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Abstract. Systemic immunotherapy with recombinant inter-
leukin-2 (rTL-2) via intravenous (i.v.) and subcutaneous (s.c.)
administration produces objective responses in a proportion
of advanced cancer patients. While most of the previous in-
vestigations chose the i.v. route for cytokine application,
there is an increasing number of trials employing s.c. ril-2
therapy. The comparison of reported response rates for i.v.
versus s.c. therapy reveals no significant differences hetween
these modalities. In an effort to describe systemic toxicities
of s.c. cytokine therapy with regard to renal, metabolic, and
hemodynamic abnormalities and to compare these effects to
toxicities reported upon i.v. therapy, we retrospectively eval-
vated 148 treatment cycles of s.c. immunotherapy given to
107 outpatients. Our study cohorts consisted of 15 patients
who received s.c. 1lL-2 at doses of (4.8-14.4)x10%1U
m? day! 5 days/week for a total of 8 weeks, 20 patients who
received rTFNo2b at (3.0-6.0)x10° m™ day™! thrice weekly
for a total of 6 weeks, and 72 patients who were given s.c.
rILFNo2b at 6.0x10¢ U/m?, three times per week, plus s.c.
rlL-2 at (14.4-18.0)x10° IU/m? on days 1 and 2, followed by
4.8x10° TU m day™' 5 days/week for 6 consecutive weeks.
These treatment regimens were well tolerated in the outpa-
tient setting; no toxic death occurred, and none of the patients
developed life-threatening toxicity due to a capillary leak
syndrome. Upon s.c. combination therapy, dyspnea at rest
occurred in 6% of patients and grade III and IV hypotension
occurred in 7% and 4%, respectively; plasma protein was
significantly decreased (mean nadir + standard deviation,
6715 g/l). In addition, s.c. therapy led to a significant in-
crease in serum creatinine (mean peak = standard deviation,
115.1421.4 ymol/l) and urea nitrogen (mean peak + standard
deviation, 6.512.5 mmol/l); electrolyte disturbances and di-
rect nephrotoxicity never caused major clinical symptoms.
This was in marked contrast to a multitude of dose-limiting
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and life-threatening adverse reactions reported upon 1i.v.
rIL-2 therapy. We conclude that palliative low to intermedi-
ate-dose s.c. rIL-2/rIENo combination therapy, in contrast to
1.v. treatment, can be administered in the ambulatory setting
with good practicability and excellent safety. This outpatient
regimen is as effective against metastatic renal cell cancer as
the most aggressive i.v. 11L-2 protocol reported.
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Introduction

Contemporary immunotherapy exploits the therapeutic po-
tential of recombinant human cytokines. Among these, re-
combinant interferon o (rfIFNo) and recombinant interleu-
kin-2 (rIL-2) are most widely used. Based on the
chemotherapy model, initially, the concept of a linear
dose/response curve prompted trials with high-dose rIL-2 via
1.v. administration (Rosenberg et al. 1987; West et al. 1987).
However, there is growing evidence from in vitro experi-
ments (Grimm et al. 1985; Roussel et al. 1990) and clinical
trials (Edwards et al. 1984; Shau et al. 1988; Schoof et al.
1988; Hersh et al. 1989; Parkinson et al. 1990) for a non-lin-
ear dose/response curve, whereby biological and therapeutic
activity is attained at cytokine doses far below the maximum
tolerated dose in man. In addition, there is evidence that high
doses of biological response modifiers given alone (Kleiner-
man et al. 1986; Hartmann et al. 1986; Talmadge et al. 1987,
Muss 1987; Krown 1987; Richards et al. 1988) or combined
(Budd et al. 1989, Farace et al. 1990; Kawamura et al. 1985)
might actually suppress the desired effect of immunostimula-
tion.

At high doses, rll-2 invariably induced a wide spectrum
of serious adverse effects. These covered severe “influenza-
like symptoms” such as fever, chills, nausea, vomiting, diar-
rhea, arthralgias, anorexia, and malaise. Toxicities also could
mimic critical illness through a capillary leak syndrome and
its consequences, including hypotensive dysregnlations sim-
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ilar to septic shock, tissue injury analogous to graft-versus-
host disease, and a vast range of multi-organ dysfunctions.
The latter, upon high-dose r1L.-2 therapy, included a multitude
of renal, metabolic, cardiovascular, respiratory, gastrointesti-
nal, hepatic, hematopoietic, infectious, dermatological, and
neuropsychiatric toxicities, which eventually were life-threat-
ening. The sequelae of increased endothelial permeability, re-
ferred to as vascular leak syndrome, have been extensively
documented in clinical trials using i.v. rIL-2, wherein patients
required standard oncology or intensive care.

In an effort to reduce morbidity and mortality from sys-
temic r[L-2 therapy significantly, we devised treatment strat-
egies dissociating the therapeutic benefit of cytokine admin-
istration from treatment-related adverse effects. Treatment
regimens using rIL-2 via s.c. injection at dose levels approx-
imately 10-30 times lower than in previous regimens have
demonstrated significant therapeutic efficacy while drasti-
cally reducing treatment-induced toxicity (Atzpodien et al.
1990; Sznol et al. 1991).

In the present study, we evaluated 107 patients receiving
out-patient s.c. immunotherapy. The majority of patients
were treated with rIL-2/rIFN-c2b combination therapy. To
assess the toxicity of each cytokine in depth, we also
analyzed patients receiving rIL-2 or rIFN-c2b single-agent
therapy. We monitored hemodynamic, renal, and metabolic
adverse effects following 148 treatment cycles. Treatment-
related toxicity was assessed in comparison to pretreatment
status and off-therapy levels, and also to reported toxicity as-
sessments provided by other investigators following i.v.
rIL-2 therapy.

These clinical analyses serve as the focus of the present
report.

