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Abstract. Non-small cell lung cancer (NSCLC) is associated 
with IL-2-dependent cell-mediated immunodeficiency. As IL-2 
is the main lymphocyte growth factor, a phase III random-
ized multicenter trial was conducted to evaluate the impact of 
subcutaneous low-dose IL-2 added to standard chemotherapy 
(CT) on overall survival (OS) in advanced NSCLC patients. 
Patients (n=241) with histologically confirmed stage IIIb or IV 
non-operable NSCLC underwent stratified randomization on 
the basis of center, ECOG PS, stage of disease and percentage 
of weight loss. Patients received gemcitabine (1000 mg/m2) on 
days 1 and 8 + cisplatin (100 mg/m2) on day 2 every 21 days 
for a maximum of 6 cycles [chemotherapy (CT) arm]. In the 
CT+IL-2 arm, patients also received low-dose subcutaneous 
IL-2 3,000,000 IU/die on days 3-5, 9-11, 15-17. The study had 
90% power to detect a 20% absolute increase in 1-year OS 
with 118 patients/arm. An overall response (OR) rate of 12.8% 
(14% in the CT+IL-2 arm and 11.4% in CT arm) was observed. 
Stable disease was 70 and 66.7%, and progressive disease 16 and 
21.8% in the CT+IL-2 and CT arms, respectively. No differences 
in response were found in any subgroup analysis. At a median 
follow-up of 32 months, 1-year OS was 45% for the CT+IL-2 arm 
vs. 51% for the CT arm (p=0.456 log-rank). Median progression-
free survival was 6.6 months in the CT+IL-2 arm vs. 6.9 months 

in the CT arm (p=0.573, log-rank). A higher number of grade 4 
toxicities were reported with CT+IL-2. The most common grade 
≥3 adverse events were gastrointestinal toxicity (mainly nausea 
and diarrhea) and myelosuppression. No relevant differences in 
clinical outcome were observed from the addition of IL-2 to CT. 
Future studies investigating the role of T-regulators in chemoim-
munotherapeutic regimens could be performed.

Introduction

Non-small cell lung cancer (NSCLC) accounts for 80-85% of all 
lung cancer cases. Approximately 90% of lung cancers in men 
and 80% in women are related to smoking. Incidence differs 
considerably across Europe, with rates varying between 22 and 
63/100,000 per year for men and between 5 and 33/100,000 per 
year for women. In most European countries the incidence of 
lung cancer continues to rise in women but is decreasing in men 
(1). Five-year age- and area-adjusted relative survival of all lung 
cancer patients in Europe continues to be low at 11%. Central 
European countries show slightly higher survival rates compared 
to those of other regions. Trends in lung cancer mortality in men 
have decreased in numerous European countries over the last two 
decades, especially in North and Western Europe. Conversely, 
mortality rates in women are still increasing in many countries 
(2).

Platinum-based combination chemotherapy has been 
considered the gold standard treatment for advanced disease for 
about a decade as it prolongs survival, improves quality of life 
and controls symptoms in patients with good performance status 
(3-5). Third-generation agents recommended for combination 
with cisplatin or carboplatin are vinorelbine, gemcitabine, 
taxanes, irinotecan and pemetrexed (for non squamous histology 
only) (6-10). The role of maintenance treatment has not been 
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determined. Recently, results from phase III trials of pemetrexed 
and erlotinib highlighted a survival benefit for patients who 
obtained a response or stable disease from first-line therapy. 
However, there is still no firm evidence of the superiority of 
immediate maintenance therapy over delayed therapy (11-14).

Several immunotherapeutic approaches have been tested 
in NSCLC since the introduction of recombinant cytokines, in 
particular human recombinant interleukin-2 (IL-2), into clinical 
practice about 10 years ago. IL-2 (Proleukin®), a T-lymphocyte 
activation and growth factor, is a cytokine with cardinal func-
tions in the physiology of cell-mediated immunity. It has been 
administered in a number of ways in advanced NSCLC patients 
in an attempt to induce a reduction in the disease; alone or in 
association with other treatments; by intravenous bolus or 
continuous infusion of the maximum tolerated dose (15-17); 
subcutaneously at low doses (18); and in combination with 
IFN-α and radiotherapy (19).

