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ized disease, 25% will have locally advanced
disease with lymph node or local organ
involvement and the remaining 30% will pres-
ent with metastases.3 Patients with meta-static
disease have a 5-year life expectancy of less
than 10% and a median survival time of less
than 12 months. However, survival can be
quite variable, depending on several prognos-
tic factors, including performance status, lac-
tate dehydrogenase (LDH), hemoglobin and
calcium levels, and the absence of prior
nephrectomy.4

For patients presenting with inoperable or
metastatic disease, cure is rarely possible, and
treatment efforts often focus on effectively con-
trolling symptoms and offering a chance at
improved survival. Clinical trials of chemother-
apy in the metastatic setting have shown RCCs
to be resistant to currently available chemother-
apeutic agents.5 Immunotherapy agents,
however, have shown activity in RCC.
Interleukin-2 (IL-2) has been evaluated exten-
sively in the setting of advanced RCC. Various
doses and modes of delivery have been stud-
ied, attempting to maximize efficacy and
decrease the significant toxicities that can be
associated with high-dose IL-2 therapy. High-
dose IL-2 has been defined as IL-2 administered
as an intravenous bolus of at least 600 000 IU/kg
every 8 hours, or a dose exceeding 65 mu/m2

daily. IL-2 at 18 mu/m2 days 1–4 or 5 intra-
venously is not considered high-dose IL-2.

Since its approval by the United States
Food and Drug Administration (FDA), high-
dose IL-2 has been used in patients with
advanced RCC as a standard therapy at many
comprehensive cancer centres in the US. This
has likely contributed to the paucity of trials
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Abstract

Objective: We performed a systematic review of randomized controlled trials
(RCTs) to assess the efficacy of interleukin-2 (IL-2) for the treatment of patients
with unresectable or metastatic renal cell carcinoma (RCC).

Methods: We searched the literature to identify RCTs or meta-analyses of RCTs
comparing treatment regimens with IL-2 to those without. Outcomes of inter-
est included overall or progression-free survival, response rate, toxicity and
quality of life.

Results: We identified 36 RCTs, and 6 met the eligibility criteria (1098 patients).
We studied IL-2 alone and in combination with other agents, including interfer-
on-alpha (IFN-a), 5-fluorouracil (5-FU), and 13-cis-retinoic acid or tamox-
ifen. No trials comparing high-dose IL-2 to non-IL-2 regimens were identified.
A meta-analysis of 1-year mortality data from the 6 trials did not show a dif-
ference between IL-2-based regimens and non-IL-2 controls. Two of the 6
trials detected statistically significant longer survival with IL-2 combined
with IFN-a and 5-FU. Of the 4 trials that assessed progression-free survival,
3 reported significantly longer progression-free intervals with IL-2-based reg-
imens. Five trials reported response rates; pooling the rates from these trials
gave an overall weighted response rate of 13.3% (range 9%–39%) and 5.3%
(range 0%–20%) for IL-2-containing regimens and non-IL-2 regimens, respec-
tively. IL-2-based regimens were more toxic than were non-IL-2 controls;
the most frequently reported grade 3–4 toxicities were hypotension (range
6%–68%), fever (2%–56%), nausea or vomiting or both (6%–34%), diarrhea
(1%–28%) and cardiac toxicity (11%–25%). None of the trials reported health-
related quality-of-life data.

Conclusion: Non-high-dose IL-2 containing regimens do not provide superior
treatment efficacy over non-IL-2-based regimens, with added toxicity, and there-
fore should not be used as standard treatment for patients with unresectable
or metastatic RCC. High-dose IL-2 should only be used by experienced physi-
cians in the context of a clinical trial or investigative setting.

Renal cell carcinomas (RCCs) account for 3% of all adult solid malig-
nancies.1 In 2006, it was estimated that 4600 patients would be
diagnosed with the disease in Canada.2 According to Bukowski,

at the time of first diagnosis, 45% of patients will present with local-
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without an IL-2 arm. IL-2 was also
approved by Health Canada in 2003, but
its use has been very sporadic and limit-
ed. Because interferon-alpha (IFN-a) is
associated with a real, if modest, survival
benefit in the randomized setting6 and
because it is accessible to and tolerated
by most RCC patients, it has become a de
facto standard of care in Canada.

To clarify the role of IL-2 in the treat-
ment of RCC and to develop appropri-
ate recommendations for treatment, the
Genitourinary Cancer Disease Site Group
(GU DSG) of Cancer Care Ontario’s
Program in Evidence-based Care (PEBC)
systematically reviewed evidence from
randomized controlled trials (RCTs) of IL-
2 in patients with unresectable or meta-
static RCC.