Patients and methods

Patients. Patients’ characteristics are indicated in Table 1. A total of 107
patients were treated, of which 34 were women and 73 were men. Pa-
tients presented with renal cell carcinoma (n=91), malignant melanoma
(n=7), mesothelioma (7=3), Hodgkin’s disease (n=2), fibrosarcoma
(n=2), colorectal carcinoma (n=1), and lung cancer (n=1); 99 patients
had advanced-stage metastatic cancer. Eight renal cell carcinoma pa-
tients were treated in the surgical adjuvant setting after surgery for met-
astatic disease. In all patients, standard therapy had failed or no standard
therapy was available.

Prior therapy included chemotherapy in 16 patients (vinblastine in 5,
mafosfamide in 5, dacarbazine in 4, methotrexate in 4, 5-fluorouracil in
3, and cyclophosphamide in 1 patient), limited-field irradiation in 25 pa-
tients, immunotherapy in 19 patients (IFNo in 8, rIFNyin 3, TNFovin 2,
and various tumor vaccines in 6 patients), hormone therapy in 10 pa-
tients (tamoxifen in 7, corticosteroids in 2, and medroxyprogesterone in
I patient). The sites of disease included lung (73% of patients), bone
(22%), liver (15%), pleura (11%), soft tissue (10%), skin (7%), lymph
nodes (5%), pancreas (2%), and local relapse (19%).

Patient eligibility requirements included a minimum performance
score of 2, as defined by ECOG criteria, an expected survival of at least
3 months, no evidence of brain metastases, and adequate bone marrow,
cardiac, renal, and hepatic functions. In no patient treated had systemic
anticancer therapy been administered for at least 4 weeks prior to entry
into the study. Patients requiring continued therapy with corticosteroids
were ineligible. There was no patient with additional renal disease be-
sides renal cell carcinoma; all patients except 1 in the rIL-2 cohort, 3 in
the rTFNo cohort, and 15 patients in the combined-therapy group were
uninephric due to previous nephrectomy for renal cell carcinoma. Writ-
ten informed consent was obtained from all patients prior to the initia-
tion of therapy.

Study design. Three different immunotherapeutic regimens were used in
this study. Clinical trials employing rIL.-2, rIFNo., and the combination
of both cytokines were initiated and performed sequentially. All treat-
ment was given in an outpatient setting; the s.c. injections were self-ad-
ministered. A total of 148 treatment courses given to 107 patients were
evaluated retrospectively for drug-induced toxicity.

Fifteen patients received s.c. pulsed rIL-2 (Eurocetus, Amsterdam,
The Netherlands). This therapy consisted of rIL-2 at a single dose of
4.8x10° IU/m? given three times daily on days 1, 15, 29, and 43 and
twice daily on days 2, 16, 30, and 44, followed by 4.8x10° IU/m? on days
3-5,8-12, 17-19, and 22-26.

Twenty patients were treated with s.c. rTIFNo2b (Schering-Plough,
Munich, Germany). Patients received 3.0x10° units/m? IFN¢. on days 1,
3, and 5, followed by 6.0x10° units/m?, given three times weekly for 5
more weeks.

Seventy-two patients received a combination of low-dose s.c. rlL-2
and s.c. rIFN¢2b. Patients were given rIL-2 at (14.4-18.0)x10¢ IU/m?
on days 1 and 2, followed by 4.8x10° IU/m? daily, 5 days/week, for 6
consecutive weeks; rIFNo2b was administered at 3.0x10° units/m?,
twice during week 1, and at a dose of 6.0x10° units/m? each, three times
a week for 5 more weeks.

Supportive care routinely included 1 g acetaminophen orally every
8 h, metoclopramide orally every 8 h, 1 g metamizole if necessary, and
antiemetics and antidiarrheals via the oral route as required. Grade III
toxicity resulted in a 50% dose reduction for the following week; pa-
tients with grade IV toxicity had treatment withheld until toxicity re-
solved or therapy was terminated. Treatment cycles were repeated as
long as there were no signs of progression of disease and it was thought
to be in the patients’ best interest.

Clinical, hematological and laboratory studies. Patients were seen prior
to and at weekly intervals following the initiation of therapy. Toxicity
evaluations were attentively recorded, and assessed according to the
WHO adapted grading system. Toxicity was defined as the maximum
grade of observed adverse effects during therapy or up to 2 weeks there-
after. Peripheral venous blood samples were drawn and examined for the
reported parameters at the aforementioned times. Pretreatment baseline
and peak (or nadir) values were individually recorded. Recovery values
in these patients were obtained 2 weeks after the last cytokine injection.
Laboratory values reported by other investigators were converted to SI
units wherever necessary.

Statistics. Homogeneity of the study groups was assessed by the ¢ test
with continuity correction. Statistical analysis of the mean  SD chang-
es in all hemodynamic, hematological, and laboratory parameters was
performed using a paired-sample Student’s i-test, comparing the differ-
ences between baseline, recovery and therapy values, and a Wilcoxon’s
matched-pairs signed-ranks test to investigate the pair-to-pair variability
of the patients’ data. All P values less than 0.05 were considered statisti-
cally significant.

Results and review
Therapeutic efficacy

Table 2 presents a survey of immunotherapy trials employ-
ing rIL-2 and/or rIFNq in a total of 343 evaluable patients
with metastatic renal cell carcinoma. Response rates ranged
from 0% in a phase I trial performed by Pichert et al. (1991)
to 50% reported by West et al. (1987). The 95% confidence
limits for response rates among all ten studies ranged from
0% to 88%. Given the size of patient cohorts with renal carci-
noma in these studies (n=6-83), there was no significant dif-
ference in therapeutic activity between treatment regimens
employing rIL-2 via intravenous bolus or continuous infu-
sion and regimens using rIL-2/rfIFNo via subcutaneous in-
jection.
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Table 1. Patient background® Parameter

