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Interleukin-1 (IL-1) is a cytokine critical to inflammation, immunological activation, response to infection, and
bone marrow hematopoiesis. Cyclophosphamide downmodulates immune suppressor cells and is cytotoxic to a
variety of tumors. A phase I trial of IL-1 and cyclophosphamide was conducted by the Eastern Cooperative
Oncology Group. This study evaluated 3 dose levels and 3 schedules in patients with solid tumors. The goal was
to evaluate the hematopoietic supportive care effect and possible antitumor effect. Toxicity was fever, chills,
hypotension, nausea/emesis, hepatic, and neutropenia. Toxicity increased with dose increases of interleukin-1.
Treatment at all dose levels resulted in significant increases in total white blood cell (WBC) counts above
baseline. Nadir WBC and nadir absolute neutrophil counts were not significantly different by dose level of IL-1
or schedule of IL-1. Toxicity due to IL-1 at higher doses prohibited further evaluation of this agent for
hematopoietic support, particularly in view of the activity and tolerability of more lineage-specific hemato-
poietic cytokines. Therapeutic interventions in the role of IL-1 in inflammatory conditions and cancer may be
further informed by our definition of its clinical and biological effects in this evaluation of dose and schedule.

Introduction

Interleukin-1 (IL-1) is a family of polypeptide cytokines
produced by human cells that has pleiotropic biological

effects. IL-1 is a critical component of inflammation, im-
munological activation, response to infection, and bone
marrow hematopoiesis (Dinarello 1988, 1991, 1996, 2010,

2011; Dinarello and others 1986, 2012). Human IL-1 is
produced by almost every nucleated cell type, although
predominantly by monocytes and macrophages. The release
of IL-1 is induced by antigens, toxins, injury, the inflam-
matory process, infections, and other cytokines (Dinarello
1988, 1991, 1996, 2010, 2011; Dinarello and others 1986,
2012).

This study was conducted by the Eastern Cooperative Oncology Group (Robert L. Comis, MD, Chair) and supported in part by Public
Health Service Grants CA23318, CA66636, CA21115, CA14958, CA80775, CA20176, and CA15488 and from the National Cancer
Institute, National Institutes of Health and the Department of Health and Human Services. Its contents are solely the responsibility of the
authors and do not necessarily represent the official views of the National Cancer Institute.

1Department of Oncology, Montefiore Medical Center, Bronx, New York.
2Department of Biostatistics, Dana Farber Cancer Institute, Boston, Massachusetts.
3Division of Oncology, Beth Israel Deaconess, Boston, Massachusetts.
4Division of Oncology, Albert Einstein Medical Center, Philadelphia, Pennsylvania.
5Division of Oncology, University of Wisconsin, Madison, Wisconsin.
6Division of Oncology, Division of Oncology, New York University Medical Center, New York, New York.
7Division of Oncology, University of Pennsylvania, Philadelphia, Pennsylvania.
*Current affiliation: Cancer Research Foundation, Chappaqua, New York.
{Current affiliation: Georgetown Medical Center, Washington, District of Columbia.
{Deceased.
xCurrent affiliation: Baystate Medical Center, Springfield, Massachusetts.

JOURNAL OF INTERFERON & CYTOKINE RESEARCH
Volume 34, Number 5, 2014
ª Mary Ann Liebert, Inc.
DOI: 10.1089/jir.2013.0010

376



IL-1 directly activates T-lymphocytes to proliferate, dif-
ferentiate, increase their production of IL-2, and increase the
number of IL-2 cell surface receptors, and also augments the
cytotoxic function of T-cells (Farran and others 1980;
Dempsey and others 1982). IL-1 is released during IL-2
therapy and believed to contribute to the fever, capillary
leak, and possibly other toxic and immunologic effects of
this treatment (Numerof and others 1988; Tilg and others
1994, 1995; Vannier and others 1999). IL-1 alone and in
combination with other cytokines causes the proliferation of
resting and activated B-cells as well as stimulation of anti-
body secretion by B-cells (Matsushima and others 1986).
IL-1 is a potent inducer of other cytokines and regulatory
proteins, including IL-1RA, IL-6, colony stimulating fac-
tors, tumor necrosis factor, and intracellular adhesion mol-
ecules (Onozaki and others 1985; Dinarello 2011; Dinarello
and others 2012).

IL-1a and IL-1b are integral to the hematopoietic growth
factor cascade, acting synergistically with and inducing
expression of hematopoietic growth factors, including
G-CSF, GM-CSF, IL-3, IL-6, and c-kit ligand (Bartelmez
and others 1985; Griffin and others 1987). These interactions
improve survival of progenitor cells and increase multipo-
tential colony formation (Bartelmez and others 1985).

