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ABSTRACT

The aim of this study was to examine the tolerability,
antitumor activity, and biological effects of a new schedule
of i.v. recombinant human interleukin 12 (rhIL-12). Twenty-
eight patients were enrolled in a Phase | trial in which
rhiL-12 was administered twice weekly as an i.v. bolus for 6
weeks. Stable or responding patients were eligible to receive
additional 6-week cycles until there was no evidence of
disease or until tumor progression. Patient cohorts were
treated with escalating doses of rhiL-12 (30—700 ng/kg). The
maximum tolerated dose (MTD) was 500 ng/kg, with dose-
limiting toxicities consisting of elevated hepatic transami-
nases and cytopenias. At the MTD1f = 14), there was one
partial response occurring after 6 cycles of rhiL-12 in a
patient with renal cell cancer. Two additional renal cell
cancer patients treated at the MTD had prolonged disease
stabilization, with one of these exhibiting tumor regression
after 8 cycles of rhlL-12. IFN-y, IL-15, and IL-18 were
induced in patients treated with rhiL-12. Whereas IFN-y
and IL-15 induction were attenuated midway through the
first cycle in patients with disease progression, those patients
with tumor regression or prolonged disease stabilization
were able to maintain IFN-y, IL-15, and IL-18 induction.
The down-modulation of IFN-y induction during rhiL-12
treatment did not relate to IL-10 production or alterations
in rhiL-12 bioavailability but was associated with an ac-
quired defect in lymphocyte IFN-y production in response
to IL-12, IL-2, or IL-15. This defect could be partially

Received 12/20/99; revised 2/18/00; accepted 2/18/00.

Induction Is

overcomein vitro through combined stimulation with IL-12
plus IL-2. These findings show that the chronic administra-
tion of twice-weekly i.v. rhiL-12 is well-tolerated, stimulates
the production of IL-12 costimulatory cytokines and IFN-y,
and can induce delayed tumor regression. Strategies aimed
at maintaining IFN-y induction, such as the addition of IL-2,
may further augment the response rate to this schedule of
rhiL-12.

INTRODUCTION

IL®-12 is a cytokine with considerable promise for the
treatment of human malignancies because of its pleiotropic
immunostimulatory effects on lymphocytes (1-5), dendritic
cells (6), and neutrophils (7—8), as well as its potent antitumor
activity in murine tumor models (9-10). Whereas immune ac-
tivation by IL-12 in mice has resulted in both tumor necrosis
factor and NO production, the antitumor effect of IL-12 has
been more dependent on IFNpyoduction (10) and the activa-
tion of either CD8+T cells (9—11) or NKT cells (12). There
seem to be a number of mechanisms through which IL-12 can
induce tumor regression, including the direct killing of tumor
cells by activated lymphocytes, the antiangiogenic effects of
IL-12-induced IFN-y(13), and injury both to the tumor micro-
circulation and to the tumor itself by activated neutrophils (11).

The immunomodulatory activity of IL-12 is considerably
dependent on costimulatory cytokines. When the ability of
IL-12 to activate unmanipulated peripheral blood NK cells and
CD8+ T cells in humans was examined, it was found that these
lymphocyte subsets responded to IL-12 only when stimulated
together with IL-2 (14). Both IL-15 and IL-18 are also key
costimulatory cytokines, which, when combined with IL-12,
induce strong IFN-yproduction by T and NK cells (15, 16). In
mice treated with IL-12, the neutralization of endogenous IL-18
significantly blunts IFN-yproduction (17), further emphasizing
the fact that the biological activity of IL-12h vivo is likely
dependent on the presence and/or induction of endogenous
costimulatory cytokines.