Treatment modality

rIL-2 rIFNa rIL-2/fIFN¢,
Treatment courses 21 34 93
Patients 15 20 72
Male 10 12 51
Female 5 8 21
Age (years)
Median 54.0 61.0 55.0
Range 32-72 41-74 30-69
<30 - - 1
31-40 2 - 6
41-50 3 3 13
51-60 8 6 34
61-70 1 9 18
=71 1 2 -
Performance status 0 8 14 35
(ECOG) 1 5 4 11
2 2 2 6
Disease
Renal cell carcinoma 12 20 59
Malignant melanoma 3 - 4
Mesothelioma - - 3
Hodgkin’s disease - - 2
Others - — 4
Site of disease
Lung 10 17 51
Liver 4 4 8
Bone 1 7 16
Skin - 1 8
Local relapse 1 4 15
Abdominal lymph nodes 1 6 11
Mediastinal lymph nodes 2 2 18
Peripheral lymph nodes 2 1 7
Others 2 4 19
Number of organ sites involved
0 - - 8
1 7 9 19
2 4 8 20
3 3 2 14
>3 1 1 11
Prior therapy
Chemotherapy 4 2 10
Radjation therapy 1 4 20
* A total of 107 patients were studied %_?:;Egg;htir;gy 3 ! 15
py 2 3 5
(34 female and 73 male). One group of pa- Prim 15 18 67
; . . . ary surgery
tients received s.c.}mterleul.qn—Z (rIL-2), a Relapse surgery 2 3 71
second group received s.c. interferon o Any 2 or more ] 8 34
(+IFNa), and a combination of both was Any 3 or more _ 5 11
administered to the third group. ECOG, None B _ 5

Eastern Cooperative Oncology Group

Administered dosages

As shown in Table 1, patients in our study were sequentially
assigned to three different treatment groups. Immunotherapy
schedules and dosages were used as outlined in Patients and
methods.

In patients receiving s.c. rIL-2 as a single drug, 95.5%
(range, 83.0%-100.0%) of the projected dose of rIL-2 was
administered. In patients receiving s.c. rIENo. only, 96.8%
(range, 77.6%-100.0%) was administered. Patients treated

with rIL-2/AIFNa s.c. combination therapy received a mean
83.2% (range, 50.0%-100.0%) and 97.8% (range,
75.0%—-100.0%) of the projected doses of rIL-2 and rIFNo
respectively (data not shown).

Toxicity

Toxic dearh. No toxic deaths occurred in our study cohort. In
contrast, toxic deaths were reported in most clinical investi-
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Table 2. Response rates in metastatic renal cell carcinoma patients receiving rIL-2- or rfIFN-a-based immunotherapy ®

Treatment n Responders 95% Reference
(PR/CR) confidence interval
(%)
rIFN-o.s.c. zIFN-02b s.c. 3-6 MU mday~ thrice weekly 20 15 3-38
rlL-2sc.  1lL-2s.c. 4.8-14.4 MIU m2day”' 12 0 0-27
rIL-2 s.c./rIFNu s.c.
rIL-2 s.c. 14.4-18.0 MIU m? and 3.6-4.8 MIU m~day!
IFNa2b s.c. 6.0 MU m™ 50 28 16-42 Atzpodien et al. 1990
rIL-2 s.c. 1.5 M Roche U mday™!
rIFNo2a s.c. 1.5 MU m*day™ 23 22 8-44 Sznol et al. 1991
rlL-2 i.v./rIFNo
rIL-2 i.v./bolus 6.0-27.0 MIU m? q 8 h
rIFNo i.v./bolus 3.0-6.0MUm™? g8 h 35 31 17-49 Rosenberg et al. 1989 b
IL-2 const. i.v. inf. 6.0-12.0 MIU m™
rIFNo2a i.m. 3.0-12.0 MU m= 15 40 16-68 Hirsch ei al. 1990
rIL-2 const. i.v. inf. 18.0 MIU m~ day ™!
rIFNo2a s.c. 6 MU m2 6 0 0-46 Pichert et al. 1991
rIL-2 i.v. bolus + LAK cells
rIL-2 0.6 MIU/kg q 8 h + LAK cells 36 33 19-51 Rosenberg et al. 1987
rIL-2 0.6 MIU/kg q 8 h + LAK cells 32 16 5-33 Fisher et al. 1988
tIL-2 constant i.v. infusion = LAK cells
rIL-2 6.0-42.0 MIU m™? day™ + LAX cells 6 50 12-88 West et al. 1987
rIL-2 18.0 MIU m2 day' £ LAK cells 83 24 18-22 Negrier et al. 1989
rIL-2 18.0-27.0 MIU m~ day™' + LAK cells 25 16 5-36 Davis et al. 1990

* n, number of patients; LAK, lymphokine-activated killer cells; MIU, 10° international units

Table 3. Effects of immunotherapy with

interleukin-2 and/or interferon & on blood Treatment n Patients experiencing hypotension (%)
pressure levels I 1 I v
rll-2 s.c. 15 40 7 - -
rIFNo s.c. 20 10 - - -
rIL-2 s.c./AIFNa s.c. 72 14 14 7 4
rIL-2 i.v. bolus £ LAK/TIL?
Clark et al. (1990) 30 NR¢ NR 81 NR
Dutcher et al. (1989) 36 NR NR 67 NR
Fisher et al. (1988) 35 NR NR 74 NR
Lee et al. (1989) 317 NR NR 65 33
Margolin et al. (1989) 93 NR NR 74 NR
Parkinson et al. (1990) 47 NR NR 72 NR
Rosenberg et al. (1989 a) 214 NR NR 744 NR
Stahel et al. (1989) 26 46 15 30 7.7
rIL-2 constant i.v. infusion + LAK
Clark et al. (1990) 22 NR NR 59 NR
. . Dutcher et al. (1991) 36 NR NR 45 NR
* WHO grade of hypotension Negrier et al. (1989) 42/53 8/4 32/38 47/50 5/0
TIL, tumor-infiltrating lymphocytes Shiloni et al. (1989) 20 10 30 50 10

¢ NR, not reported

gations using i.v. rIL-2. The frequency of toxicity-related
deaths in most trials was below 5% of patients treated (West
et al. 1987; Rosenberg et al. 1988 a), yet infrequently, death
rates of 5%-10% upon constant infusion protocols with or
without lymphokine-activated killer (LAK) cell administra-
tion (Albertini et al. 1990) or even of more than 10% upon
constant and bolus i.v. therapy (Mann et al. 1990; Dutcher et
al. 1991) were reported.