Methods

Systematic review

Search strategy

We searched the MEDLINE (1966–2005),
EMBASE (1980–2005) and CancerLIT
(1975–2002) databases for relevant
papers, using disease-specific, treatment-
specific and design-specific medical sub-
ject headings and text words. In addition,
we searched the Cochrane Library data-
bases (2004, Issue 4), the conference pro-
ceedings of the American Society of
Clinical Oncology (1995–2005) and the
American Urological Association
(1995–2005) for abstracts of relevant tri-
als. We also searched the reference lists
from eligible articles and relevant reviews
for additional trials.

Inclusion criteria

Multiple regimen schedules, doses and
types of immunotherapy have been stud-
ied in combination with and in compari-
son to IL-2, which makes it difficult to
directly assess the potential benefits of
IL-2. Therefore, we selected articles for

inclusion in the systematic review if they
were fully published reports or abstracts
of RCTs or meta-analyses of RCTs com-
paring treatment regimens with IL-2 to reg-
imens without IL-2 in patients with unre-
sectable or metastatic RCC. Reports were
required to provide data on at least one of
the following outcomes: survival (i.e.,
overall, progression-free or time-to-
progression), response rate, toxicity or
quality of life. Reports that included non-
RCC patients were eligible if the outcomes
for RCC patients were analyzed separate-
ly. Relevant systematic reviews or evi-
dence-based practice guidelines were also
eligible. We excluded RCTs that compared
either surgery or radiotherapy with IL-2
immunotherapy.

Statistical methods

Objective response rate

To estimate the overall effect of IL-2-based
immunotherapy on response rate com-
pared with non-IL-2 regimens, we pooled
and weighted the response rates from indi-
vidual RCTs according to the size of the
treatment arms.7

Mortality at 1 year

Survival data were available for all 6
RCTs included in this review, either
reported in the text or extractable from
survival curves. To estimate the over-
all effect of IL-2-based immunotherapy
on mortality, we pooled the data at a
common time point (e.g., mortality at
1 year). Since time points before the
median will generally ensure that there
are sufficient data to be credible, a
pooled median survival time (weight-
ed by the size of the treatment arms) was
calculated to determine an appropriate
time for pooling. We performed the
meta-analysis, using 1-year mortality
data, because the pooled weighted
median survival times were 19.4 months
and 10.8 months for IL-2-containing
arms and non-IL-2 arms, respectively.
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For 3-arm trials, we combined mortali-
ty data from each IL-2-containing arm
and then entered these into the meta-
analysis, so that each arm only
contributed once to the meta-analysis.

We performed the meta-analysis with
Review Manager 4.2, available through
the Cochrane Collaboration. We used the
random effects model as the more con-
servative estimate of treatment effect,8 and
we expressed the results as relative risks
(RRs) with 95% confidence intervals (CIs).
An RR less than 1.0 favours the experi-
mental arm (i.e., IL-2-based immunother-
apy) and an RR greater than 1.0 favours
the control arm. We examined the meta-
analysis results for heterogeneity by visu-
al inspection of the forest plot and by
calculating the Cochran Q test (using a
planned cut-off for significance of p < 0.05)
and I2 statistics (values of 25%, 50% and
75% indicate low, moderate and high
degrees of heterogeneity).9

Clinical practice guideline and external review

On the basis of the evidence in the sys-
tematic review, draft recommendations
were developed by the GU DSG through
consensus to create a clinical practice
guideline. The clinical practice guideline
is intended to promote evidence-based
practice in Ontario. As part of the PEBC’s
practice guideline development cycle, all
draft recommendations are sent to
Ontario practitioners for external review.
The external review is a mailed survey
consisting of items that address the qual-
ity of the draft recommendations and
whether the draft recommendations
should serve as a clinical practice guide-
line. We sent the surveys to a random
sample (n = 92) of Ontario practition-
ers, (medical oncologists and urologists)
with expertise in treating genitourinary
cancers. We sent follow-up reminders
at 2 weeks and 4 weeks. The GU DSG
reviewed the survey results and consid-
ered the comments written by the prac-
titioners before finalizing the clinical
practice guideline.

Results

Literature search results

We identified 36 unique RCTs of IL-2
through the literature search; only 7 of
those met the eligibility criteria.10–16 We
excluded 1 of the 7 eligible trials because
most of the patients (58%) were lost to 
follow-up.11 All 6 trials were published 
as full reports in journals. We also iden-
tified 3 systematic reviews with meta-
analyses6,17,18; of these, 2 were excluded
because they pooled data from both ran-
domized and nonrandomized clinical tri-
als.17,18 We identified no evidence-based
guidelines.