Despite low objective response rates, promising results 
on survival after IL-2 treatment in patients with advanced 
NSCLC have been reported by several authors. Ardizzoni and 
coworkers (17) observed a median survival of 10 months in 
11 patients, without, however, obtaining objective responses. 
Schiller's group reported a median survival of 11 months (range 
1-30+) using the combination IL-2+TNF (20), and Tummarello 
and corworkers obtained an improved response in 5/20 
patients who showed PR after biotherapy with consolidation 
treatment (IL-2 + IFN-α) in a phase II trial (21). Subcutaneous 
administration of low-dose IL-2 (1,800,000 IU/day) in combi-
nation with weekly cisplatin (40 mg/m2/week) and epirubicin 
(40 mg/m2/week) and with medroxyprogesterone acetate (1 g/
day per os) was evaluated in 30 lung cancer patients during a 
dose intensity phase I trial by Mantovani and coworkers, with 
a 30% OR and a median OS of 10 months (22). The systemic 
administration of IL-2 as adjuvant treatment in combina-
tion with adoptive immunotherapy was reported to improve 
survival after radical and non-radical surgical resection for 
NSCLC in two different randomized studies (23,24).

Cytokines are crucial for the regulation of the immune 
system, directing the response towards activation or down-
regulation (25-27). In neoplastic disease a progressive imbalance 
in cell-mediated immunity is observed, with the following 
consequences: decrease in the capacity to produce endogenous 
IL-2; alterations in molecular systems of cell signalling for 
IL-2; increased secretion of immunosuppressive and pro-
inflammatory cytokines produced directly by the tumor and/or 
by the altered immune system. In short, tumors have numerous 
mechanisms for evading the immune system (25,28,29). It is 
also known that tumor-induced immunosuppressive phenomena 
are reversible in vitro by the addition of exogenous IL-2 (30). 
From a systemic perspective, the decline in IL-2-dependent 
cell-mediated immune functionality, well characterized in vitro, 
becomes visible in the progressive reduction in peripheral 
circulating lymphocytes. In fact, the total peripheral lymphocyte 
count in advanced neoplastic disease is a significant prognostic 
factor for overall patient survival, independently of other clinical 
and biological prognostic indices of proven reliability such as 
performance status and extent of disease.

Since the 1970s literature data have repeatedly confirmed the 
prognostic significance of the baseline lymphocyte count in terms 
of overall survival (31-38). A decrease in the peripheral lympho-

cyte count is thus an expression of reduced IL-2-dependent 
immune competence in cancer patients and is an unfavourable 
prognostic factor for overall survival, independently of the 
extension of the disease, especially in advanced lung cancer. It 
represents a solid basis for the clinical interpretation of variations 
in lymphocyte count observed to varying degrees during IL-2 
administration: rebound lymphocytosis, which occurs 36-48 h 
after subcutaneous administration of IL-2, shows significantly 
higher values in patients who obtain an objective response or 
disease stabilization compared to those who progress (39,40). 
It can thus be hypothesized that the administration of IL-2, in 
restoring IL-2-dependent cell-mediated immune competence, 
may play a significant role in the overall survival of patients with 
unresectable lung cancer (41-43). The action of immune restora-
tion inducible with IL-2 can thus be considered as complementing 
the cytolytic action of antiblastic drugs.

In 2000 when we designed a randomized phase III trial and 
began recruitment, it seemed not only justifiable but also oppor-
tune to test such hypotheses in a trial model. We conjectured that 
subcutaneous low-dose IL-2, by increasing lymphocyte number 
and activity and by restoring IL-2-dependent cell-mediated 
immune response, would result in a significant increase in 
overall survival.

Patients and methods

A phase III randomized Italian multicentric trial was conducted 
to evaluate the impact of subcutaneous low-dose IL-2 added 
to standard CT on overall survival (OS) in advanced NSCLC 
patients. The study was approved by the local ethics committee 
of all participating institutions and was carried out in accor-
dance with Italian legislation and with the ethical standards 
laid down in the Declaration of Helsinki.

Patient selection. Eligibility criteria were as follows: histo-
logically/cytologically confirmed stage IIIb or IV non-operable 
NSCLC and measurable disease (WHO criteria); age ≥18 years; 
Eastern Cooperative Oncology Group performance status 
(ECOG PS) ≤2; life expectancy ≥12 weeks; adequate renal, 
hepatic and cardiac function. Written informed consent was 
obtained from all patients. 

