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ABSTRACT

Twenty-two patients with refractory malignancies were treated with
four escalating weekly doses of recombinant interleukin 2 (IL2), given
either i.v. by 2- or 24-h infusion, or s.c. A 1-wk washout period between
each dose of IL2 was provided for the evaluation for pharmacokinetic
and Â¡nimunnmodulaturyeffects. The maximum i.v. dose was 30 X 10'
units; the dose-limiting toxicities were fever, flu-like symptoms, and
hypotension. The maximum s.c. dose was 3 x IO6 because of volume

limitations with s.c. injection. No tumor regression was seen. During
infusions of 3 x 10' units over 2 h or 24 h. serum IL2 levels >223 units/

ml or 16 units/ml were maintained, respectively; with s.c. injection of 3
x 10' units, levels >20 units/ml were maintained for 9 h. Marked

lymphopenia was observed 24 h after the initiation of IL2 doses which
was completely reversible when measured prior to the next dose. The
lymphopenia was nonselective; T- and B-lymphocytes decreased in an
IL2 dose-dependent manner, without consistent change in the
OM 4:<)k IÂ»ratio. No change was detected in monocyte expression of
HLA-Dr or I -cell expression of the IL2 receptor. The in vitro generation
of lymphokine-activated killer cytotoxicity decreased sharply and tran
siently shortly after i.v. doses. Mitogen responsiveness, delayed-type
hypersensitivity, natural killer cytotoxicity, and mixed-lymphocyte reac
tivity were unchanged or decreased transiently shortly after IL2 doses.
These studies help define the bioavailability of IL2 by i.v. or s.c. routes,
and they will aid in the design of studies utilizing daily doses of IL2.

INTRODUCTION

IL23 is a lymphokine produced by activated T-lymphocytes

that has a potential role in cancer therapy based on at least
several activities: IL2 (a) stimulates the proliferation of helper
and cytotoxic T-cells primed to antigen, including tumor anti
gens; (b) augments the cytolytic activity of cytotoxic T-lympho
cytes; (c) induces the secretion of lymphokines such as y-
interferon, lymphotoxin, and B-cell growth factor; and (d)
induces differentiation of a precursor cell into a LAK cell (1-
13). LAK cytotoxicity is defined operationally as the in vitro
lysis of both autologous and allogeneic fresh tumor cells, as
well as cultured tumor cells including those which are NK
resistant (11-13). In murine models, the i.v. injection of LAK
cells induced a significant reduction in the number and size of
pulmonary and hepatic mÃ©tastases (14-17). The systemic
administration of multiple high doses of IL2 induced significant
LAK cytotoxicity in vivo and was associated with the regression
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of fibrosarcoma and melanoma mÃ©tastases,as well as the erad
ication of disseminated murine leukemia (18, 19).

The encouraging antitumor responses in animal studies led
to the first Phase I IL2 trials in cancer patients using both
partially or highly purified natural IL2 and recombinant IL2
(Cetus) (20-25). The toxicity reported with the administration
of Cetus recombinant IL2 includes fever, chills, hypotension,
and a "capillary leak" syndrome (21-23). Although no clinical

responses were initially reported using Cetus IL2 by intermit
tent i.v. bolus or continuous infusion, tumor regression has
been reported in patients treated with frequent, high doses of
IL2 (26-28). A very encouraging response rate of 44% was
reported in early trials of the use of ex vivo generated LAK cells
and high-dose IL2 (26).

Preclinical murine studies of the in vivo bioavailability of IL2
have examined s.c., i.v., and i.p. routes of administration, as
well as various dose schedules (29, 30). Regimens which maxi
mize the duration of elevated serum IL2 concentrations (such
as s.c. or i.p. injection, and multiple injections per day) yield
increased in vivo proliferation of activated T-cells and LAK
cells. Therefore, the purpose of the current trial was to admin
ister recombinant IL2 (Hoffmann-LaRoche) to cancer patients
by either 2-h or 24-h i.v. infusions or by s.c. injections, with
correlation of the pharmacokinetics, immunomodulatory ef
fects, and clinical toxicity.