Of particular relevance to cancer therapy are the antitu-
mor effects of IL-1. IL-1 has direct antiproliferative activity
against certain human tumor cell lines in vitro, including
melanoma, bladder, cervical, choriocarcinoma, osteosar-
coma, glioblastoma, and breast, pancreatic, lung, and other
adenocarcinoma cell lines (Nakamura and others 1986). IL-
1 has also demonstrated antitumor effects in vivo against
several murine syngeneic tumors (Fibbe and others 1988),
including several that were not inhibited in in vitro studies,
suggesting a possible requirement for cytotoxic effector
cells in the in vivo setting (Fibbe and others 1988).

Therefore, with this multitude of immunological, anti-
proliferative, and hematopoietic properties, it was deemed
appropriate to evaluate the potential of IL-1 in the treat-
ment of human cancer. The goal of this phase I study was
to evaluate the immunological and marrow-protective
effects of IL-1 in 3 different schedules and 3 different
doses in combination with cyclophosphamide. Cyclopho-
sphamide was chosen for both its antitumor and immuno-
modulatory properties, as noted in both animal and human
studies (Castelli and others 1988; Benjamin and others
1989; Mitchell 1992). It was noted that the immunomod-
ulatory effects of cyclophosphamide in humans were ob-
served at lower doses, in which suppressor cells are
downregulated (Mitchell 1992, 2003). However, a cyto-
toxic dose was used to evaluate the hematopoietic prop-
erties of IL-1 as well.

At the time that this study was initiated and conducted,
several hematopoietic growth factors were undergoing
clinical investigation. It was hypothesized that an early
acting, pluripotent agent like IL-1 could be more efficacious
for general marrow support, compared with a more lineage-
specific agent, such as G-CSF. Therefore this trial was ini-
tiated. This is one of the few clinical studies to investigate
the potential effect of schedule of IL-1 in relationship to
myelosuppressive agents. This may have implications for
current research on inhibition of IL-1 as a proinflammatory
and autoinflammatory cytokine and in cancer (Dinarello
2011; Dinarello and others 2012).

Patients and Methods

Study management

This was a multicenter phase I study, conducted at spe-
cific centers participating in the Biologic Response Modifier
(BRM) Committee of the Eastern Cooperative Oncology
Group (ECOG) and reported early on at the American So-
ciety of Clinical Oncology meeting in 1994 (Schuchter and
others 1994). The study itself had a complex schema,
evaluating 3 dose levels of IL-1a and 3 different schedules
of the combination of cyclophosphamide and IL-1a (Fig. 1).
This was a 3 + 3 design at each dose level and in each
schedule, to evaluate the potential interactions of dose
and schedule. At each dose level, subjects were randomized
to a schedule. Three patients at each schedule at each dose
were evaluated for toxicity, and the decision to add 3 more
subjects was determined after toxicity evaluation for each
dose/schedule cohort. Because of the complexity, there were
numerous clinical holds to evaluate toxicity before accrual
could be resumed. Therefore, the accrual continued from
mid-1992 to mid-1996. Accrual to dose levels 1 and 2 were
completed, but dose level 3 did not meet accrual goals, in
part due to toxicity observed, which reduced enthusiasm.
Therefore, the study was closed with 2 patients per schedule
in dose level 3. Dose level 2 was considered the maximally
tolerated dose, but there was no extension of the trial beyond
this dose-finding evaluation. The objectives were to evaluate
toxicity of cyclophosphamide in combination with IL-1a, to
determine immunological and hematopoietic effects of IL-
1a, and to assess any signals of antitumor activity for this
combination. The study was approved by the human sub-
jects review committees of the participating institutions.

Patients

Patients with metastatic or locally recurrent solid tumors,
for which no other conventional therapy was deemed ap-
propriate, were eligible for this study (Table 1). Patients
could have had no more than 2 prior chemotherapy regi-
mens, none within 4 weeks of starting this study, and
complete hematologic recovery from previous treatment
was required prior to study entry. Prior radiation was al-
lowed, but no greater than 30 Gy to the hemipelvis, skull, or
spine. Patients were required to be ECOG performance
status 0 or 1, with a life expectancy of at least 3 months.
Required hematologic parameters included a white blood
cell (WBC) count of > 4,000/mm3 and platelet count of
> 120,000/mm3. Normal renal and hepatic function was re-
quired. Patients were required to be free of infection, with

FIG. 1. Schedule of treatment.
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no evidence of autoimmune disorders, and negative for
human immunodeficiency virus antibody. Patients could not
be receiving or possibly require corticosteroids. Patients
with active cardiac disease were excluded and all patients
were required to have normal pulmonary function due to
known potential toxicity from IL-1.

Study drug administration

The design of the study required cohorts of 6 patients to
be treated at each dose level in each schedule. The dose of
cyclophosphamide was held constant, at 1.5 gm/m2, ad-
ministered as an intravenous infusion over 1 h on Day 0 of
each of the 3 schedules (Fig. 1). Two liters of normal saline
was administered with the cyclophosphamide to prevent
hemorrhagic cystitis. Antiemetics were administrated as
needed, but dexamethasone was not permitted.