Capillary leak. In the present study, systemic rIL-2 therapy
caused no serious adverse effects due to an increase in vascu-
lar permeability.

In contrast, upon i.v. rIL-2 therapy, a severe and eventual-
ly life-threatening increase in vascular permeability could re-
sult in a multitude of adverse symptoms. This capillary leak
syndrome included pulmonary toxicity due to interstitial
edema of the lungs, increased body weight due to fluid reten-
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Table 4. Mean serum creatinine levels fol-

. th interleukin-2 Treatment n Baseline Peak Recovery
lowmg}mmunotherapy with interleukin- (umol/l) (umol/l) (umol/l)
and/or interferon «

rlL-2 s.c. 15 98.3£13.4 116£20.1* 98.3+17.1
(80-124) (80-145) (71-124)

tIFNa s.c. 20 103.1+34.8 107.1£27.3 96.1428.9
(62-186) (71-177) (62-168)

rIL-2 s.c./rTFNo s.c. 72 101.8+23.4 115.14£21.4*%  97.8£23.6
(53-159) (71-177) (53-195)

rIL-2 i.v. bolus £ LAK cells

Belldegrun et al. (1989) 52° NR 300.6126.5 NR

Belldegrun et al. (1987)

Chien et al. (1990)
Huang et al. (1990)
Lotze et al. (1986)

Ognibene et al. (1988)

Saxon et al. (1991)
Textor et al. (1987)
Webb et al. (1988)

rIL-2 constant i.v. infusion + LAK cells

Cochat et al. (1991)
Lotze et al. (1986)
2 Chien et al. reported mean baseline values of
0.5 mg/dl and mean peaks of 2.7 mg/dl
® Renal carcinoma patients only
* P<0.05

+ LAK cells
Shalmi et al. (1990)

rIL-2 i.v. bolus/const. i.v. infusion

99 93.742.6 304.1£16.8  NR
1 442 238.72 NR
21 99.940.6 199.8% 109.6

5 NR. 141.4 NR

5 88.4+2.6 178.6£24.8%  NR
54 NR 274.0£168.0  NR
12 99.9+4.4 236.926.5% NR
17 88.4 229.8* 106.1
15 55+4 13322 6148

6 NR 1149 NR
10 88.448.9 168.0£26.5  NR

tion, profound decreases in systemic blood pressure levels
accompanied by a substantial acceleration in heart rate, hy-
poproteinemia due to augmented endothelial permeability,
and renal insufficiency with increased serum levels of creati-
nine, nitrogen, and uric acid.

Pulmonary toxicity. In our patients, no puimonary fluid re-
tention developed as assessed by routine chest X-ray during
and after therapy. Dyspnea at rest occurred in 9% and 6% of
patients treated with s.c. rIL-2 or s.c. rIFNq, respectively; it
was noted in 6% of those treatment with s.c. rIL-2/rIFNo,
combination therapy (data not shown).

In contrast, dyspnea at rest was reported upon i.v. rIL-2
therapy in up to 20%—-36% of patients (Davis et al. 1990; Ro-
senberg et al. 1988 a; Dutcher et al. 1989, 1991; Saxon et al.
1991; Margolin et al. 1989; Parkinson et al. 1990). Severe re-
spiratory distress necessitating thoracocentesis for pleural ef-
fusion occurred in 2%—4% of patients upon i.v. rIL.-2 bolus
administration (Rosenberg et al. 1987, 1988 a, 1989 a). Intu-
bation was required in fewer than 10% of patients in most i.v.
trials, and occasionally in more than 10% upon rIL-2 i.v. bo-
lus therapy with (Rosenberg et al. 1987; Stahel et al. 1989)
and without (Rosenberg et al. 1988 a) LAK cell infusions.

Weight changes. No significant weight gain occurred in the
107 patients reported in this investigation. Rather, weight
loss due to anorexia was noted in most patients. Thus, 11.1%
of patients treated with rI[FNot lost between 5% and 10% of
their baseline weight, while 33% and 7% of the patients
treated with rIL-2/rIFNo lost 5%-10% and 10%—15% of
body weight, respectively (data not shown).

In contrast, in the vast majority of patients receiving i.v.
rIL-2 body weight increased significantly. In most investiga-
tions, a gain of more than 5% of baseline weight was noted in
approximately half of all patients. Increases of more than

10% occurred in more than 30% of patients receiving i.v. bo-
lus therapy (Rosenberg et al. 1987; Fisher et al. 1988; Margo-
lin et al. 1989; Dutcher et al. 1989; Clark et al. 1990; Lee et
al. 1989) with LAK cell infusion or upon constant i.v, rIL-2
administration (Clark et al. 1990). Increases in body weight
of more than 20% were reported upon i.v. bolus therapy with
and without adoptive cell administration (Rosenberg et al.
1988 a, 1989 a).

Changes in systemic blood pressure and heart rate. In this
trial, mean values of blood pressure nadirs were 120 : 77 mm
Hg (16:10.3kPa) upon s.c. ril-2 therapy (range,
100:70-150:90 mm Hg; 13.3:9.3-20:12kPa) 119:78
mm Hg (16:10.4 kPa) upon s.c. rIFNo therapy (range,
100:70-150:90 mm Hg; 13.3:9.3-20: 12 kPa), and 114:
72 mm Hg (15:9.6 kPa) upon combination therapy (range,
80:50-145:90 mm Hg; 10.7:6.7-19.3 : 12 kPa). The mean
decreases in systolic blood pressure compared to pretreat-
ment levels were 15 mm Hg (2 kPa), 12 mm Hg (1.6 kPa),
and 22 mm Hg (3 kPa), respectively (data not shown). In pa-
tients treated with s.c. rIFNa only, hypotension did not sur-
pass grade I (Table 3). Grade II hypotension was seen in 7%
of patients receiving s.c. rIL-2, only (Table 3). Grade III and
IV hypotension occurred in 7% and 4% of the patients
treated with combined s.c. rIL-2/rfIFNo. (Table 3). Heart rates
surpassing 100 beats/min were rarely recorded upon s.c.
rIL-2 therapy. Tachycardia was mild and never caused major
clinical symptoms (data not shown).

