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Update on the Role of Interleukin 2 and Other Cytokines in the
Treatment of Patients with Stage IV Renal Carcinoma

Michael B. Atkins,1,3 Meredith Regan,2,3 and
David McDermott1,3

1Beth Israel Deaconess Medical Center, 2Dana-Farber Cancer
Institute; and 3Dana-Farber/Harvard Cancer Center Renal Cancer
Program, Boston, Massachusetts

ABSTRACT
Immunoreactive cytokines have been the mainstay of

treatment of renal cancer for the past 15 years. Most re-
search has focused on interferon alpha (IFN-�) and inter-
leukin 2 (IL-2). IFN-� has been shown in Phase III studies to
produce a modest survival advantage over inactive or non–
IFN-containing regimens. Its general tolerability, multiple
proposed mechanisms of action, and familiarity have
prompted IFN-� to be studied in combination with a variety
of agents with potential activity against renal cell carcinoma.
These various studies may justify an increased role for
IFN-� in the treatment of renal cancer in the foreseeable
future. High-dose bolus IL-2 remains the only treatment for
stage IV renal cancer approved by the United States Food
and Drug Administration. Food and Drug Administration
approval was granted in 1992 based on the ability of this
agent to produce durable complete responses in a small
number of patients. Unfortunately, the toxicity, expense, and
restricted accessibility of high-dose IL-2 make it a poor
standard. Regimens involving lower doses of IL-2 either
alone or in combination with IFN-� have generally pro-
duced fewer tumor regressions of less overall quality. Recent
efforts have focused on trying to identify factors predictive
of response to IL-2 therapy so that this treatment could be
limited to those most likely to benefit.

INTRODUCTION
Renal cell carcinoma evokes an immune response, which

occasionally results in spontaneous and significant remissions
(1, 2). In an attempt to reproduce or accentuate this response,
various immunotherapeutic strategies have been used, including
nonspecific stimulators of the immune system, specific antitu-
mor immunotherapy, adoptive immunotherapy, the induction of
a graft-versus-tumor response via allogeneic hematopoietic stem

cell transplantation, and the administration of partially purified
or recombinant cytokines (3–6). Although many such therapies
display antitumor activity, research during the past 2 decades
has tended to focus on various cytokines of which the protein
structure and biological properties are more clearly defined.

A number of cytokines have shown antitumor activity in
renal cell carcinoma; however, the most consistent results have
been reported with interferon � (IFN-�) and interleukin 2 (IL-
2). Although the mechanism of action of these cytokines re-
mains to be fully elucidated, antitumor effects in murine models
have been linked to the direct killing of tumor cells by activated
T cells and natural killer cells, as well as to antiangiogenic
effects. Given the limitations of these agents, recent research has
focused on the use of IFN in combination with other agents and
in identifying predictive factors that might enable IL-2 therapy
to be applied more selectively to patients who are most likely to
benefit.

INTERFERON �
IFN-� has undergone extensive clinical evaluation during

the past 2 decades in metastatic renal cell carcinoma. Results of
these investigations are thoroughly described in several reviews
(7, 8). Despite the use of a variety of preparations, doses, and
schedules, most studies have shown modest antitumor activity,
with the overall response rate being �10% to 15%. Responses
are often delayed in onset, with median time to response being
�4 months. Most responses are partial and short-lived (median
response duration, 6 to 7 months). Approximately 2% of pa-
tients have had complete responses, with only an occasional
patient having a response persistence in excess of 1 year after
therapy (9). Although no clear dose-response relationship exists,
thrice weekly doses in the 5- to 10-MU/M2 range appear to have
the highest therapeutic index. The toxic effects of IFN include
flu-like symptoms, such as fever, chills, myalgias, and fatigue,
as well as weight loss, altered taste, depression, anemia, leuko-
penia, and elevated liver function test results. Most adverse
effects, especially the flu-like symptoms, tend to diminish with
time during long-term therapy.