MATERIALS AND METHODS

Patient Selection. Twenty-two patients with histologically docu
mented, measurable malignancy entered the study (Table 1). Patients
had a Karnofsky performance status of >60, had recovered from
myelosuppression and/or other toxicity of prior chemotherapy or ra
diation therapy, and were not receiving corticosteroids or nonsteroidal
antiinflammatory medications. Eligibility requirements included: ade
quate bone marrow function (neutrophils, > 1,500/pl; platelets,
> 100,000 i/1); adequate renal function (creatinine, <2.0 mg/dl; blood
urea nitrogen, <25 mg/dl); and adequate hepatic function (bilirubin,
<1.6; serum glutamic oxaloacetic transaminasc, <2SO units/ml). Sub
sequent exclusion criteria included Grade 3-4 toxicity by WHO criteria.
The protocol and consent form were approved by the Human Subjects
Review Committee of the University of Washington.

Study Design. Four groups of patients received weekly IL2 by 2- or
24-h i.v. infusion or by s.c. injection as shown in Table 2. IL2 doses for
Group I were 0.3 x 10' to 1 x 10' units; for Group II, 3 x 10' to 10 x
10' units; for Group III, 30 x 10' units; and for Group IV, 0.1 x 10'
to 3 x 10' units. Each patient received four doses of IL2 unless excessive

toxicity was encountered. Each dose was followed by at least a 1-wk
washout period. Prior to the first IL.2 injection, all patients had a
history and physical examination, complete blood count, serum chem
istry profile, antinuclear antibody, rheumatoid factor, complement lev
els (CH50, C3, C4), urinalysis, electrocardiogram, and radiological
studies to evaluate their disease. Patients were hospitalized at the
Clinical Research Center of the University of Washington for each IL2
administration. When possible, patients were evaluated for response 2
wk after completing the treatment program.

Recombinant Interleukin 2. Acid hydrolysis of the purified recombi
nant IL2 (provided by HofTmann-LaRoche) revealed an amino acid
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PHASE I STUDY OF IL2

Table 1 Patient characteristics

No. ofpatientsMale/femaleKarnofsky

(median)Diagnoses

Melanoma
Renal cell
Colon
NSC' lung

Ovary, cervix, thyroid, esophagus, myeloma, NHL2212/1085S6

32

1 each
Â°NSC, non-small cell; NHL, non-Hodgkin's lymphoma.

Table 2 Interleukin 2 dosageschedulePatient

GroupTreatment1-4
I 12

345-11

II 1
2

3412-14

III1215-22

IV 12

3
4Route

of
administration2

h i.v.
2 h i.v.
24 h i.v.
24 hi.v.2

h i.v.
2 h i.v.
24 h i.V.
24 hi.v.2

h i.v.
24 hi.v.S.C.DoseofIL2

(units)0.3
x 10Â«

1.0 X IO6
0.3 x 10'
1.0 xIO63x

IO6
10 x 10'
3x IO6

10 xIO630

x IO6
30 xIO61.0

x IO5
3.0 x 10'
1.0 x 10*
3.0 x IO6

composition which correlated with that of natural 1L2 as determined
by Robb et al. (31) with the exception that recombinant IL2 has an
additional methionine residue at the .V-termimis (data on file, Hoff-
mann-LaRoche). The recombinant IL2 has a specific activity of 1.2 to
1.5 x IO7units/mg of protein, with units adjusted to correspond to the

reference reagent provided by the BRMP. IL2 was supplied as a
lyophilized powder containing 100 Â¿<gof IL2, with 25 mg of human
serum albumin/106 units of IL2, and 5 mg of mannitol/106 units of

IL2. The powder was reconstituted in sterile saline for injection.
Pharmacokinetic Monitoring. Venous blood samples were obtained

from all patients at regular intervals during each IL2 infusion, and at
the following time points after each dose: 15, 30, 60, and 90 min; 2, 4,
6,8,10, and 24 h. The serum was stored at -70Â°Cuntil assayed. Assays

for serum IL2 levels, generously performed by Dr. W. Garland and Dr.
D. Liberto, Bioanalytical Section, Hoffmann-LaRoche, Inc., Nutley,
NJ, were based on the quantitative measurement of lactate dehydroge-
nase produced by CTLL-2 cells in response to IL2. Units were adjusted
to correspond to the IL2 reference standard provided by the BRMP.