IL-1a was administered through a central intravenous line
over 30 min for 5 consecutive days. Acetaminophen (650 mg)
was administered 1 h prior to each dose of IL-1a, and every
4 h for 1–2 doses following each dose to prevent and treat
fever associated with the infusion. Meperidine (25–50 mg)
was administered intravenously as needed after IL-1a infu-
sion to treat chills associated with its administration.

Cycles were repeated every 28 days. Dose level 1 of IL-
1a was 0.03mg/kg, dose level 2 was 0.06 mg/kg, and dose
level 3 was 0.10 mg/kg. Three different schedules of IL-1a
were administered in relationship to the cyclophosphamide
infusion, for each dose level of IL-1a. In schedule A, IL-1a
was administered prior to cyclophosphamide on day - 5
through day - 1, with cyclophosphamide on day 0. In
schedule B, IL-1a was administered on days 1–5, following
cyclophosphamide given on day 0. Schedule C was con-
current administration, with cyclophosphamide on day 0,
and IL-1a on days - 2, - 1, 0, 1, and 2.

All patients were hospitalized for treatment, and vital
signs were performed every 15 min for the first hour fol-
lowing IL-1a, then every hour for 3 h, and then every 4 h.
At some institutions, patients were treated in an NIH-
designated GCRC facility. Patients were discharged from
the hospital 24 h after their last study drug administration
(either IL-1a or cyclophosphamide depending upon the
schedule). There was a period of evaluation for each
schedule when a given dose level was completed and fully

accrued, to assess toxicity and efficacy, thus putting accrual
on hold until complete assessments could be conducted.

Study drugs

Cyclophosphamide was commercially available. The IL-
1a used in this study was produced in Escherichia coli by
recombinant DNA technology, and was supplied by NCI/
DCT and Dainippon. IL-1a was supplied as lyophilized
powder in 10mg/vial and 100mg/vial with human serum
albumin as a stabilizer. The product was reconstituted with
1 mL saline for injection that was further diluted in 150 mL
of sterile normal saline.

Laboratory evaluations

Patients were evaluated at baseline, and then daily during
IL-1a administration, with complete blood count, platelet
count, and differential WBC count. Also daily during IL-1a
administration, chemistry profile, including electrolytes,
liver function tests (LFTs), blood urea nitrogen (BUN),
creatinine, and lactate dehydrogenase (LDH), was obtained.
Following 5 days of IL-1a administration, the same labo-
ratory testing was obtained weekly. Thyroid function was
evaluated at baseline and monthly. No pharmacokinetic
studies were done in this trial.

Toxicity evaluation

Toxicity was evaluated according to the Common Toxi-
city Criteria of the Cancer Therapy Evaluation Program
(CTEP). The study was designed to assess dose-limiting
toxicity (DLT) during cycle 1 of treatment and was spe-
cifically defined for this study (Table 2).

DLT was any grade 3 or 4 nonhematologic toxicity; grade
4 myelosuppression, with an absolute neutrophil count
(ANC) of < 500/mm3, or platelet count < 25,000/mm3, for
> 7 days; hypotension during infusion unresponsive to fluid
administration and requiring vasopressor therapy; and any
toxicity that required interruption or modification of IL-1a
dosing. Patients who developed a DLT were eligible to re-
sume therapy, provided the toxicity resolved to less than
grade 2. When IL-1a was resumed, the dose was reduced to
the prior dose level. If the DLT occurred at dose level 1,
then the dose of IL-1a was reduced to 0.02 mg/kg. Patients
who received at least one dose of IL-1a were evaluable
for toxicity. All patients who completed one cycle of ther-
apy with IL-1a and cyclophosphamide were considered
evaluable.

Statistical evaluation

Laboratory analyses were conducted to assess the timing,
depth, and duration of nadir counts by both the doses and

Table 1. Patient Demographics

Characteristics N = 42

Median age (range) 55 (34–76) years
Sex: male/female 26/16
PS 0/1 15/27
Tumor type

GI 12
Lung 7
Melanoma 6
Unk primary 5
Renal 4
Sarcoma 4
Ovarian 2
Head and neck 2

Prior chemo 33
Prior XRT 11
No prior therapy 4

Table 2. Defined Dose-Limiting Toxicity

Any Grade 3 or 4 nonhematologic toxicity
Grade 4 myelosuppression
ANC < 500/mm3 for > 7 days
Platelet count < 25,000/mm3 for > 7 days
Hypotension during infusion requiring vasopressors
Any toxicity requiring interruption or modification of IL-1

dose administration
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schedules of IL-1a administration. Patients with at least 5
days of laboratory data were included in these analyses.
Analysis of variance (ANOVA) and t-tests were used to
compare doses and schedules. The strategy used was to
explore the widest difference for significance, and to stop
testing if the most extreme groupings did not achieve sta-
tistical significance. Limitations regarding evaluation of the
day of the nadir WBC count and ANC were primarily due to
the schedule of blood examinations obtained. Blood counts
were obtained daily during drug administration, with sub-
sequent laboratory evaluations on days 7, 14, and 21 only.
All recorded nadirs were noted on either day 7 or day 14.
The study was not designed nor sufficiently powered to
evaluate interaction between dose and schedule.