Recent studies have suggested that IFN-�, despite having
limited antitumor activity, may produce a modest impact on
survival. For example, a Phase III trial comparing IFN-�2a plus
vinblastine chemotherapy to vinblastine alone reported a median
survival of 67.6 weeks for the combination arm compared with
37.8 weeks for patients receiving vinblastine alone (P � 0.0049;
(10). In another trial which randomized patients with advanced
disease to either IFN-� or medroxyprogesterone, there was a
28% reduction in the risk of death in the IFN-� group (P �
0.017) and an improvement in median survival of 2.5 months
(11). Despite its long track record of modest clinical activity,
IFN-� continues to be actively investigated in patients with
advanced renal cancer. Its excellent safety profile, multiple
potential mechanisms of action, outpatient administration
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schedule, and familiarity to the community oncologist has
prompted it to be used as the control arm in many cooperative
group and industry-sponsored Phase III trials of novel agents
and to be readily combined with other potentially active agents
in renal cancer, including IL-2, 13-cis-retinoic acid, thalido-
mide, CCI-779, and bevacizumab. Although the addition of
cis-retinoic acid to IFN-� produced no significant benefit (12),
and combinations of IL-2 and IFN have produced mixed results
(see below), studies that involve other combinations have only
recently been initiated and, thus, results have yet to be fully
reported.

INTERLEUKIN 2
Inpatient high-dose bolus IL-2 received Food and Drug

Administration approval for the treatment of patients with stage
IV renal cell carcinoma in 1992 based on data presented on 255
patients who were entered onto 7 Phase II clinical trials (13, 14).
In these studies, patients received 600,000 to 720,000 IU/kg of
recombinant human IL-2 by 15-minute infusion every 8 hours
during two 5-day courses (maximum, 14 doses per course)
separated by 5 to 9 days of rest. Stable or responding patients
received two to five courses of therapy at 8- to 12-week inter-
vals and then were observed while not receiving any additional
therapy. Objective responses were seen in 37 (15%) of the 255
patients, including 17 complete responses (7%) and 20 partial
responses (8%). The median duration of response was 54
months for all of the responders, 20 months for partial respond-
ers and has not yet been reached for complete responders. The
median survival was 16 months for all 255 patients. Follow-up
data on these patients accumulated through June 2002 (median
follow-up of �10 years) confirm the remarkable durability of
these responses (3). Although some late relapses have been
observed, the response duration curve appears to have leveled
off after the 30-month time point, and 60% of complete respond-
ers remain in remission. In addition, 4 partial responders who
underwent surgical resection of residual disease while still in
response remain alive and disease-free at a minimum of 65
months. Therefore, most patients who achieved a complete
response that lasted �30 months and those individuals with
partial responses resected to “no evidence of disease” after a
response to high-dose IL-2 were unlikely to progress and may
actually be cured.

Although the inpatient high-dose bolus IL-2 regimen pro-
duces favorable outcomes in a handful of patients, it is also
associated with significant toxic effects and cost and is not
universally available, making it an unpalatable standard. Low-
dose IL-2 regimens (with or without IFN-�) have produced
similar response rates and survival in nonrandomized Phase II
trials, but responses appeared to be less durable than those seen
with high-dose IL-2 (15–18). For example, in a series of Phase
II trials performed sequentially by the Cytokine Working Group,
3-year progression-free survival was 9%, and median response
duration was 53 months for patients who received high-dose
IL-2 compared with 2% to 3% and 12 months for lower-dose
IL-2 and IFN regimens. Although these trials involved the same
treating physicians, relatively constant referral patterns, and
identical response assessment and patient eligibility criteria, it
was impossible to exclude selection bias or chance as an expla-

nation for the apparent superiority of the high-dose IL-2 regi-
men in terms of response quality.

In an effort to determine the value of outpatient subcuta-
neous IL-2 and IFN-� relative to high-dose IL-2, the Cytokine
Working Group performed a prospectively randomized Phase
III trial (19, 20). Patients were randomized to receive either
outpatient IL-2 (5 MIU/m2 s.c. every 8 hours for three doses on
day 1 then daily 5 days per week for 4 weeks) and IFN-� 2B (5
MIU/m2 s.c., thrice weekly for 4 weeks) every 6 weeks or
high-dose inpatient IL-2 (600,000 IU/kg per dose i.v. every 8
hours, days 1–5 and 15–19; maximum, 28 doses) every 12
weeks. Tumor responses were assessed at weeks 6 and 12 then
every 12 weeks. Responding patients taking IL-2 and IFN-�
received up to six cycles at 6-week intervals, whereas respond-
ing patients receiving high-dose IL-2 received up to three cycles
at 12-week intervals.

