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High-Dose Systemic Interleukin-2 Therapy in Stage IV Neuroblastoma for One
Year After Autologous Bone Marrow Transplantation: Pilot Study

N. Pardo, mp, F. Marti, rho, G. Fraga, mp, J. llla, mp, 1. Badell, mp, PhD,
M. Peird, 1¢, E. Bertran, ms, }J. Garcia, mp, pho, F. Rueda, php, and
J. Cubells, mp, phD

Despite intensified chemotherapy protocols,
including autologous bone marrow transplanta-
tion (ABMT), stage IV neuroblastoma has a poor
prognosis, and modern therapeutic trends are
aimed at the eradication of minimal residual
disease, which is thought to be the main factor
leading to relapse. In this pilot study, we report
the systemic administration of high doses of in-
terleukin-2 after ABMT in four patients. Five-
day cycles of 1L-2 at a dose of 18 x 10 IU/m¥/
day were administered at variable time intervals
as frequent as it was necessary to maintain the
levels of natural killer (NK) cytotoxic activity
higher than the median control value (40 LU/
ml blood) throughout 1 year from the start of
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first IL-2 treatment. After II-2 infusion, NK and
LAK activities increased significantly (median
742 x 1073 LU/ml blood and 186.8 X 107 LU/
ml blood, respectively). Toxicities were transient
and no life-threatening complications were ob-
served. Fever, anorexia, skin rash and enlarged
liver were always present. Anaemia, thrombocy-
topenia, leukocytosis, lymphocytosis and and
eosinophilia occurred following most of the {L-2
courses. Although the small number of patients
does not allow an estimation of the immuno-
modulatory-antineoplasic effects of I1L-2, the re-
sults seem promising for the management of
neuroblastoma patients.  © 1996 Wiley-Liss, Inc.

INTRODUCTION

Neuroblastoma is one of the most common and charac-
teristic childhood neoplasms. At diagnosis, around 60%
of patients have disseminated disease (stage IV), with
a poor prognosis [1]. Despite intensified chemotherapy
protocols, including autologous bone marrow transplanta-
tion (ABMT), long-term survival for high risk neuro-
blastoma in children is still below 30% [2,3]. Presumably
chemotherapy-resistant tumor cells survive the condition-
ing regimen, and this minimal residual disease, as well
as tumor cells persisting in the marrow used to rescue
the patients, could be the origin of the high relapse rate
[4]. Neuroblastoma is a nonimmunogenic tumor [5,6].
Therefore, its interaction with the immunological system
would be mediated by MHC-unrelated cytotoxic natural
killer (NK) and lymphokine-activated killer (LAK) ac-
tivities.

It has been shown that neuroblastoma cells can effec-
tively be killed in vitro by interleukin-2 (I1-2)-activated
mononuclear effector cells, and several reports have
shown that NK cells are the main effectors implicated in
the mechanism of neuroblastoma cell killing [7]. The first
report of IL-2 treatment in active metastasic neuro-
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blastoma was published by Favrot et al. in 1989 [8];
they reported partial responses and disappearance of bone
metastases during treatment in two children, with disease
progression after cessation of therapy. In our opinion the
optimal effect of IL-2 could be obtained when there is
minimal residual neoplasia, but not in the setting of pro-
gressive disease.

We report the systemic administration of high doses
of IL-2 for 1 year after ABMT in stage IV neuroblastoma
in patients. IL-2 was administered in 5-day cycles, with
intervals adjusted to maintain the level of NK activity
higher than control values, evaluating the feasibility, clini-
cal toxicity, and immunological response. The final objec-
tive was to avoid the tumor relapse. The first four patients
entered into this trial have finished the entire treatment.
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TABLE 1. Patient Data TABLE II. Courses of IL-2 in Neuroblastoma Patients
Age Primary First IL-2 IL-2 Cycles
Patient (months) site Cycles IL-2* post-ABMT® Outcome® Patient st ond® 3rd Ath 5tht 6th
L 3 Adrenal 6 0 CRYS2 0 60 125 160 245 303

‘Number of cycles administered.

*Days from ABMT 1o first IL-2 cycle.

“Time of outcome expressed in months from ABMT.
4CR: complete remission; D: dead.