Results

Patient characteristics

Forty-five patients were registered and randomized, but 3
were not treated due to rapid progression of disease (Table
1). Forty-two patients received at least one dose of IL-1a
and were evaluable for toxicity. All but 4 patients were
previously treated with chemotherapy and/or radiation
therapy. The median age was 55 years (range 34–76 years),
with a male/female ratio of nearly 2:1. All patients were
ECOG performance status 0 or 1. Patient characteristics
were relatively evenly distributed among the doses and
schedules. Dose levels 1 and 2 had 6 patients evaluated on
each of the 3 schedules. Dose level 3 only accrued 2 patients
each per schedule, and the study was closed due to toxicity
observed at dose level 3.

Nonhematologic toxicity of IL-1a

Known toxicities of IL-1a administration are fever and
chills and these were observed in all patients, usually oc-
curring 1–2 h following drug infusion (Table 3). The highest
temperature recorded was 104.9 F. Fever and chills were not
dose limiting in any patient. Other common, less than grade
3 toxicities were headache, nausea, hypertension, hypoten-
sion, and LFT abnormalities.

Grade 3 toxicity (continuing therapy)

One patient treated at dose level 1 (0.03 mg/kg) required
re-hospitalization and intravenous fluids for several days
after completing protocol therapy due to dehydration from
prolonged nausea and vomiting (Table 4). Six patients
complained of transient epigastric/abdominal pain, but in
one patient, at dose level 3, the pain was severe and dose
limiting (see Grade 3–4 dose-limiting toxicity and Table 4).
Significant hypotension only occurred at the highest dose
level (0.10mg/kg). One patient at this dose level required
transient vasopressor support following his second dose of
IL-1a. Subsequently, this patient was weaned off vaso-
pressors and received his subsequent 3 infusions of IL-1a at
a reduced dose (0.06 mg/kg).

Grade 3–4 dose-limiting toxicity

Six patients were unable to complete the 5-day course of
IL-1a due to toxicity (Table 4).

Pulmonary toxicity. Two patients with extensive pulmo-
nary metastases developed acute respiratory symptoms
after receiving IL-1a, possibly due to capillary leak syn-
drome. One patient (55-year-old man) developed acute
bronchospasm after the second dose of IL-1a, at a dose of
0.03 mg/kg. Symptoms subsided within several hours. The
second patient (42-year-old woman) developed severe re-
spiratory distress following her 4th dose of IL-1a at a dose
of 0.06 mg/kg, and responded to interventions with ami-
nophylline, oxygen, and nebulizer treatment. A third pa-
tient (68-year-old woman) developed significant dyspnea
associated with treatment, but was able to complete 5 doses
of IL-1a (0.06 mg/kg per dose). A requirement for baseline
pulmonary function tests (PFTs) was established following
these pulmonary events. No further pulmonary toxicity
occurred in the study once patients with abnormal PFTs
were excluded.

Cardiac toxicity. A patient (76-year-old man) with known
coronary artery disease experienced a nonfatal myocardial in-
farction following 2 doses of IL-1a at dose level 2 (0.06mg/kg).

LFT abnormalities. One patient (59-year-old man) with
liver metastases developed grade 4 elevation of bilirubin
after 2 doses of IL-1a at dose level 3 (0.10 mg/kg). This was
suspected to be due to metastatic disease. A second patient
(47-year-old woman) who experienced grade 4 hypotension
after dose 1 (dose level 0.10 mg/kg), transiently requiring
vasopressor support, was noted to have grade 4 LFT ab-
normalities 12 h following hypotension. IL-1a was dis-
continued and LFTs normalized without sequelae.

Abdominal pain. A patient with advanced ovarian cancer
and ascites developed severe abdominal pain and rigors with
the first IL-1a infusion (0.10mg/kg dose). During the second
dose this occurred again, and IL-1a was discontinued. There
was no evidence of perforation or obstruction.

In summary, dose-limiting toxicity occurred in 4 of 6
patients treated at dose level 3 (0.10 mg/kg). This included 3
patients with grade 3 or 4 hepatic toxicity, 2 patients with
hypotension requiring vasopressors, and 1 patient who could
not continue therapy due to severe abdominal pain. There-
fore, the maximal tolerated dose (MTD) for this study of IL-
1a in combination with cyclophosphamide is 0.06 mg/kg.