In contrast, decreases of mean arterial pressure of
17.0 mm Hg (2.3 kPa) to 26.8 mm Hg (3.6 kPa) have been
reported upon 1Il.-2 i.v. bolus therapy (Gaynor et al. 1988;
Webb et al. 1988; Ognibene et al. 1988; Chien et al. 1990),
and of 16 mm Hg (2.1 kPa) to 19 mm Hg (2.5 kPa) upon
constant i.v. infusion (Cochat et al. 1991; Christiansen et al.
1988). Grade I1I hypotension was observed in the majority of
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Table §. Peak serum creatinine levels fol-
lowing immunotherapy with interleukin-2
and/or interferon o

¢ Percentage of patients with peak creatinine
levels above 4.0 mg/dl
® Percentage of patients with peak creatinine

Treatment n Patients (%) with peak creatine levels:
>177 umol/l  >531 umol/1  >885 umol/l
rlL-2s.c. 15 6.7 0 0
rIFNa. s.c. 20 0 0
rIL-2 s.c./trIFNa s.c. 72 2.8 0 0
rIL-2 i.v. bolus + LAK/TIL
Clark et al. (1990) 30 92.0 4.0° NR
Rosenberg et al. (1987) 157 93.0 15.3 2.5
Rosenberg et al. (1988 a) 221 82.1 14.3 24
Rosenberg et al. (1988 b) 20 50.0 10.0 0
rIL-2 constant i.v. infusion + LAK
Clark et al. (1990) 22 71.0 10.07 NR
Davis et al. (1990) 43 30.0 NR NR
Sondel et al. (1988) 11 0 0 0
West et al. (1987) 40 30.0° NR NR
rIL-2i.v. + IFNo
Rosenberg et al. (1989b) 26 78.6 7.2 24
Rosenberg et al. (1989 b) 30 59.0 9.8 0
Rosenberg et al. {1989 a) 128 64.7 7.1 0.5

levels above 3.0 mg/di

patients treated with r[L-2 via 1.v. bolus, and in approximate-
ly half of the patients receiving rIL-2 via constant i.v. infu-
sion (Table 3). Grade IV hypotension in these trials occurred
in up to 10% of patients treated. Furthermore, Textor et al.
(1987), Ognibene et al. (1988), and Gaynor et al. (1988) re-
ported a significant increase of 54.4 beats/min to 87.0
beats/min in heart rate, with mean peaks of 11343,
138.446.9, and 110 beats/min upon i.v. rIL-2 therapy.

Changes in plasma protein levels. In our patients, total pro-
tein levels significantly decreased from pretreatment base-
line levels of 70.94+2.8 g/1 (range, 61-85 g/1) to mean nadirs
of 6816 (61-82) g/l upon s.c. rIL-2, to 66£3 (67-71) g/l up-
on s.c. rIFNgq, and to 675 (59-80) g/l upon s.c. rIL-2/rI-
FNo combination therapy (P<0.01 when compared to base-
line values). We observed mean albumin nadirs of
35.7£3.6 g/l and 38.813.9 g/l upon s.c. rIL-2 therapy with
and without rIFNo, rtespectively (pretreatment values,
43.543.2 g/l and 42.444.5 g/1; P<0.05 only in the single-
agent rTFNo cohort). Recovery values after termination of
therapy were not significantly different from pretreatment
levels (data not shown).

In contrast, Lotze et al. (1986) reported mean total protein
nadirs of 55-63 g/l (range, 51-67 g/1) upon i.v. bolus rIL-2
therapy, and Cochat et al. (1991) observed marked hypo-
proteinemia with mean nadirs of 582 g/l in 15 children
treated 1.v. with constant-infusion rIl.-2 (P<0.01 when com-
pared to baseline levels of 70+1 g/1). Mean albumin nadirs of
30 g/l were described by Fisher et al. (1989) in a total of 261
patients, and by Webb et al. (1988) upon i.v. bolus rIL-2,
while Kozeny et al. (1988) and Textor et al. (1987) reported
mean nadirs of 26.7+0.8 g/l and 2211 g/l, respectively (data
not shown).

Hypercreatininemia. In our patient cohort, serum creatinine
levels prior to therapy ranged from 53 pmol/l to 186 pmol/l
(mean, 100£11 pmol/l), as indicated in Table 4. Uninephric
patients (n=88) had significantly higher pretreatment creati-

nine levels (111.3£22.8 umol/l) when compared to bineph-
ric patients (79.0%8.7 umol/l; P<0.001). Upon s.c. immuno-
therapy, there was a trend toward increased creatinine levels
when compared to baseline values in all treatment groups, as
shown in Table 4. This difference failed to reach statistical
significance in patients treated with s.c. rIFNo only
(P=0.11). As shown in Table 4, serum creatinine increases
in patients treated with s.c. rIL-2 with or without rIFNo
proved to be statistically significant (P<0.001). Upon s.c.
combination therapy, increases in serum creatinine levels
were significantly more prominent in uninephric (peak
mean 130.4£52.4 pmol/l) than in binephric (mean peak
92.1+16.7 pmol/l) patients (P<0.05). Among the patients
treated with s.c. rIL-2 only 6.7% had creatinine increases
above 177 umol/l (2.0 mg/dl; Table 5); in those receiving
s.c. rIL-2/rIFNo. combination therapy, creatinine values
greater than 177 pmol/l were observed in 2.8% of patients
(Table 5).

In contrast, serum creatinine upon i.v. rIL-2 therapy
frequently reached mean peak values two to three times the
levels observed in s.c. therapy (Table 4). Upon i.v. rIL-2
bolus administration, more than 10.0% of patients regularly
experienced creatinine increases above 6.0 mg/dl, and in-
creases above 10 mg/dl were reported for up to 4.6% of
patients (Table 5). Upon constant i.v. infusion, moderate
increases of serum creatinine occurred (Tables 4 and 5).

