
Abstract. Renal cell carcinoma (RCC) is one of the most
fatal urological malignancies. Approximately 30% of patients
with RCC have metastasis at initial diagnosis and another
30% have metastasis after radical nephrectomy.
Immunotherapy using interferon-α (IFN-α) and interleukin-
2 (IL-2) has been the main treatment for metastatic RCC
(mRCC) patients, with this therapy being still occasionally
recommended. The aims of this study were to evaluate the
efficacy of low-dose IL-2 and to investigate the prognosis of
the patients. Study subjects included 37 patients who were
clinically diagnosed with mRCC and received low-dose IL-
2 therapy between December 1999 and October 2014. We
investigated the relationship between prognosis and clinical
features. The median overall survival (OS), that was
calculated from the first use of cytokine therapy, was 19.8
months, while the median progression-free survival (PFS)
was 3.82 months. PFS was prolonged in patients who
received IL-2 as first-line therapy or second-line therapy
following IFN-α therapy. IL-2 therapy should be used as a
first- or second-line therapy following IFN-α therapy. IL-2
may have a lower response if it is used after molecular-
targeted therapy or other treatments.

In the USA, kidney cancer is the 7th most commonly
diagnosed cancer in men and the 10th in women (1). In
Europe, approximately 88,000 individuals (9th for all cancers)

were diagnosed with kidney cancer in 2008 (2). Renal cell
carcinoma (RCC) is the most dominant histological phenotype
of kidney cancer. A total of 20-40% of RCC patients have
recurrent metastatic disease after primary nephrectomy;
therefore, approximately 50% of all patients who are
diagnosed with RCC should receive systemic therapy during
the course of their disease (3). In recent years, molecular-
targeted agents, such as tyrosine kinase inhibitors (TKIs),
against metastatic RCC (mRCC) have been intensively
investigated and the treatment of mRCC has shifted toward
them. Before the era of TKIs, immunotherapy, such as
interferon-α (IFN-α) and interleukin-2 (IL-2), played a central
role in mRCC treatment; however, recently, immunotherapy
is seldom used for the treatment of mRCC worldwide.
Immunotherapy is still occasionally recommended for patients
who are concerned about the severe side-effects of molecular-
targeted agents that include hypertension, thrombocytopenia,
cardiac hypofunction and hypothyroidism (4). A retrospective
study from Japan, in the immunotherapy era, reported that the
median survival time was approximately twice that of
previous studies from North America or Europe and that
immunotherapy might contribute to improved prognosis in
mRCC patients (5). Interestingly, the dose of IL-2 used in
Japan was much lower than that used in North America or
Europe (6). However, the efficacy of low-dose IL-2 therapy
has not yet been reported. In the present study, we investigated
the treatment course and prognosis of low-dose IL-2 therapy
and clarified the specificity of IL-2 usage contributing to
improvement in the prognosis of mRCC patients. 

Patients and Methods
Study subjects included 37 patients who were clinically diagnosed
with mRCC and received low-dose IL-2 therapy (7×105 or 14×105
IU/body, 1-5 times/week) between December 1999 and October
2014. Risk and background factors were dichotomized as follows:
age (<62 years vs. ≥62 years), Karnofsky performance status (≤80
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vs. >80), previous nephrectomy (yes vs. no), pathological subtype
(clear cell carcinoma (CCC) vs. non-CCC), lung metastasis alone
(yes vs. no), first-line use, including combination with IFN-α
therapy or second-line use following IFN-α therapy (yes vs. no),
and Memorial Sloan Kettering Cancer Center (MSKCC) risk
classification (intermediate vs. poor) (7).

Overall survival (OS) and progression-free survival (PFS) were
calculated from the starting point of prior immunotherapy (IL-2 or
IFN-α) to death or date of last follow-up and from the starting point
of IL-2 to disease progression, respectively. We also investigated the
relationship between survival and background factors. The Kaplan–
Meier method was used to display survival data. We determined p-
values using the log-rank test for survival distributions; p<0.05 was
considered statistically significant. Analyses were performed using
the Prism 5 Software (GraphPad Software, San Diego, California,
USA, http://www.graphpad.com/).

Results

Patients’ characteristics are presented in Table I. The median
age was 62 years (range=26-84). Twenty-eight patients were
male and nine female. All patients had metastasis at the
starting point of immunotherapy. The median OS was 19.8
months and the median PFS 3.82 months (Figure 1A and B). 
Twenty-one patients had Karnofsky performance status of
≤80 (57%). Thirty-three patients underwent nephrectomy
(89%). Thirty-two patients had CCC (86%) and five non-
CCC (14%). Seven patients had lung metastasis alone (19%).
A total of 18 patients were classified as MSKCC
intermediate risk (49%) and 19 as poor risk (51%). Twenty
patients were administered IFN-α therapy before IL-2
therapy, six patients were given first-line IL-2 therapy, while
four patients were subjected to combination therapy of IFN-
α and IL-2; therefore, a total of 30 patients were defined as
first- or second-line users of IL-2 (Table I). No patient
developed side-effects from IL-2 that warranted interruption
of treatment.

