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Interleukin-1a (IL-1a) is myeloprotective in
a variety of animal models of cancer chemo-
therapy and is similarly beneficial in adults
treated with carboplatin, 5-fluorouracil, and af-
ter autologous bone marrow transplantation.
There are no trials of this agent in children.
Our purpose was to determine the toxicity and
maximum tolerated dose (MTD) of recombi-
nant human interleukin-1a (rhuIL-1a) in chil-
dren with solid tumors receiving intensive can-
cer chemotherapy and to evaluate its myelo-
protective effects. Cohorts of patients received
rhuIL-1a in doses of 0.1–10 µg/m2 for 4 days by
subcutaneous injection prior to ICE chemo-
therapy (ifosfamide, 2 g/m2/day × 3, carboplat-
in targeted to an area under the curve of 8 mg/
ml × min on day 1, and etoposide, 100 mg/m2

daily for 3 days). Patients were randomized to
receive rhuIL-1a before either the first or sec

ond course of therapy. After the MTD of rhuIL-
1a was determined, an additional group of pa-
tients received rhuIL-1a at that dose immedi-
ately following ICE chemotherapy. The dose-
limiting toxicities of rhuIL-1a in the 27 children
tested comprised systemic symptoms of fever,
chills, headache, and hypotension. The MTD
was 3 µg/m2/day. There were no differences in
chemotherapy-induced hematologic toxicity
with increasing doses of rhuIL-1a or in com-
parisons before or after ICE chemotherapy. Al-
though rhuIL-1a can be given safely to children
receiving myelosuppressive chemotherapy,
clinical usefulness would mandate a significant
hematopoietic benefit in view of the trouble-
some side effects identified. We saw no evi-
dence of a hematoprotective effect. Med. Pedi-
atr. Oncol. 28:444–450, 1997.
© 1997 Wiley-Liss, Inc.
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INTRODUCTION

Increasing dose intensity is an important strategy in
attempting to improve survival for children with malig-
nant solid tumors [1]. Dose escalation is limited by my-
elosuppression, which may be ameliorated to varying ex-
tents with hematopoietic growth factors. However, none
of the currently approved colony-stimulating factors sig-
nificantly affects platelet recovery [2–7]. A hemopoietin
with the ability to accelerate both platelet and granulo-
cyte recovery would be of significant benefit. Recent
evaluations of interleukin-1 (IL-1) in adults with cancer
[8–12] have shown some promise, but there have been no
previous clinical trials of this cytokine in children.

Interleukin-1a (IL-1a) and IL-1b are polypeptides
that bind to the same receptor and have similar biologic
activities including effects on immune system function
and on the regulation of hematopoiesis [13,14]. In mu-
rine models, pretreatment with IL-1a protects against the
otherwise lethal myelotoxic effects of chemotherapy
with a variety of agents including 5-fluorouracil [10,15],
doxorubicin [16,17], cyclophosphamide [18,19], cisplat-
in, and carboplatin [15]. On the basis of these data, as
well as promising early findings in studies of adults
[9–12], we developed a phase I/II trial to evaluate the
safety, maximum tolerated dose (MTD), and myelopro-

tective effects of recombinant human IL-1a (rhuIL-1a)
in children receiving intensive multiagent chemotherapy
for recurrent malignant solid tumors.

PATIENTS AND METHODS

Between June 1991 and July 1993, 28 children (#21
years of age) with refractory solid tumors or tumors for
which no standard therapy was available were entered on
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a clinical trial of chemotherapy with ifosfamide, carbo-
platin, and etoposide (ICE), preceded by escalating doses
of rhuIL-1a. Eligible patients had an Eastern Coopera-
tive Oncology Group (ECOG) performance status of at
least 2, a life expectancy of at least 8 weeks, adequate
renal and liver function (serum creatinine <2.0 mg/dl;
bilirubin <2.0 mg/dl; alkaline phosphatase#3 times nor-
mal), absolute neutrophil count (ANC)$1,000/ml,
packed red cell volume >29%, and platelet count
$100,000/ml. This trial was approved by the St. Jude
Children’s Research Hospital Institutional Review
Board, and written informed consent was obtained from
patients, parents, and/or guardians, as appropriate.