Exclusion criteria included brain metastasis and pre-existing 
autoimmune diseases. No prior chemotherapy, immunotherapy 
or radiotherapy were permitted.

Treatments. All patients received gemcitabine (1000 mg/m2) 
on days 1 and 8 plus cisplatin (100 mg/m2) on day 2 every 21 
days for a maximum of 6 cycles (CT arm). In the CT+IL-2 arm, 
patients also received low-dose subcutaneous IL-2 3,000,000 
IU/die on days 3-5, 9-11, and 15-17 every 21 days. After 6 cycles 
a re-evaluation was performed and patients who had obtained 
complete response, partial response or stable disease continued 
with maintenance IL-2 on days 1-6 and 8-13 every 28 days 
until progression occurred (Table I). Patients with progressive 
disease and ECOG PS >2 discontinued treatment, while those 
with ECOG PS ≤2 were considered candidates for second-line 
chemotherapy. Doses were adjusted on the basis of the toxicity 
observed in the previous cycle. Treatment was stopped earlier 
in the event of progressive disease, uncontrolled pain, severe 
systemic allergy, patient refusal or unacceptable toxicity.
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Efficacy. The extent of disease was evaluated according to 
WHO criteria a maximum of 4 weeks before random assign-
ment. Thereafter, disease status was evaluated every 2 cycles in 
both arms. The primary study end-point was overall survival. 
Pre-specified secondary end-points were progression-free 
survival, event-free survival and toxicity evaluation. Further 
preplanned secondary end-points were objective response 
rate, subgroup analysis efficacy and identification of predictive 
factors of clinical outcome with exploratory hypothesis-gener-
ating intent, and role of peripheral blood lymphocytes (PBLs) as 
prognostic or predictive factors of clinical outcome.

Toxicity. Clinical assessment was performed at baseline, before 
each course and every 3 months during follow-up. Toxicity 
was classified according to the WHO grading system.

Statistical considerations
Randomization procedure. After verifying eligibility and 
obtaining written informed consent, patients were randomly 
assigned according to a 1.1 ratio to receive either standard chemo-
therapy (CT arm) alone or chemotherapy plus IL-2 (CT+IL-2 
arm). Randomization was performed centrally by the sponsor 
and stratified by investigator center, ECOG PS (0-1 vs 2), stage of 
disease (IIIb vs IV) and percentage of weight loss (≤5% vs >5%) 
during the previous 6 months. Patients started treatment within 
8 days of randomization.

Sample size. It was estimated that 1-year overall survival would 
be 25% in the CT arm. To detect a 20% increase in overall 
survival in the CT+IL-2 arm (α= 0.05; β= 0.1; log-rank test) and 
assuming a lost to follow-up of 5%, the required sample size was 
236 patients (118 per arm).

Efficacy analyses. All analyses were primarily performed on 
an intent-to-treat population. Overall survival was defined as 
the time from start of treatment until death. Progression-free 
survival was calculated from start of treatment until the date of 
objective disease progression or death. OS and PFS curves 
were estimated using the Kaplan-Meier method, and a number 
of appropriate point estimations and relative 95% CIs were 
calculated. The log-rank test was used to compare survival 
curves of treatment groups. An interim analysis, carried out to 
verify the safety of the CT+IL-2 combination after an enrol-
ment of 150 patients, showed a good toxicity profile. Planned 
subgroup analyses in relation to pre-specified prognostic 
factors were performed to assess modifications in treatment 
efficacy in the patient subsets identified by the stratification 
factors.

Results

From June 2000 to October 2004, 241 patients were enrolled 
onto the study by 21 Italian centers and 239 were evaluable for 
efficacy end-points. Two patients were lost to follow-up imme-
diately after randomization. Patient characteristics were well 
balanced between the arms; median age 62 years in both arms; 
94 patients (74%) in the CT+IL-2 arm and 90 (78.9%) in the CT 
arm were males; weight loss ≤5% was 83.5% in the CT+IL-2 arm 
and 90.4% in the CT arm (Table II).

Efficacy. In the present study the addition of IL-2 to standard 
chemotherapy was not associated with improved outcome. 
Ninety-three deaths were observed among the 127 patients 
randomly assigned to the CT+IL-2 arm compared with 85 in 
the control arm. There were no statistical differences in OS 
or PFS between the two arms in the 239 (arm A/B 127/112) 
patients evaluable for efficacy end-points.

