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Update on theApplication of Interleukin-2 in theTreatment of
Renal Cell Carcinoma
David F. McDermott

Abstract High-dose bolus interleukin 2 (IL-2) was granted Food and Drug Administration approval
based on its ability to produce durable complete responses in a small number of patients with
metastatic renal cell carcinoma. Results from randomized phase 3 trials suggest that regimens
involving lower doses of IL-2, either alone or in combination with IFN, produce fewer tumor
regressions of less overall quality. Given the toxicity, expense, and limited efficacy of this
treatment, recent studies have focused on identifying predictors of response (or resistance) to
IL-2 therapy. This year, investigators launched a clinical trial designed to prospectively determine
if patients who are more likely to respond to high-dose IL-2 can be identified before starting
therapy. As the list of effective therapies for metastatic renal cell carcinoma grows, improvements
in patient selectionwill be necessary to ensure that patients whomight attain a durable remission
with IL-2 will not miss this opportunity.

The prognosis for patients with recurrent and or metastatic
renal cell carcinoma (RCC) is poor, with median survival of
10 to 13 months (1–3). This outcome underscores the need for
new effective systemic therapy in this disease. Recently, the
application of molecularly targeted therapies has led to tumor
shrinkage in the majority of patients with metastatic RCC but
not to durable remissions (4, 5). In contrast, the administra-
tion of high-dose bolus interleukin-2 (IL-2) has consistently
produced durable responses in a small percentage of patients
with advanced RCC (6–8). However, the substantial toxicity
and limited efficacy that is associated with IL-2 has narrowed
its application to highly selected patients treated at specialized
centers (9, 10). In an attempt to reduce toxicity, several
investigators evaluated regimens that contained lower doses of
IL-2 (11–13). Attempts were also made to improve treatment
efficacy by adding IFN-a2b and then fluorouracil to lower-dose
IL-2 regimens (14, 15). These regimens were reported to
produce response rates and survival comparable with those
reported for high-dose IL-2 with much less toxicity but possibly
less durable benefit (16–18). In recent years, the relative merits
of these low- and high-dose IL-2 regimens have been clarified
by the results of four randomized trials. More significantly,
laboratory investigations associated with this clinical research
suggest that the potential exists for identifying predictors of

response (or resistance) and limiting IL-2 therapy to those most
likely to benefit. This article will summarize the recent
investigation that has helped to define the appropriate
application of IL-2 in patients with metastatic RCC.

RandomizedTrials with IL-2 with or without IFN

The French Immunotherapy Group conducted a large-scale,
phase 3 randomized trial that compared intermediate-dose
IL-2 given by continuous i.v. infusion plus s.c. IFN-a with
either IL-2 or IFN-a given alone (16). Four hundred twenty-five
patients were enrolled. The three treatment groups were well
balanced for age and sex as well as known predictors of
response and survival. The response rate and 1-year event-free
survival were significantly greater for the combined IL-2 and
IFN-a arm than for either of the single-agent arms, although
there was no significant difference in overall survival among
the three groups. Of note, responses were seen in only 6.5%
and 7.5% of patients receiving IL-2 or IFN-a alone, respectively,
with only 2.9% and 6.1% of these patients still responding
at the week 25 evaluations. Although more antitumor activity
was seen with the combination arm, this was largely due to the
rather limited activity of the single-agent regimens. How an
intermediate-dose combination of IL-2 and IFN-a would
compare with high-dose IL-2 alone remained to be established.
The National Cancer Institute Surgery Branch investigators