Previous systematic review with meta-analysis

In 2000, Coppin and colleagues published
a Cochrane systematic review on
immunotherapy for inoperable or meta-
static RCC. In 2004, the review was updat-
ed to cover the literature through to
December 2003.6 The review examined
the efficacy of a range of immunotherapies,
including IL-2. Eligible reports were RCTs
examining any immunotherapy in at least
1 trial arm that reported results on mor-
tality or remission by treatment arm. Meta-
analyses were performed for both out-
comes, using data available from published
trial reports, and treatment comparisons
were specified a priori. Only 3 compar-
isons evaluated in the Cochrane review (as
subgroup analyses) met our review criteria
(i.e., compared IL-2-based regimens to non-
IL-2 regimens) and include the following:
1) high-dose IL-2 versus non-IL-2 controls,
2) IL-2 plus IFN-a versus IFN-a alone, and
3) IL-2-based regimens versus IFN-a alone.
We did not identify any evidence-based
guidelines that addressed comparison 1,
and we identified 2 trials that addressed
comparisons 2 and 3.13,15 The meta-analysis
results are based on subgroup analyses and
are limited by the inclusion of only 2 trials
and a small number of patients (204 to 329
patients, depending on the comparison and
outcome). Results from the meta-analyses
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showed no differences between IL-2-based
regimens and non-IL-2 regimens in both 1-
year mortality and remission. IL-2 com-
bined with IFN-a was associated with a sta-
tistically significant improvement in
remission, compared with IFN-a alone, but
that did not translate into an improvement
in survival at 1 year. From their review of
22 trials, Coppin and colleagues6 conclud-
ed that, because high-dose IL-2 has not
been compared with another therapy, its
possible superiority must be based on the
results of phase II studies, which were not
reviewed in the Cochrane overview. The
authors also concluded that modified or
reduced schedules of IL-2 should not be
recommended outside of clinical trials until
studies with adequate patient numbers
show greater efficacy than IFN-a or equiv-
alence with less toxicity.

Randomized controlled trials

Trial characteristics

The 6 trials that form the basis of this

review were published between 1996
and 2004 (Table 1). There were three 
3-arm trials10,13,15 and three 2-arm
trials.12,14,16 Across these trials, 1098 eligi-
ble patients were randomized, with patient
accruals per trial ranging from 60 to 
425. None of the trials were placebo-
controlled. All of the trials assessed IL-2
in combination with other agents, and
2 of the 3-arm trials also included a
single-agent IL-2 arm.13,15 IL-2 was
studied in combination with IFN-a (2a
or 2b) in each trial, either alone13,15,16

or with 5-fluorouracil (5-FU)10,12 or 5-FU
and 13-cis retinoic acid (13cRA)10 or
tamoxifen.14 The doses and route of
administration of IL-2 differed signifi-
cantly between trials. Four trials eval-
uated IL-2 given subcutaneously (2 at a
low dose of 2.4 to 4.8 mu/m2), and 2
trials evaluated IL-2 administered intra-
venously at a dose of 18 mu/m2. The
median age of patients ranged from 57
to 62 years, and most patients were men
(range 59%–82%) with good perform-
ance status (i.e., Karnofsky > 80%, World
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Table 1: IL-2 regimens versus non-IL-2 in unresectable or metastastic RCC: trial 
descriptions 

Trial Treatment arms (dose and route) 
No. patients 
randomized 

Atzpodien et al, 
200410 

A: IFN-a2a (5→10 mu/m2 sc), IL-2 (10→5 mu/m2 
sc), 5-FU (1000 mg/m2 IV) 
B: IFN-a2a (5→10 mu/m2 sc), IL-2 (10→5 mu/m2 
sc), 5-FU (1000 mg/m2 IV), 13cRA (20 mg orally) 
C: IFN-a2a (5→10 mu/m2 sc), VBL (6 mg/m2 IV) 

341 

Atzpodien et al, 
200112 

A: IL-2 (10→5 mu/m2 sc), IFN-a (5→10 mu/m2 sc), 
5-FU (1000 mg/m2 IV) 
B: Tamoxifen (80 mg orally) 

78 

Boccardo et al, 
199813 

A: IL-2 (18 mu/m2 IV) 
B: IL-2 (18 mu/m2 IV), IFN-a2a (6 mu/m2 IM) 
C: IFN-a2a (6 mu/m2 IM) 

66 

Henriksson et al, 
199814 

A: IL-2 (4.8→2.4 mu/m2 sc), IFN-a (3→6 mu/m2 sc), 
tamoxifen (40 mg orally) 
B: Tamoxifen (40 mg orally) 

128 

Negrier et al, 199815 A: IL-2 (18 mu/m2 IV) 
B: IL-2 (18 mu/m2 IV), IFN-a2a (6 mu/m2 sc) 
C: IFN-a2a (18 mu/m2 sc) 

425 

Lummen et al, 199616 A: IL-2 (4.8→2.4 mu/m2 sc) IFN-a2b (3→6 mu/m2 
sc) 
B: IFN-γ (200 μg sc) 

60 

IL-2 = interleukin-2; RCC = renal cell carcinoma; IFN-a2a = interferon-alpha2a; mu = million units; sc = subcutaneous; 5-FU = 5-
fluorouracil; 13cRA = 13-cis-retinoic acid; VBL = vinblastine; IV = intravenous; IM = intramuscular; IFN-a = interferon-alpha; IFN-γ = 
interferon-gamma. 
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Health Organization or Eastern Co-
operative Oncology Group ≤ 2). The
median follow-up of patients across the
6 trials was 22 months (range 11–39 mo).