Clinical and Laboratory Monitoring

Before enrollment in the study, patients underwent
complete physical examinations and laboratory tests, in-
cluding complete blood cell counts with differential, re-
ticulocyte count, serum chemistry and coagulation pro-
files, urinalysis, estimation of glomerular filtration rate
(GFR) by 99mTc-DTPA plasma clearance studies, and
tumor assessment with appropriate diagnostic imaging
studies. During each course of treatment, blood counts
were performed at least 3 times weekly and serum chem-
istries were monitored weekly. Throughout the study pe-
riod, patients were systematically evaluated for evidence
of toxicity (rated using the NCI Common Toxicity Cri-
teria), fever, need for blood product support, and signs of
infection.

Patients who had an ANC <500/ml and fever (oral
temperature >38.3°C, or a temperature >38°C for longer
than 1 hr) were hospitalized and treated with broad-
spectrum antibiotics. For data analysis, the duration of
hospitalization was defined as the interval from admis-
sion to the point when the patient had remained afebrile
for longer than 48 hr and all antimicrobials (except tri-
methoprim/sulfamethoxazole) were discontinued. Plate-
let transfusions were given only when the platelet count
was #10,000/ml, unless there was clinically significant
bleeding. Red blood cell transfusions were given as clini-
cally indicated.

Study Design

In our trials using ICE chemotherapy, carboplatin
doses are based on an estimate of carboplatin clearance
adjusted to body surface area, determined by a previously
described equation [20]. Carboplatin is eliminated pri-
marily by glomerular filtration, and individualized dos-
ing based on the GFR, estimated by99mTc-DTPA plasma
clearance, reliably correlates with toxicity, particularly
thrombocytopenia [20,21]. In this trial, carboplatin was
administered intravenously on day 1 to achieve a targeted
systemic exposure or area under the curve (AUC) of 8
mg/ml × min. Ifosfamide (2 g/m2/day) and etoposide
(100 mg/m2/day) were given on days 2, 3, and 4. Ifos-

famide administration was followed immediately by
Mesna uroprotection (500 mg/m2), which was repeated 3
and 6 hr later. Doses of chemotherapy were not modified
in subsequent cycles; if a patient’s GFR increased or
decreased by more than 15%, the patient was taken off
the study.

Subcutaneous administration of rhuIL-1a (produced
in Escherichia coliand supplied by Immunex Corpora-
tion, Seattle, WA, as a lyophilized powder in vials con-
taining 100mg rhuIL-1a protein, 40 mg mannitol USP,
10 mg sucrose NF, and 1.2 mg Tris USP) was started
before the course of chemotherapy was initiated and con-
tinued daily for 4 days. Cohorts of 4–5 patients were
studied at rhuIL-1a dosage levels of 0.1, 0.3, 1.0, 3.0,
and 10.0mg/m2/day. Within dose cohorts, patients were
randomly assigned to receive rhuIL-1a with either the
first or second cycle of chemotherapy. In these patients,
the 4 day ICE chemotherapy regimen was started the day
after the last dose of rhuIL-1a. After the MTD was de-
termined, 5 additional patients received rhuIL-1a at the
defined dosage daily for 4 days beginning the day after
the last day of ICE chemotherapy (Fig. 1).

Statistical Methods

Outcome measures used to evaluate the hematopro-
tective effects of rhuIL-1a included ANC nadir, platelet
nadir, number of platelet transfusions, number of packed
red blood cell (PRBC) transfusions, duration of grade 4
neutropenia, duration of thrombocytopenia (platelet
counts <50,000/ml and <20,000/ml), and duration of hos-
pitalization for febrile neutropenia. These outcome mea-
sures were assumed to be independent of cycle of che-
motherapy. Within-subject differences were compared
using Wilcoxon’s signed rank test for cycles with and
without rhuIL-1a. Descriptive statistics were calculated
for all outcome measures. The Kruskal-Wallis test [22]
was used to compare among groups.

We had a sufficient power (80%,a 4 0.05) to detect
a difference in the timing of administration of rhuIL-1a
(before or after ICE chemotherapy) if there is a probabil-
ity of at least 0.91 that the median duration of neutrope-
nia or thrombocytopenia is longer for a patient in one
group than for a patient in the other group [23]. For
patients treated at the MTD compared to other doses, we
had sufficient power (80%,a 4 0.05) to detect a differ-
ence if there is a probability of at least 0.86 that the
median duration of thrombocytopenia or neutropenia is
longer for a patient in one group than for a patient in the
other group [23].