performed a randomized trial comparing standard high-dose
i.v. bolus IL-2 and a low-dose i.v. bolus IL-2 regimen developed
by Yang et al. (19). After randomizing 117 patients, a third arm
was added that involved s.c. IL-2 given according to the
regimen described by Sleijfer et al. (11). Results were analyzed
and reported according to groups that were concurrently
randomized. Among the 306 patients concurrently assigned
to either high- or low-dose i.v. IL-2, the response rate was
significantly higher with high-dose therapy (21% versus 13%),
with a trend toward more durable responses. Duration of
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response was superior in patients who received the high-dose
i.v. IL-2 compared with those who received the low-dose i.v.
IL-2. There were no differences in overall survival. Although
toxic effects were also significantly greater in the high-dose
group (particularly hypotension), there were no deaths attri-
butable to IL-2 in either arm, and patient assessments of
quality of life were found to be roughly equivalent. Among the
patients concurrently assigned to either s.c. IL-2 or high-dose
i.v. IL-2, a higher response rate was seen with high-dose i.v. IL-
2 (21% versus 10%), but the difference was of borderline sta-
tistical significance. Once again, there were no differences in
overall survival.
In an effort to determine the value of outpatient s.c. IL-2 and

IFN-a relative to high-dose i.v. IL-2, the Cytokine Working
Group did a phase 3 trial in which patients were randomized to
receive either outpatient IL-2 and IFN-a every 6 weeks or
standard high-dose inpatient IL-2 every 12 weeks (20). One
hundred ninety-three patients were enrolled, and 192 were
evaluable for toxicity and tumor response.
The response rate for high-dose IL-2 was 23% (22 of 96)

versus 10% (9 of 96) for IL-2 and IFN-a (P = 0.018). Eight
patients achieved a complete response while taking high-dose
IL-2 versus only three patients taking low-dose IL-2 and
IFN-a. The median response durations were 24 months for
high-dose IL-2 and 15 months for IL-2 and IFN-a (P = 0.18).
Median overall survivals were 17.5 and 13 months (P = 0.12),
favoring high-dose IL-2. Ten patients (nine major responders)
who received high-dose IL-2 were progression free at 3 years
versus three patients (two major responders) who received
IL-2 and IFN-a (P = 0.08). Of note, responses to high-dose
IL-2 were seen with equal frequency across the stratification
criteria, whereas low-dose IL-2 and IFN-a seemed to produce
fewer responses in patients with liver and/or bone metastases
and in those who had not undergone prior nephrectomy to
remove the primary tumor. For patients with bone or liver
metastases (P = 0.001) or primary in place (P = 0.04),
survival was superior with high-dose IL-2 compared with IL-2
and IFN-a, whereas no significant survival differences between
the two treatments were noted for patients who had
undergone prior nephrectomy or who were without bone or
liver metastases.

In a subsequent phase 3 trial, the French Immunotherapy
Group studied the effect of low-dose cytokine therapy on
survival in patients with intermediate likelihood of response to
IL-2 and IFN (21) as defined in prior studies with these
cytokines (16). Untreated patients with Karnofsky performance
status of z80 and with more than one site of metastatic disease
were randomized to receive medroxyprogesterone (control
group), s.c. IFN, s.c. IL-2, or the combination of IFN and IL-2.
Four hundred ninety-two patients were randomized, and the
treatment groups were well balanced for predictors of response
and survival. Although significant toxicity was more common
in the IL-2 and IFN arm, median overall survival did not differ
between the arms. The investigators concluded that s.c. IFN
and IL-2 should no longer be recommended in patients with
metastatic RCC and intermediate prognosis.
Investigators from the Cytokine Working Group have

reanalyzed the results of their phase 3 trial in the subset of
patients who would have fallen into the ‘‘intermediate’’
prognosis group defined by the French Immunotherapy
Group.1 Most patients treated in the Cytokine Working Group
study (80%) were in either the intermediate or poor prognosis
group. In this subset, high-dose IL-2 continued to produce a
significant improvement in response rate (25% versus 10%,
P = 0.017) and durable complete response (7 versus 0,
P = 0.014) compared with IL-2 and IFN-a. Furthermore, all
10 patients taking high-dose IL-2 were progression free at
3 years in this intermediate-risk group, whereas three interme-
diate-risk patients were progression free in the IL-2 and IFN-a
group (P = 0.08).
Taken together, these studies suggest that high-dose i.v. bolus

IL-2 is superior in terms of response rate and possibly response
quality to regimens that involve either low-dose IL-2 and
IFN-a, intermediate- or low-dose IL-2 alone, or low-dose IFN-a
alone (Table 1). The superiority of high-dose IL-2 is particularly
apparent in patients with tumor metastases in immune
sequestered sites, such as liver or bone, or who have their
primary tumor in place, or who fall into the intermediate-risk
or poor-risk groups defined by the French Immunotherapy

1M.B. Atkins, D.F. McDermott, M. Regan, unpublished data.