One hundred ninety-two patients were enrolled between
April 1997 and July 2000. Ages ranged from 21 to 75 years
(median, 54 years); 70% were male. Ninety-six patients were
assigned to each treatment arm. Patients were stratified for bone
or liver metastases, primary in place, and a performance status
of 0 or 1. Treatment arms were balanced for the following
characteristics, as well as other factors: bone or liver metastases
(44% versus 46%), primary in place (32% versus 30%), and
performance status 0 (61% versus 59%), respectively. Toxic
effects seen were typical for these regimens, including 1 treat-
ment-related death from progressive disease and acute respira-
tory distress syndrome in a patient taking IL-2 and IFN-� and 1
death from capillary leak syndrome in a patient taking high-dose
IL-2. Six patients (5 assigned to IL-2 and IFN-� and 1 assigned
to high-dose IL-2) refused their assigned therapy after ran-
domization and were, thus, inevaluable for tumor response or
progression-free survival. Efficacy results were audited by two
independent radiologists in April 2002.

The response rate for high-dose IL-2 was 23% (22 of 96)
versus 9% (9 of 96) for IL-2 and IFN-� (P � 0.018). Eight
patients achieved a complete response while taking high-dose
IL-2 versus 3 patients taking low-dose IL-2 and IFN-�. The
median response durations were 14 months for high-dose IL-2
(range, 3–50� months) and 7 months for IL-2 and IFN-�
(range, 4–38� months; P � 0.18). Median overall survivals
were 17 and 13 months (P � 0.12), favoring high-dose IL-2.
Median progression-free survival was 3 months for both treat-
ments. The primary end point of the study was 3-year progres-
sion-free survival. Nine patients taking high-dose IL-2 were
progression free at 3 years versus 2 patients taking IL-2 and
IFN-� (P � 0.06).

Responses to high-dose IL-2 were seen with equal fre-
quency across the stratification criteria, whereas low-dose IL-2
and IFN-� appeared to produce more responses in patients
without liver and/or bone metastases and in those who had
undergone nephrectomy to remove the primary tumor. For pa-
tients with bone or liver metastases (P � 0.002) or primary
tumor in place (P � 0.54), survival was superior with high-dose
IL-2 compared with IL-2 and IFN-�, 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. Furthermore, patients who had
undergone a recent nephrectomy (debulking nephrectomy in the
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setting of stage IV disease) appeared to fare as well with IL-2
and IFN-� as high-dose IL-2 (21).

Quality of life was assessed using the European Organiza-
tion for Research on the Treatment of Cancer Quality-of-Life
C30 questionnaire at seven time points during therapy. Six
functional and 9 symptom scales were evaluated. Compared
with IL-2 and IFN-�, patients receiving high-dose IL-2 noted
diminished quality of life on some symptom scales early in
therapy but experienced overall improved functional and symp-
tomatic quality of life during treatment (22). Similar response,
response duration, and quality-of-life data were observed by
Yang et al. (23) in a recently published Phase III trial comparing
high-dose IL-2 to either intermediate-dose i.v. IL-2 or outpa-
tient-administered s.c. IL-2.

Taken in aggregate, these data suggest that high-dose IL-2
produces significantly more responses of apparent better quality
and a borderline significant difference in number of patients
progression free at 3 years relative to low-dose outpatient IL-2
and IFN-�. The benefit of high-dose IL-2 is particularly evident
in patients with primary tumors in place or with liver or bone
metastases. Quality of life during the treatment was also better
for patients who received high-dose IL-2 relative to those who
received lower-dose IL-2 and IFN-�. Consequently, high-dose
IL-2 should remain the preferred therapy for appropriately se-
lected patients with access to such therapy. Appropriate selec-
tion criteria for high-dose IL-2 need to be reevaluated and
additionally refined.

OTHER CYTOKINES
Clinical trials with other cytokines, such as IL-4 and IL-6,

produced only occasional minor responses (24, 25). A few
durable responses have been observed in Phase I trials of re-
combinant human IL-12 administered either i.v. or s.c.; how-
ever, in general, antitumor activity in these studies has been less
than predicted by preclinical models (26). Subsequent clinical
investigations have been plagued by the discovery of a peculiar
schedule dependency for IL-12 whereby a single “test dose” of
IL-12 has been shown to increase patient tolerance to subse-
quent therapy and possibly reduce antitumor effects (27). Novel
schedules of IL-12 and combinations of IL-12 with IL-2 have
been explored in an effort to sustain the biological activity of
IL-12 (28, 29). These studies have shown some ability to restore
IFN-� production in response to IL-12 and have produced some
encouraging responses. Unfortunately, the lack of availability of
IL-12 has greatly hindered additional exploration of this prom-
ising cytokine.

