
Abstract. Background/Aim: Interferon-alpha (IFN-alpha) has
shown survival benefits in metastatic renal cell carcinoma
(mRCC), but the knowledge about long-term outcome is
sparse. Additional knowledge is beneficial because IFN-alpha
usage in combination therapy such as immune checkpoint
inhibitor for mRCC is an area of interest. This is the longest
follow-up concerning IFN-alpha treatment. Patients and
Methods: A total of 117 metastatic renal cell cancer (mRCC)
patients without prior chemotherapy were enrolled between
1994-2002 and followed-up until January 2022. The median
follow-up was 18 months. After progression to IFN-alpha, the
patients were not treated with tyrosine kinase, mTOR inhibitors
or bevacizumab as these were not standard therapies at that
time or the patients’ performance status was too poor. Mean
treatment duration was 11 months. Results: Median overall
survival was 19.0 months, 5-year survival rate 16.2%, and 10-
year survival rate 9.0%. There were statistically significant
differences in survival in response to treatment (log-rank test,
p<0.001): median overall survival was 52.0 months for
objective responses, 25.0 months for stable disease and 5.0
months for progressive disease. Proportion of 5-year survivors
was 29% in low, 20% in intermediate, and 7% in high-risk
groups, respectively (p=0.001). Conclusion: With prolonged
INF-alpha treatment stable and responding patients can obtain

late objective responses, long-lasting complete responses, and
long-term outcome with acceptable toxicity. IFN-alpha is an
alternative therapy when multiple treatment lines are used for
mRCC and an interesting option to study for combined
therapies such as immune checkpoint inhibitor-based therapies.

Renal cell carcinoma (RCC) accounts for 2-3% of all
diagnosed malignancies worldwide, and in some
Northern/Central Europe countries even 5% (1). The annual
increase in the incidence of RCC, since the 1970’s, has been
in the range of 2% to 4% (2, 3), which has been attributed to
the frequent use of imaging techniques, the increasing
prevalence of cigarette smoking, and obesity (3, 4). However,
a recent plateau in RCC incidence rates has also been reported
in some countries (3). Hereditary kidney cancers may account
for at least 5-8% of all kidney cancers (5). At diagnosis, 20-
30% of RCC patients have metastases. Half of patients
diagnosed with localized disease will later have a recurrence
of their cancer: of these, two thirds within the first year and
the majority within 5 years (6). Although the increase of RCC
incidence is due to localized RCC, also metastasized RCC
(mRCC) has increased slightly (3, 7). Currently mRCC
accounts for approximately 15% of all RCC (7). 

Currently, treatments in RCC are evolving. There are
several effective therapeutic options for mRCC patients.
When selecting the treatment, prognostic factors, other
illnesses, and side-affects are taken into consideration. IFN-
alpha treatment is an option as first line treatment for mRCC
patients with bevacizumab especially for the good and
intermediate prognostic risk groups (8, 9). IFN-alpha is also
an alternative therapy for patients who have been previously
treated with targeted therapies or whose comorbidity or side
effect profile prevent other treatments. IFN-alpha usage in
combination therapy such as immune checkpoint inhibitor
for mRCC is currently an area of interest (10).
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Currently, the optimal dosing and duration of IFN-alpha
is not known. Previously, the efficacy and feasibility of
intermittent and prolonged administration of IFN-alpha in
mRCC patients was published in 2001 by Kankuri et al. (11),
and IFN-alpha was observed to be moderately tolerated. This
is a long-term follow-up to that study with 42 more patients;
the schema and dose were the same.  

Only very few data have been previously published
regarding the long-term survival with IFN-alpha and other
mRCC therapies. This patient group is homogenous as IFN-
alpha has been the routine clinical treatment during 1994-
2002 in mRCC patients, and at that time targeted agents or
modern immuno-oncological agents were not available at the
beginning of treatment. The follow-up was up to January
2022. The present study is an analysis of long-term follow-
up of IFN-alpha treatment and of prognostic factors.
According to our knowledge this is the longest follow-up
published concerning IFN-alpha treatment. 