We reviewed data indicative of trial
quality, including methods of random-
ization and allocation concealment, ade-
quacy of the trial arm description,
whether analyses included all random-
ized patients, and completeness of
follow-up for each trial. Four of the 6
trials reported the method of randomiza-
tion used.10,12,14,15 The method of alloca-
tion concealment was not reported in any
of the trials, and none of the trials were
blinded. All of the trials presented base-
line demographic and clinical character-

istics for treatment and control arms, and
4 stated that randomization achieved bal-
ance in the distribution of those charac-
teristics between arms.10,12,13,15 Five trials
reported the percentage of patients receiv-
ing intended treatment and withdraw-
ing from the study,10,12–15 and all employed
an intent-to-treat approach to statistical
analyses. A crossover trial design was
used in 3 trials10,12,15; in each of those,
patients crossed over to alternative ther-
apy upon disease progression, after 810,12

or 10 weeks15 of assigned treatment.

Outcomes

We summarized the results of the 6

Interleukin-2 treatment for metastatic renal cell cancer

Table 2: IL-2 regimens versus non-IL-2 regimens in unresectable or metastatic RCC: trial outcomes 

Objective response rate, % Survival 
Progression-free 

survival 

Trial 
Treatment arms 
(no. of patients) OR CR PR 

p 
value* 

Median,
mo 

p 
value* 

1-
year, 

% 

5-
year, 

% 
Median,

mo 
p 

value* 
A: IFN-a2a/IL-2/ 
5-FU (132) 31 5 26 25 0.04 

A v. C 76.5† 16.1† 6  

B: IFN-a2a/IL-2/ 
5-FU/13cRA (146) 26 8 18 27 0.02 

B v. C 70.5† 22.3† 7 0.025 
B v. C 

Atzpodien 
et al, 200410 

C: IFN-a2a/VBL 
(63)  20 6 14 

ns 
A v. B, 

C 

16  58.9† 19.6† 5  

A: IL-2/IFN-a/5-FU 
(41)  39 17 22 24 80† 24.8 7 Atzpodien 

et al, 200112 
B: Tamoxifen (37)  0 0 0 

nr 
13 

0.03 

52† 13.5 0 
< 0.0001 

A: IL-2(22)  23 9 14 28.3† 70† 9.6† 
B: IL-2/IFN-a2a(22)  9 4.5 4.5 13.3† 56.5† 5.1† 

Boccardo 
et al, 199813 

C: IFN-a2a(22)  9 0 9 
nr 

17.6† 
nr 

76† 
na 

6.4† 
nr 

A: IL-2/IFN-a/ 
tamoxifen (65) 7.7 11.8 40 Henriksson 

et al, 199814 
B: Tamoxifen (63)  

nr 
3 

NR nr 
13.3 

ns 

48 
na nr  

A: IL-2 (138)  6.5‡ 1.4‡ 5.1‡ 12 56.8† 15 (PFS 
1 yr) 

B: IL-2/IFN-a2a 
(140)  18.6‡ < 1‡ 18‡ 17 60.2† 20 (PFS 

1 yr) 

Negrier 
et al, 199815 

C: IFN-a2a (147) 7.5‡ 0‡ 7.5‡ 

< 0.01
B v. A, 

C 

13 

ns 
B v. A, 

C 

66.3† 

na 

12 (PFS 
1 yr) 

0.01 
B v. A, 

C 

A: IL-2/IFN-a2b 
(30)  23 10 13 12 50† Lummen 

et al, 199616 
B: IFN-γ (30)  0 0 0 

0.01 
13 

0.49 

54† 
na nr  

IL-2 = interleukin-2; RCC = renal cell carcinoma; OR = objective response;  CR = complete response; PR = partial response; IFN-a2a = interferon-alpha2a; 5-FU = 5-fluorouracil; 13cRA = 
13-cis-retinoic acid; ns = nonsignificant; v. = versus; VBL = vinblastine; IFN-a = interferon-alpha; nr = not reported; na = not available; PFS = progression-free survival; IFN-a2b = 
interferon-alpha2b; IFN-γ = interferon-gamma. 
*Only statistically significant differences are presented.  
†Data extracted from survival curve. 
‡Response at 10 weeks after induction treatment. 



RCTs by outcome in Table 2 and Table
3. Objective response rate was desig-
nated the primary outcome in 4 tri-
als10,12,13,15 and was reported in 5 tri-
als10,12,13,15,16 (Table 2). Overall survival
and progression-free survival data were
reported in 6 and 4 trials,10,12,13,15 respec-
tively (Table 2). All 6 trials reported tox-
icity data10,12–16 (Table 3). Quality-of-life
data were not reported in any of the trial
reports.