The promising preclinical data showing IL-12 to be highly
effective against murine melanoma, renal cell cancer, and sar-
coma led to its testing in clinical trials in cancer patients starting
in 1994. In the first published trial, rhiL-12 was administered
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addition, a single test dose was given 2 weeks before the firstnal, and electrocardiogram and chest X-ray without clinically
cycle. With that dosing schedule, the MTD was 500 ng/kg, with significant nonmalignant abnormalities. Patients with brain me-
DLTs consisting of liver function test abnormalities and stoma-tastases, seizure disorders, organ allografts, concurrent require-
titis (18). Although signs of immune activation were observed, ment for corticosteroids, more than two prior chemotherapy
including dose-dependent IFNproduction and reversible de- regimens, more than two prior immunotherapy regimens, or
creases in CD8+T cell and NK cell numbers (19), only two prior IL-12 therapy were ineligible.

responses were seen among 40 patients (one PR in a patientwith ~ Study Design. The study was an open-label, nonrandom-
renal cell cancer and one transient complete response (CR) iniged, single-center Phase | dose escalation trial. The treatment
patient with melanoma). Similarly low response rates wereProtocol was approved by the Cancer Therapy Evaluation Pro-
observed in two subsequent trials of weekly s.c. rhiL-12 ingram (CTEP) of the National Cancer Institute (protocol T97-

melanoma (20) and renal cell cancer (21), as well as in a tr|ap053) and by the Human Institutional Review Board at the Beth
testing a thrice weekly schedule of s.c. rhiL-12 (22). Israel Deaconess Medical Center (protocol 97-1083), and writ-

In patients treated with either i.v. or s.c. rhiL-12, ”;)N_ ten informed consent was obtained from each patient. rhiL-12,

production inducedn vivo by rhiL-12 has attenuated rapidly Produced by Genetics Institute, Inc. (Cambridge, MA), was
with consecutive cycles (18, 20—22), which indicates that thesupplied by the National Cancer Institute (IND 6798). The
biological response to rhiL-12 is down-modulated during ther-rhIL-12 was administered by i.v. bolus injection.
apy. Even a single test dose administered 2 weeks before the ~The treatment schedule is shown in Fig. 1. Patients were
first cycle of rhiL-12 seemed to attenuate IL-12-induced HFN- treated in the General Clinical Research Center at the Beth Israel
production (23). This down-modulation of IFiproduction has ~ Deaconess Medical Center, and received i.v. bolus injections of
been shown to result in diminished IL-12-induced tumor regresthIL-12 twice weekly, with doses given 3—-4 days apart. A cycle
sion in mice (24). In addition, multiple doses of IL-12 have also Of therapy lasted 6 weeks, with patients receiving a total of 12
been shown in animals to induce a temporary state of inmunodoses during that period. During the first cycle only, patients
suppression (25-26), perhaps analogous to the down-modulduere admitted OVernight after the first, second, and seventh
tion of |FN.'y production in patients receiving mu|t|p|e doses of doses of rhlL-12 for observation and serial blood draws. All of
rhiL-12. This paradoxical inmunosuppression after a relativelythe remaining doses were administered on an outpatient basis,
brief period of immune activation by rhiL-12 may explain the With patients observed for 1 h after each dose. Patients were
limited antitumor activity observed to date in rhiL-12 clinical €valuated for tumor response at the end of each 6-week cycle,
trials. Although the mechanism of this IL-12-induced down- and patients with stable or regressing disease could continue
modulation of subsequent |FN.i19duc’[i0n remains undefined, receiVing additional CyCleS until there was no evidence of dis-
data from animal models have suggested that IL-12-induced N@ase or until there was disease progression. Patients were al-
may be operative (26), whereas observations from clinical trialdowed up to a 2-week break between cycles for the resolution of
have also implicated changes in rhiL-12 pharmacokinetics2ny significant rhiL-12-induced toxicity.
(20, 22). The rhIL-12 dose was increased from 30 to 700 ng/kg in
In June of 1998, we initiated a Phase | dose escalation triapuccessive cohorts of patients. No intrapatient dose escalation
of i.v. rhIL-12 in patients with renal cell cancer and melanoma, was permitted. A minimum of three patients were enrolled at
using a new dosing schedule. To try to prevent or deiay th@ach dose |eVe|, and all of the patients had to have Completed the
dampening of IFN-yinduction, we eliminated the test dose. In first 3 weeks of cycle 1 before initiating enroliment to the next
addition, we implemented a twice-weekly dosing schedule todose level. Toxicity was assessed using the National Cancer
determine whether moderate and sustained 4Fproduction  Institute. Common Toxicity Criteria. In general, grade 3 or
could be stimulated without proh|b|t|ve tox|c|ty Aithough im- greater toxicities were considered dose—limiting. However, liver
portant aims of this trial included determining the safety andfunction test abnormalities were not classified as dose-limiting
tolerability as well as the antitumor activity of this regimen, this until the total bilirubin was>3 times normal or the hepatic
study was also undertaken to further explore the mechanisrfansaminases or alkaline phosphatase wet8 times normal.
through which rhiL-12 activates the immune systierrivo and In addition, the WBC count and neutrophil count were not