Table 1. Results of phase 3 trials with IL-2

Trial Treatment
regimens

N Response
rate

P Durable complete
response

Overall
survival

Overall survival
difference

FIG 1 (11) CIV IL-2 6.5 <0.01 1 12 NS
LD s.c. IFN 7.5 2 13
CIV IL-2 + IFN 18.6 5 17

NCI SB (14) HD i.v. IL-2 156 21% 8 NR
LD i.v. IL-2 150 13% 0.05 3 NR NS

CWG (15) HD i.v. IL-2 95 23% 7 17.5
LD s.c. IL-2/IFN 91 10% 0.02 0 13 NS

FIG 2 (16) MPA 123 2.5% NR 14.9
IFN 122 4.4% NR NR 15.2 NS
IL-2 125 4.1% NR 15.3
IL-2/IFN 122 10.9 NR 16.8

Abbreviations: HD, high dose; LD, low dose; CIV, continuous i.v. infusion; NR, not reported; NS, not statistically significant; NCI SB, National
Cancer Institute Surgery Branch; CWG, Cytokine Working Group; FIG, French Immunotherapy Group; MPA, medroxyprogesterone.
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Group. Consequently, although low-dose cytokine therapy has
a limited role in metastatic RCC, we must conclude that high-
dose i.v. IL-2 should remain the preferred therapy for
appropriately selected patients with access to such therapy.
However, given the toxicity and limited efficacy of high-dose
i.v. IL-2 therapy, additional efforts should be directed at better
defining the patient population for whom this therapy is
appropriate.

Pathologic and Molecular Predictors of Response
to IL-2

Influence of histologic subtype. Responses to immunother-
apy are most frequently seen in patients with RCC of clear cell
histology (22–24). This observation was detailed in a
retrospective analysis of pathology specimens obtained from
231 patients (163 primary and 68 metastatic tumor specimens)
who had received IL-2 therapy on Cytokine Working Group
clinical trials (24). For patients with primary tumor specimens
available for review, the response rate to IL-2 was 21% (30 of
146) for patients with clear cell histology primary tumors,
compared with 6% for patients with non–clear cell histology
(1 responder in 17 patients). Among the patients with clear cell
carcinoma, response to IL-2 was also associated with the
presence of alveolar features and the absence of papillary or
granular features. The response rate in patients whose primary
tumors had ‘‘good’’ predictive features (e.g., >50% alveolar and
no granular or papillary features) was 39% (14 of 36). In
addition, patients with primary tumors that contained ‘‘inter-
mediate’’ predictive features (e.g., alveolar but not papillary
features and <50% granular features) had a response rate of
19% (15 of 77). Patients with tumors that contained ‘‘poor’’
predictive features (e.g., >50% granular or any papillary
features) had a response rate of 3% (1 of 33). When this
model was then applied to the 68 patients with specimens
from metastatic sites, those patients who were treated without
resection of their primary tumors, five tumor responses were
seen in the 20 patients with ‘‘good’’ predictive features, whereas
no tumor responses were seen in the 16 patients in the poor
predictive group, thus supporting the validity of the model
developed from the primary kidney tumor specimens. Median
survivals for all patients with clear cell tumors by risk group
were 2.87, 1.36, and 0.87 years, respectively (P < 0.001).
As a result of these data, it may be appropriate for patients
whose primary tumor is of non–clear cell histology or of clear
cell histology but with ‘‘poor’’ predictive features to forgo
IL-2–based treatment altogether. However, given that even in
the most favorable predictive group >50% of patients failed to
respond to IL-2 therapy, additional investigations into tumor-
associated predictors of responsiveness to IL-2 are still
necessary.