Objective response rate

Of the 5 trials reporting objective
response rates, 3 were 3-arm trials, pro-
viding 2 comparisons of IL-2-based
immunotherapy, for a total of 8 compar-
isons among the 5 trials (Table 2). Only
3 trials provided statistical comparisons
of those data10,15,16; 2 trials (3 compar-
isons) reported statistically significant
higher response rates with IL-2.15,16
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Table 3: IL-2 regimens versus non-IL-2 regimens in unresectable or metastatic RCC: reported toxicity 

Trial Treatment arms Reported grade 3–4 toxicity (% of patients) 
Reported no. 

of toxic deaths 
A: IFN-a/IL-2/5-FU Fever (3), chills (3), malaise (3), diarrhea (3), respiratory distress (3), skin 

or allergies (3), hemoglobin levels (4) 0 

B: IFN-a/IL-2/5-
FU/13cRA 

Fever (3), chills (6), malaise (18), nausea or vomiting (6), anorexia (21), 
diarrhea (3), respiratory distress (3), skin or allergies (2), mucositis (3), 
hypotension (6), alopecia (3), arrhythmias (3), paresthesias (3), leucocyte 
count (3) 

0 

Atzpodien et al, 
200410 

C: IFN-a/VBL Malaise (11), anorexia (26), CNS symptoms or disorientation (11) 0 
A: IL-2/IFN-a/5-FU Fever (2), chills (3), malaise (7), diarrhea (1), dyspnea (1) 0 Atzpodien et al, 

200112 B: Tamoxifen None reported 0 
A: IL-2 Oliguria (17), hypotension (28), skin rash (11), fever (11), creatinemia (6), 

neurological toxicity (11), cardiac toxicity (11), diarrhea (17), 
nausea/vomiting (6) 

nr 

B: IL-2/IFN-a2a Oliguria (19), hypotension (38), skin rash (6), fever (25), cardiac toxicity 
(25), diarrhea (19), nausea/vomiting (19), thrombocytopenia (6) nr 

Boccardo et al, 
199813 

C: IFN-a2a Oliguria (6), hypotension (6), asthenia (11) nr 
A: IL-2/IFN-a/ 
tamoxifen 

Fatigue (58), anorexia (22), nausea (22), fever (12), diarrhea (8), myalgia 
(18), pulmonary symptoms (14), infection (3), cutaneous (< 2), headache 
(3), oral symptoms (< 2), CNS symptoms (< 2) 

nr 
Henriksson et al, 
199814 

B: Tamoxifen Fatigue (30), anorexia (11), nausea (8), diarrhea (3), myalgia (22), 
pulmonary symptoms (17), oral symptoms (< 2), CNS symptoms (< 3) nr 

A: IL-2 Hypotension (68), fever (43), performance status impairment (36), 
nausea/vomiting (34), diarrhea (28), anemia (17), pulmonary symptoms 
(16), renal symptoms (15), neurological symptoms (12), increased AST or 
ALT (11), cutaneous signs (10), cardiac signs (12), infection (8), 
thrombocytopenia (4), increased creatinine (4), weight loss (2), 
leucopenia (< 1), hyperbilirubinemia (< 1) 

nr 

B: IL-2/IFN-a2a Hypotension (67), fever (56), performance status impairment (38), 
nausea/vomiting (31), diarrhea (25) anemia (16), pulmonary symptoms 
(15), renal symptoms (16) neurological symptoms (14), increased AST or 
ALT (11), cutaneous signs (14), cardiac signs (6), infection (9), 
thrombocytopenia (7), increased creatinine (5), weight loss (1), 
leucopenia (2), hyperbilirubinemia (2) 

nr 

Negrier et al, 
199815 

C: IFN-a2a Hypotension (< 1), fever (5), performance status impairment (16), 
nausea/vomiting (5), diarrhea (< 1), anemia (6), pulmonary symptoms (3), 
neurological symptoms (1), increased AST or ALT (3), cardiac signs (< 1), 
infection (< 1), weight loss (4), leucopenia (< 1) 

nr 

A: IL-2, IFN-a2b nr nr Lummen et al, 
199616 B: IFN-γ nr nr 
IL-2 = interleukin-2; RCC = renal cell carcinoma; IFN-a = interferon-alpha; 5-FU = 5-fluorouracil; 13cRA = 13-cis-retinoic acid, VBL = vinblastine; CNS = central nervous system; nr = not 
reported; IFN-a2a = interferon-alpha2a; AST = aspartate aminotransferase; ALT = alanine aminotransferase; IFN-a2b = interferon-alpha2b; IFN-γ  = interferon-gamma. 
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Negrier and colleagues15 reported an
objective response rate of 18.6% with
combination IL-2 and IFN-a2a versus
7.5% (p < 0.01) and 6.5% (p < 0.01) with
single-agent IFN-a2a and single-agent IL-
2, respectively. Statistical findings were
not reported for the comparison of IL-2
and IFN-a2a. Lummen and colleagues16