Table I. Standard- and experimental-arm therapy.

Standard therapy Gemcitabine 1000 mg/m2 on days 1 and 8, and CDDP 100 mg/m2 on day 2 for 6 cycles
(CT arm) 

Experimental therapy Gemcitabine 1000 mg/m2 on days 1 and 8, CDDP 100 mg/m2 on day 2, interleukin-2 sc 3 MIU
(CT+IL-2 arm) on days 3-5, 9-11 and 15-17 for 6 cycles + maintenance treatment with IL-2 sc 3 MIU
 on days 1-6 and 8-13 until progression occurs

Table II. Patient characteristics.

 Treatment
 -----------------------------------------------------
  CT CT+IL-2
  n=114 n=127
  n (%) n (%)

Median age, years (range) 62 (41-76) 62 (32-75)

Gender  
 Male   90 (78.9)   94 (74.0)
 Female   18 (15.8)   25 (19.7)

ECOG PS  
 0   47 (41.2)   59 (46.5)
 1  61 (53.%)   59 (46.6)
 2     6   (5.3)     9   (7.0)

Stage  
 III   39 (34.2)   42 (33.1)
 IV   75 (65.8)   85 (66.9)

Weight loss  
 ≤5% 103 (90.4) 106 (83.5)
 >5%   11   (9.6) 21     (9.6)
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At a median follow-up of 32 months, 1-year OS was 45% 
for the CT+IL-2 arm vs. 51% for the CT arm. Median OS was 
10.5 months in the CT+IL-2 arm and 12 months in the CT arm 
[log-rank = 0.6 (1), p=0.456] (Fig. 1). Median PFS was 6.6 months 
in the CT+IL-2 arm vs. 6.9 months in the CT arm [log-rank = 0.3 
(1), p=0.573] (Fig. 2).

Overall, OR was 12.8%, subdivided by treatment arm 
as follows: 14% [all partial responses (PR)] for the CT+IL-2 
arm and 11.4% (1.1% CR and 10.3% PR) for the control arm. 

Stable disease was 70 and 66.7% in the CT+IL-2 and CT arms, 
respectively, and progressive was 6 and 21.8%. Overall disease 
control was 81.2% (84.0 and 78.1% in the CT+IL-2 and CT 
arms, respectively). No differences were found in any of the 
subgroup analyses performed according to stratified factors 
for any efficacy end-point. PBL count was not related to either 
overall or progression-free survival. (Figs. 3 and 4).

Compliance to treatment and safety. Of the 127 patients 
randomized onto the CT+IL-2 arm, 117 received at least one 

Figure 1. Overall survival.

Figure 2. Progression-free survival.

Figure 3. Overall survival in patients with lymphocyte values ≤1833.

Figure 4. Progression-free survival in patients with lymphocyte values ≤1833.
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dose of the study drug; 70 discontinued CT because of PD 
(44 patients), toxicity (16), or surgery on the residual mass (5). 
Of the 114 randomized onto the CT arm, 111 received at least 
one dose of the study drug; 63 discontinued CT due to PD (44 
patients), toxicity (5) or surgery on the residual mass (5). The 
median number of cycles received was 5 and 6 in the CT+IL-2 
and CT arms, respectively. No differences in CT dose modifi-
cation were observed between the two arms.

Toxicity. Episodes (n=229) of grade ≥3 adverse events were 
registered. A higher number of grade 4 toxicities were reported 
with CT+IL-2 than with CT alone (50 vs. 27). The most frequent 
grade ≥3 adverse events were gastrointestinal toxicity (mainly 
nausea and diarrhea) and myelosuppression. Only one patient 
had grade 3 fever in either arm and no treatment-related deaths 
were reported (Table III).

Discussion 

The development of tumor-targeted approaches to the treatment 
of lung cancer has led to the identification of new treatment 
combinations, some of which are still undergoing clinical 
evaluation. Several single-target agents used to attack angio-
genic or proliferative signaling are currently being assessed as 
combinations e.g., cetuximab and bevacizumab together with 
chemotherapy in patients with non-operable NSCLC, or beva-
cizumab combined with erlotinib (44,45).