PATIENTS AND METHODS
Patients

We started this protocol in January 1990. Four stage
IV neuroblastoma patients entered into this trial after
accomplishing the eligibility criteria: to have obtained
complete remission after surgery, adjuvant chemotherapy
and ABMT. Profiles of the four patients are summarized
in Table I. The response to treatment was evaluable by
abdominal computerized scan and ultrasound, thoracic
scan, MIBG bone scanning and cytohistological and im-
munological analyses of two bone marrow biopsies. No
patient received cytotoxic or corticosteroid treatment 30
days before and during IL.-2 treatment. All patients had
normal cardiac, renal, and hepatic function, and well as
hematological recovery after ABMT, (leukocyte levels
>2,500/mm°®, neutrophil count >1,000/mm’, platelet
count >100,000/mm?®, and hemoglobin >10 g/dl), with-
out transfusion since 30 days before. The whole treatment
programme was explained in detail and written informed
consent was obtained from the children’s parents.

Chemotherapy Treatment

Chemotherapy treatment consisted of cycles of CAD
(7 days oral cyclophosphamide 150 mg/m’ and i.v. adria-
micyn 35 mg/m? on day 8) alternating every 3 weeks
with CP-VM26 (4 days i.v. cisplatin 50 mg/m? on days
1,2,4 and 5, and VM-26 90 mg/m* as a 24-hour infusion
on days 3 and 6. Conditioning regimen for ABMT con-
sisted of BCNU (300 mg/m? day 1), VM-26 (250 mg/m?
days 1,2,3, and 4) and melphalan (180 mg/m’ day 5).
Bone marrow was infused on day 7 [9].

IL-2 Administration

IL-2 (Euro-Cetus Corporation, Amsterdam, the Neth-
erlands) treatment was started when hematological recov-
ery was reached after ABMT (Table I). The dose was
18 X 10° IU/m%day in saline solution, via an electric
pump as continuous infusion over 24 hours through a
central venous catheter. IL-2 was administered in 5-day
cycles, with variable intervals depending on the level of

"Days after autologous bone marrow transplantation (ABMT) at which
interleukin-2 (IL2) therapy was initiated (day O of IL-2 treatment).
*Days of starting of each IL-2 cycle from first cycle.

NK cytotoxic activity achieved. A new cycle was started
whenever the patients’ NK activity was equal of less than
a normal childs’ NK activity; this level was estimated as
40 lytic units (LU)/10° of mononuclear cells in a parallel
study with 25 healthy controls from a population of pa-
tients with no tumor or immunologically related diseases,
ages ranging between 2 and 15 years (unpublished data).
The treatment was maintained throughout 1 year from
the start of IL-2 therapy (Table II). Toxicity was graded
from 0 (no toxicity) to 4 (life-threatening) according to
the World Health Organization (WHO) scale [10].

Hematological and Immunological Monitoring

Complete blood counts, differential cell count and se-
rum chemistries were evaluated before each cycle of IL-
2 treatment and daily until return to normal values. NK
and LAK cytotoxic activities were measured at the end
of IL-2 infusion 1 month later and then weekly until the
next treatment. Peripheral blood MNC were obtained by
differential centrifugation of heparinized blood samples
through a Ficoll-Paque gradient (Pharmacia LKB, Pisca-
taway, NJ) [11]. NK and LAK cytotoxic activities were
determined from freshly isolated MNC by a *'Cr release
assay using the NK-sensitive K 562 and NK-resistant
Raju cell lines respectively, as target cells [12]. Lytic
Units (LU) per 10° effector cells were calculated from
the specific cytotoxicity at each of the effector/target
ratios according to a modification [13] of the formula
originally described by Heney [14]. Results are expressed
in LU per ml of blood instead of the more usual LU per
MNC in order to better reference the level of systemic
cytotoxic activity. Therefore, the experimental values of
cytotoxic activities become dependent on the number of
circulating effector cells per ml of blood, which in turn,
largely depend upon the effects of exogenous IL-2 admin-
istration.

Supportive Care

All patients had a venous central line, and were moni-
tored in each IL-2 cycle for heart and respiratory rates,
arterial blood pressure, temperature, weight and urine
flow output. Fluid intake was restricted to 1.2 1/m* in
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TABLE IIL. Clinical Toxicity of IL-2 Treatment in 22 Cycles
Administered in 4 Patients

TABLE IV. Hematologic Toxicity of IL-2 in 22 Cycles
Administered in the 4 Patients

Number of cycles % Number of cycles %
Fever 22 100  Hemoblobin <8 g/dl 2 9
Anorexia 22 100  Thrombocytopenia <100,000/mm’ 17 77
Skin rash 22 100  Leukocytosis >10,000/mm® 17 77
Hepatomegaly 22 100 Neutrophilia >7,500/mm’ 9 40
Diarrhea 21 95  Lymphocytosis >4,000/mm? 19 86
Splenomegaly 20 91  Eosinophilia >400/mm’ 20 90
Edema 14 64  Monocytosis >1,000/mm’ 9 40
Sepsis 4 18
Weight gain (>10%) 0 0
Hypotension 0 0

order to avoid fluid overload and interstitial edema. Acet-
aminophen and hydroxyzine hydrochloride were given to
control fever and pruritus.