Azotemia. In the 107 patients studied in this investigation,
blood urea nitrogen levels prior to therapy ranged from
2.1 mmol/l to 11.9 mmol/l (mean, 6.0+1.1 mmol/l). There
was not significant difference between binephric (n=19;
mean 5.721.9 mmol/l) and uninephric (n=88; mean
6.0£1.6 mmol/l) patients (P=0.85, ¥?). Pretreatment blood
urea nitrogen values correlated to the interval between ne-
phrectomy and the onset of therapy (r=0.065). Upon s.c.
rIL-2/rTENa. combination therapy, there was no significant
increase in urea nitrogen levels (mean peak value
6.5 mmol/l versus pretreatment value). S.c. single-agent
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Table 6. Effects of immunotherapy with

; Treatment Baseline Peak Recover
interle_ukin—Z and/or interferon o on blood reatmen " (m moll ) (mmol/l) (mmol /DY
urea nitrogen levels

rlL-2 s.c. 15 5.8+2.3 7.8£2.0 6.712.4
(3.5~11.6) (5.3-11.6)  (3.2-10.9)
rIFNas.c. 20 6.642.1 6.11£2.8 6.1£1.7
(2.5~10.9) (19-102) (2.8-8.8)
rIL-2 s.c./rIFNa s.c. 72 5.8+1.7 6.5+2.5 5.9+1.7
(2.1-11.9) (2.1-13.7)  (2.5-9.8)
rIL-2 i.v. bolus £ LAK cells
Belldegrun et al. (1987) 99 4.840.2 20.0+1.1 NR
(1.4-14.3) (4.6-53.9)
Chien et al. (1990) 11 NR 21.4 NR
Huang et al. (1990) 21 5.35£3.6 12.9 4.3
Kozeny et al. (1988) 8 43205 8.3£0.99 NR
Margolin et al. (1989) 93 5.4 14.3 5.4
Textor et al. (1987) 12 5.0:04 7.1£0.7 3.6
rIL-2 constant i.v. infusion = LAK cells
Christiansen et al. (1988) 5.0 11.8 NR
2 Sondel et al. reported peak values of Sondel et al. (1988) 11 NR NR NR
20-30 mg/dl (7.1-10.7 mmol/l) in 55% of Sosman et al. (1988) 6 NR NR NR®
patients rIL-2 i.v. bolus and constant infusion
® Sosman et al. reported peak values above Shalmi et al. (1990) 10 6.440.6 8.6+1.6 NR
40 mg/dl (14.3 mmol/l) in 33% of patients — _
;Il‘l?e?rlleeZkEffZe;S d?g:ﬁ?gg;gff;g )r/1 :2;3111 Treatment n Baseline Nadir Peak Recovery
uric acid levels (pmol/l (pmol/) (umol/l {mol/)
rIL-2 s.c. 15 332+ 838 290+ 80 410£102 383+ 84
(198-515) (173-445)  (250-571) (249-545)
rIFNa s.c. 20 350+ 87 340+ 97 390+£100 358+ 82
(228-574) (228-574)  (228-581) (245-526)
rIL-2 s.c./rIFNo s.c. 72 373£100 342+ 82 402+131  367£103
(163-606) (133-480)  (165-6969 (164-498)
rIL-2 i.v. bolus + LAK cells
Belldegrun et al. (1987) 27 303.5 NR 541.5 NR
Chien et al. (1990) 11 261.8 NR 666.4 NR
Webb et al. (1988) 17 303.5 NR 583.1 321.3

* P<0.05

therapy with rll-2 or rIFNa failed to yield significant
changes (Table 6).

This was in marked contrast to results obtained in i.v.
rIL-2 therapy where blood urea nitrogen peaks frequently
surpassed 10 mmol/l, as shown in Table 6.

Hyperuricemia. In our patients, uric acid levels significantly
increased in those patients receiving single-agent s.c. rlIFNo
(mean peak 390 umol/l; P=0.013 when compared to the
mean baseline value of 350 umol/l), or s.c. rIL-2 (mean peak
410 umol//l; P<0.01 when compared to mean baseline levels
of 332 ymol/l). Upon s.c. rIL-2 therapy, the mean nadir val-
ues also proved to be significantly different from pretreat-
ment levels (P=0.044), as shown in Table 7. In patients re-
ceiving s.c. rIL-2/rTFNa. combination therapy (Table 7),
there was a statistically significant decrease, while no major
treatment-related increase in uric acid occurred (P=0.09,
when compared to pretreatment levels).

In contrast, serum uric acid levels increased upon i.v.
rIL-2 via bolus infusion, as shown in Table 7. These changes
were highly significant [P<0.0001 as reported by Webb et al.

(1988) and P<0.001 according to Belldegrun et al. (1987) re-
spectively].

Changes in serum electrolyte levels. In the patients studied
in our trials, alterations in serum electrolyte levels never
caused major clinical symptoms. Subcutaneous immuno-
therapy resulted in transient, albeit significant hypokalemia,
hyponatremia, hyperchloridemia, hypomagnesemia, hy-
pophosphatemia, and hypocalcemia. Mean potassium
na-dirs reached 4.1+0.5 mmol/l (range, 3.3-4.8 mmol/1)
upon s.c. rIl-2 therapy, 4.4£0.2 mmol/l (range,
4.0-4.8 mmol/l) upon s.c. rIFNa therapy and 4.3%0.4
mmol/] (range, 3.6-5.3 mmol/l) upon s.c. rIL-2/rIFN-c
combination therapy. Combined s.c. rIL-2/rITFNo therapy
resufted in mean sodium and phosphate nadirs of
139.1+3.4 mmol/i (range, 131-147 mmol/1) and
0.94+0.22 mmol/]l (range, 0.52-1.26 mmol/1), respectively.
All changes resolved within 2 weeks after completion of
therapy (data not shown).

