
Abstract. Systemic IL-2 is an effective treatment for
low to intermediate risk mRCC patients, its efficacy is
marginal in high-risk cases. Therefore, other treatment
approaches are required for this population. Ninety-
four high-risk patients with RCC and pulmonary
metastases were treated with inhaled plus concomitant
low-dose subcutaneous rhIL-2. Clinical response, sur-
vival and safety were compared with those from IL-2
given systemically at the registered dose and schedule
in 103 comparable historical controls. In the rhIL-2
INH group, treatment consisted of 6.5 MIU rhIL-2
nebulized 5x/day and 3.3 MIU rhIL-2 SC once daily.

The rhIL-2 SYS group received treatment which con-
sisted of intravenous infusion of 18.0 MIU/m2/day
rhIL-2 or SC injection of 3.6-18.0 MIU rhIL-2. Some
patients in both groups also received IFNαα. Mean
treatment durations were 43 weeks rhIL-2 INH and 15
weeks rhIL-2 SYS. Significantly longer overall survival
and progression-free survival durations were observed
in the rhIL-2 INH group. The probability of survival at
5 years was 21% for the rhIL-2 INH group. No patients
survived 5 years in the rhIL-2 SYS group. A multivari-
ate analysis of overall survival adjusting for differences
in baseline characteristics between the two treatment
groups resulted in a risk ratio of 0.43 (95% CI
0.30ñ0.63; P < 0.0001). The data suggested an associa-
tion between the response (SD or better) and survival,
especially in the rhIL-2 INH group. The inhalation regi-
men was well tolerated. This outcome study suggests
that administration of rhIL-2 by inhalation is effica-
cious and safe in high-risk mRCC patients with pul-
monary metastases, who have no other treatment
option available.

Interleukin-2 (IL-2) is a 15 kD glycoprotein pro-
duced by T cells in response to stimulation by mitogens
or antigens. It is a naturally occurring cytokine that in-
duces T-cell proliferation via activation of high-affinity
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IL-2 receptors located on the target cell membrane
(Debatin et al., 1989; Kolitz, 1991). The IL-2 anti-
tumour activity is thought to be based on the enhance-
ment of tumour-specific cytotoxic T cells, natural killer
(NK) cells and lymphokine-activated killer (LAK) cells
(Bukowski, 1979; Cheever et al., 1982; Oldham 1984;
Foa et al., 1992). Aldesleukin is a recombinant form of
human IL-2 (rhIL-2) that has been shown to have simi-
lar biological activity to endogenous IL-2. 

Metastatic renal cell carcinoma (mRCC) has a very
poor prognosis, with a 74% mortality rate at 1 year and
96% at 3 years (Patel and Lavengood, 1977). The
results of systemic chemotherapy, radiation therapy or
hormonal therapy are generally disappointing
(deKernion et al., 1983; Goepel and Rubben, 1991;
Stahl et al., 1992). Following high-dose intravenous
(IV) IL-2 on the other hand, response rates as high as
30% have been reported (Rosenberg et al., 1985; West
et al., 1987; NÈgrier et al., 1989; Figlin et al., 1997).
More importantly, survival rates were considerably
greater than expected without IL-2 treatment (Jones et
al., 1993; Figlin et al., 1997) and some complete
responses were very durable. 

A disadvantage of high dose IV (bolus) IL-2, how-
ever, is a dose-dependent toxicity, primarily due to a
multi-system capillary leak syndrome. This limits the
use of this treatment (Sosman et al., 1988; Lee et al.,
1989; Rosenberg et al., 1989; Rosenberg et al., 1994),
and other systemic routes of administration have there-
fore been investigated. It was later shown that treatment
with subcutaneous (SC) IL-2 at lower doses is as effec-
tive as high-dose IV (bolus) IL-2, particularly when
administered in combination with other immunotherapy
and chemotherapy agents such as interferon alpha
(IFNα), while at the same time significantly less toxici-
ty is seen (Atzpodien et al., 1990; Atzpodien et al.,
1993; Palmer et al., 1993; Ravaud et al., 1994;
Atzpodien et al., 1995; Buzio et al., 1997). 