Patients and Methods

Patient eligibility. Between December 1994 and December 2002, 117
consecutive patients (70 males and 47 females) with metastatic RCC
gave informed consent to participate in the recombinant IFN-alpha2a
(Roferon®) study. Patient characteristics are shown in Table I. A total
of 107 (91%) patients had undergone nephrectomy, whereas 10 (9%)
were inoperable. Two (2%) patients had partial spontaneous
regression, one of them in the lungs and another in the pleura. None
of the patients had previously received systemic treatment for mRCC.

Treatment schedule. Inclusion criteria were age under 80 years,
performance status of 0-2 (World Health Organization, WHO), a serum
creatinine concentration of less than 200 μmol/l and serum
concentrations of liver enzymes below twice the upper reference limit.
Patients with brain metastases, other concomitant malignancies, serious
concomitant disease or with a life expectancy of less than 3 months were
excluded. All eligible patients were evaluated for response and toxicity.

IFN-alpha was administered on an outpatient basis subcutaneously
three times weekly (tiw) at an escalating dose from 4.5 million units
(MU) to the highest tolerable dose of 9, 12, 13.5 or 18 MU. The dose
was increased weekly, and the maximum dose was to be reached
during the first four weeks. The maintenance dose was balanced
based on the patients’ tolerance. The treatment cycle consisted of
three-weeks’ treatment with IFN-alpha followed by a one-week
pause. IFN-alpha was planned to be continued until progression or
intolerable toxicity, or for up to two years. Together with the
injection of IFN-alpha, patients were recommended to use
paracetamol or naproxene prophylactics to ameliorate flu-like
symptoms. The treatment schedule was described in detail earlier
(11), and approved by the joint ethics committee of the University
of Turku and Turku University Hospital (11). The study was
conducted in accordance with the Declaration of Helsinki and
approved by the Turku Clinical Research Center. The patients were
treated until May 2006 and followed-up until January 2022 at the
Department of Oncology and Radiotherapy of Turku University
Hospital. The median duration of follow-up was 18 months

[range=1.2-302.4 months (0.1-25.2 years)]. After progression to IFN-
alpha, the patients were not treated with tyrosine kinase or mTOR
inhibitors or bevacizumab as these were not standard therapies at that
time or the patients’ performance status was too poor.

Staging and response assessment. The 2002 updated UICC pTNM
classification system of renal carcinomas for T-staging was used (12).
Staging investigations included a chest x-ray, whole body computed
tomography (CT scan) and bone scintigraphy if the patient had bone
pain. Histopathologic samples were graded according to the WHO
classification (13). The evaluation of the response followed the
criteria of the WHO (14). The patients were evaluated weekly during
the first four weeks and bimonthly thereafter. At follow-up, all
symptoms, signs of the disease, performance status, neurological
status, body weight and response to treatment were recorded. Blood
counts and serum concentrations of calcium, liver enzymes and
creatinine were analyzed. Radiologic evaluations of the tumor spread
were performed by chest and abdominal CT scan or chest X-ray and
abdominal ultrasound at regular 3-4-month intervals. Treatment was
discontinued when obvious disease progression was over 25% in
tumor measurements, which means that progressive disease (PD) was
observed, or intolerable toxic events were seen. In brief, complete
response (CR) was defined as complete disappearance of all tumors
and partial response (PR) as at least 50% decrease in tumor area (14).
Tumor area was dimensionally measured (multiplication of longest
diameter by the greatest perpendicular diameter). Two successive
measurements at least 4 weeks apart, confirming response (CR or
PR), were required for the patient to qualify as a responder. A PR in
bone metastases was defined if clinically stable lesions with decreased
uptake in skeletal scintigram and normalization of alkaline
phosphatase were observed. The response duration was measured
from the observed response.
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Table I. Patient characteristics.