also reported a higher objective response
rate with combination IL-2 and IFN-a2b
over IFN-gamma (23% v. 0%, p = 0.01).
In the 2 trials for which statistical com-
parisons were not provided, the trial by
Atzpodien and colleagues12 showed
response rates that favoured IL-2-based
therapy, compared with tamoxifen, and
the trial by Boccardo and others13

reported a better response rate with sin-
gle-agent IL-2 versus both single-agent
IFN-a2a and combined IFN-a2a and IL-
2. When the objective response rates
from the 5 trials were combined, the
overall weighted objective response rates
for IL-2-based regimens versus regimens
that were not IL-2 based were 13.3%
(range 9%–39%) versus 5.3% (range
0%–20%) (p ≤ 0.001).

Survival

All 6 trials reported survival data (9 com-
parisons) (Table 2). Median survival data
were reported in 4 trials10,12,14,15 and extract-
ed from survival curves in 2 trials.13,16 Five
of the 6 trials provided statistical compar-
isons for median survival times between
trial arms.10,12,14–16 Of those, 2 reported sta-
tistically significant survival improvements
with IL-2-based immunotherapy.10,12 In the
trial by Atzpodien and colleagues,10 medi-
an survival was longer for patients treat-
ed with a combination of IL-2 and IFN-a
with either 5-FU (25 mo; p = 0.04) or
13cRA (27 mo; p = 0.02), compared with
patients receiving combined treatment with
IFN-a2a and vinblastine (16 mo). In the ear-
lier trial by Atzpodien and colleagues,12 a
statistically significant longer median sur-
vival was observed with IL-2 combined
with IFN-a and 5-FU over tamoxifen (24 v.
13 mo; p = 0.03).

One-year mortality data were report-
ed in one trial14 and were extracted from
survival curves in 5 trials10,12–15 (Table 2).
When the data were pooled in a meta-
analysis, no statistically significant differ-
ence was observed between IL-2-based
regimens and non-IL-2 controls (RR = 0.94;
95% CI, 0.67–1.30; p = 0.69) (Fig. 1).
Statistically significant heterogeneity was
detected across the 6 trials (p = 0.003, I2 =
71.7%) and was therefore explored through
a sensitivity analysis. Visual inspection of
the meta-analysis figure clearly identified
the 2 trials by Atzpodien and others10,12 as
the likely source of heterogeneity. Both
trials evaluated immunochemotherapy
(IL-2-based regimens with 5-FU), and
each detected a statistically significant
survival improvement with those regi-
mens over control therapy. When both
trials were removed from the meta-
analysis, the overall result remained the
same (RR = 1.20; 95% CI, 1.00–1.44;
p = 0.06), but heterogeneity was no
longer statistically significant (p = 0.81,
I2 = 0%). The subgroup of the 2 trials 
by Atzpodien and others10,12 showed a sta-
tistically significant reduction in 1-year
mortality with immunochemotherapy 
(RR = 0.56; 95% CI, 0.38–0.82; p = 0.003).

Disease progression

Of the 6 trials, 4 assessed progression-free
survival10,12,13,15 (Table 3). Three of the tri-
als reported statistical comparisons,10,12,15

and each of those detected longer,
statistically significant progression-free
intervals with IL-2-based regimens over
non-IL-2 controls. In the largest of those
trials,15 median progression-free survival
at 1 year was significantly longer for
patients treated with IL-2 combined with
IFN-a2a (20 mo), compared with single-
agent IL-2 (15 mo; p = 0.01) and single-
agent IFN-a2a (12 mo; p = 0.01).

Toxicity

All 6 trials reported on toxicity; however,
grade 3 or 4 toxicity data were described

Interleukin-2 treatment for metastatic renal cell cancer



in 5 of the 6 trials10,12–15 (Table 3). Overall,
IL-2-containing regimens appeared more
toxic than did non-IL-2 regimens but were
described as moderately to well tolerated
by most patients in most of the trials. In
2 trials, IL-2-based immunotherapy was
administered in an outpatient setting.10,12

Most toxicities were graded as 1 or 2 (data
not shown), but grade 3 or 4 toxicity was
observed in a substantial number of
patients. The most common grade 3 or
4 toxicities associated with IL-2-based
treatment were fever (range 2%–56%),
chills (3%–6%), malaise (3%–18%),
anorexia (11%–22%), oliguria (6%–19%),
nausea or vomiting or both (6%–34%),
diarrhea (1%–28%), skin rash or allergies
(3%–11%), hypotension (6%–68%), pul-
monary distress (3%–16%), and central
nervous system (< 2%–14%) and cardiac
toxicity (11%–25%). Only 2 trials report-
ed on toxicity-related dose reductions or
treatment discontinuations. Dose reduc-
tions occurred in 7% of patients treated
with combination IL-2/IFN-a/5-FU, com-
pared with none with tamoxifen.12 The

toxicity of combination IL-2-IFN-a and 5-
FU and IL-2/IFN-a/5-FU/13cRA caused
treatment discontinuations in 4% and 6%
of patients, respectively, compared with
8% in patients treated with IFN-a com-
bined with vinblastine.10 No toxic deaths
were reported in 2 trials reporting those
data.10,12