Because of the sometimes serious toxicity seen with
high-dose systemic IL-2, the characteristics of the
patients who benefited most from this treatment modal-
ity were determined. In a meta-analysis it was shown
that systemic IL-2 therapy was less efficacious in
patients with more advanced RCC; that is in patients
with a performance status (PS) = ECOG 2, or a PS of
ECOG 1 plus metastases in at least two sites plus a time
from diagnosis of primary RCC to consideration for
treatment of metastases (disease to treatment interval ñ
DTI) of 24 months (Palmer et al., 1992). 

Since high-risk mRCC patients have few other treat-
ment possibilities, for those with pulmonary metastases
the use of rhIL-2 by inhalation has been assessed
(Huland et al., 1992). The rationale for regional therapy
of lung metastases of RCC with rhIL-2 by inhalation is
the exposure of tumour tissue and surrounding lymph
nodes to immunomodulatory levels of IL-2 without the

toxicity associated with systemic administration
(Huland , 2001). 

We have previously reported results with this com-
bined treatment modality in patients with mRCC
(Huland et al., 1992; Huland et al., 1997; Heinzer et al.,
1999). We now present a comparison of rhIL-2 admin-
istered by inhalation with concomitant prolonged low-
dose systemic administration in high-risk patients with
mRCC (rhIL-2 INH group) and with rhIL-2 given only
systemically in a historical group of high-risk patients
in whom systemic treatment with rhIL-2 with registered
dose and schedule would nowadays be contraindicated
(rhIL-2 SYS group).

Methods

Patient population
High-risk patients with mRCC who received rhIL-2

by inhalation (rhIL-2 INH; N = 94) were retrospective-
ly compared with historical controls that had received
rhIL-2 as systemic treatment (rhIL-2 SYS; N = 103).
High-risk patients were defined as those with ECOG
performance status ≥ 2; or ECOG 1 and DTI ≤ 24
months and ≥ 2 sites of metastases (Palmer et al., 1992).
The rhIL-2 INH data originate from patients treated
between 1994 and 2001 in nine German centres. Out of
265 patients for whom data were collected on treatment
with inhaled rhIL-2, 94 at four German centres were
identified as being high-risk patients and are included in
the present analysis. These patients were treated clini-
cally and data were recorded in case notes during long-
term patient follow-up.

For the rhIL-2 SYS control group, high-risk patients
were identified from the data collected during seven
clinical trials performed for registration purposes of
rhIL-2 in Europe by Chiron BV. In total 103 out of 492
patients who had received rhIL-2 SYS between 1987
and 1994 were identified as being high-risk patients and
were included in the analysis. 

Inhalation treatment
All patients were treated with rhIL-2 (aldesleukin)

(ProleukinÆ Chiron; 18 MIU per vial for reconstitution
with diluting solution containing 5% glucose and 0.5%
human serum albumin). The usual treatment regimen
with rhIL-2 by inhalation was as follows. Two vials of
rhIL-2 (36 MIU) were dissolved under aseptic condi-
tions in 11 ml diluting solution. One ml (3.3 MIU) of
the resulting solution was withdrawn and administered
SC, and the remainder was inhaled in 5 portions of 2 ml
(6.5 MIU) each at 3-hour intervals during the day. If
there were problems tolerating 36 MIU per day, the
dose could be decreased to 18 MIU per day. Treatment
was administered 6 days per week, and could be sup-
plemented with SC IFNα and a low dose of SC rhIL-2
for the treatment of distant metastases other than lung
metastases. Doses were so small as to avoid significant
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systemic toxicity. Treatment was given until the patient
had progression of disease, could not tolerate treatment
or did not wish to continue. Initially in 1994 the first
doses of inhalational and SC study treatment were
administered in hospital, where patients were instructed
on the preparation of the medication. All further
medication for inhalation was administered by the
patients themselves at home. Later, the treatment was
only given on an outpatient basis. Patients received pre-
scriptions from the treating physician to be given to the
local pharmacist plus a solution for dilution of the prod-
uct. The inhaler used was Salvia Lifetec Jetair Delta 20
from Salvia Lifetec, with an intermittent positive pres-
sure breathing (IPPB) tube system.