Immunological Monitoring. PBMC were isolated from heparinized
blood by fractionation on a Ficoll-Hypaque gradient (Pharmacia, Pis
cataway, NJ). Immunological monitoring, performed on all patients,
consisted of the flow cytometric analysis of a patient's PBMC pheno-

type utilizing a panel of monoclonal antibodies, the assessment of
mitogen responsiveness, mixed-lymphocyte reactivity, and NK cytotox-
icity, and DTH. Patients were studied twice pretreatment to establish
a base line, then before and 24 h after the initiation of each dose of
IL2.

Mitogen Transformation. PBMC were stimulated for 3 days in tripli
cate, with 50 Mg/ml phytohemagglutinin, 20 /ig/ml concanavalin A,
and 1% pokeweed mitogen, and for 6 days with 0.04 limit of floccula-
tion/ml tetanus toxoid, and proliferation was measured by tritiated
thymidine uptake. The stimulation index (57) was calculated as follows.

Sl = cpm (stimulated)
cpm (unstimulated)

Mononuclear Cell Phenotype Determination. PBMC were incubated
with various monoclonal antibodies for 30 min at 4Â°C.After being

washed twice, the stained cells were analyzed using the Ortho Cytofluo-

rograf-50 HH (Orthodiagnostic Systems, Westwood, MA). For cells

tested with dual antibody staining, one antibody was conjugated with
fluorescein isothiocyanate and the other antibody with phycoerythrin.
The two-color analysis was performed using 488-mm blue light from a
Model 164-05 argon laser (Spectra Physics, Mountain View, CA). Ten

thousand cells/sample were analyzed.
The following monoclonal antibodies were used: OKT4 (Ortho Di

agnostics, Raritan, NJ) for helper/inducer T-cells; OKT8 for suppres-
sor/cytotoxic T-cells; OKT3 for human T-cells; Leu-12 for B-lympho-
cytes (Becton-Dickinson); anti-human HLA-Dr (Becton-Dickinson) for
Class II determinants on B-lymphocytes, monocytes/macrophages, and
activated T-cells; MO-2 (Coulter) for monocytes; FC-2 (provided by
Dr. Edward A. Clark, University of Washington) (32) or Leu-11 (Bec
ton-Dickinson), for the major subset of cells associated with NK activ
ity; and human IL2 receptor antibody (Becton-Dickinson).

Natural Killer Cytotoxicity. Freshly isolated PBMC from patients in
Groups I, II, and III were tested for NK cytotoxicity against K562
targets with an 18-h "Cr release assay, using 4 E:T ratios (100:1, 50:1,
25:1, and 12.5:1). The K562 cells were labeled with 0.2 /Â»Ci"Cr/106
cells (sodium chromate; New England Nuclear) for l h at 37Â°C.Effector

cells and labeled target cells were cocultured in triplicate, at a final
volume of 200 n\ in U-bottomed microtiter wells for 18 h at 37Â°Cin a

humidified 5% CO2 atmosphere. Spontaneous release was <10%, and
the maximum release was determined by Triton X detergent lysis.

% of cytolysis

_ experimental release - spontaneous release
â€” . . x 100%

maximum release - spontaneous release

Mixed-Lymphocyte Reactivity. One-way mixed-lymphocyte reactiv

ity cultures were established using patient PBMC as responders. Stim
ulator PBMC were pooled from four healthy donors, cryopreserved at
-70Â°C, then thawed, and irradiated (1200 R) prior to use. Responder
(1 x IO5) and stimulator (1 x 10s) cells were cultured in triplicate in
96-well flat-bottomed plates (Corning Glass Works, Corning, NY).
Following a 6-day incubation, wells were pulsed for 8 h with 2 pd of
tritiated thymidine, harvested onto filter strips, and counted. The
stimulation index (SI) was calculated

cpm (patient PBMC stimulated by irradiated allo-PBMC)

cpm (patient PBMC stimulated by irradiated patient PBMC)

DTH. DTH reactivity was assessed by the intradermal injection of
tuberculin, diptheria, candida, streptococcus, tetanus, and trichophyton
and by the measurement of the diameter of skin induration after 24
and 48 h. DTH skin tests were performed on 4 patients in Group I, 4
in Group II, 3 in Group III, and 4 in Group IV. Tests were performed
at least 1 wk pretherapy and then repeated 25 h after the start of the
first dose of IL2.