At the MTD, 18 patients were treated, and there was one
episode of grade 4 cardiac toxicity, one episode of grade 4
pulmonary toxicity, and one grade 3 hepatic toxicity. It is

Table 3. Nonhematologic Toxicity—All Grades

Grade of toxicity

Toxicity 1 2 3 4

Nausea/emesis 11 14 4 0
Fever 3 32 2 0
Hypotension 24 5 2 0
Hepatic 16 1 2 3
Headache 6 11 0 0
Hypertension 12 3 0 0
Renal 5 5 0 0
Abdominal pain 4 2 1 0
Neurologic 5 1 0 0
Pulmonary 1 3 0 1
Allergy 0 3 2 0
Diarrhea 1 2 1 0
Cardiac 1 1 0 1
Mucositis 1 1 1 0
Hypoglycemia 0 0 1 0
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possible that this dose defined by this study may be higher
than a true MTD.

Hematologic toxicity. Fourteen episodes of grade 4 neu-
tropenia were reported, including one grade 3 sepsis, and 3
episodes of grade 4 febrile neutropenia. The only death on
study was attributed to disease progression. There was no
preponderance of neutropenia or febrile neutropenia by dose
or schedule.

Hematologic responses

Thirty-eight patients were evaluable for changes in WBC
from baseline to a time point after dose 1 of IL-1a. Thirty-
five patients completed 5 days of treatment with IL-1a and
received cyclophosphamide, 1.5 gm/m2 on day 0, and were
considered evaluable for hematologic responses and assess-
ment of nadir WBC and nadir ANC. Preclinical and clinical
data suggested that the myeloprotective effects of IL-1a are
influenced by both dose of IL-1a and the timing of its ad-
ministration with relationship to the myelotoxic agent. Thus,
both dose and schedule were tested in this phase I study.

Changes in WBC count after initial dose
of IL-1a (n = 38)

Treatment with IL-1a at all dose levels resulted in a
significant increase in the total WBC count above baseline.
The rise in the WBC counts occurred within 24 h of re-

ceiving IL-1a and lasted for several days with a gradual
decline over time. The increased WBC counts consisted of
neutrophils and bands, with a marked decrease in absolute
lymphocyte count at all 3 dose levels.

Statistical analysis of the WBC count during treatment
was available for 6 patients on each schedule at dose level 1,
5 patients on each schedule on dose level 2, and 5 total
patients on dose level 3, 2 each on schedules A and B, and 1
on schedule C. This totaled 13 patients on schedule A, 13 on
schedule B, and 12 on schedule C. ANOVA suggests that as
the dose of IL-1a increased, the magnitude of the rise in
WBC also increased (P = 0.02). At dose level 1, the average
change in WBC between baseline and day 1 was 8,161, at
dose level 2, 10,900, and at dose level 3, 16,740.

Nadir WBC by dose level and by schedule (n = 34)

Patient data were evaluated for those patients who had at
least 5 days of data available for analysis and whose data
extended beyond the days in which they received IL-1a
(Table 5). A total of 34 patients are included in this analysis.
Dose level 1: 17 patients; dose level 2: 14 patients; and dose
level 3: 3 patients. Schedule A: 13 patients; schedule B: 12
patients; and schedule C: 9 patients. The nadir WBC counts
do not differ significantly by dose level—DL1 1741, DL2
1764, and DL3 733 (P = 0.48)—or by schedule—A 1746, B
2009, and C 1078 (P = 0.29)—based on ANOVA.

Table 4. Observed Grade 3 and 4 Toxicities

Grade 3—continuing therapy
0.03 mg/kg Re-hospitalization for dehydration secondary to nausea and vomiting post-treatment

(preondansetron era)
0.10 mg/kg Transient vasopressor support for hypotension. Able to receive 3 more doses at 0.06 mg/kg.
0.06 mg/kg Significant dyspnea with IL-1 administration, but continued treatment

Grade 3–4 dose-limiting toxicity
Pulmonary toxicity 0.03 mg/kg—acute bronchospasm

0.06 mg/kg—acute respiratory distress and bronchospasm
Led to requirement for normal pulmonary function test evaluation prior to study entry

Cardiac toxicity 0.06 mg/kg—acute myocardial infarction after 2 doses
Hepatic toxicity 0.10 mg/kg—grade 4 bilirubin (had liver metastases)

0.10 mg/kg—grade 4 transaminitis after grade 4 hypotension requiring vasopressor support
Abdominal pain 0.10 mg/kg—severe abdominal pain and rigors with each of 2 IL-1 infusions, so drug discontinued

Four of 6 patients at 0.10mg/kg developed predefined dose-limiting toxicity: 2 hypotension requiring pressors; 3 grade 3 hepatic toxicity;
and 1 severe abdominal pain and could not continue. Patients accrued to all schedules simultaneously.