to examine how IFN-ynduction by rhiL-12 is modulated with ~considered dose-limiting until criteria for grade 4 toxicity were
chronic dosing. met, and no degree of lymphopenia was dose-limiting. Grade 2

cardiovascular toxicity (except for hypotension) and neurolog-
ical toxicity were considered dose-limiting. The IL-12 dose was
PATIENTS AND METHODS escalated when 0 of 3 patients at a dose level had a DLT. If 1 of
Patient Selection. All of the patients were adults with 3 experienced a DLT, three more patients were enrolled at that
histologically proven advanced malignancy that was metastaticlose level, and the dose was escalated if no more than 1 of 6
or unresectable and for which standard curative or palliativepatients had a DLT. Patients experiencing a DLT could resume
measures did not exist or were no longer effective. All of thethe IL-12 at the next lowest dose level if the toxicity resolved
patients had measurable or evaluable disease that was cleamithin 2 weeks. When two or more DLTs were experienced at
progressive. Patients were required to have an Eastern Coopeaa-dose level, the MTD was determined to be the next previous
ative Oncology Group (ECOG) performance status of 0 or 1 anddose level.

adequate organ function defined by WB&4000/ul, platelet All of the patients received ranitidine for the duration of
coint>100 000/l _creatininec1 5§ mal/dl_hilirtithin<1 5 mn/ their Il -12 treatment_Acetaminonhen was administered nronhv-
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X X X
>
Week | 1 | 2 | 3 | 4 | 6
= IL-12 dose administered by IV bolus Fig.1 Schema for clinical trial of
twice weekly on days 1 and 4 twice-weekly i.v. rhiL-12 without a

test dose.

X = Overnight hospitalizations for serial q4hr blood
draws to collect serum for measurement of cytokines
induced following IL-12 injection

*IL-12 dose levels: 30, 100, 300, 500, 700 ng/kg

*3-6 patients per dose cohort

*Tumor response assessed after each 6-week cycle
*Patients can continue to receive 6-week cycles until
no evidence of disease or until disease progression

needed thereafter. Indomethacin was used to control fever thammediately before pulsing each well withydCi [*H]thymi-

was not responsive to acetaminophen, and demerol was used tiine (DuPont-New England Nuclear, Boston, MA). The

treat rigors. IFN-y concentration in the harvested supernatants was as-
Assessment of Tumor Response.Tumor measurements  sayed using an IFN-fLISA (Endogen). Cell proliferation

were obtained by CT scan at the end of each 6-week cyclgyas determined by measuringHJthymidine incorporation

of IL-12. 8 h after pulsing, as described previously (27).
Measurement of IL-12- and rhiL-12-Induced Cyto- Measurement of NO in Expired Air.  The concentration

kines. Serial blood specimens were collected in heparinizedys NO in expired air was measured in five patients receiving

tubes immediately before and 4, 8, 12, 16, 20, and 24 h after thﬂ__12 at either the 500-ng/kg or the 700-ng/kg dose levels.