The dose-response effect across dose levels was tested
using a distribution-free test for ordered alternatives
(Jonckheere) [24]. Since most published adult trials
[8–10,12,25] describe a dose-response effect on neutro-
phils and platelets with IL-1, a one-sided test was used.
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RESULTS

Of the 28 patients enrolled in this study, 1 (assigned to
receive 3.0mg/m2 of rhuIL-1a after the second cycle of
ICE chemotherapy) was withdrawn from the study by his
parents before receiving any rhuIL-1a. Table I lists the
characteristics and prior treatment of the 27 patients who
received at least one dose of rhuIL-1a and are evaluable
for toxicity. The median age at study enrollment was 8
years (range 5 months to 21 years). Twenty-two children
had full performance status (ECOG 0). The majority of
patients had received prior multiagent chemotherapy
(median 4 drugs), with autologous bone marrow trans-
plantation in 3 cases; 15 of these 21 patients had also
received radiation therapy. Four children had received
radiation therapy only and two had no prior therapy.

Clinical Tolerance of RhuIL-1a

Most patients had fever (n4 26) and chills (n4 20)
associated with rhuIL-1a. Headaches were also frequent
(n 4 12) (Table II). Eleven patients had local erythema
and tenderness at the injection site. Grade 1 or 2 hypo-
tension was seen in 14 patients, of whom 4 were given
fluid boluses. One required low-dose pressor support af-
ter the second dose (1mg/m2/day); pressors were discon-
tinued the next day and he received further rhuIL-1a
without problems.

Three patients received an incomplete course of
rhuIL-1a. A 2-year-old with recurrent medulloblastoma
developed tachycardia and ascites after one dose (0.3
mg/m2). Further evaluation showed that these symptoms
were secondary to progressive disease, with malignant
cells in the peritoneal fluid. A 9-year-old child with me-

dulloblastoma had mild systemic symptoms (fever and
chills) after a single 3.0mg/m2 dose and was taken off the
study at the parent’s request. At the 10mg/m2 dose, a
17-year-old patient with a soft tissue sarcoma experi-
enced a significant drop in blood pressure, beginning
about 4 hr after the first injection. He required pressor

Fig. 1. Schema of treatment. Patients were randomized at each dose level to receive rhuIL-1a by daily subcutaneous injection for 4 consecutive
days prior to the first (n4 2) or second (n4 2) cycle of chemotherapy. At the MTD an additional 5 patients received rhuIL-1a daily for 4
days beginning the day after the last day of ICE chemotherapy.

TABLE I. Characteristics of the 27 Children Treated With ICE
Plus IL-1a

Characteristic No. of patients

Diagnosis
Neuroblastoma 9
Brain tumor 4
Ewing’s sarcoma 2
Osteosarcoma 2
Non-rhabdo soft tissue sarcoma 6
Rhabdomyosarcoma 1
Wilms’ tumor 1
Germ cell tumor 2

Age (years)
0–2 2
2–10 15
10–21 10

Sex
Male 17
Female 10

Performance status (ECOG)
0 22
1 5
2 0

Prior treatment
Radiation 18
Chemotherapya 21
Autologous bone marrow transplant 3

No prior treatment 2

aPrevious chemotherapy included a median of 4 agents (range 0–8).
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support with dopamine for 2 days and was taken off the
study.

In addition to the 17-year-old described above at the
10 mg/m2 dose, another patient at this dose required sig-
nificant fluid boluses to maintain blood pressure. All 4
patients at this dose experienced significant rigors; 1 pa-
tient was grade 3. Coincident with fever and rigors, 1
child also had significant hallucinations. All systemic
toxicities (except for the hypotension noted above) re-
solved within hours of the last injection. Thus, dose-
limiting toxicity was defined at the 10.0mg/m2 dose level
by hypotension requiring treatment (2 of 4 patients) and
significant systemic symptoms (fever, chills, and head-
ache) in all patients treated at this level.

Hematologic Effects

Of the 27 patients evaluable for toxicity, 19 had two
full courses of ICE therapy and were included in the
intrapatient analysis of hematologic effects. Five other
patients received only one evaluable course of therapy
and are included in the cohort comparisons. Of these 5,
the inevaluable courses were due to insufficient complete
blood counts done (1 each at the 0.3 and 3.0mg/m2 dose
levels), and 3 did not receive two full courses of ICE
chemotherapy because of progressive disease, parental
refusal, and prolonged myelosuppression after an episode
of sepsis. An additional 3 patients (described above) did
not receive a full 4 day course of rhuIL-1a.