Neutralizing Antibody to Interleukin-2. Sera from 15 patients were
tested for the presence of neutralizing antibodies to IL2, 2 to 4 wk after
the completion of therapy (11 patients received i.v. and 4 patients s.c.
IL2). Briefly, concentrations of recombinant human interleukin 2 (Hoff
mann-LaRoche) were mixed with various dilutions of patient serum.
These mixtures were then incubated overnight with murine IL2-de-
pendenFCTLL cells. The presence of nonneutralized rIL2 was detected
using a standard proliferation bioassay measuring [3H]thymidine incor

poration with scintillation counting, described more fully elsewhere
(33).

LAK, Activity. The targets used for assays of LAKP cytotoxicity were
renal carcinoma cells isolated from a patient with malignant ascites
and cryopreserved for later use as targets. The renal carcinoma cells
are resistant to NK-mediated lysis. LAKP activity was defined by the
ability of the patient's PBMC to lyse the above targets in a 4-h

chromium release assay after 3-day incubation with 1000 units/ml IL2.
LAKp activity was measured in patients receiving i.v. doses of 10 and
30 million units and in all patients receiving s.c. IL2.
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PHASE I STUDY OF IL2

RESULTS

Clinical Toxicity

Of the 22 patients entered on study, 5 did not complete the
planned 4 doses of IL2 and went off study: 1 with bowel
obstruction; 1 with progressive disease; and 3 with Grade 3-4
IL2-related toxicity. Of the 17 patients who completed the
study, 2 had stable disease and 15 had disease progression. The
maximum dose, at which >75% of patients encountered revers
ible Grade 3-4 toxicity, was 30 x IO6 units. Three patients

were treated at the maximum dose; one experienced severe
chills, fever to 40.5Â°C,and hypotension after a 2-h infusion;

two other patients developed hypotension and Grade 3 fever
during 24 h infusion, requiring cessation of therapy.

The clinical toxicity is summarized in Table 3. The most
frequent toxicity was fever. Fever usually began 2 to 4 h after
beginning i.v. infusion and resolved within 6 h of terminating
the infusion. The duration of fever was therefore longer with
24-h than with 2-h infusions. Fever after s.c. injection usually
began after 3 to 4 h and persisted for 6 to 8 h. Chills, myalgias,
and an influenza-like syndrome occurred in 6 of 9 patients
treated with >10 x IO6units of IL2 and in 7 of 7 patients given
>1 x IO6 units s.c. Three patients developed a bright red,

desquamative rash after i.v. IL2. No patients developed signif
icant local skin reactions after s.c. injection.

Four patients, receiving i.v. infusions, had significant declines
in blood pressure (20 to 40 mm Hg diastolic): one had received
1 x IO6 units over 24 h; one received 10 x IO6units over 24 h;
and 2 received 30 x IO6 units over 24 h. The infusion was

discontinued after 12 to 20 h, and the hypotension was
promptly resolved. The most striking hematological effect was
marked lymphopenia which occurred after all doses of IL2, but
which was most pronounced after 24-h i.v. infusion (Table 4).

Table 3 Summary of clinical toxicity

Treatment group

II III IV
(n = 3) (n = 8)

Fever
Mild (<37.5'C) 1204
Moderate (37.6-38.5'C) 1214
Severe (>38.5'C) 2320

Chills
Mild 0202
Moderate 1225
Severe 0110

Nausea/vomiting
Mild 0 2 0 5
Moderate 0302
Severe 0010

Hypotension 0130

Table 4 Effect oflL2 dose and route on mean lymphocyte counts (/ttl)
Lymphocyte counts were measured immediately before, and 24 h after, the

initiation of the IL2 infusion. Results shown represent the mean values obtained
from 4 to 8 patients/dose level.