first, second, and seventh rhiL-12 doses during the first cycley, ¢\, rements were made immediately before and 24 h after the
The tubes were centrifuged immediately after collection, and thgirst and second IL-12 doses. Expired air was collected in
plasma was then removed and stored-@0°C. Plasma IL-12 elf-sealing balloons after first clearing the upper airway of

levels were measured using an ELISA that detects only the p7 bient air NO by havi tients take four d inspirati

IL-12 heterodimer (Endogen, Cambridge, MA, sensitivity3 i]m 'e':l ar be f yd a\_/ltr:g pi en SI?I © o;r eepElnsplra |9ns

pg/ml). ELISA kits were also used to measure plasma 4FN- through a tube fitted wit a charcoal fi ter (_ mega Engineering
Co.). The NO concentration in the air expired after the fourth

(Endogen, sensitivity<2 pg/ml), IL-10 (Endogen, sensitivity X . L
<3 pg/ml), IL-15 (R&D, Minneapolis, MN, sensitivity<1 breath was measured using a hlgh-sen5|t|\{|ty NO detector based
pg/ml), and IL-18 (R&D, sensitivity<15 pg/mi). on a gas-phase che.njllumllnescent reacthn between NO and
In Vitro Assays of Lymphocyte Cytokine Responsive- ©0Zone (Model 280 Nitric Oxide Apglyzer, Sievers Instruments,
ness. Blood specimens were collected in heparinized tubesnC-, Boulder, CO). Patients receiving high-dose IL-2 (600,000
immediately before the first and seventh doses of rhiL-12/U/kg i.v. every 8 h) were used as positive controls. IL-2
during cycle 1. PBMCs were isolated from blood samplesPatients had NO samples obtained before the start of the 1st
through density gradient centrifugation using Histopaque-Week of IL-2 and then daily for the 1st 3 days of IL-2 treatment.
1077 (Sigma, St. Louis, MO). PBMCs were incubated in
96-well U-bottomed plates at8 10* cells/well with medium RESULTS
alone (RPMI 1640 plus 15% FCS, 2%glutamine, 1% ) o
sodium pyruvate, 1% gentamicin, and 1% penicillin-strepto- Patient Characteristics
mycin) or with medium plus one of the following:a) Between June 1998 and June 1999, 28 patients were en-
50 ng/ml IL-2 (Chiron Corporation, Emeryville, CA, specific rolled in this study. Patient characteristics are shown in Table 1.
activity 18 x 10° units/mg); (B 1 nv IL-12 (Genetics Insti-  The majority of patients had metastases to two or more sites
tute, Cambridge, MA, specific activity 1.X 107 units/mg);  (including 15 of 28 with liver, adrenal, and/or kidney involve-
(c) 10 ng/ml IL-15 (Endogen, specific activitg2 X 10° ment and 10 of 28 with bone metastases), and 23 of 28 had

units/mg); (9 IL-2 + IL-12; or (¢) IL-15 + IL-12. Condi-  received one or more prior immunotherapy regimens (primarily
tinns were nlated in trinlicate _and after a 72-h inciuihatinn_atll -2-hased reaimens) _Onlv R of 23 natients had resnonded to
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Table 1 Patient characteristics

No. of patients

Total patients

Median age (range)
Gender (male/female)
Performance status

28
56 yr (32-72 yr)
20/8

were observed, but no diarrhea or gastrointestinal bleeding.
Stomatitis was uncommon and was never greater than grade 2.
Grade 1-2 elevations of serum transaminases were common,
usually peaking after the second dose and normalizing by the
start of week 3 (Table 2). Orthostatic hypotension 24 h after