Table 5. Nadir WBC and ANC by Dose Level and by Schedule

Mean WBC (sd) Mean ANC (sd)
Dose level (lg/kg) (n = 34) P = 0.48 (n = 29) P = 0.52

0.03 1,741 (1,185) 777 (2,235)
0.06 1,764 (1,623) 1,208 (1,536)
0.10 733 (750) 226 (269)

Schedule Mean WBC (sd) P = 0.29 Mean ANC (sd) P = 0.10

A (D - 5—D - 1) 1,746 (1,249) 826 (1,077)
B (D1–D5) 2,008 (1,800) 1,578 (1,721)
C (D - 2—D2) 1,078 (463) 158 (105)

ANC, absolute neutrophil count; WBC, white blood cell.
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Nadir ANC by dose level and by schedule (n = 29)

Patient data for ANC were based on the same criteria
outlined earlier (Table 5). Percentage of neutrophils was not
always available with WBC. Data from 29 patients were
included in this analysis: 13 at dose level 1, 14 at dose level
2, and 2 at dose level 3. Schedule A: 13 patients; schedule
B: 10 patients; and schedule C: 6 patients. The nadir ANCs
do not differ significantly by dose level—DL1 777, DL2
1208, and DL3 226 (P = 0.10)—or by schedule—A 826, B
1578, and C 158 (P = 0.52). Because of the small numbers, a
subsequent analysis by pairs was conducted, to explore the
widest differences, but no significant differences in nadir
ANC by dose or schedule were noted.

Timing of nadir and recovery of WBC

Following treatment with IL-1a, blood tests were done
weekly, obtained at days 7, 14, 21, and 28. All recorded
nadirs were on day 7 or 14; the protocol only required re-
porting of weekly laboratory results. For WBC, 22 nadirs
were on day 7 (10 of 17 on dose level 1, 10 of 14 on dose
level 2, and 2 of 3 on dose level 3). Seven of 13 were on
schedule A, 7 of 12 on schedule B, and 8 of 9 on schedule C.
For ANC, 14 nadirs were on day 7 (4 of 13 at dose level 1, 9
of 14 on dose level 2, and 1 of 2 at dose level 3). Six of 13
were on schedule A, 4 of 10 on schedule B, and 4 of 6 on
schedule C. All but 2 patients with laboratory values
available on day 21 had recovered to a WBC of ‡ 4,000/
mm3. Those 2 patients recovered on day 28. Nine patients
who nadired earlier, also recovered earlier, by day 14. One
patient nadired above 4,000/mm3.

Antitumor efficacy

Because of the toxicities noted and varying durations of
therapy, and the use of a single dose of an alkylating agent
in a broad variety of previously treated malignancies, effi-
cacy was in the end not reported. The primary endpoint was
assessment of hematologic support.

Discussion

IL-1a as hematopoietic cytokine

IL-1 has the ability to both protect and restore the bone
marrow from injury due to chemotherapeutic agents or ra-
diation (Castelli and others 1988). Castelli and others (1988)
have demonstrated that IL-1a and IL-1b can increase the
colony forming unit (CFU)–culture activity in murine
spleens. In addition, IL-1 can rescue animals if administered
either before or just after lethal doses of cyclophosphamide
or radiation (Castelli and others 1988). Dose, sequence, and
timing of IL-1 administration were critical in these experi-
ments. The effects were mainly seen on granulopoiesis, with
recovery of myeloid CFUs and total marrow cellularity
(Benjamin and others 1989). Additional studies evaluated
IL-1’s hematopoietic protective effect in murine models of
antitumor chemotherapy, including doxorubicin, 5 fluoro-
uracil (5FU), and cisplatin, in addition to cyclophosphamide
(Eppstein and others 1989; Damia and others 1992; Lynch
and others 1993). In these studies, schedule was also ex-
plored. Pretreatment allows dose escalation in one series
(Lynch and others 1993), but was not protective in another
(Eppstein and others 1993). Postchemotherapy usage was

protective in one study (Eppstein and others 1989) but de-
pended upon the chemotherapy utilized in another study,
only helping with cyclophosphamide (Damia and others
1992).

Historical data on cyclophosphamide 1.5 gm/m2

In an early study (late 1970s to early 1980s) conducted at
the Baltimore Cancer Research Program of the National
Cancer Institute, patients with non-Hodgkin’s lymphoma
were treated with a regimen of cyclophosphamide, vincris-
tine, and prednisone with 1.5 gm/m2 of cyclophosphamide
given on a 21-day schedule (Bishop and others 1987). This
was conducted prior to the development and usage of he-
matopoietic growth factor support, and prior to modern
antibiotics. In that study, patients experienced the nadir
WBC counts between days 7 and 14, and recovered by day
21, including patients having marrow involvement with
lymphoma. Febrile neutropenia occurred in 15% of courses,
and grade 3–4 neutropenia occurred in 36% of courses.
There were fatal infections in 3 patients (Bishop and others
1987). This provides some historical data on the outcome of
treatment with this dose level of cyclophosphamide without
hematopoietic growth factor support.