Systemic treatment 
In five of the registration trials, rhIL-2 was given

alone by continuous intravenous infusion (CIV) or SC
administration. In two further trials, IFNα was used
concomitantly with SC rhIL-2. The treatment regimens
of the control group and the number of patients per regi-
men are presented in Table 1. The CIV treatment sched-
ule consisted of two 5-day periods of rhIL-2 infusion at
18 MIU/m2/day, separated by a rest period. The dura-
tion of the rest period was originally 6 days, but was
later shortened to 2 days. This so-called induction cycle
could be repeated after 4 weeks of rest, and for patients
with a response or stable disease this was followed by
up to 4 monthly 5-day maintenance cycles until pro-
gression of disease. The SC treatment schedule consist-
ed of treatment cycles of 4ñ10 weeks (mostly 6ñ7

weeks), interrupted by rest periods of 2ñ4 weeks. The
dosage and regimen of the SC treatment were adapted
to the patientís condition and tolerance of the treatment.
The daily SC rhIL-2 dose administered was
3.6ñ18 MIU, independent of body weight or body sur-
face area. The SC IFNα dose could be up to 3 times 5ñ7
MIU per week. As a result, hospitalization and intensive
care facilities were required to manage the associated
toxicity. 

Measurements of response
To assess the response in the rhIL-2 SYS historical

control patients, tumour measurements by chest X-ray,
CT scan or ultrasound had been obtained at baseline prior
to treatment, and repeated at regular intervals. For the
majority of rhIL-2 INH patients, the extent of pulmonary
metastases was radiologically evaluated by CT scan or
chest X-ray prior to treatment and at regular intervals after
treatment start, reflecting normal clinical practice.

The primary efficacy parameter was survival
(months), calculated from the start of study treatment to
the date of death or the latest date on which the patient
was known to be alive. Progression-free survival was
calculated for patients with complete response (CR),
partial response (PR) and stable disease (SD), and
determined as the time (months) between the first day
on treatment and the subsequent date on which disease
progression was first noted. 

The tumour response was evaluated according to the
WHO criteria. A CR was defined as total disappearance
of all tumours for at least four weeks, and absence of

Survival on Inhaled and Systemic Interleukin-2Vol. 49 185

 N*    N** IL-2 treatment Treatment schedule

92 23 CIV 2 induction cycles (1-week treatment & 1-week rest) with a 3-week rest period

between cycles.

After a 3-week rest period, a maintenance cycle (1-week treatment) every

4 weeks.

133 29 CIV 2 induction cycles (2-week treatment & 1-week rest) with a 3-week rest period

between cycles.

Max. 4 maintenance cycles (1-week treatment) every 4 weeks.

39 6 SC 1 cycle of 10-week treatment, 2 weeks of rest.

4 maintenance cycles (1-week treatment) separated by 2-week rest periods.

65 11 SC Either 4- or 6-week treatment cycles separated by either 2- or 3-week rest

periods.

Maximum 12 weeks of treatment.

54 12 SC + IFN 2 cycles of 7-week treatment with 2 4 weeks of rest between cycles.

109 22 SC + IFN 1 cycle of 6-week treatment. In case of SD, 1 more cycle after 2 weeks of rest.