Immunohistochemical Markers

Some investigators have begun to examine tumor tissue to
identify immunohistochemical markers that might predict the
outcomes of patients with RCC. Carbonic anhydrase IX (CAIX)
has been identified as one potential marker. Bui et al. used
a monoclonal antibody designed to detect CAIX expression
to perform an immunohistochemical analysis of paraffin-
embedded RCC specimens. They showed that >90% of RCC

expresses CAIX, and that its expression decreases with
advancing stage (25). In their analysis, high CAIX expression
in primary tumors was seen in 79% of patients and was
associated with improved survival and possibly response to
IL-2–based therapy. In addition, all long-term responders to
IL-2–based treatment had high CAIX expression. In this study,
low CAIX expression was associated with a worse outcome for
patients with locally advanced RCC and was an independent
predictor of outcome in patients with metastatic disease.
Building on this work, Atkins et al. performed a nested case-

control study within the larger cohort of patients whose
pathology was analyzed (26). CAIX expression levels were
correlated with response to IL-2, pathologic risk categorization,
and survival. As in the report by Bui et al., the percentage of
CAIX-positive tumor cells was used to separate high (>85%)
and low (V85%) expressors. Twenty-seven (41%) of 66 selected
patients had responded to IL-2–based regimens, with 20
(30%) remaining alive at a median follow-up of 2.6 years.
Twenty-four (36%), 31 (47%), and 11 (17%) were classified
into good-risk, intermediate-risk, or high-risk groups according
to the pathology model described above. Forty-one specimens
(62%) had high CAIX expression. Twenty-one (78%) of 27
responding patients had high CAIX expression compared with
20 (51%) of 39 nonresponders (odds ratio, 3.3; P = 0.04).
Median survivals were 3 years and 1 year for high and low
CAIX expressors, respectively (P = 0.04). Although tumor
response were seen in six patients with low CAIX staining,
survival >5 years was only seen in the patients with high CAIX-
expressing tumors. High CAIX staining was associated with
better pathology features but remained an independent
predictor of response. For example, in patients within the
intermediate-pathology group, 9 of 9 responders had high
CAIX expression versus only 11 of 22 nonresponders. A two-
compartment model was proposed in which one group of
patients with either good pathology or intermediate pathology
and high CAIX expression contained 26 (96%) of 27
responders compared with only 18 (46%) of 39 nonresponders
(odds ratio, 30; P < 0.01; Fig. 1). Significant survival benefit
was also seen for this group (P < 0.01).
The fact that this analysis enriched for responding patients

makes it inappropriate to report response rates. However, if this
model were applied to an unselected population of renal cancer
patients receiving IL-2 therapy, one would estimate that
approximately half of patients would be in each risk group,

Fig. 1. The proposed new model for combining pathology predictive group
with CAIX staining.Three pathologic risk groups previously reported by Upton et al.
(24) can theoretically be collapsed into two groups having distinct response rates
to IL-2 therapy and survivals.
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and that the response rate would be 35% to 40% for the good-
risk group and <5% for the poor-risk group. Although this
model and these assumptions require prospective validation, it
highlights the potential for using pathologic and molecular
features of the tumor to identify optimal patients to receive IL-2
therapy. Additional studies to explain these preliminary
observations and correlate results with previously described
clinical features are necessary.

Molecular Markers

Gene expression profiling of tumor specimens to identify
new proteins or patterns of gene expression that might be
associated with IL-2 responsiveness may eventually help to
further narrow the application of IL-2 therapy to those who
will benefit the most. Using this approach, Pantuck et al. were
able to identify a set of 73 genes whose expression distin-
guished complete responders from nonresponders after IL-2
therapy (27). In their hands, complete responders to IL-2 have
a signature gene and protein expression pattern that includes
CAIX, PTEN, and CXCR4. Although this approach requires
prospective validation, it may become a powerful aid for
clinicians in selecting appropriate treatment options.