Results of external review

Based on the evidence contained in the
systematic review, the GU DSG devel-
oped a clinical practice guideline and cir-
culated it for external review. Of the 92
surveys sent, 39 were returned (42%
response rate). Of the practitioners who
responded, 67% indicated that the report
was relevant to their clinical practice and
completed the survey. The key survey
results include agreement with the sum-
mary and interpretation of evidence
(96%); agreement with the recommenda-
tions (88%); and approval of the recom-
mendations as a clinical practice guide-
line (77%).
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Fig. 1: IL-2 regimens versus non-IL-2 regimens in unresectable or metastatic RCC: meta-analysis of 1-year mortality data.
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Five respondents (19%) provided
written comments. One respondent com-
mented that phase II trials should be
included in the review because of the lim-
ited evidence and the small number of
patients included in the randomized tri-
als of IL-2. Another respondent comment-
ed that some patients benefit from high-
dose IL-2, but prior identification of these
patients is not possible at this time.
Therefore, patients need to be entered into
trials of IL-2, but this agent is not avail-
able for study in Ontario. The respondent
further commented that the field of study
is changing with the use of angiogenesis
inhibitors (i.e., sorafenib and sunitinib).

Discussion
Of the 34 trials in this review, only 6 met
the inclusion criteria. The main reason for
the large attrition proportion is that most tri-
als did not contain an arm without IL-2. The
6 eligible RCTs evaluated IL-2 in modified
doses, either intravenously or subcutaneous-
ly, in comparison to a variety of regimens.
None evaluated high-dose IL-2, because IL-
2 at 18 mu/m2 days 1–4 or 5 intravenous-
ly is not considered high-dose Il-2. Response
rates were higher in patients receiving 
IL-2-based regimens (range, 6.5%–39%),
compared with non-IL-2 controls
(0%–20%). All 6 trials reported mortality
data, and when the 6 trials were pooled
in a meta-analysis, mortality at 1 year was
not significantly different between IL-2-
based regimens and non-IL-2 regimens.
These observations are consistent with those
of Coppin and colleagues,6 who identified
that objective response rate is not a par-
ticularly reliable surrogate for survival ben-
efit in RCC. A sensitivity analysis showed
that IL-2-based regimens, including 5-FU,
were associated with a statistically signifi-
cant reduction in 1-year mortality compared
with non-IL-2 controls. However, features
of these trials warrant that these
immunochemotherapy regimens be further
investigated in randomized trials before
being considered standard treatment.

Two trials were conducted by the same

German cooperative group and were
reported by the same principal investiga-
tor. The 2001 trial by Atzpodien and oth-
ers,12 which showed the largest treatment
effect, was a small trial (n = 78) and there-
fore at higher risk of false-positive results
(type 1 error). Imbalances in important
prognostic variables (i.e., age and pos-
sibly performance status) between trial
arms might have influenced outcomes,
resulting in a bias toward the IL-2 exper-
imental arm; multivariate analyses adjust-
ing for these were not reported. The 2004
trial by Atzpodien and others10 was bet-
ter powered to detect differences between
arms (n = 341); patient characteristics
appeared well balanced, with the excep-
tion of a higher percentage of patients
with metastases and patients who had not
undergone nephrectomy in the control
arm. However, only favourable risk
patients were recruited into the trial, rais-
ing concerns about the generalizability
of the results. Further limitations of the
trial are discussed in an editorial by
Negrier,19 which accompanies the pub-
lished trial report. Negrier concluded that
the trial findings should be interpreted
with caution and validated in a rigorous
controlled trial by others before being
considered as reference treatment for
future trials.

Overall, toxicity appeared consistently
worse with IL-2-based therapy than with
non-IL-2 therapy; however, most studies
described IL-2 regimens as moderately to
well tolerated by most patients. Specifically,
hypotension, cardiac toxicity, diarrhea and
fatigue were increased when compared
with IFN-a or other treatment arms. No
toxic deaths or quality-of-life data were
reported in any of the trials. The general
opinion is that IL-2-based regimens are
associated with significant toxicity, and the
magnitude of this toxicity may be under-
estimated in clinical trials because of
patient selection factors. However, centres
with expertise in high-dose IL-2 adminis-
tration have developed approaches to man-
age and minimize these toxicities.