Table 1. Treatment schedules; rhIL-2 SYS group (N = 103)

IFNα ñ plus concomitant interferon-alfa

N* Patients (N = 492) who had received IL-2 SYS between 1987 and 1994 from the data collected during seven early clinical trials
performed for registration purposes in Europe by Chiron BV (formerly EuroCetus) 

N** High-risk patients (N = 103 from the above N = 492), defined as those with ECOG performance status ≥ 2; or ECOG 1 and DTI
≤ 24 months and ≥ 2 sites of metastases.



new lesions. PR was defined as a decrease of at least
50% in the surface area of the measured tumour, docu-
mented on two occasions at least four weeks apart,
without appearance of new lesions or enlargement of
any existing lesion by at least 25%. SD was defined as
a decrease of less than 50% or increase of less than 25%
in the sum of the products of the two longest perpen-
dicular diameters of all measurable lesions, and no new
lesions detected or progressive disease in any existing
lesion, for at least 4 weeks.

Safety measurements
A physical examination and ECG were performed

before study treatment. Complete urine and blood
analyses were performed at baseline and at regular
intervals thereafter. For the IV treated patients this was
on a daily basis during rhIL-2 infusion. For the SC
treated patients and the rhIL-2 INH group, this was
done weekly during treatment or as clinically indicated.
The severity of adverse events was assessed in terms of
WHO grades. For the rhIL-2 SYS patients and for the
rhIL-2 INH patients, an assessment of relationship with
the study drug was made by the treating physician. In
addition for the rhIL-2 INH patients, safety data were
collected through patient diaries. These patients were

asked specifically for the occurrence of adverse events
like nausea and vomiting, pain, cough, fatigue and
anorexia, etc., which they were asked to grade with the
help of a written description of the severity of adverse
events on a scale of 0 (absent) to 4 (WHO grade 4
severity).

Statistics
All efficacy data were summarized. For continuous

variables, baseline characteristics were compared using
a t-test. For categorical variables, the chi-square test
was used, or Fisherís exact test if 20% of the cells had
an expected cell frequency less than 5 or if any expect-
ed cell frequency was less than 1. Overall and progres-
sion-free survival were calculated using the
Kaplan-Meier method, and differences between the two
treatment groups were assessed by means of the
logrank test. Progression-free survival was calculated
only for patients with SD or better. Clopper-Pearson
95% confidence intervals (95% CI) were calculated for
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Fig. 1. Kaplan-Meier survival curve of patients with
mRCC treated with inhaled and very low-dose SC rhIL-2
(rhIL-2 INH group, solid line) and systemically adminis-
tered IL-2 (rhIL-2 SYS group, dotted line).

Fig. 2. Kaplan-Meier survival curve of responding
patients (CR/PR/SD) with mRCC treated with inhaled and
very low-dose SC rhIL-2 (rhIL-2 INH group, straight solid
line) and systemically administered IL-2 (rhIL-2 SYS
group, dotted line).

rhIL-2 INH

(N = 94)

rhIL-2 SYS

(N = 103)

Age (years)

mean

range

60

37-77

56**

24-80      

Gender; N (%)

female

male

20 (21)

74 (79)

  65 (63)***

38 (37)    

ECOG PS; N (%)

1

2

68 (72)

26 (28)

   94 (91)***

9 (9)  

DTI; N (%)

 24 months

> 24 months

unknown

82 (87)

11 (12)

  1 (1%)

102 (99)**

1 (<1)

Metastatic sites; N (%)

2

lung only

lung and other site(s)

51 (54)

3 (3)

91 (97)

51 (50)   

0 (0)   

103 (100)   

Prior nephrectomy; N (%)

yes

no

unknown

64 (68)

29 (31)

1 (1)

64 (62)   

39 (38)   

Prior chemotherapy; N (%)

yes

no

10 (11)

84 (89)

   2 (2)*

101 (98)   

Prior immunotherapy; N(%)

yes

no

16 (17)

78 (83)

 6 (6)*

97 (94)  

* P < 0.05; ** P < 0.01; *** P < 0.001

Table 2. Baseline characteristics



the response rate. To better estimate the effect on overall
survival and to take into account the differences in base-
line characteristics between the two treatment arms, a
multivariate analysis using Cox proportional hazards
was undertaken to adjust for these differences. All
reported and elicited adverse events were summarized. 