Route ofadministration2-h

i.V.Dose

(units)0.1
x10*0.3
x10s1
x10"3x

10"10
x10*30
x IO6Pre14631685141213401670Post1783154486846838024-h

i.v.Pre21051750125018252590Post1015650316275360S.C.Pre2725148312281230Post13781062755665

Pretreatment lymphocyte counts did not change significantly
after i.v. doses, although a drop in pretreatment lymphocyte
counts was observed after the first s.c. dose. No significant
changes were noted in the hemoglobin, granulocyte, or platelet
count, or in liver function tests. No change was detected in
serial determinations of antinuclear antibody, rheumatoid fac
tor, or complement levels, performed pretreatment and 24 h
after each dose of IL2.

Immunomodulatory Effects

PBMC Phenotype. As noted above, marked lymphopenia was
noted when measured 24 h after the initiation of IL2. After i.v.
doses, lymphocyte counts consistently returned to pretreatment
values prior to the next IL2 dose, and rebound lymphocytosis
was not detected 7 days after IL2. The lymphopenia was non-
selective, with a parallel drop in the percentage and absolute
number of both B- and T-lymphocytes, and inconsistent
changes in the OKT4:OKT8 ratio (Fig. 1). No consistent signif
icant change was noted in the percentage of FC-2+ or Leu 11+
cells (NK), of monocytes expressing HLA-Dr, or T-cells ex
pressing the IL2 receptor, but their absolute numbers decreased.

Cell-mediated Cytotoxicity. The ability of PBMC to generate
LAK cytotoxicity after 3-day incubation with IL2 in vitro de
creased sharply in 5 of 6 assays performed i.v. as infusions of
10 or 30 x 10" units (Table 5). This loss of LAK precursor

activity consistently returned to pretreatment base line when
measured again 6 days after IL2. With s.c. IL2 at lower doses
(up to 3 x IO6 units), patients demonstrated normal LAKP

activity which did not differ from pretreatment results.
NK cytotoxicity declined sharply after 2-h or 24-h i.v. IL2

infusions in Groups I and II; due to severe drops in mononuclear
cells, insufficient cells were available for study after IL2 doses
in Group HI (Table 6). The NK cytotoxicity consistently re
turned to pretreatment base line prior to the next dose of IL2.

Proliferative Responsiveness. Mitogen-induced proliferation
(by phytohemagglutinin, concanavalin A, or pokeweed mito-
gen) or alloantigen-induced proliferation was unchanged after
IL2. By contrast, the proliferative response to tetanus toxoid
decreased, especially after 3 x IO6and 10 x IO6 units over 2 h,
and after all doses of IL2 given by 24-h i.v. infusion or s.c.
injection. The tetanus toxoid-induced stimulation index is plot
ted as a function of IL2 for representative patients in Groups
I, II, and IV (Fig. 2). The tetanus toxoid-induced proliferation
returned to pretreatment base-line values within 6 days after
IL2. To investigate the possibility that IL2 might have induced
a preferential monocytopenia, with consequent loss of accessory
cell function required for tetanus toxoid responsiveness, we
determined patients' absolute monocyte count before and after

IL2 doses. The absolute monocyte count did not change signif
icantly after IL2, and it did not correlate with the drop in
tetanus toxoid stimulation.

Delayed-Type Hypersensitivity. DTH skin test reactivity did
not change appreciably after the first dose of IL2.

Pharmacokinetics

Mean serum IL2 levels for patients receiving 2-h or 24-h
infusions, or s.c. injections, are shown in Table 7. Two-h i.v.
infusion resulted in the highest peak level, with a disappearance
half-life of approximately 30 min. In contrast, s.c. and 24-h
infusion regimens yielded lower but more prolonged serum
levels.

