poly(ICLC), but the lack of these findings may be related to the
short time most of our patients received the drug.

Premedicating with acetaminophen decreased the incidence
of fever and the height of elevation but did not appear to decrease
the production of interferon. Similar findings were reported by
Kerr ef al. (19).

Since poly(ICLC) was very toxic, no complete remissions were
seen, and exogenous interferon became available while this
study was being done, poly(ICLC) was not evaluated in children
with other childhood tumors.

The results of this study are important in that they confirm not
only that interferon may be induced with poly(ICLC) but also that
phase I studies should be done in children as well as in adults
before evaluating the efficacy of a new therapeutic agent.
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APPENDIX: PRINCIPAL INVESTIGATORS CHILDREN'S

CANCER STUDY GROUP

Institution Investigator Grant

Group Operations Office
Universityof Southern California
ComprehensiveCancer Center
Los Angeles, CA

Universityof Michigan Medical
Center

Mott Children's Hospital

Ann Arbor, Ml

Children's Orthopedic Hospital

and MedicalCenter
Universityof Washington
Seattle, WA

Rainbow Babies and Children's

Hospital
Case Western Reserve

University
Cleveland,OH

Children's Memorial Hospital

Northwestern University
Chicago, IL

Children's Hospital of Los Angeles

Universityof Southern California
Los Angeles, CA

DenmanHammond,M.D. CA 13539
John Weiner, Dr. P.H.
HariandSather, Ph.D.
Richard Sposto, Ph.D.
Mark Krailo, Ph.D.
Jonathan Buckley,

M.B.B.S., Ph.D.

Ruth Heyn, M.D. CA 02971

Ronald Chard, M.D. CA 10382

Peter Coccia, M.D. CA 20320

HelenMaurer, M.D. CA 07431

Jorge Ortega, M.D. CA 02649
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Institution Investigator Grant
Children's Hospital of Columbus

Ohio State University
Columbus, OH

Babies Hospital
Columbia University
New York, NY

Vanderbilt UniversitySchool of
Medicine

Nashville.TN

DoernbecherMemorial Hospital
for Children

Universityof Oregon Health Sci
ences

Portland, OR

Universityof Minnesota Health
SciencesCenter

Minneapolis,MN

University of Texas Health
SciencesCenter

San Antonio, TX

Memorial Sloan-Kettering Cancer

Center
Cornell University
New York, NY

James Whitcomb Riley Hospital
for Children

Indiana University
Indianapolis,IN

Strong MemorialHospital
Universityof Rochester
Rochester, NY

Children's Hospital Medical Center

Universityof Cincinnati
Cincinnati, OH

Harbor/UCLA & Miller Children's

Medical Center
Universityof California,

Los Angeles
Terranee and Long Beach, CA

Children's Hospital of Denver

Denver, CO

Frederick Ruymann, M.D. CA 03750

Sergio Romeni, M.D. CA 03526

John Lukens, M.D. CA 26270

Robert Neerhout, M.D. CA 26044

Mark Nesbit, M.D.

PaulZeltzer, M.D.

Denis R. Miller. M.D.

Robert Baehner,M.D.

Harvey Cohen, M.D.

CA 07306

CA 36004

CA 23742

CA 13809

CA 11174

Beatrice Lampkin, M.D. CA 26126

Jerry Finktestein,M.D. CA 14560

David Tubergen, M.D. CA 28851
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