Results
A summary of the patientsí demographic and baseline

characteristics is presented in Table 2. The results show
that there were imbalances between the two groups.
There were more male patients in the rhIL-2 INH group,
and rhIL-2 INH patients were older, had a poorer perfor-
mance status, and their DTI was more frequently > 24
months. More patients have had prior chemotherapy and
prior immunotherapy in the rhIL-2 INH group.

Exposure to treatment
Table 3 shows the exposure to rhIL-2 of patients in

the two groups. The mean duration of rhIL-2 treatment

was approximately 3 times longer in the rhIL-2 INH
group than in the rhIL-2 SYS treated patients, and the
total cumulative dose of rhIL-2 administered was more
than 10 times larger (Table 3). Ninety percent of the
mean total dose was administered by inhalation. The
remaining 10% administered SC to these patients
(mean 711) exceeded the mean total cumulative dose
administered to the systemic group (mean 567). This
total dose was however administered over a longer peri-
od of time to the rhIL-2 INH group, resulting in lower
average weekly SC rhIL-2 doses. 

IFNα was co-administered during the study to 38
patients in the rhIL-2 INH group and to 34 patients in
the rhIL-2 SYS group (Table 4). Similar differences in
exposure to IFNα between groups were seen. The
patients of the rhIL-2 INH group who received SC
IFNα concomitantly received approximately a five
times higher (mean) cumulative dose during an approx-
imately seven times longer period than the patients of
the rhIL-2 SYS group, resulting in lower average week-
ly IFNα doses.

Efficacy
The overall response rate (CR/PR/SD) in the rhIL-2

INH group was 45% (95% CI: 34%ñ55%) versus 33%
(95% CI: 24%ñ43%) in the rhIL-2 SYS group. Around
60% (95% CI: 49%ñ72%) of the patients in the rhIL-2
INH group showed a pulmonary response (CR/PR/SD).
The Kaplan-Meier survival curves for the two treatment
groups are presented in Fig. 1. The 1-, 2- and 3-year
survival rates were estimated to be 47% and 26%; 28%
and 10%; and 23% and 1%, respectively, for the rhIL-2
INH and rhIL-2 SYS groups. The probabilities of sur-
vival at 5 years were calculated to be 21% for the rhIL-2
INH group and 0% for the rhIL-2 SYS group. A multi-
variate analysis adjusting for the imbalances in baseline
characteristics (gender, ECOG PS, DTI) resulted in a
hazard ratio of 0.435 (95% CI: 0.30ñ0.63). In other
words, the risk of dying at any time during the course of
the disease with rhIL-2 INH treatment was estimated to
be 44% of the risk of dying with rhIL-2 SYS treatment.

An association was found between tumour response
in the first 6 months of treatment and survival duration.
This association is more evident in the patients treated
with rhIL-2 by inhalation than in those treated systemi-
cally. The overall survival for the responding rhIL-2
INH-treated patients was substantially longer compared
to the responding patients in the rhIL-2 SYS group, as
illustrated in Fig. 2. The 1-, 2- and 3-year survival rates for
the responding patients were estimated to be 69% and
57%; 47% and 26%; and 39% and 4%, respectively, for
the rhIL-2 INH and rhIL-2 SYS groups. The probabilities
of survival at 5 years were calculated to be 35% for the
inhaled group and 0% for the systemic group (logrank
11.60, P < 0.001).
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rhIL-2 INH

(N = 94)

rhIL-2 SYS

(N = 103)