Upon i.v. rll-2 therapy via bolus infusion, Textor et al.
(1987) reported potassium mean baseline levels of
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4.24+0.1 mmol/l and treatment-induced mean nadirs of
4.110.1 mmol/l. Cochat et al. (1991) observed mean potassi-
um nadirs of 3.0+0.1 mmol/l (baseline, 4.0£0.1 mmol/l) up-
on constant i.v. infusion. Kozeny et al. (1988) described oc-
casional potassium peaks of 5.8 mmol/l upon i.v. bolus
therapy. Mean nadirs of serum sodium levels upon i.v. rIL-2
bolus infusion reached 137.0£1.0 mmol/l (1987) and
133.84£3.2 mmol/l (1988); Chien et al. (1990) reported the
occurrence of hyponatremia in 73% of 11 patients. Upon
rIL-2 therapy via constant i.v. infusion, Cochat et al. (1991)
reported mean sodium nadirs of 130.0£1.0 mmol/l, while
West et al. (1987) found 5% of patients developed a hypo-
natremia of less than 125 mmol/l. Mean phosphate nadirs up-
on i.v. rIL-2 bolus therapy were reported at 0.76 mmol/l by
Kozeny et al. (1988), at 0.77 mmol/l by Textor et al. (1987),
and at 0.61 mmol/l by Webb et al. (1988), while Cochat et al.
(1991) described a mean phosphate nadir upon i.v. rIL-2 via
constant infusion of 0.72+£0.06 mmol/I (data not shown).

Changes in urine volume. Upon out-patient s.c. immunother-
apy, oliguria is a parameter with little validity; anuria did not
occur in the patients reported in this study (data not shown).
In contrast, upon i.v. rIL-2 administration, oliguria oc-
curred with a frequency of 20%—50% (Sosman et al. 1988;
Boldt et al. 1988), of 50%—-75% (Clark et al. 1990; Sosman et
al. 1988), or even of more than 75% (West et al. 1987; Saxon
et al. 1991; Clark et al. 1990; Chien et al. 1990; Bar et al.
1990). Anuria upon i.v. rIL-2 therapy was occasionally ob-
served in more than 30% of patients (Fisher et al. 1988; Mar-
golin et al. 1989; Parkinson et al. 1990; Dutcher et al. 1989).

Changes in urinalyses. In our patients, mild proteinuria (1+)
was observed in 12.8% of weekly urinalyses after single-
agent s.c. IFNg therapy, it never occurred in patients receiv-
ing s.c. rIL-2 therapy, and was seen in 14.1% of analyses fol-
lowing s.c. combination therapy (data not shown).
Proteinuria exceeding 1+ (3 g/l) did not occur. Micro-
hematuria (below 10 erythrocytes/low-power field) was
found in 4.2% of urinalyses following rIFNa., in 11.2% fol-
lowing rll.-2, and in 19.7% following rIL-2/rIFNo combina-
tion therapy. Hematuria of 10-20 erythrocytes/low-power
field only occurred upon combination therapy in 2.8% of an-
alyses; hematuria of 20 or more erythrocytes/field did not oc-
cur (data not shown). We observed urinary casts in 9.7% of
weekly urinalyses upon single-agent rlFNo therapy, in 4.0%
following single-agent rIL-2 therapy, and in 2.8% following
combination therapy; the number of casts never exceeded
four elements per low-power field (data not shown).

With i.v. 1IL.-2 therapy, reported urinalyses occasionally
showed mild to moderate proteinuria, which occurred in 34%
(Hirsch et al. 1990) and 80% (Shalmi et al. 1990), and was re-
ported not to exceed 1 g/l in most patients (Rosenberg et al.
1987). Hematuria was described in 11% of patients on i.v.
rIL-2/rIFNo therapy (Hirsch et al. 1990), and gross hematuria
in 0.54%-0.6% of patients (Rosenberg et al. 1988 a, 1989 a).
Urine sediment abnormalities following i.v. rIL-2 therapy in-
cluded various amounts of cellular casts (Textor et al. 1987
Shalmi et al. 1990), hyaline and fine granular casts in 76.5%,
and pigmented, broad, coarse-granular casts in 23.5% (Webb
et al. 1988), tubular epithelial cells or broad coarsely granular
casts in some patients (Belldegrun et al. 1987).

Discussion

Systemic rIL-2 therapy at various dose levels has resulted in
similar response rates irrespective of the mode of administra-
tion. However, the severity of rlL-2-induced adverse effects
was significantly different when i.v. versus s.c. and high-
dose versus low-to intermediate-dose therapy was compared.

In the present investigation, we have described systemic
toxicity of s.c. rIL-2 therapy in comparison to that reported
with i.v. rIL.-2 therapy. Previously, a multitude of i.v. rIL-2
studies had been monitored for hemodynamic, renal, and
metabolic adverse reactions by numerous investigators. De-
spite discrepancies with regard to supportive drugs, dose
modifications, the definition of adverse effects and abnor-
malities of laboratory parameters, reported toxicity was sim-
ilar in most studies.

Upon i.v. rIL-2 therapy, toxic deaths occasionally occurred
in more than 5% of patients (Albertini et al. 1990; Mann et al.
1990; Dutcher et al. 1991), and a number of serious side-ef-
fects were observed, notably respiratory distress requiring
intubation in more than 10% of patients (Rosenberg et al.
1987, 1988 a; Stahel et al. 1989), sepsis in more than 20% (Al-
bertini et al. 1990; Dutcher et al. 1991 Stahel et al. 1989; Clark
et al. 1990), and renal dysfunctions leading to prolonged an-
uria in more than 30% of patients (Fisher et al. 1988; Margolin
et al. 1989; Parkinson et al. 1990; Dutcher et al. 1989). Also,
rare phenomena such as myocardial infarction (Lee et al.
1989; Nora et al. 1989) and colonic ischemia (Rosenberg et al.
1989 b; Sparano et al. 1991) were reported. These adverse re-
actions were life-threatening and dose-limiting.