CLINICAL PREDICTORS OF BENEFIT FROM
CYTOKINE-BASED THERAPY

Many groups have attempted to determine reliable predic-
tors of response and survival for patients with metastatic renal
cell carcinoma who were receiving immunotherapy. Factors that
have been variably associated with response include perform-
ance status, number of organs with metastases (1 versus 2 or
more), absence of bone metastases, prior nephrectomy, degree
of treatment-related thrombocytopenia, absence of prior IFN-�
therapy, thyroid dysfunction, rebound lymphocytosis, erythro-

poietin production, and post-treatment elevations of blood tumor
necrosis factor (TNF) � and IL-1 levels (3).

Motzer et al. (30) have shown in patients receiving IFN-�
that poor survival is associated with low Karnofsky performance
status, high serum lactate dehydrogenase level, low hemoglobin,
high “corrected” serum calcium level, and time from initial renal
cell carcinoma diagnosis to start of therapy of �1 year. In a
cohort of 453 patients who received IFN-� as initial therapy, the
median survival for the favorable (no risk factors), intermediate
(1 or 2 risk factors), and poor (3 or more risk factors) risk groups
were 30, 14, and 5 months, respectively. Negrier et al. (18) also
identified independent predictors of rapid disease progression,
defined as progression within 10 weeks of initiation of therapy.
These included �1 metastatic site, disease-free interval of �1
year, presence of liver metastases or mediastinal nodes, and type
of immunotherapy used. Patients with liver metastases, �1 site
of disease, and disease-free interval of �1 year had a lower
response rate and a median survival of only 6 months, even
while receiving combination IL-2 and IFN-� therapy. Figlin et
al. (31) identified prior nephrectomy and time from nephrec-
tomy to relapse as important predictors of survival in patients
receiving IL-2–based therapy. In their series, patients who re-
ceived systemic immunotherapy for metastatic disease �6
months after nephrectomy had the best median survival and had
a 3-year survival rate of 46%. A recent multivariate analysis by
the same group of investigators that was confined to patients
who received IL-2 therapy after nephrectomy revealed survival
to be inversely associated with lymph node involvement, con-
stitutional symptoms, sarcomatoid histology, metastases that
involved sites other than bone or lung or multiple sites, and a
thyrotropin level of �2 mIU/L (32). They proposed a scoring
algorithm based on these features in which survival at 1 year
was predicted to vary from 1% to 92%. Recent data from the
Cytokine Working Group Phase III trial, mentioned above,
suggested that disease site factors, such as primary in-place or
hepatic or bone metastases, may be more predictive of a poor
response to low-dose IL-2 and IFN-� regimens than to high-
dose IL-2 (3, 20, 21). Furthermore, this study suggested the
greatest benefit from high-dose IL-2 relative to lower-dose
regimens might be seen in patients with primaries in place
and/or liver and bone metastases. These data call into question
some of the prior studies and suggest that additional predictors
of response and survival in patients receiving cytokine-based
immunotherapy are necessary.

PATHOLOGICAL AND MOLECULAR
PREDICTORS OF RESPONSE TO IL-2

We performed recently a large-scale reanalysis of pathol-
ogy specimens from patients who received IL-2–based therapy
as part of Cytokine Working Group trials (33). We determined
that response to IL-2 was significantly associated with clear cell
histology with alveolar features and the absence of papillary or
significant granular features. Patients with these features in their
kidney tumor specimens had a 25% response rate (29 of 115)
compared with a 4% response rate (2 of 50) for patients with
papillary features, �50% granular features, or no alveolar fea-
tures. The results in the kidney tumor specimens were confirmed
in a separate analysis of metastatic lesions. In the metastatic
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setting, responses were limited to patients with clear cell tumors
with the favorable histologic patterns described in the primary
tumor specimens.

Carbonic anhydrase IX has been identified recently as a
molecular marker that is potentially predictive of response to
IL-2. Carbonic anhydrase IX expression is mediated by the
hypoxia-inducible factor 1� transcriptional complex and in-
duced in many tumor types, but is absent in most normal tissues.
Bui et al. (34) used a monoclonal antibody designed to detect
carbonic anhydrase IX expression to perform an immunohisto-
chemical analysis of paraffin-embedded renal cell carcinoma
specimens. They showed that �90% of renal cell carcinomas
express carbonic anhydrase IX and that its expression decreases
with advancing stage. In their analysis, high carbonic anhydrase
IX expression in primary tumors was seen in 79% of patients
and was associated with improved overall survival and possibly
response to IL-2–based therapy. In addition, all of the long-term
responders to IL-2–based treatment had high carbonic anhy-
drase IX expression.