Days on study

mean

range

median

301

15-3059

161

102

3-385

85

Total inhaled dose (MIU)

mean

range

6055

33-77770

Total systemically

administered dose (MIU)

mean

range

711

0-9709

567

86-2016

Total cumulative dose (MIU)

mean

range

6766

36-77770

567

86-2016

Table 3. Exposure to rhIL-2

rhIL-2 INH

(N = 38)

rhIL-2 SYS

(N = 34)

Days on study

mean

range

median

495

30-3059

337.0

67

8-340

50.0

Total cumulative dose (MIU)

mean

range

730

6-7433

161

86-2016

Table 4. Exposure to IFNα



Toxicity
For both patient groups, detailed information about

safety is available. For 79 patients of the rhIL-2 INH
group, adverse events were evaluated predominantly by
weekly patient questionnaires. In the rhIL-2 SYS
patients who received rhIL2 as monotherapy, adverse
events were analysed in 16 patients treated by the SC
route and 52 treated with CIV. 

Almost all patients experienced one or more adverse
events following one of the three treatment modalities.
The profiles of the toxicity of inhaled and SC adminis-
tered regimens differed considerably. In general,
inhaled with concomitant low-dose systemic rhIL-2 +/-
IFNα was well tolerated by these high-risk patients, and
this was reflected by the long period over which treat-
ment continued. In general, patients were able to con-
tinue with work or child care or daily activities during
treatment. 

Cough was a major toxicity in the rhIL-2 INH group,
noted mainly during the last inhaled dose of the day and
seen during the first 4ñ8 weeks of the treatment. This
was the major reason for dose reductions in the INH
group. Reaction to injection sites, skin disorders and
fever were reported in both groups, as well as gastroin-
testinal disorders, which included constipation, diar-
rhoea, nausea and vomiting, and fatigue and malaise.

No treatment-related severe or life-threatening
adverse events were identified in patients treated with
inhaled and low-dose systemic therapy; especially no
serious adverse event related to the vital organs
(hypotension, renal insufficiency). Toxicities of grade 3
were reported for fever, nausea, anorexia and cough in
less than 30% of all patients and grade 4 toxicities were
limited to anorexia in less than 10% of the patients. 

Discussion 
The results of this historical comparison suggest

longer overall survival and progression-free survival
durations for the rhIL-2 INH group. The 1- and 2-year
survival rates of 55% and 28% following treatment with
rhIL-2 by inhalation combined with SYS IL-2 +/- IFNα
found in the present study are similar to those we
reported previously (Huland el al., 2000a). 

In the present study comparing inhaled and systemic
therapy, 28% of the rhIL-2 INH had an ECOG perfor-
mance status of 2 compared to 9% in the rhIL-2 SYS
group (Table 2). All patients from the rhIL-2 INH group
were considered unsuitable for complete resection of
their pulmonary metastases. Following incomplete sur-
gical resection, low survival times have been reported;
from one month to a maximum of 29 months (Piltz et
al., 2002). 

Survival in high-risk patients with mRCC treated
with cytokine-based immunotherapy has consistently
been reported to be 6 months or less, which is quite
similar to the survival when no immunotherapy was

given (Elson et al., 1988). Motzer reported in 2000 a
figure of 6 months for high-risk patients treated with
cytokines compared to 3 months for chemotherapy in a
review of the literature of systemic therapy for patients
with RCC (Motzer et al., 2000). In their own patients
Motzer (1999) reported a median survival of 4 months
in the high-risk group (Motzer et al., 1999). IFNα does
not improve survival in high-risk patients, either. Fossa
et al. (1994) reported a survival below 6 months in the
high-risk group using either IFNα or chemotherapy.
Systemic low-dose rhIL-2 plus IFN-α-2b also failed to
prolong survival in high-risk patients. In a phase II pilot
study (Clark et al., 1999), a very low combination of
daily SC rhIL-2 with IFN-α-2b was used in patients
who were incapable of tolerating high-dose IV rhIL-2,
and median survival was reported to be 6 months and
one-year survival was 16%. No major response was
observed. 