Following i.v. rIL-2 therapy, the increase in vascular ca-
pacitance, decrease in peripheral vascular resistance, and
augmented permeability of the endothelium for macromole-
cules regularly caused hemodynamic changes consistent
with a high-output and low-resistance state similar to the ear-
ly phase of septic shock. These abnormalities and the addi-
tional i.v. administration of eventually huge volumes of lig-
uids were accompanied by fluid retention leading to weight
gain, an increase in cardiac index, tachycardia, hypo-
albuminemia, and oliguria. Multi-organ dysfunctions on the
basis of this capillary leak syndrome were not directly relat-
ed to rIL-2, but rather caused by rIL-2-stimulated endoge-
nous lymphocytes and their release of secondary cytokines.
Thus, animals revealed higher tolerance to therapy with
rIL.-2 when they were immunoincompetent following prior
exposure to cyclophosphamide or irradiation (Rosenstein
1986).

Impairment of renal function is a phenomenon well de-
scribed following i.v. rIL-2 therapy. Since most patients with
metastatic renal cell carcinoma are uninephric at the onset of
systemic therapy, nephrotoxicity of therapeutically applied
cytokines deserves particular attention. In addition, in-
creased creatinine levels have been reported following tumor
nephrectomy (Stahel et al. 1989; Textor et al. 1987; Belldeg-
run et al. 1989), rendering patients with a solitary kidney
more vulnerable to nephrotoxicity.

The exact etiology of rIL.-2-induced nephrotoxicity is still
uncertain. It is additionally obscured by the influence of sup-
portive drugs, such as nonsteroidal anti-inflammatory drugs
and vasopressors (Christiansen et al. 1988). The majority of
investigators suggested that reduced renal function is due to a



renal hypoperfusion syndrome. The latter is believed to be
secondary to hypotensive dysregulation in response to aug-
mented capillary permeability. The lack of profound urinary
sediment abnormalities and the rapid normalization after
rIL-2 therapy support a merely hemodynamic etiology of im-
paired renal function. This is backed by the observation that
prolonged rIL-2 therapy does not cause chronic renal insuffi-
ciency. It has also been reported that rIL-2 directly reduces
renal prostaglandin synthesis, which may further add to renal
hypoperfusion (Christiansen et al. 1988).

Christiansen et al. (1988) conjectured that hypotension
alone could not explain the renal dysfunction observed. Ko-
zeny et al. (1988) did not find any evidence for renal tubular
dysfunction; Shalmi et al. (1990) hypothesized that nephro-
toxicity resulted from an intrinsic intrarenal dysfunction
without signs of acute tubular necrosis up-on rIL-2 therapy.
Textor et al. (1987) found evidence for tubular injury by
measuring the tubular enzyme N-acetylglucosaminidase, and
Cochat et al. (1991) observed proteinuria in most patients
consistent with rIL-2-induced nephrotic syndrome; this side-
effect was also noticed by Hirsh et al. (1990) in 34% of 26
patients and by Hisanaga et al. (1990) in one patient studied.
Whitehead et al. (1990) hypothesized that ril.-2-induced ne-
phrotoxicity was due to immune complex formation with de-
position in the kidney or to direct renal toxicity of rIL-2 be-
sides the known hypoperfusion contributing to prerenal
azotemia.

Disturbances in electrolyte levels following i.v. rIL-2 reg-
imens are well described. While only a few patients devel-
oped life-threatening electrolyte or acid/base abnormalities
(Michie et al. 1988), these changes might have contributed to
a multitude of organ dysfunctions including myocardial
complications (Lee et al. 1989; Nora et al. 1989; Glauser et
al. 1988). Hypoproteinemia could aggravate electrolyte im-
balances. Hypophosphatemia was believed to result from
increased utilization of phosphate by rapidly proliferating
lymphatic cells (Webb et al. 1988; Cochat et al. 1991). Other
investigators suggested that hypophosphatemia is caused by
acid/base disturbances like respiratory alkalosis, as demon-
strated by Textor et al. (1987), but Cochat et al. (1991) re-
ported no alkemia in arterial blood gases upon rIL-2 therapy.

As shown in this investigation, systemic toxicity upon s.c.
rIL-2 therapy was always manageable, transient und revers-
ible. Treatment was given in an outpatient setting. No toxic
death occurred. No sepsis, episodes of respiratory insuffi-
ciency, anuria, or severe cardiovascular disturbances were
observed. Furthermore, in contrast to i.v. therapy, there were
no profound decreases in plasma protein levels and no seri-
ous increases in serum creatinine, blood urea nitrogen, and
uric acid levels. In addition, no symptomatic alterations in
serum electrolyte levels occurred.

Given the lack of clinical symptoms indicative of capil-
lary leak. S.c. low-dose rlL-2 therapy appeared to operate be-
low a threshold dose beyond which profound increases in en-
dothelial permeability occur. The absence of leakage-related
toxicity, however, was not associated with a reduction in
therapeutic efficacy. Rather, in our studies effective doses of
rIL-2 could be defined at levels more than five times lower
than the capillary leak threshold.

On the other hand, s.c. therapy achieved dosages critical
for the induction of non-specific “influenza-like” toxicity
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such as fever, chills, malaise. The latter may reflect some of
the therapeutic mechanisms caused by the humoral and cel-
lular response to systemic rIL-2. While therapeutic benefit of
rIL-2-based immunomodulation and life-threatening capil-
lary leakage are not necessarily linked, it appears that clinical
efficacy and nonspecific toxicity of low-dose rIL.-2 are in
part due to common biological mechanismis that remain to be
characterized in more detail.

In summary, s.c. rIL-2/1rIFNq therapy, as described in this
study, abrogates the toxic increase in endothelial permeabili-
ty and most of its sequelae, generally referred to as capillary
leak syndrome. Given the clinical safety, good practicability,
and tolerance of low to intermediate-dose s.c. rIL-2 in the
palliative setting, further clinical and laboratory studies are
warranted to substantiate the dose/toxicity correlation and
improved risk/benefit ratio of this novel mode of therapeutic
immunomodulation.
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