Neutralizing Antibody to rl 1,2

None of the 15 sera tested caused significant neutralization
of rIL2 at the dilutions tested. Hence, none of the patients
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Fig. 1. Changes in lymphocyte number
after 24-h IL2 infusions. The absolute lympho
cyte count was determined for patients pre-,
and 24 h post-, IL2 treatment (Ã„x).The ab
solute number of lymphocytes staining with
OKT3 (T-lymphocytes) or Leu 12 (B-lympho-
cytes) is shown, as well as the OKT4:OKT,
ratio. O, 1 x 10s units of IL2 over 24 h; â€¢,10
x 10* units of IL2 over 24 h.

500-

PHASE I STUDY OF IL2

Lymphocytes T Lymphocytes

2400

pre-Rx 24hr
post

Table 5 LAK precursors pre- and post-112 infusion

PBMC were isolated before, or 24 h after, the initiation of IL2 infusion. PBMC
were incubated with 1000 units/ml IL2 for 3 days and tested for cytotoxicity to
renal carcinoma cells in a 4-h chromium release assay.

Patient10

11
12
13
13
14IL2

dose
(units/duration)10

x 10Â«/24h) fourth dose
10 x 10V24 h) fourth dose
30 x 10Â«/2ri|first dose
30 x 10Â«/2h| first dose
30 x 10V24h| second dose
30 x 10V2 h] first dose%

of cytolysis of renal
carcinoma cells"

(E:T =20:1)Pre-IL28.1

13.5
16.155.1

61.547.5Post-IL223

2.4
0

11.3
1.8
9.1

Table 6 Natural killer cytotoxicity
PBMC were isolated pre-, and 24 h post-, IL2 doses, and the percentage of

cytotoxicity to K562 was determined.

Patient1

(Group I)IL2

dose and
duration3

x IO5; 2 h
1 x 10"; 2 h
3 x 10Â»;24 h
1 x 10Â«;24h%

of lysis of K562 cells
(E:T =12.5:1)Pre26

21
18
28Post8

7
94

7 (Group II) 3 x 10Â«;2 h
10 x 10*; 2 h
3 x IO4;24 h

10
16
43

tested appears to have made a significant neutralizing antibody
response to rIL2.

DISCUSSION

Reports of early Phase I trials of Cetus recombinant IL2 have
examined i.v. administration by either bolus or continuous
infusion (21, 22). Lotze et al. (22) report that the maximum
tolerated dose was IO6units/kg by bolus or 3000 units/kg/h by

continuous i.v. infusion. The limiting toxicities included hypo
tension, a capillary-leak syndrome, fever, and flu-like symp
toms. Immunological changes induced by Cetus IL2 included
marked but transient lymphopenia after bolus doses, followed
by a gradual lymphocytosis with prolonged continuous i.v.
infusion. Atkins et al. (25) treated patients with weekly bolus

B Lymphocytes T4/T8

pre-Rx pre-Rx 24 hr
post

pre-Rx

50

40

30

20

x 10
Dâ€¢O
C

o

V)

Pre Post
First

Pre PostSecond' Pre Post
Third

IL2 Dose

Pre Post
Fourth

Fig. 2. PBMC from representative patients were isolated pre-, and 24 h post-,
IL2 doses, and the proliferative responsiveness to tetanus toxoid was determined.
O, Patient # 3 (Group I); â€¢,Patient # 11 (Group II); and x, Patient # 21 (Group
IV).

i.v. IL2 doses up to IO6 units/m2; hypotension was the dose-

limiting toxicity. A transient decline in NK cytotoxicity was
noted shortly after IL2, and adrenocorticotrophic hormone,
prolactin, growth hormone, and cortisol levels increased after
IL2. Elevations in serum 7-interferon levels after IL2 were not
detected, in contrast to the elevated 7-interferon levels reported
by Lotze et al. (22). The development of serum antibodies to
IL2 has been reported, although subsequent IL2 doses failed to
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elicit hypocomplementemia or other evidence of a serum sick
ness syndrome (25).