the second rhiL-12 dose occurred in one patient and constituted

ECOG'0 15 the one DLT among the six patients treated at the 500-ng/kg
TuEn%?g/ples 13 do_se level duriqg the escalation phase. No fluid reter_wtion or
Renal cell cancer 20 evidence of capillary leak syndrome was observed at either the
Melanoma 8 500-ng/kg dose level or any other rhiL-12 dose level, nor was
Prior therapy there any renal or pulmonary toxicity.
Chﬁ_mﬁ/(ljmmulrlm_otzherapy ii A total of five patients were treated at the 700-ng/kg dose
L(IJ?N-_d(;)SseelL-Z 6 level. Two patients (one with melanoma and one with renal cell
IEN «-2b 12 cancer) who had received high-dose |l<B months before the
Biochemotherapy 3 rhiL-12 had either no fever or low-grade fevers and minimal-
Chemotherapy 1 to-no liver function test abnormalities during rhiL-12 treatment.
g:[ﬁg{g erapy ig In contrast, the other three patients who received either high-
None 1 dose IL-2 therapy>1 year previously or low-dose IL-2-6
Prior systemic treatment regimens months previously experienced higher and more sustained fe-
0 4 vers (requiring both acetaminophen and indomethacin during
% % the first 2 weeks of therapy) as well as more protracted consti-
3 2 tutional symptoms (including malaise and anorexia). Two DLTs
Prior response to chemo/immunotherapy 3 were observed among these three patients, including grade-3
Disease sites hemolytic anemia (occurring during week 5 of cycle 1) in one
Lung 21 patient and a grade-3 elevation of serum hepatic transaminases
g{mpgr r;?)(fjtet?ssue 12 (occurring after the second dose of rhiL-12) in another (Table
Liver 9 2). The hemolytic anemia was Coombs negative and required
Bone 10 both the discontinuation of the rhiL-12 and a 1-week course of
Adrenal/kidney 6 prednisone to resolve. IL-12-induced hypersplenism leading to
N“mlber of disease sites 5 extravascular hemolysis was suspected because CT scans
> 9 showed the development of splenomegaly after the first cycle of
=3 13 rhiL-12 (not shown). The grade 3 transaminase elevation re-

2ECOG, Eastern Cooperative Oncology Group.

Treatment Administered and Toxicity

solved within 1 week of stopping the rhiL-12.

Safety Phase. On the basis of the two DLTs observed at
the 700-ng/kg dose level, the MTD for the twice-weekly sched-
ule of i.v. rhlL-12 administered without a test dose was deter-
mined to be 500 ng/kg. To better assess the safety of the MTD,

Dose Escalation Phase. Three patients were treated at an additional eight patients were treated at 500 ng/kg. As shown

each of the first three rhiL-12 dose levels (30, 100, and 300in Table 3, 7 of 8 patients tolerated the rhlL-12 well without any
ng/kg), with no DLTs. Common side effects included self- DLTs. One patient tolerated cycle 1 without difficulty but then
limited fever and chills, occurring 6-10 h after the dose, anddeveloped grade-4 neutropenia after the first 2 weeks of cycle 2.
mild malaise. These side effects were observed even at thBone marrow biopsy revealed agranulocytosis, which resolved
30-ng/kg dose level, and were greatly attenuated by the start cdfter discontinuation of the IL-12 and treatment with prednisone
the 3rd week of therapy. One patient, treated at 100 ng/kgplus low-dose oral cyclophosphamide.
developed a supraventricular tachycardia (Table 2) in the setting ~ With the exception of the case of agranulocytosis, no
of fever after the second rhlL-12 dose, which resolved spontaunusual or severe toxicities occurred among patients receiving
neously. Small, minimally symptomatic, transient oral aphthoustwo or more uninterrupted 6-week cycles of rhiL-12, including
ulcers developed during the first cycle of therapy in one patientwo patients who had been on rhiL-12 for 36 and 48 weeks,
at the 300-ng/kg dose level. No significant (Grade 2 or greateryespectively (Table 3). Several patients, including the one on
cytopenias or liver-function test abnormalities were noted at thehlL-12 for 36 weeks, experienced grade 1-2 arthralgias (Table
first three dose levels. 2), involving primarily the shoulders and fingers, beginning
At the 500-ng/kg dose level, the fever and chills were morewith the second cycle of therapy. The arthralgias were episodic,
severe with previously untreated patients or with patients forunaccompanied by joint swelling or tenderness, and responsive
whom more than 1 year had passed since prior therapy. Fevete therapy with nonsteroidal anti-inflammatory drugs.
were highest after the second dose and were minimal-to-absent
by the 3rd week of therapy in the majority of patients. Indo- Biological Effects of Twice-Weekly i.v. rhiL-12
methacin was added to acetaminophen for the control of fevers  In Vivo IFN-y Induction. IFN-vy levels were obtained in
and_chills_in_onlv_2 af 14 natients_and was_never reaniredeinht natients treated _at the 500-nn/ka_dnse level as well as
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Table 2 Number of patients experiencing select toxicities during treatment with IL-12 (grades 2, 3, 4)