Characteristics                                                                            No. (%)

Total no. of pts                                                                         117 (100)
Sex                                                                                                     
  Female                                                                                      47 (40)
  Male                                                                                          70 (60)
Age, years, median [range]                                                     63 [38-78]
Time to metastases in months, median [range]                      0 [0-157]
Prior metastases                                                                          64 (55)
Late metastases                                                                           53 (45)
WHO performance status                                                                
  <2                                                                                              80 (68)
  =2                                                                                              37 (32)
T-stage*                                                                                             
  T1                                                                                              20 (20)
  T2                                                                                              19 (19)
  T3                                                                                              51 (50)
  T4                                                                                              12 (12)
Tumor grade#                                                                                    
  G1                                                                                             38 (37)
  G2                                                                                             39 (38)
  G3                                                                                             25 (25)

*Fifteen patients were not evaluable for T-stage. #Fifteen patients were
not evaluable for tumor grade.
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The widely used MSKCC risk group scoring from the year 2002
(15) or International Metastatic RCC Database Consortium model
(16) could not have been used as lactate dehydrogenase (LDH) and
corrected calcium values were not routinely recorded for the
patients, as the study included the patients from 1994 onwards. The
Cleveland Clinic Foundation scoring system (17) was used as the
values of the prognostic factors were easily applied and were
available from the patient records.

Statistical analysis. The association of prognostic factors with
overall survival time and 5-year survival time was analyzed using
survival analysis applying Kaplan–Meier estimation and Cox's
regression analysis. The associations between separate prognostic
factors (Table II) were analyzed with univariate Cox’s regression
analysis, p-values (two-tailed) less than 0.05 were interpreted as
statistically significant. When comparing T-stages 1 and 2 to T-
stages 3 and 4 the log rank test was used. All the prognostic factors
that were statistically significant in the univariate analysis were used
in the multiple Cox’s regression. Computing was performed with
SAS System version 9.4 (SAS Institute Inc., Cary, NC, USA). 

Results

The mean duration of treatment with IFN-alpha was 11
months (range 2 weeks to 32 months). Younger patients (<65
years) tolerated higher doses than older patients (≥65 years)
(p=0.012). For five patients the treatment was continued
over two years (range=25-57 months), due to good
performance status, response to IFN-α and well-tolerated
treatment, two of these patients achieved partial response and
three had stabilized disease. Their IFN-alpha dose was
between 4.5 and 9 MIU. If disease progressed, patients were
not treated with bevacizumab or tyrosine kinase inhibitors.
For eight (7%) patients the treatment was discontinued
between two and four weeks due to decreased performance
status and rapid disease progression. These patients were
included in our intention-to-treat analysis.

Response to treatment. Objective response was observed in 20
patients; response rate being 17%. There were 10 (9%)
patients with complete and 10 (9%) patients with partial
response (Table III). The response duration for patients with
CR was 231*, 214+, 126, 118, 50*, 46, 41, 17, 11, and 8
months and for patients with PR 32, 24, 16, 14, 12, 11, 9, 7,
6, and 6 months (* indicates that the response duration was
interrupted due to cause of death other than mRCC; + means
that the patient was still alive at the end of the follow-up). The
median response duration was 15 months. The median time to
response was 7 months (range=2-28 months) from the
beginning of the treatment. Four of these patients turned to
partial response after prolonged disease stabilization after 12
months (range=12-17 months). One of them turned to
complete response at 22 months of treatment. One patient with
complete response (CR) was treated for an additional period
with another IFN-alpha, because the disease progressed

slowly. The patient achieved objective response (CR) again
after the second treatment. One patient had a partial
spontaneous regression in the lung after nephrectomy and the
patient achieved CR after beginning of INF-alpha treatment.