Current Investigation

This year, the Cytokine Working Group launched the high-
dose IL-2 ‘‘Select’’ Trial. The primary objective of this study is to
determine, in a prospective fashion, if the predictive model
proposed by Atkins et al. can identify a group of patients with
advanced RCC who are significantly more likely to respond to
high-dose IL-2–based therapy (‘‘good’’ risk) than a historical,
unselected patient population (26). New factors (including
baseline immune function, immunohistochemical markers,
and gene expression patterns) that might be associated with
response to high-dose IL-2 therapy will also be explored in an
attempt to more narrowly limit the application of IL-2 to those
patients most likely to benefit.

Conclusions

High-dose bolus IL-2 remains the only therapy for RCC
capable of producing durable responses of metastatic disease
and should be considered for appropriately selected patients
with access to such treatment (28). Recent studies suggest
that the potential exists for identifying predictors of response
and therefore limiting therapy to those most likely to benefit.
When attempting to determine initial therapy for a patient
with metastatic RCC, the data currently available suggest
that patients with good or intermediate prognosis clinical
features, tumors with clear cell histology, and high CAIX
expression are more likely to benefit from high-dose IL-2
therapy and should be presented with this treatment option
(24–26). Those patients with poor clinical prognostic

features and tumors with non–clear cell histology and low
CAIX expression do not benefit from IL-2 and should not
receive it. For patients unlikely to benefit from, unable to
receive, or who progress after IL-2, the emergence of
molecularly targeted therapies offers hope for improved
clinical outcome.

Open Discussion

Dr. Ernstoff: Although the data for the targeted therapies
have been on cytokine failures, it is clear that targeted therapies
are moving to frontline therapy. Unless targeted therapies are
curing patients, they will at some point fail. In that group of
patients, have you thought about how you would potentially
select interleukin-2 (IL-2) patients?

Dr. McDermott: In our practice, we are becoming increas-
ingly concerned that patients who fail targeted therapy are not
in good enough condition to receive HD IL-2. A study looking
at the response rate in this group of patients would be of
interest. Determining eligibility for IL-2 after targeted therapy
would largely be influenced by performance status. I would
assume that if patients were eligible to receive IL-2 in this
setting, their likelihood of response would be influenced by the
same criteria as those that have been developed for first-line
patients. But this hypothesis remains to be tested.

Dr. Flaherty: Couldn’t you pick the potential IL-2 patients
based on their early course of sorafenib therapy? You could use
the first 2 or 3 months of antiangiogenic therapy to prescreen
the subset that is IL-2 responsive.

Dr. McDermott: You could argue that those patients also
have HIF-driven CAIX-expressing tumors. However, once a
patient begins to benefit from antiangiogenic treatment, it
becomes much harder to convince them to stop.

Dr. Flaherty: How are you ever going to know who those
patients are if you do not entertain that idea? You can stop and
restart therapy as long as you are not allowing the emergence
of a critical genetic event in their tumor that makes antian-
giogenic therapy irrelevant for them in the future.

Dr. Figlin: Whether IL-2 monotherapy with this select trial
is accomplished, it does not address whether we should be
thinking about combination therapy with IL-2. What rational
combinations could be envisioned?

Dr. McDermott: The Cytokine Working Group is currently
studying bevacizumab at full dose given 2 weeks before and
then through a course of IL-2 in an attempt to improve the
frequency and duration of responses to IL-2. Some of the
potential positive effects of this combination include improve-
ments in immune function that may be seen with lower VEGF
levels and a decrease in the incidence of hypotension. However,
some data suggest that to get lymphocytes to leave the blood
and enter the tumor you may need VEGF. So this combination
could limit the efficacy of IL-2. We also talked about doing
trials with sorafenib, but this agent might make T cells work less
well. We need more preclinical data to guide us in this area.
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