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Abstract Renal cell carcinoma (RCC) evokes an immune

response, which has occasionally resulted in spontaneous

and dramatic remissions [1–3]. In an attempt to reproduce or

accentuate this response, various immunotherapeutic strat-

egies have been studied. The most consistent anti-tumor

activity has been reported with interferon alfa (IFN-a) and

interleukin 2 (IL-2). In recent years, randomized trials have

suggested that high-dose intravenous 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. As this list of effective therapies for RCC grows,

improvements in patient selection will be necessary to

ensure that the only therapy capable of producing durable

remissions will remain available to the patients who should

receive it [4–7].
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High-dose IL-2 therapy

In 1992, high-dose bolus IL-2 was approved by the FDA

for the treatment of patients with metastatic renal cell

cancer based on data presented on 255 patients entered

onto 7 phase II clinical trials [8]. In these studies, 600,000–

720,000 IU/kg of recombinant human IL-2 was adminis-

tered by 15-min infusion every 8 h 9 14 doses, thereby

constituting a cycle of therapy. Patients received a course

of therapy, consisting of 2 cycles separated by 5–9 days of

rest (maximum of 28 doses), and courses were repeated

every 8–12 weeks in stable or responding patients.

Although 35% of patients received 720,000 IU/kg of IL-2

per dose and the remainder received 600,000 IU/kg per

dose, the median cumulative amount of IL-2 administered

was the same in both groups, since patients receiving

720,000 IU/kg per dose tolerated fewer IL-2 doses. Ninety-

six percent of these patients had an ECOG performance

status of 0 or 1, 85% had undergone a nephrectomy prior to

starting IL-2 therapy, none had received prior immuno-

therapy, and the median time from diagnosis to treatment

was 8.5 months.

Objective responses were seen in 37 of the 255 patients

(RR 15%). There were 17 (7%) complete responses (CRs)

and 20 (8%) partial responses (PRs). Fourteen of the

responding patients (38%) began therapy with tumor bur-

dens greater than 50 cm2 on pretreatment scans, and 60%

of PRs had greater than 90% regression of all measurable

disease. The median duration of response was 54 months

for all responders, 20 months for PRs, and has not yet been

reached for CRs. The median survival was 16 months for

all 255 patients.

Follow-up data on these patients has now been accu-

mulated through June 2002 with a median follow-up of

over 10 years [9, 10]. Although some late relapses are still
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being observed, the response duration curve appears to

have leveled off after the 30 month time point and 60% of

CRs remain in remission. In addition, 4 PRs who under-

went surgical resection of residual disease while still in

response remain alive and disease-free at a minimum of

65? months. Therefore, many CRs remaining free from

progression for more than 30 months and those PRs

resected to NED after a response to high-dose IL-2 are

unlikely to progress and may be cured. IL-2 remains the

only FDA-approved systemic therapy that can produce

durable remissions of metastatic RCC that can last years

following completion of therapy.

Randomized trials with IL-2 – IFN

Given that high-dose bolus IL-2 was approved by the FDA

for its ability to produce durable tumor responses, before

accepting lower dose regimens as equivalent it was imper-

ative to establish that the quality of the tumor responses

with these lower dose regimens was not inferior. Four large-

scale randomized trials have now been completed that

provide clinicians with useful insights into the relative

merits of these various regimens (Table 1).

The French Immunotherapy Group conducted a large-

scale, phase 3 randomized trial that compared intermediate-

dose IL-2 administered by continuous intravenous (IV)

infusion plus subcutaneous IFN-a with either IL-2 or IFN-a
administered alone [11]. Four hundred and 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 anti-tumor 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 investi-

gators performed a randomized trial comparing standard

high-dose IV bolus IL-2 and a low-dose IV bolus IL-2

regimen developed by Yang et al. [12]. After randomizing

117 patients, a third arm was added that involved subcuta-

neous IL-2 administered according to the regimen described

by Sleijfer et al. [13]. Results were analyzed and reported

according to groups that were concurrently randomized.