On univariate analysis of PFS, patients who received first-
line IL-2 therapy, including combination with IFN-α therapy
or as second-line therapy following IFN-α therapy, had
better PFS than those who were administered other
sequential treatments (Table II and Figure 2).

Discussion

Although immunotherapy used to be the main therapy for
mRCC, the use of molecular-targeted therapy as first-line
therapy has spread. Naito et al. previously reported that first-
line immunotherapy, including both IFN-α and IL-2, could
improve the prognosis of advanced RCC patients and that
patients could undergo immunotherapy without severe side-
effects, whereas molecular-targeted therapy had more
adverse events than immunotherapy (5). The study
population was 1,463 patients who were clinically diagnosed
with mRCC with an OS of 21.4 months (5). In the present

study, OS was almost identical; however, our study included
patients who underwent molecular-targeted therapy after
immunotherapy. Our results suggested that low-dose IL-2
therapy should be used as a first-line therapy or as a second-
line therapy following IFN-α and not molecular-targeted
therapy. A sequential treatment strategy from molecular-
targeted therapy to IL-2 therapy may no longer be considered
effective.

A previous report showed that molecular-targeted therapy
after using immunotherapy prolonged patient survival (8).
Our results were consistent with these findings; however,
those reports stated that patients who were treated with
immunotherapy for long periods without disease progression
might have had less aggressive disease than those previously
treated with molecular-targeted therapy. It is difficult to
investigate the efficacy of immunotherapy in patients with
aggressive disease because, in recent times, molecular-
targeted therapy has been chosen as first-line therapy in such
patients.

There is a question as to whether the small sample size in
the present study may have prevented the determination of
statistical significance of differences between the groups. We
believe that larger prospective studies that will include
patients with diverse ethnic backgrounds and longer follow-
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Table I. Patients’ characteristics.

Clinical factors                                                         n

Age                                                                               
   <62                                                                       17 
   ≥62                                                                       20 
Gender                                                                          
   Male                                                                      28
   Female                                                                     9
Karnofsky-PS                                                               
   ≤80                                                                        21
   >80                                                                        16
Previous nephrectomy                                                 
   Yes                                                                         33
   No                                                                            4
Subtype                                                                         
   CCC                                                                       32
   Non-CCC                                                                5
Lung metastasis alone                                                 
   Yes                                                                           7
   No                                                                          30
MSKCC risk                                                                 
   Intermediate                                                          18
   Poor                                                                       19
1st or 2nd line use                                                       
   Yes                                                                         30
   No                                                                            7

PS, Performance status; CCC, clear cell carcinoma; MSKCC, Memorial
Sloan Kettering Cancer Center.



up periods are required to confirm our findings. Moreover,
treatment with recently developed immune checkpoint
inhibitors may prolong the survival of mRCC patients. It
remains to be determined if conventional immunotherapy,
such as IFN-α and IL-2, still has an efficacy for the

improvement of survival because the anti-tumor mechanisms
are similar to each other and, perhaps, the effect may be
much higher with immune checkpoint inhibitors than
conventional immunotherapy.

Conclusion

The present study showed, for the first time, that low-dose
IL-2 therapy should be used as first- or second-line therapy
following IFN-α, particularly in patients who are concerned
about the severe side-effects of molecular-targeted therapy.
IL-2 might have a lower response if it is used after
molecular-targeted therapy.
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Figure 1. Overall survibal (OS) (A) and progression-free survival (PFS) (B) of 37 patients treated with low-dose IL-2 therapy. 

Figure 2. Progression-free survival (PFS) of patients who were
dichotomized into two groups: first-line users, including combination with
IFN-α therapy, or second-line users following IFN-α therapy (yes vs. no).

Table II. Univariate analysis for PFS.

Clinical factors                                  Median PFS                  p-Value
                                                              (months)

Age                                                                                               
    62                                                        2.14                          0.2209
    ≥62                                                        4.51                            
Gender                                                                                         
    Male                                                      4.8                            0.988
    Female                                                   3.42                            
Karnofsky-PS                                                                              
    ≤80                                                        4.8                            0.5714
    >80                                                        2.73                            
Previous nephrectomy                                                                 
    Yes                                                         4.51                          0.4602
    No                                                          1.98                            
Subtype                                                                                        
    CCC                                                      4.46                          0.4227
    Non-CCC                                              3.42                            
Lung metastasis alone                                                                 
    Yes                                                         9.67                          0.1842
    No                                                          3.42                            
MSKCC risk                                                                                
    Intermediate                                          3.42                          0.7119
    Poor                                                       4.8                              
1st or 2nd line use                                                                       
    Yes                                                         4.51                          0.0207
    No                                                          2.14                            
    
PFS, Progression-free survival; PS, performance status; CCC, clear cell
carcinoma; MSKCC, Memorial Sloan Kettering Cancer Center.
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