This review did not identify any ran-
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domized trials comparing high-dose
intravenous IL-2 to a non-IL-2 control
or placebo; thus its true clinical effec-
tiveness remains unclear. For this rea-
son, it is impossible to recommend its
use outside of clinical trials or investiga-
tive settings. A published series by
Fisher and colleagues20 combining data
from 7 nonrandomized, single-arm
phase II trials suggests that approximate-
ly 9% of patients can experience com-
plete and long-lasting remissions with
high-dose IL-2. The lack of control sub-
jects makes it difficult to interpret these
data. Patient selection would be expect-
ed with this relatively toxic therapy and
could influence response and survival
outcomes. For example, Motzer and
others4 reported on a cohort of 670 RCC
patients, of whom only 15% had prior
IL-2-based therapy. In a favourable-risk
group, identified by the absence of
adverse clinical factors, the median sur-
vival was 20 months, similar to the
median 16.3 months reported by Fisher
and colleagues with high-dose IL-2. In
addition, high-dose IL-2 was very
resource intensive (most required inten-
sive care unit admission for administra-
tion). It remains unclear whether the
small proportion of patients who expe-
rience long-lasting remissions with high-
dose IL-2 are truly benefiting from this
therapy or whether they are simply
those with a superb prognosis identified
within a population with an excellent
prognosis by response to IL-2 therapy.
Only controlled clinical trials can defin-
itively answer this question.

Randomized trials of IFN-a-based
immunotherapy, as well as cytoreductive
nephrectomy combined with IFN-a, have
shown modest survival benefits in this
patient population and should therefore be
considered as treatment options. Despite
many years of research, the prognosis for
patients with inoperable, locally advanced
or metastatic RCC had not changed until
recently, and very few therapeutic options
existed for these patients; however, prelim-
inary evidence from randomized trials of

angiogenesis inhibitors, namely suni-
tinib,21–23 sorafenib24,25 and temsirolimus,26,27

are showing promising positive results with
acceptable toxicity. The clinical benefits
observed with angiogenesis inhibitors in
these patients are a major step toward
improving their poor prognosis. In Canada,
most physicians consider IFN-a the stan-
dard of care for this patient population;
however, recent results from randomized
trials evaluating inhibitors of angiogene-
sis show superior clinical benefits over IFN-
a-based immunotherapy (and placebo)
with an acceptable toxicity profile, mak-
ing these agents preferred treatment
options. The use of these agents will like-
ly supplant IL-2 and IFN-a therapy as the
preferred treatment modality in patients
with advanced RCC. Notably, because not
all patients will have access to the newer
angiogenesis therapies due to funding con-
straints, information concerning IL-2 and
IFN-a is still timely for some patients.
Regardless, patients with inoperable, local-
ly advanced or meta-static RCC continue
to have an incurable malignancy, mak-
ing further research necessary.

Conclusions
In patients with unresectable or metasta-
tic RCC, immunotherapy with IL-2 adds
toxicity but does not provide superior
treatment efficacy over non-IL-2 regimens.
There is some evidence that IL-2 com-
bined with IFN-a and 5-FU may improve
response rates and survival when com-
pared with either agent alone or with a
nonimmunotherapy control. However,
those findings require confirmation in
properly powered clinical trials with
appropriate comparators (i.e., IFN-a) and
should not be considered a standard of
care. There are insufficient data to sup-
port the routine use of high-dose intra-
venous IL-2 therapy outside of a clinical
trial or investigative setting, and its unique
toxicity warrants its administration in spe-
cialized centres equipped to deal with
specific toxicities and provide compre-
hensive care.
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Clinical Practice Guideline

The GU DSG deliberated all comments pro-
vided by the external review process but
decided not to make any substantive mod-
ifications to the practice guideline. More
detailed survey results and the GU DSG’s
specific responses to the written comments
are available at www.cancercare.on.ca.

Target population

These recommendations apply to adult
patients with unresectable or metastatic
RCC.

Recommendations

Regimens containing non-high-dose IL-2
should not be used as standard treatment
for unresectable or metastatic RCC.

High-dose IL-2 should only be used by
experienced physicians in the context of
a clinical trial or investigative setting.

Qualifying statements

Patients with unresectable or metastatic
RCC should be encouraged to participate
in clinical trials.

IFN-a and IFN-a combined with cytore-
ductive nephrectomy show modest sur-
vival benefits in randomized trials and
may be considered treatment options in
this patient population.

Preliminary evidence from randomized
trials of inhibitors of angiogenesis (i.e.,
sunitinib, sorafenib and temsirolimus)
show promising positive results with
acceptable toxicity. These agents will like-
ly supplant IFN-a as the preferred treat-
ment modality in this patient population.

High-dose IL-2 has not been compared
with appropriate comparators, using non-
IL-2-containing regimens in randomized
trials; thus its effectiveness is unclear.
Despite this, high-dose IL-2 is being used
as a standard treatment for unresectable
or metastatic RCC in much of the US and
parts of Europe, based on single-arm
studies.
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