In 19 patients who had one course of ICE with and one
without rhuIL-1a, no conclusive intrapatient differences
were noted in cycles with or without rhuIL-1a (data not
shown). We therefore combined dose cohorts to identify
any dose-response effect and to evaluate any differences
in outcome measures for administration of rhuIL-1a be-
fore vs. after ICE chemotherapy.

Granulocyte Response

The effect of increasing doses of rhuIL-1a on the
duration of grade 4 neutropenia is shown in Table III.
The median duration of neutropenia was shortest at the
0.1 mg/m2 dose (four evaluable courses). We found no
significant differences in comparisons with other dose
levels (Kruskal-Wallis test) or with courses in which no
rhuIL-1a was given (Wilcoxon’s signed rank test). How-
ever, when these data were examined using the Jonck-
heere test [24] for trends over the ordered dose levels, the
lower doses of IL-1 resulted in a more rapid recovery of
severe neutropenia (P 4 0.039).

The time of IL-1 administration (pre- or postchemo-
therapy) was unrelated to the duration of neutropenia.
Although rhuIL-1a at lower doses may have had some
effect on the duration of grade 4 neutropenia, there was
no effect on hospitalization for febrile neutropenia (me-
dians of various doses ranged from 0 to 7 days;P 4
0.51) or of intravenous antibiotic therapy (medians of
various doses ranged from 0 to 12 days;P 4 0.44; data
not shown).

Platelet Response

There was no discernible improvement in duration of
grade 3 (<50,000/ml; data not shown) or more severe
thrombocytopenia (<20,000/ml; Table III) with increas-
ing doses of rhuIL-1a, and no apparent difference for
administration before or after chemotherapy. There was
no discernible dose or schedule effect on the numbers of
platelet or PRBC transfusions (Table III).

DISCUSSION

The purpose of this study was to define the clinical
safety and MTD of rhuIL-1a in children receiving inten-

TABLE II. Side Effects in 27 Children Treated With IL-1 a*

Side effect

Dose (mg/m2/day)

0.1
(n 4 4)

0.3
(n 4 4)

1.0
(n 4 5)

3.0
(n 4 4)

10.0a

(n 4 4)
3.0

(post-ICE) (n4 5)

Fever 4 4 (2) 5 (2) 4 (1) 4 (1) 5 (3)
Chills 0 2 5 (1) 4 4 (1) 5 (2)
Headache 2 2 4 1 3 0
Hypotension 0 3 3 (1) 3 3 (1) 4
Hypertension 0 0 1 0 0 0
Tachycardia 0 2 4 2 3 3
Local reaction 1 1 1 2 3 3
Rash 1 0 0 0 0 0
Nausea 0 1 0 1 1 0
Vomiting 0 0 1 2 3 2
Bone pain 0 2 2 0 0 0
Sleepiness or

hallucinations 0 1 0 0 1 1 (1)

*Numbers in parentheses are instances of grade 3 or 4 toxicity.
aDose-limiting toxicity was defined by significant systemic symptoms of fever (one with hallucinations), chills, and hypotension.
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sive chemotherapy and to provide preliminary indica-
tions of hematoprotective effects. Treatment for 4 con-
secutive days was tolerated in doses up to 3mg/m2/day.
Most patients experienced fever, chills, and headache
soon after treatment but these symptoms generally re-
solved within hours. Hypotension, seen in about half of
these children treated, was manageable with close obser-
vation or moderate increases in intravenous fluids in
most cases. At the 10mg/m2 dose, severe systemic symp-
toms of high fever >40°C, occasionally with hallucina-
tions, significant rigors, and headache, occurred in all 4
patients. These troublesome symptoms along with sig-
nificant hypotension requiring increases in intravenous
fluids, fluid boluses, or pressor support precluded further
dose escalation.

Studies in murine systems have documented the he-
matoprotective effects of IL-1 against the lethal toxicities
of high-dose radiation therapy [19,26] and several che-
motherapeutic agents [16–19,27]. Data from clinical tri-
als in adults suggest that IL-1 may improve platelet re-
covery after high-dose carboplatin [9,12] or 5-fluoroura-
cil [10] and may improve hematopoietic recovery, reduce
infection, and improve survival after autologous bone
marrow transplantation [11,25]. It therefore seemed rea-
sonable to expect some benefit from rhuIL-1a in children
receiving intensive ICE chemotherapy for malignant
solid tumors.