Building on this work, we performed a nested case-control
study within the larger cohort of patients whose pathological find-
ings were reanalyzed (35). Carbonic anhydrase IX expression lev-
els were correlated with response to IL-2, pathological risk cate-
gorization, and survival. As in the report by Bui et al. (34), the
percentage of carbonic anhydrase IX–positive tumor cells was used
to separate high (�85%) and low (�85%) 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-, intermediate-, or poor-risk groups according
to the pathology model described above. Forty-one specimens
(62%) had high carbonic anhydrase IX expression. Twenty-one
(78%) of 27 responding patients had high carbonic anhydrase IX
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 carbonic anhydrase IX expressors, respectively
(P � 0.04). Survival �5 years was only seen in the high-carbonic
anhydrase IX-expressing group. High carbonic anhydrase IX stain-
ing was associated with better pathological features but remained
an independent predictor of response. For example, in patients in
the intermediate pathological features group, 9 of 9 responders had
high carbonic anhydrase IX expression versus 11 of 22 nonre-
sponders. A two-compartment model was proposed in which one
group of patients with either good pathological features or inter-
mediate pathological features and high carbonic anhydrase IX
expression contained 26 of 27 responders (96%) compared with
only 18 of 39 nonresponders (46%, odds ratio � 3 0, P � 0.01).
Significant survival benefit was also seen for this group (P � 0.01).

Although this model requires prospective validation, it
highlights the potential for using pathological and molecular
features of the tumor to identify optimal patients to receive IL-2
therapy. Additional studies to explain these preliminary obser-
vations and correlate results with clinical features described
previously are necessary. In addition, 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.

OPEN DISCUSSION
Dr. James Yang: How was the 85% of positive cells

picked as a cutoff? It does not capture all of the responders. It
certainly does not even capture all of the complete responders in
your study.

Dr. Michael Atkins: It was based on the UCLA data.
Dr. Robert Figlin: It’s a statistical bootstrapping tech-

nique. In retrospect, we looked at the range between positive
and negative. Our study by itself was nothing more than a
hypothesis until Mike came along and was able to confirm it in
another data set.

Dr. Yang: You have to be careful to use that clinically,
because that may not be the best boundary to determine who can
benefit from IL-2 versus which grouping gave the best correla-
tion.

Dr. Ronald Bukowski: Is there a full description of the
methodology for these studies?

Dr. Atkins: All these studies were done on paraffin
tissue. One caveat is that they were done for the most part on the
primary tumors when we were treating the metastatic disease.
The CA-IX (carbonic anhydrase IX) expression in the metasta-
ses is probably less than in the primary, and it is possible that the
correlation might even be stronger if you looked at the meta-
static disease, although that is something that needs to be
studied.

Dr. Yang: Did you ever see an objective regression of a
primary tumor?

Dr. Atkins: Yes, we have seen primary tumors that have
gotten smaller with IL-2 therapy. We have seen patients who
had regressions, including some patients who had complete
regression of their primary tumor without surgery, but a lot of
the patients who had responses in their distant disease would
require surgery to remove residual disease in their primary
tumor.

Dr. W. Marston Linehan: Did you see complete re-
sponse in primaries?

Dr. Atkins: Yes. Bob, could you comment on what the
availability of the CA-IX antibody will be for future studies?

Dr. Figlin: Egbert Oosterwick in the Netherlands and
Eric Stanbridge at the University of California, Irvine, are
basically the people who have access to the antibody.

Dr. Allan Lipton: In your study of CA-IX and IL-2
therapy, was the CA-IX staining the same in both treatment
groups?

Dr. Atkins: We have not collected all of the tissue. You
have to realize what a task it was to even get the tissue to do the
pathology reinterpretation, because the tissue does not reside in
our institutions. It resides in the institutions where the patients
had their surgery. So we collected as much as we could. None-
theless, CA-IX staining seemed to be relatively balanced. In our
group of patients, there were 66 patients; 32 had received
low-dose IL-2 and interferon, and 34 had high-dose IL-2.

Dr. Lipton: Do you think it really is a drug effect or is
there an imbalance in the two groups that would explain the
difference?

Dr. Atkins: I think it is a treatment effect. I would also
add that CA-IX may be a predictive marker of response to IL-2
and survival in patients treated with IL-2, but we have no idea
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what the predictive value would be if the patients were treated
with another agent or not treated at all.

Dr. Figlin: It may be that CA-IX would do the same
thing for interferon-treated patients. It has just never been tested.

Dr. Atkins: We now have a reason for trying to collect
tissue blocks as part of these various studies or at least to have
a few unstained slides sent to a central place (Pathology Core)
for potential later analysis.
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