Whilst it was intended to compare two populations
with similar baseline characteristics, especially with
respect to the defined high-risk criteria (Palmer et al.,
1992), the results indicated that the risk characteristics
of the two groups were not completely identical.
However, adjustments for these differences were made
in the multivariate analyses performed. 

Notwithstanding all of these caveats, the size of the
survival advantage shown in the analysis is impressive
and demands further evaluation of inhaled IL-2 com-
bined with systemic IL-2 +/- IFNα. This is challenging
since mRCC is a rare disease, and high-risk patients
with lung involvement rarer still.

As part of the risk-benefit assessment, safety data
were collected as far as available. The systemic group
comprised patients participating in prospective clinical
trials. In the inhalation group cases were treated clini-
cally, but detailed additional safety and efficacy data
were recorded as part of an off-label quality manage-
ment standard operating procedure in most patients.
This resulted in comprehensive information in both
groups. The toxicity profile of rhIL-2 administered by
CIV can be severe, with hypotension, pulmonary and
renal failure as dose-limiting toxicities as a result of a
capillary leak syndrome (Sosman et al., 1988;
Rosenberg et al., 1989; Rosenberg et al., 1994).
Following SC administration, fewer and less severe side
effects are observed, especially fever, fatigue and
malaise, nausea and vomiting, and anorexia (Atzpodien
et al., 1990; Atzpodien et al., 1993; Palmer et al 1993;
Ravaud et al., 1994; Atzpodien et al., 1995; Buzio et al.,
1997). Inhalation of IL-2 is known to produce local tox-
icity such as a dose-dependent cough, but hardly any
systemic adverse events (Lorenz et al., 1996; Zissel et
al., 1996).

Earlier work has also shown that combination of
inhalation with low-dose systemic IL-2 also induces a
relatively low incidence of side effects (Huland et al.,
1997; Nakamoto et al., 1997; Heidenreich and
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Neubauer, 1999; Heinzer et al., 1999; Roigas, 1999;
Varga, 1999; Huland et al., 2000; Pizza et al., 2001).

Grade 1 and grade 2 adverse events in patients treat-
ed with the inhaled/low-dose systemic regimen in the
current trial were reported in a number of patients, but
it has to be kept in mind that the prolonged treatment
period gave more time for events to arise, that the
method of coding adverse events was not the same as
for the clinical trial cases, as the patients were specifi-
cally asked to weekly record the occurrence of adverse
events. It is well recognized that using patient question-
naires results in a significantly higher apparent inci-
dence of the specified adverse events than does
spontaneous reporting (Grootendorst et al., 1997). 

Immunotherapy-associated severe or life-threatening
adverse events related to the vital organs (hypotension,
renal insufficiency) did not occur in patients treated
with inhaled and low-dose systemic therapy. The limit-
ed number of reported grade 3 and 4 toxicities were
related to symptoms commonly seen in advanced can-
cer patients as well as during cytokine-based
immunotherapy; such as fatigue/malaise, fever, anorexia
and cough. 

The total cumulative dose of rhIL-2 administered in
the rhIL-2 INH group was more than 10 times larger
than in the rhIL-2 SYS group, while treatment times
were 3 times longer only. Today, new inhalation devices
are available, which adjust aerosol delivery to the lung
function and breathing pattern and require 25ñ50%
only of the aerosol medication used in this study, result-
ing in a significant saving in cost-intensive medication.

In conclusion, treatment with rhIL-2 by inhalation
together with administration of low systemic doses may
contribute to long-term stabilization of progressive dis-
ease in these high-risk mRCC patients. Survival bene-
fits seem greater in those showing an early clinical
response. The relatively benign toxicity profile permits
use of this modality for prolonged periods in high-risk
patients. 
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