Statistical Evaluation

Two-tailed Wilcoxon signed rank test was used to com-
pare pre- and post-treatment paired data, and two-tailed
Wilcoxon rank-sum test to compare two groups of un-
paired experimental data. The correlation coefficient (c)
between kinetics was determined using the two-tailed
Spearmen rank-order correlation. Significance level was
set at P << 0.05.

RESULTS
Feasibility and Toxicity

A total of 22 cycles of IL-2 were administered, 6 to
patients 1 and 3, and 5 to patients 2 and 4. Systemic
toxicity was moderate and limited to grade 2, generally
worse during the last 2 days of treatment (Table III).
Fever (more than 38°C), anorexia, skin rash consisted in
disseminated erythema followed by desquamation, and
enlarged liver were always present, appearing within few
hours from the start of the infusion. Diarrhea was always
moderate in severity and responded to symptomatic treat-
ment. Hepatic transaminase and bilirrubin levels were
permanently normal. Splenomegaly occurred after most
cycles. Facial edema and minor electrolytic disturbances
were frequent findings in our patients. Side effects attrib-
uted to fluid retention were tolerable and rapidly re-
sponded to diuretic treatment without any severe pulmo-
nary or central edema. None of the patients experienced
central nervous system treatment-related adverse effects.
Renal failure was not observed. All symptoms resolved
within 48 hours after cessation of therapy except for the
skin rash which lasted up to one week. None of the
patients required management in the intensive care unit.
No deaths occurred.

Patients 3 and 4 suffered bacteremia due to a gram-
positive organism; each one was treated with ev Vanco-
mycin. The infections were considered catheter-related.

Patient 1 had an episode of gram-negative sepsis related
with a pneumonia after the third cycle of IL-2, as well
as patient 3 after the fourth cycle, both successfully treated
with oral antibiotics.

The level of hemoglobin dropped below 8 g/dl in pa-
tients 1 and 2 after the first cycle of IL-2, and they
received blood transfusions. The platelet count dropped
below 2,0000/mm’® in patient 2, requiring transfusion
support, although thrombocytopenia (platelet count
<100,000/mm®) occurred following most of the IL-2
courses, as well as leukocytosis (white blood cell count
>10,000/mm?), lymphocyte amount upper 4,000/mm?,
and significant eosinophilia (Table IV). It is important
to note this point because all four patients were below
lymphopenic (<4,000/mm?) status after ABMT, and 1L-2
administration induces a dramatic decrease on circulating
lymphocyte count mainly on early days of initiating the
each cycle of treatment. Lymphocyte median before treat-
ment was 44.5% of total leukocyte cells (range 39% to
51%); after the first day of IL-2 administration, it de-
creased to 8.2%, and a rebound lymphocytosis developed
shortly after the end of each therapy cycle. All changes
returned to previous values within a few days after 1L-2
infusion was discontinued.

NK and LAK Activity

The levels of NK cytotoxic activity before each cycle
of administration of IL-2 in the four patients (median
value 17.3 X 107 LU/ml blood, range 12.2 to
23.7 X 107* LU/ml blood) were significantly lower than
the levels found in the healthy control group (median
value 93.5 X 107* LU/ml blood, range 874 to
169.3 X 1073 LU/m] blood). After IL-2 treatment, NK
activity increased significantly (median 742 X 107 LU/
ml blood, range 105 to 7,119 X 107% (Fig. 1). A similar
situation occurred with LAK activity levels with a median
pretreatment level of less than 10 LU/ml blood and a
post-treatment level of 186.8 X 107* LU/ml blood (range
16.6 to 952.7) when IL-2 was administered (Fig. 2). The
kinetics of NK and LAK activities (Figs. 3, 4) showed
significant correlations with each other (¢ = 58.8%, criti-
cal value = 41.2%), reaching increscent levels along
the cycles.
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Fig. 1. Effect on IL-2 infusion on NK cytotoxic activities. Values

wer 22 paired control data obtained before each cycle of treatment and
36 hours after the completion of IL-2 infusion. NK activities were
expressed in Lytic Units (LU) per ml of blood. Horizontal line repre-
sents the median values. There are overlapping of some data points.

@PATIENT 1
MPATIENT 2
D<PATIENT 3
APATIENT 4

0,5

LAK activity (LU/ml blood)

X

T

T
P

=

Fig. 2. Effect of IL-2 infusion on LAK cytotoxic activities. Values
were 22 paired control data obtained before each cycle of treatment
and 36 hours after the completion of IL-2 infusion. NK activites were
expressed in Lytic Units (LU) per ml of blood. Horizontal line repre-
sents the median values. There are overlapping of some data points.