Among the 306 patients concurrently assigned to either

high- or low-dose IV IL-2, the response rate was signifi-

cantly higher with high-dose therapy (21% vs 13%), with a

trend toward more durable responses. Duration of response

was superior in patients who received the high-dose IV IL-2

compared with those who received the low-dose IV 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

attributable 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 subcutaneous

IL-2 or high-dose IV IL-2, a higher response rate was seen

with high-dose IV IL-2 (21% vs 10%), but the difference

Table 1 Select randomized trials of cytokine therapy in metastatic RCC

Trial Treatment

regimens

N Response

rate (%)

Durable complete

response (%)

Overall survival

(months)

Overall survival

difference

FIG13 CIV IL-2 138 6.5 1 12 NS

LD SC IFN-a 147 7.5 2 13

CIV IL-2 ? IFN-a 140 18.6 5 17

MPA 123 2.5 1 14.9

FIG17 LD SC IFN-a 122 4.4 3 15.2 NS

LD SC IL-2 125 4.1 0 15.3

SC IL-2 ? IFN 122 10.9 0 16.8

NCI SB14 HD IV IL-2 156 21 8 NR NS

LD IV IL-2 150 13 3 NR

HD IV IL-2 95 23 7 17.5

CWG16 LD SC IL-2/IFN-a 91 10 NR 13 NS

HD IV IL-2 95 23 NR 17.5

HD high dose, LD low dose, IV intravenous, SC Subcutaneous, CIV continuous IV infusion, NS not statistically significant, MPA medroxy-

progesterone acetate, NCI SB National Cancer Institute Surgery Branch, CWG Cytokine Working Group, FIG French Immunotherapy Group, RR
response rate, CR complete response
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was of borderline statistical significance. Once again there

were no differences in overall survival.

In an effort to determine the value of outpatient sub-

cutaneous IL-2 and IFN-a relative to high-dose IV IL-2, the

Cytokine Working Group (CWG) performed a phase 3 trial

in which patients were randomized to receive either out-

patient IL-2 and IFN-a every 6 weeks or standard high-

dose inpatient IL-2 every 12 weeks [14]. One hundred and

ninety-three patients were enrolled, and 192 were evaluable

for toxicity and tumor response.

The response rate for high-dose IL-2 was 23% (22/96) vs

10% (9/96) for IL-2 and IFN-a (P = .018). Eight patients

achieved a complete response while taking high-dose IL-2

versus only 3 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 = .18). Median overall

survivals were 17.5 and 13 months (P = .12), favoring

high-dose IL-2. Ten patients (nine major responders) who

received high-dose IL-2 were progression free at 3 years

versus 3 patients (2 major responders) who received IL-2

and IFN-a (P = .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 appeared 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 = .001) or primary in

place (P = .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 impact of low-dose cytokine therapy on

survival in patients with intermediate likelihood of

response to IL-2 and IFN-a as defined in prior studies with

these cytokines [15]. Untreated patients with Karnofsky

performance status of 80 or greater and more than one site

of metastatic disease were randomized to receive

medroxyprogesterone (control group), subcutaneous IFN-a,

subcutaneous IL-2, or the combination of IFN-a and IL-2.

Four hundred and 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-a arm, median overall

survival did not differ between the arms. The investigators

concluded that subcutaneous IFN-a and IL-2 should no

longer be recommended in patients with metastatic renal

cell carcinoma and intermediate prognosis.

Taken together, these studies suggest that high-dose IV

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. Consequently, although low-dose

cytokine therapy has a limited role in metastatic renal cell

carcinoma, we must conclude that high-dose IV 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 IV IL-2 therapy,

additional efforts should be directed at better defining the

patient population for whom this therapy is appropriate.

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 to

IL-2 include performance status [8], number of organs with

metastases (one versus two or more) [16], absence of bone

metastases [17], prior nephrectomy [18, 19], degree of

treatment-related thrombocytopenia, absence of prior

interferon therapy [20], thyroid dysfunction [21], lympho-

cyte count [22], rebound lymphocytosis [23], erythropoietin

production [24], and post-treatment elevations of blood

TNF-a and IL-1 levels.

Negrier et al. identified independent predictors of rapid

disease progression, defined as progression within 10 weeks

of initiation of therapy [25]. These included greater than one

metastatic site, disease-free interval of less than 1 year, and

presence of liver metastases or mediastinal nodes as well as

type of immunotherapy used. Patients with liver metastases,

more than one site of disease, and disease-free interval of less

than 1 year had a lower response rate and a median survival

of only 6 months, even while receiving combination IL-2

and IFN-a therapy. Figlin et al. identified prior nephrectomy

and time from nephrectomy to relapse as important predic-

tors of survival in patients receiving IL-2-based therapy [18].