Dose level, ng/kg (no. of patients)

Toxicity 30 (3) 100 (3) 300 (3) 500 (14) 700 (5)

Hepatic

AST® (4,0,0) 0, 1,0)

Bilirubin (1,0,0) (1,0,0)

Alk phosphatase (1, 0,0) (1,0, 0)
Hematologic

Neutropenia 2,1,1) (2,0,0)

Anemia (2,0, 0)

Hemolytic anemia 0, 1,0)

Thrombocytopenia (1,0, 0) (1,0, 0)
Oral mucositis (2,0, 0) (1,0, 0)
Cardiovascular (hypotension) (1,0, 0)
Cardiovascular (arrhythmia) (1, 0,0)
Fever (1,0,0) (2,1,0) (2,0,0)
Arthralgia (2,0, 0)

2 AST, aspartate aminotransferase; Alk, alkaline.

Table 3 Summary of tolerability of IL-12 among patients treated at the MTD of 500 ng/kg

No. of
Patient cycles
no. completed Results
Dose escalation phase 10 8 No DLT
11 3 No DLT
12 1 Grade 2 orthostatic hypotension; IL-12
dose reduced to 300 ng/kg
13 6 No DLT
14 1 No DLT
15 1 No DLT
Safety phase 21 1 No DLT
22 a Grade 4 neutropenia (agranulocytosis);
IL-12 discontinued
23 1 No DLT
24 2 No DLT
25 r No DLT
26 1 No DLT
27 3 No DLT
28 2 No DLT

2 Received four doses in cycle 2.
b Received only two doses in cycle 1 because of rapid disease progression.

in Fig. 2 and Table 4, we were able to discern three patterns ofype-I pattern of IFN-yinduction had all been treated previously
IFN-v induction among these 10 patients. In all of the patternswith an IL-2-based regimen and were eithe6 months past a
the first significant rise in plasma IFN-accurred between 4 and low-dose IL-2 regimen or>1 year past a high-dose IL-2

8 h after the rhlL-12 dose, corresponding to the onset of feversfegimen.

chills. In the type-I pattern (Table 4 and FigA2op), the IFN-y In the type-II pattern, peak IFN-tevels after the first dose
level peaked at a modest 450-1600 pg/ml (with peaks occurringvere, on the average, 2-fold higher than those measured in
between 8 and 24 h for individual patients) after the first rhiL-12 patients with the type-I pattern (Table 4 and Fi@, op). The
dose (week 1/day 1). After the second dose (week 1/day 4), peakugmentation in peak IFN-ievels after the second dose was
levels were 2—3-fold higher than those induced by the first dosealso higher in the type-ll pattern compared with the type-I
However, after the seventh dose (week 4/day 1), peak~FN- pattern, increasing 2- to 4-fold over the peak levels after dose 1.
levels were comparable with those after the first dose. Patient¥his difference in the magnitude of IFij-production was
with this type-l pattern tended to have modest fever/chills afterassociated with higher fevers and more pronounced chills/rigors
each rhlL-12 dose during cycle 1, with the most prominentin these patients after the first two doses of rhlL-12 compared
symptoms occurring after the second dose. However, whereasith patients exhibiting the type-I pattern of IFNinduction.
IFN-v could be detected in the plasma 24 h after an IL-12 doseHowever, despite this larger surge of IFNasoduction after the

it alwavs dronned tn 1indetectahle levels hv the time nf the nexkecond dnse IEN-wndiiction after the seventh dnse of rhill -12
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