Present study

In this study, there was no statistically significant differ-
ence among dose levels and schedules on the nadir WBC or
nadir ANC. However, there was a numerical decline of
WBC and ANC and an increase in toxicity with increasing
dose levels of IL-1. All grade 3–4 toxicity occurred at the 2
highest doses, except for one episode of bronchospasm at
the 0.03mg/kg dose level. Additionally schedule C (IL-1
given pre- and post-cyclophosphamide) had the deepest
numerical nadirs of WBC and ANC, in this small study.
Further attention to schedule may be informative for studies
of IL-1 antagonists as they continue in clinical use.

Summary of additional IL-1 clinical trials

The present study was designed to clarify the dose and
schedule necessary to optimize hematopoietic support with
IL-1a in combination with cyclophosphamide, similar to
preclinical studies (Eppstein and others 1989; Damia and
others 1992; Lynch and others 1993). Three other phase I
studies with similar dose-finding goals and 2 with compar-
isons of schedule relative to chemotherapy have also been
reported (Crown and others 1991; Smith and others 1993;
Nemunaitis and others 1994) (Table 6). All seem to dem-
onstrate a dose-response effect for peak WBC but also for
toxicity. Effects on WBC nadir and duration of neutropenia
were variable. Nonhematologic toxicity included hypoten-
sion, bone pain, fever, chills, tachycardia, hypertension, and
rare cardiac arrhythmias (Crown and others 1991; Starnes,
1991; Smith and others 1993; Nemunaitis and others 1994).

Crown and others (1991) evaluated IL-1b in patients with
gastrointestinal malignancies treated with myelosuppressive
doses of 5FU, 833 mg/m2 · 3 days, comparing the same dose
of 5FU alone to IL-1b alone, and to the combination. They
observed transient neutropenia and monocytopenia, fol-
lowed by neutrophil leukocytosis after day 1 of IL-1b ad-
ministration. Increases in platelet count were seen at a
median of 14 days. They described a less-deep nadir
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neutrophil count and a shorter duration of neutropenia with
the combination compared with 5FU alone. They obtained
bone marrow specimens and described no change in marrow
cellularity with administration of IL-1b, which they inter-
preted as possibly reflecting a demargination effect, or
secondary release of other specific neutrophil growth factors
(Crown and others 1991).

Nemunaitis and others evaluated IL-1b in patients with
acute myeloid leukemia who underwent autologous bone
marrow transplantation (Nemunaitis and others 1994). IL-1b
was administered at 3 dose levels, beginning on the day of
bone marrow infusion, for a total of 5 daily doses. There
appeared to be a shorter nadir compared with historical
controls (25 versus 34 days to ANC of ‡ 500/mL) and less
infections between days 0 and 28 (12% versus 23%). The
major limitation of this study is the use of historical controls
for comparison to IL-1b in an era of overall improved
supportive care. Only one patient in that study received the
highest dose (0.05 mg/kg) and 9 received 0.01 mg/kg and 7
received 0.02 mg/kg.

Smith and others evaluated the potential benefit of IL-1a
on platelet recovery after high-dose carboplatin, well known
for its resultant thrombocytopenia (Smith and others 1993).
Again, IL-1a was administered at 3 dose levels, 0.03, 0.1,
and 0.3 mg/kg for 5 days, either before or after carboplatin,
and this was compared with a control group who received
the same dose of carboplatin (800 mg/m2) without growth
factor support. The median nadir platelet count for carbo-
platin alone was 19,000/mL, and there was a median of 10
days with platelet count < 100,000/mL. All 15 patients who
received IL-1a prior to carboplatin had the same nadir level
of platelet count and duration of low count as the control
group. However, in those who received IL-1a after carbo-
platin, 5 of 15 patients given the 2 higher doses of IL-1a had
a minimal decrease in platelet count, with nadirs ranging
from 91,000/mL to 332,000/mL. Escalation of dose above
0.3 mL/kg was limited by hypotension.