In their series, patients who received systemic immuno-

therapy for metastatic disease more than 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 after nephrectomy revealed survival to be

inversely associated with lymph node involvement, consti-

tutional symptoms, sarcomatoid histology, metastases

involving sites other than bone or lung or multiple sites, and a

TSH level[2.0 mIU/l [19]. They proposed a scoring algo-

rithm based on these features in which survival at 1-year was

predicted to vary from 1 to 92%.

Recent data from the CWG 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-a regimens

Med Oncol (2009) 26:S13–S17 S15



than to high-dose IL-2 [14]. Furthermore, this study sug-

gested 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. This

data calls into question some of the prior studies and

suggests that additional predictors of response and survival

in patients receiving cytokine-based immunotherapy are

necessary.

Current investigation in patient selection

The CWG has launched the high-dose IL-2 ‘‘Select’’ Trial

to determine, in a prospective fashion, if the predictive

model proposed by Atkins et al. (described in a separate

article) can identify a group of patients who are significantly

more likely to respond to high-dose IL-2-based therapy

(‘‘good’’ risk) than a historical, unselected patient popula-

tion [26, 27]. New factors (including baseline immune

function, immunohistochemical markers, and gene expres-

sion 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 [28, 29]. As the list of

effective therapies for metastatic RCC grows, improve-

ments in patient selection will be necessary to ensure that

patients who might attain a durable remission with IL-2 will

not miss this opportunity.

IL-2 therapy following VEGF pathway directed therapy

The emergence of molecularly targeted therapies has

offered hope for improved clinical outcome for patients

with RCC. VEGF pathway directed therapy has been rec-

ommended for frontline use with other treatments reserved

for time of disease progression. However, a retrospective

analysis suggests that the toxicity of IL-2 therapy may be

higher in patients who have received prior VEGF-targeted

therapy, particularly sunitinib, and anti-tumor activity may

be diminished [30]. Twenty-three consecutive points who

received salvage IL-2 therapy were analyzed. Fifteen

patients had received prior tyrosine kinase inhibitors (TKI)

(sorafenib or sunitinib), while 8 patients had received

bevacizumab alone. Six of twenty-three patients did not

receive week 2 of cycle 1 of treatment. All six of these

patients had received prior TKI. The incidence of severe

cardiac toxicities, including one sudden cardiac death, in

patients receiving prior TKI was 40%, significantly higher

than what is expected from historical experience. Only 1 of

23 patients proceeded to receive a second cycle of IL-2. No

patients achieved a partial or complete response to therapy.

This retrospective analysis highlights unexpected and

severe cardiac toxicities in patients receiving IL-2 after

VEGF-targeted TKI therapy. While the mechanism for the

observed increased incidence of cardiovascular complica-

tions remains speculative, the assumption that IL-2 can be

given safely following VEGF pathway targeted therapy

may not be valid. Further examination of the safety of this

sequential approach is necessary and more cautious patient

selection appears warranted.

Conclusions

RCC has long been considered an immunologically influ-

enced malignancy and thus served as a platform for the

clinical testing of anti-cancer immunotherapy. The non-

specific cytokines, IL-2 and IFNa, have undergone the

most testing and produced only modest benefits for unse-

lected patients. High-dose IL-2 remains the only approach

to produce durable responses in patients with metastatic

RCC and can thus be considered in appropriately selected

patients. Additional molecular and pathologic selection

opportunities exist for cytokines, but considerable valida-

tion work is needed before these selection features can be

used clinically. Cytokine therapy optimally should be given

in the context of a clinical trial investigating combination

therapy and/or patient selection to maximize the benefit of

this approach.

In recent years, the list of effective therapies (e.g.,

angiogenesis inhibition, signal transduction inhibition, and

immunotherapy) for metastatic RCC has grown substan-

tially. The advent of targeted therapy in RCC does not

eliminate the potential utility of IL-2 in RCC, but rather

requires a rational refinement of this therapy through patient

selection that will hopefully increase the cure rate for

patients with this disease.
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