Forty-nine patients (42%) had stable disease (SD) with
median duration of 12 months (ranging from 4 to 290+
months). The patient with SD of more than 290 months had
pleural tumor which was operated before INF-alpha
treatment, and after INF-alpha treatment for 10 months the
lung metastases seemed to slightly regress but criteria for
partial response were not met. One SD patient had a partial
spontaneous regression in the pleura after nephrectomy,
during INF-alpha the disease was stable. Forty-eight patients
(41%) progressed during treatment; 25 of them (21%) had
early progression, i.e., within three months. Seventeen of 117
(15%) patients developed brain metastases as a sign of
progressive disease during or after IFN-alpha therapy. The
median detection time of brain metastases was 21 months
after start of IFN-alpha therapy and the median overall
survival after detection was 2.7 months. Twelve of these
patients received palliative radiation therapy. 

The group of complete responders (n=10) included three
patients with lung metastases, three patients with lung and
lymph node metastases, one patient with lung and renal
metastases, one patient with liver and lymph node
metastases, one patient with bone, spleen, and lymph node
metastases, and one patient with bone metastases. In four
(20%) of 20 responders the INF-alpha dose was under 9 MU
3 tiw. The dose for the remaining 16 (80%) responders was
between 9 to 18 MU 3 tiw.

Progression-free and overall survival. Median progression-
free survival was 8 months. Median overall survival for the
entire study population was 19.0 months (1.58 years). The
5-year, 10-year, 15-year, 20-year, and 25-year overall
survival rates were 16,2%, 9,0%, 5,8%, 4,5%, 4,5%,
respectively. Two patients were alive at the end of follow-
up. Five patients died of causes other than mRCC during
follow-up. There were statistically significant differences in
survival in response to treatment (log-rank test, p<0.001,
Figure 1). Median overall survival was 52.0 months (4.33
years) in the group of CR + PR, 25.0 months (2.08 years) in
the group of SD, and 5.0 months (0.42 years) in the group
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Table III. Response to IFN-alpha. 

Response                                         No. of patients             Percentage

Complete response                                   10                                 9
Partial response                                        10                                 9
Stable disease                                           49                               42
Progressive disease                                   48                               41



of PD (Figure 1). Patients with a response had better survival
than patients with stable disease up to 10-years, but after that
there was no significant differences in outcomes between
response and stable disease patients (Figure 1); of these five
patients with CR + PR two died of other causes at the age
of 95 and 80 years, two were still alive and 1 died of mRCC. 

Prognostic factors. Prognostic factors for overall and
progression-free survival were identified by Cox analysis and
the occurrence of brain metastasis was identified by Log-
Rank test. In multivariate analysis, significant prognostic
factors for improved overall survival were low number of
disease sites (p=0.012), and response to IFN-alpha (p=0.034),
and for 5-year survival low number of disease sites (p=0.009)
(Table II). Univariate results are shown in Table II.

Treatment results in different risks groups. The patients were
classified according to the Cleveland Clinic Foundation
scoring system into three risk groups (17). Poor prognostic
factors for short-term survival were ECOG performance
status more than zero, number of involved metastatic sites
more than two, baseline levels of hemoglobin below the
lower limit of normal, and primary RCC in the left kidney
(17). The median overall survival and 5-year survival
proportions as well as the number of objective responses
(CR+PR) are shown in Figure 2 and Table IV.

Discussion 

Overall survival rates. Our long-term results of prolonged
and intermittently administered IFN-alpha therapy in mRCC
(intention-to-treat analysis) shows that approximately 1 in 6
patients with mRCC who had prolonged IFN-alpha therapy
reach 5-year survival, and 1 in 11 mRCC patients reach 10-
year survival. Previously reported 5-year long-term survival
of patients with IFN-alpha-based therapy has been
approximately between 9% and 16% (18, 19), and in all of
these studies additional agents have been used, e.g., IL-2 or
vinblastine (18, 19). Our result on IFN-alpha therapy alone
is aligned with the upper range of these results.

Only few reports about long-term outcome with IFN-alpha
therapy alone in mRCC have been published (18, 20). Our
extended follow-up showed better long-term survival than
that previously reported by Minasian et al. (1993), where the
5-year survival rate was 3% with IFN-alpha therapy alone
(20). In the study of Minasian et al., the planned treatment
duration was 3 months in one trial and until progression of
disease, the median treatment duration was not reported (20). 