Summary of clinical hematopoietic studies

In 4 phase I studies of a range of doses of IL-1 and 3 with
varied schedules of IL-1 (2 with IL-1a and 2 with IL-1b),
there appeared to be some measurable improvement in
neutrophil nadir and duration of neutropenia, and in the
Smith study, there was improvement in the degree of nadir
thrombocytopenia in some patients. However, these were all
small studies and only 2 had concurrent control populations.
Nevertheless, there did appear to be a beneficial hemato-
poietic effect. However, this was all at the price of man-
ageable, but significant systemic toxicities related to the
other effects of IL-1 (Crown and others 1991; Starnes, 1991;
Smith and others 1993; Nemunaitis and others 1994;
Schuchter and others 1994; Veltri and others 1996). These
included hypotension, often requiring fluids and in some
cases vasopressors; unusual pain syndromes; abnormal liver
function; and capillary leak syndrome, with occasional re-
spiratory distress. These have been consistent and dose de-
pendent, as was the effect on hematopoiesis across these
studies (Crown and others 1991; Smith and others 1993;
Nemunaitis and others 1994; Schuchter and others 1994).

Three studies investigated different dose levels and 2
studies investigated timing of IL-1 with relation to chemo-
therapy administration. In the first 3, there was a dose re-
sponse for both maintenance of blood counts and toxicity
(Crown and others 1991; Smith and others 1993; Nemu-
naitis and others 1994). Schedule differences were less ap-
parent in our study (Schuchter and others 1994), but seemed
to have a major impact on platelet nadir in the Smith study
(Smith and others 1993). These 2 studies were also using
different chemotherapy agents.

Implications for current IL-1 research

IL-1, as a broadly acting hematopoietic cytokine, has
been shown to have restorative effects on marrow after ra-
diation or chemotherapy. However, the level of toxicity with

Table 6. Summary of Phase I IL1/Chemo Clinical Trials

Study/pts Chemo IL1 doses Schedules Heme effect Tox

Crown 1991 5FU 0.002–0.1mg/kg IL1 alone Plts OK Hypotension
N = 19 833 mg/m2 5FU alone Marrow- Pain
GI malig Daily · 3 IL1 + 5FU No change; higher nadir;

dec G-penia duration
Nemunaitis 1994 Bu/CY/TBI 0.01mg/kg D1–D5 25 D to ANC Fever/chills
N = 17 or Bu/Cy 0.02mg/kg > 500 Hypotension
AML 0.05mg/kg 12% infection 30% fluids,
ABMT Vasopressors

Smith 1993 Carboplatin 0.03mg/kg D - 5—D - 1 Prenadir 19k Hypotension
N = 43 800 mg/m2 0.1 mg/kg D1–D5 Plts 2-pressors
Solid T 0.03mg/kg D1–D5 Postnadir Pain

91K–332K Capillary leak
(0.3 mg dose)

Schuchter 1994 Cyclophos 0.03mg/kg D - 5—D - 1 ANC nadir Hypotension
N = 43 1.5 mg/m2 0.06mg/kg D - 2—D2 > 500, dose 2-pressors
Solid T 0.1 mg/kg D1–D5 level 1 & 2 Pain

Schd A, B; Capillary leak
Schd C
ANC < 200

5FU, 5 fluorouracil; Plts, platelets; G-penia, granulocytopenia; AML, acute myeloid leukemia; ABMT, autologous bone marrow
transplant; Bu/Cy, busulfan, cytclophosphamide; TBI, total body irradiation; D, day; Schd, schedule.
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this agent compared to that seen with more specific,
downstream neutrophil growth factors has made its general
use prohibitive. The hematopoietic clinical trials utilized
short pulses of relatively high doses of IL-1 (Crown and
others 1991; Smith and others 1993; Nemunaitis and others
1994; Schuchter and others 1994) and, in addition to he-
matopoietic support, it produced clinically significant
proinflammatory effects that were not tolerable. No adverse
effects related to the malignancies were observed.

More recent research has focused on low-level chronic
inflammatory states in which IL-1 is integrally involved
(Balkwill and others 2005; Mantovani 2005). Early studies
showed that inflammation increased adherence of tumor
cells to endothelium providing a mechanism for metastasis
(Giavazzi and others 1990; Lauri and others 1990; Arguello
and others 1992). This may still be significant, even with
chronic low-level inflammation. Therefore, dose and sched-
ule of intrinsic cytokines (ie, low-dose, chronic exposure)
have implications in disease process as well as disease
control. Recent studies link inflammation and angiogenesis,
and again IL-1 is implicated in these processes (Voronov
and others 2003; Carmi and others 2009). IL-1 receptor
antagonists are in clinical practice and clinical research—
most prominently for autoinflammatory and autoimmune
diseases (Dinarello 2011; Dinarello and others 2012). The
balance of inhibition and salutary effects continues to be
critical in utilizing cytokines and cytokine inhibition for
clinical therapy. A potential role for IL-1 inhibition as
therapy in some early, cytokine-mediated premalignant
situations such as smouldering myeloma has been postu-
lated, through subsequent control of IL-6 (Dinarello 2010;
Dinarello 2011).

Therefore, the IL-1 family of cytokines continues to draw
major research and clinical interest as key players in on-
cology, both in understanding disease production and po-
tentially mediating disease control.
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