Response to IL-2

Three patients are alive in complete remission (CR).
Patient 1 is in CR 52 months after ABMT, and patients
3 and 4 at 33 and 21 months, respectively. Patient 2
suffered from cervical adenopathy one month after the
third cycle, which shrank away with the next IL-2 treat-
ment and reappeared after the fifth 1L-2 treatment; tu-
moral relapse was confirmed and he died 5 months later.
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Fig. 3. Kinetics of NK activity after completion of each IL-2 infusion
of four patients. Values were experimental data obtained 36 hours after
the end of IL-2 infusion.
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Fig. 4. Kinetics of LAK activity after completion of each IL-2 infu-
sion of four patients. Values were experimental data obtained 36 hours
after the end of IL-2 infusion.

DISCUSSION

Stage IV neuroblastoma continues to be a challenge
for pediatric oncologist because of its poor prognosis.
Combination therapy consisting of surgery, chemotherapy
and irradiation achieves low patient survival rates, and
other modes of therapy have thus been sought. Because
even supralethal chemotherapy does not seem to have
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any significant effect on minimal residual disease, other
therapeutic appraches are urgently needed.

Low NK activity in patients with neuroblastoma was
described by Gerson et al. [15], although whether this is
a result of an intrinsic NK cell defect or other mechanism
is not known. In vitro studies showed that it is possible to
generate NK and LAK activity in peripheral lymphocytes
from patients with neuroblastoma after a short incubation
time with IL-2, suggesting that neuroblastoma cells are
more susceptible to NK and LAK cell-mediated cytotox-
icity than reported for other malignancies {16,17]. There
is some doubt whether immunotherapy exhibits a dose-
dependent effect, and many trials are searching to estab-
lish the optimum enhancement of in vive immunological
parameters that may correlate with clinical response
[18-21].

Our study was undertaken to asses in vivo clinical
toxicities and immunomodulatory effects associated with
IL-2 therapy for a 1-year period after ABMT. The main
objective was to stimulate the immune systems and induce
a “graft versus disease” effect that could avoid the tumor
relapse. Several authors have published the results of
IL-2 treatment in patients with advanced or metastatic
neuroblastoma, showing partial or complete transient re-
missions [22]. Experimental results suggest that the opti-
mal timing for IL-2 immunotherapy could be during the
first months after high dose chemotherapy and bone mar-
row transplantation. During this period patients have a
profound T cell defect with undetectable IL-2 secretion,
although patients” T-lymphocytes do respond to exoge-
nous IL-2 [23]. Systemic administration of IL-2 after bone
marrow transplant (BMT) for a short time (one or two
5-day cycles) seems to induce a high NK and LAK activ-
ity in peripheral blood mononuclear cells [24-26].

In our experience, continuous infusion of 18 X 107
IU/m%day for 5 days did not induce major or nonreversi-
ble toxicities. It must be emphasized that children proba-
bly tolerate IL-2 much better than adults [27], although
some authors have reported serious complications [28].

Adverse effects accompanying high-dose intravenous
IL-2 therapy may be severe, with cardiovascular, pulmo-
nary, hematologic, hepatic, neurologic, and dermatologic
complications [29-32], but in our experience no patient
required discontinuation of therapy due to side effects.
An adequate control of fluid intake could decrease the
incidence of capillary leak syndrome, although mild ede-
mas and minor electrolytic abnormalities can be observed
[33,34]. No neuropsychological disturbances were ob-
served in our patients [35]. Transient moderate hemato-
logic toxicity occurred in all four patients. Thrombocyto-
penia was not complicated by bleeding diathesis in any
case. Eosinophilia an dlymphocytopenia followed by re-
bound lymphocytosis after completion of IL-2 infusion
were constant and have been previously described [36].

High rates of bacterial sepsis in patients receiving high

doses of IL-2 have been attributed to acute and reversible
defects in neutrophil chemotaxis [37,38]. These infections
are usually caused by S. aureus. Bacteremias are unrelated
to the presence of neutropenia, whereas the concentration
of IL-2 significantly correlates with the occurrence of
infection [39]. The mechanisms for the induction of these
chemotactic defects has not been established [40].

We conclude that it is feasible to maintain high levels
of NK and LLAK activities in children with neuroblastoma
during a 1-year period post-ABMT. The small group of
patients studied does not allow the establishment of any
conclusion regarding the capacity of the putative IL-2-
induced immunomodulatory effect in eliminating mini-
mal residual disease, but the results seems promising
enough for the evaluation of larger groups of patients.
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