There is increasing evidence of crosstalk between TK 
signaling and the immune system. VEGF, for example, is 
emerging as a significant agent of immune tolerance in the tumor 
microenvironment. It has recently been reported that sunitinib 
has a positive impact on the immune system in mice and humans 
and appears to act in a synergistic manner with immune therapy 
in large tumor-bearing mice (46). Primary lung cancers are 
currently treated with a combination of surgery, local radio-
therapy and chemotherapy. Combining cancer immunotherapy 
with such standard oncology treatments has been recognized 
as a potentially important approach (47). There is evidence that 
a number of chemotherapeutic agents commonly used in the 
treatment of NSCLC show immunostimulatory activities in both 

mouse and humans (48). Neninger and coworkers report that 
the administration of the EGF vaccine before and after first-line 
chemotherapy in advanced NSCLC patients is feasible, well 
tolerated and induces high anti-EGF antibody titers that correlate 
with survival (49).

In 2000 (before the era of targeted therapy) when this trial 
was planned and patient recruitment begun, we hypothesized that 
subcutaneous low-dose IL-2, by increasing lymphocyte number 
and activity and by restoring IL-2-dependent cell-mediated 
immune response, would significantly increase overall survival 
in patients with advanced NSCLC previously treated with stan-
dard chemotherapy. Our results, however, did not highlight any 
relevant differences in clinical outcome from the addition of IL-2 
to standard chemotherapy, suggesting that the activity of IL-2 
does not translate into a clinical benefit.

In the present study, the restoral of IL-2-induced cell-
mediated immunity did not potentiate the cytolytic action of 
antitumor drugs. The total number of PBLs did not prove to be 
a prognostic factor, nor were they significantly influenced by the 
administration of IL-2. When the study was originally designed, 
there was no information available on the role of T-regulator 
lymphocytes (T-regs) in PBLs and tumor tissue or about their 
strong correlation with IL-2 (50-52). Further studies are now 
needed to clarify the part played by IL-2 in stimulating T-regs 
and/or cytotoxic-T-lymphocytes.

In the majority of cases, it has been observed that only a 
subset of patients respond to immunotherapeutic treatments. 
Genetic expression profiling of tumors is increasingly being 
used to predict the toxicity of new products in order to better 
classify heterogeneous cancer patient populations and to 
define subpopulations with a higher chance of benefiting from 
treatment. However, there are no established gene expression 
profiles capable of predicting response of NSCLC patients to 
cancer immunotherapy. The characterization of such puta-
tive predictive biomarkers was investigated to evaluate their 
response to MAGE-A3 ASCI in a randomized study involving 
182 stage IB/II NSCLC patients (53). Gene expression profiling 
was carried out using microarray technology on tumor biop-
sies taken before immunization. A specific gene profile was 
identified defining a patient population in which MAGE-A3 

Table III. Toxicity.

 G3 G3
 -------------------------------------------------------------------- --------------------------------------------------------------------
Event CT CT+IL-2 CT CT+IL-2
 n (%) n (%) n (%) n (%)

Leukopenia 17 (15.3) 19 (16.2)   2   (1.9)   3 (2.6)
Granulocytopenia 33 (29.7) 44 (37.6) 12 (10.8) 14 (12.0)
Thrombocytopenia 25 (22.5) 25 (21.4) 11   (9.9) 39 (25.6)

Pulmonary toxicity   7   (6.3)   4   (3.4)   1   (0.9)   0   (0)
Fever   0   (0)   1   (0.8)   0   (0)   0   (0)
Diarrhea   0   (0)   3   (2.6)   0   (0)   1   (0.8)
Nausea/vomiting 22 (19.8) 22 (18.8)   1   (0.9)   0   (0)

G3, grade 3.
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ASCI reduced the relative risk of recurrence by 43% rather 
than 27% when considering the total trial population. In the 
near future a gene signature will be capable of identifying 
immune-related genes to predict probable clinical benefit in 
response to immunotherapy.

In conclusion, our results show that the addition of low-
dose IL-2 to standard chemotherapy does not improve response 
rates or survival in advanced NSCLC patients. Further research, 
however, could be carried out to evaluate other potentially 
effective immunotherapeutic drugs or vaccines in this disease 
setting (47,54,55). Another important step would be to identify 
patients who could potentially benefit from an immunothera-
peutic approach or from targeted therapy.
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