Despite these impressive findings in both animal mod-
els and adults treated with chemotherapy, our data pro-
vide only a suggestion of modest benefit in duration of
severe neutropenia, possibly at the lowest dose levels of
rhuIL-1a (Table III). The reasons for the disparity of
effects of rhuIL-1a between adults and children are un-
clear. The heterogeneous nature of our patient population
with their variable prior treatment histories makes con-
clusions about the hematopoietic effects of rhuIL-1a dif-

ficult to draw. It is possible that these children are more
heavily pretreated, resulting in less than normal marrow
reserves. Also the intensity of ICE chemotherapy may
preclude the demonstration of a possible modest benefit.
Finally, dose and schedule of rhuIL-1a may have re-
sulted in stem cell exposure insufficient to maximize
rhuIL-1a’s effect on megakaryopoiesis.

With regard to standard chemotherapeutic agents a
generally accepted principle has been that ‘‘more is bet-
ter’’; however, with most biologic agents such as IL-1,
this is likely not the case. In fact, for most biologics,
there is a bell-shaped curve in which there is an ‘‘optimal
biologic dose’’ that gives a peak response of biological
function [28]. Dosages more or less than this ‘‘optimal
biologic dose’’ will result in a loss of activity. For an
agent such as IL-1, with such pleiotropic activities, the
maximal effect of a particular biologic activity (e.g., ef-
fect on neutrophils) is very likely within a very narrow
concentration and time window and depends on dose,
schedule, and timing of administration. A different dose
or schedule may be needed to maximize effects on plate-
lets, for example. This effect has been seen in several
animal models [16,19], and our data suggest that the 0.1
mg/m2 rhuIL-1a dose had the optimal effect on duration
of grade 4 neutropenia. These data highlight some of the
challenges in determining the ‘‘optimal biologic dose’’
of an agent such as IL-1a with such diverse effects as
well as underscore some of the problems in translating
information from animal models into the clinic.

The side effects of rhuIL-1a at doses#3.0 mg/m2

were manageable but far from trivial, and would be ac-
ceptable only if significant benefit could be anticipated.
Clearly the margin between clinical benefit and unac-
ceptable toxicity in humans is very narrow. Given the
lack of benefit of rhuIL-1a on thrombopoiesis and eryth-
ropoiesis, further development of rhuIL-1a in children

TABLE III. Effect of IL-1 a on the Hematologic Toxicity of ICE Chemotherapy

Toxicity

Comparison
No. of
cycles

Median days (range) No. of transfusions

Neutropenia (<500/ml) Thrombocytopenia (<20,000/ml) PRBCs Platelets

Dose of IL-1a (mg/m2/day)
0 21 17 (3–35) 4 (0–19) 2 (0–5) 5 (0–13)
0.1 4 11.5 (8–14) 1.5 (0–4) 2 (0–4) 4.5 (0–11)
0.3 2 18 (9–27) 5 (2–8) 3 (3–3) 12 (6–18)
1 5 16 (13–20) 7 (2–13) 2.5 (2–5) 6 (3–10)
3 8 15 (11–37) 6.5 (0–29) 1.5 (0–22) 4 (0–51)
10 3 21 (17–21) 2 (0–13) 2 (0–2) 4 (0–8)

All doses
After ICE 5 24 (11–37) 10 (0–29) 2 (1–4) 7 (2–14)
Before ICE 17 15 (8–27) 3 (0–13) 2 (0–22) 6 (0–51)

Both schedules
3 mg/m2 8 15 (11–37) 6.5 (0–29) 1.5 (0–22) 4 (0–51)
All other doses 14 15.5 (8–27) 2.5 (0–13) 2.0 (0–5) 6 (0–18)

P 4 not significant.
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will require additional preclinical investigation to under-
stand how best to manipulate the narrow beneficial thera-
peutic window.

Although our data would suggest that the use of
rhuIL-1a as a hemopoietin may be limited, its use as a
biologic response modifier, in combination with standard
chemotherapeutic agents, is still being examined [29–
32]. Additionally, new data on the use of nitric oxide
synthase inhibitors to prevent the troublesome side ef-
fects of IL-1 may open up new avenues of clinical in-
vestigation [33].
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