The current study was performed to investigate the use of a
different recombinant IL2 preparation and to explore different
routes and schedules of administration. Recombinant IL2 pro
vided by Hoffmann-LaRoche differs in several respects from
Cetus IL2: it has a higher specific activity, 1.2 to 1.7 x IO7
BRMP units/mg protein versili 1.3 to 2.2 x IO6 BRMP units/

mg protein for Cetus IL2 (26); it is not a mutein and might
therefore be less antigenic; and, it is not formulated with sodium
dodecyl sulfate which may conceivably contribute to the toxicity
reported with trials of Cetus IL2. The methods of IL2 admin
istration selected for study were based on preclinical models of
the in vivo bioavailability of IL2. In a murine model to quanti-
tate the in vivo trafficking and proliferation of adoptively trans
ferred specifically immune T-lymphocytes, i.p. or s.c. IL2
administration yielded prolonged elevations of serum IL2 and
significantly increased lymphocyte proliferation compared to
IL2 by i.v. bolus (29). In another study examining the //; vivo
proliferation and antitumor activity of adoptively transferred
LAK cells, IL2 administration i.p. 3 times a day was more
effective than the same total IL2 dose administered daily i.p.
or i.v. (30). In the current study, IL2 was administered by either
2- or 24-h infusion, or by s.c. injection, and patients were
monitored for differences in toxicity and immunomodulatory
effects.

The spectrum of toxicity we observed did not differ signifi
cantly with the different methods of administration, although
we could not give >3 x IO6 units s.c. because of the large

volumes which would be required and the potential for local
skin reactions. The maximum dose by i.v. infusion was 30 x
10* units which corresponds to the maximum tolerated dose

using Cetus IL2 by i.v. bolus after adjusting unitage to the
BRMP standard. Fever, flu-like symptoms, and hypotension
were the limiting toxicities. No patients developed weight gain
or capillary-leak syndrome, as has been reported after several
days of IL2 infusions. The most pronounced immunological
effect was lymphopenia, which was dose dependent and non-
selective for lymphocyte subsets. The mechanism of lympho
penia is unknown, but IL2 may induce trafficking of lympho
cytes from the circulation through direct effects on cell surface
receptors, or indirectly via the IL2-induced secretion of cortisol
(25). Preclinical studies have demonstrated the augmentation
of the cytotoxic T-lymphocyte and NK function of splenocytes
and peritoneal exÃºdate cells of mice treated with IL2. Our
results show that IL2 induced transient decreases in NK activity
when measured shortly after 24-h i.v. infusions. These findings
may represent the egress of NK precursors from the peripheral
blood and may not accurately reflect IL2 effects in lymph nodes,
spleen, or other tissues (34). Additionally, since assays of im
mune function were not performed between 24 h and 7 days,
potential augmentation of NK function may have been missed.
We were unable to detect LAK effector cells after any doses of
IL2. LAK precursor cells declined sharply after i.v. IL2, in
agreement with the findings of Lotze et al. (21, 22). We failed
to detect changes in LAK precursors after s.c. IL2, which may
reflect pharmacokinetic differences by this route. The dramatic
drop in tetanus toxoid-induced proliferation observed shortly
after IL2 contrasts with the lack of consistent change in stim
ulation by other mitogens or alloantigens. Preliminary studies
in our laboratory suggest that the transient loss of tetanus
toxoid-induced proliferation may be caused by relative enrich
ment of a suppressor subset.

No clinical tumor responses were observed, which is not
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surprising as most animal studies demonstrating the antitumor
efficacy of IL2 alone have utilized repeated high doses of IL2.
Despite the clear differences in pharmacokinetic profile with
IL2 administered by different routes, we did not observe signif
icant differences in toxicity. The sustained serum IL2 levels,
the ease of administration, and the lack of local skin toxicity
with s.c. IL2 injections suggest that this route may be of use in
future trials utilizing multiple doses of IL2. Published reports
by Lotze et al. (22) and preliminary findings at our institution
have shown a significant increase in PBMC LAK precursors
and LAK effectors in patients receiving IL2 by frequent re
peated injections or by continuous infusion. Trials are under
way to define IL2 regimens that optimize the in vivo immuno-
modulatory and antitumor effects with acceptable clinical tox
icity.
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