Median overall survival of 1.6 years (=19.1 months) in our
study was longer compared to the weighted average median
survival of 1.0 years (=11.4 months) in a meta-analysis of 644
mRCC patients treated with IFN-alpha (21). Our median
overall survival result was similar to a randomized controlled

trial, in which patients were treated with IFN-alpha alone (1.6
years, 18.8 months) or with combination of IFN-alpha, IL-2
and fluorouracil (1.6 years, 18.6 months) (22). In that study the
median duration of treatment with continuous IFN-alpha was
4.2 months. In the CALGB study the median overall survival
did not reach over 18.3 months in IFN-alpha or in IFN-alpha
plus bevacizumab group (23). The results of the present study
confirm our previous results (11). This study shows that despite
the treatment cycle pause the overall survival was similar or
even longer compared to other reports with continuous IFN-
alpha with or without additional agents, such as IL-2 or
vinblastine (19, 22, 24, 25).

The patient material was homogenous; after progression,
no patients were treated with bevacizumab or tyrosine kinase
inhibitors or mTOR inhibitors. Two of the patients had high-
dose (HD)-IL-2 therapy after the progression to IFN-alpha
without success. In addition, two patients were treated with
capecitabine without response. 

Prognostic factors. For overall survival, response to
treatment was a significant prognostic factor in multivariate
analysis (Table II). Objective response rate of 17% in the
current study is comparable to that of other studies with IFN-
alpha alone (24, 25), or IFN-alpha with IL-2 (25), and IFN-
alpha with vinblastine (19). Our patients with stable disease
(42%) evidently benefitted from the prolonged treatment.
The median overall survival of responding patients was four
years and twice as long compared to those with stable
disease, and ten times longer compared to those with
progressive disease. The complete responders had metastases
mainly in the lungs (7 out of 10 complete responders); in
addition, one of complete responders had bone metastases,
and one had liver metastases. Based on our results, for
patients with objective response, a median response duration
of four years, and a response duration of even more than 20
years is possible to achieve (Figure 1). The observation of
late responses during prolonged IFN-alpha has been reported
in our previous study (11). Four patients (3%) achieved
partial response after 12 months of treatment, longest time
to response was 17 months after the initiation of therapy.
One of them achieved later a complete response at 22
months after initiation of therapy. It has been noted that with
novel immunotherapy, such as immune checkpoint inhibitors
(ICI) therapy, some patients have a long survival even if the
disease seems to have progressed during treatment (26). In
our study no one in the PD group survived past 5 years.
However, the long-term survival was reached also by a
portion of the stable disease group as 11 SD patients from
49 (22%) achieved 5-year survival and 5 SD patients (10%)
more than 11 years (Figure 1). Long-term and durable
responses can thus be reached with interferon-based
treatments. In this single-arm IFN-alpha study patient
material was homogeneous as targeted agents or modern
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immuno-oncological agents were not available at the
beginning of treatment. Treatment efficacy is supported by
the fact that response to IFN-alpha was a significant
prognostic factor in 5-year and overall survival.

Many scoring systems for mRCC patients have been
created, and this study pointed that Cleveland Clinic
Foundation can stratify prognostic subgroups with only a few
variables, i.e., poor performance status, decreased level of Hb
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Figure 1. Kaplan–Meier survival curves for responding patients, patients with stable and progressive disease (log-rank p<0.001). Two complete response
(CR)+ partial response (PR) patients died of a cause other than metastatic renal cell carcinoma. SD: Stable disease; PD: progressive disease.

Figure 2. Kaplan–Meier survival curves for risk groups according to the Cleveland Clinic Foundation scoring system (log-rank p=0.0067).



baseline, number of disease sites and side of primary kidney
tumor (Table IV). In our study, all the Cleveland Clinic
Foundation variables were independent prognostic factors
except the side of primary kidney tumor (Table II). In our
study, a considerably high number of the responding patients
in the intermediate risk group may indicate that they would
also benefit from IFN-alpha therapy. In the previous study of
Négrier et al., the survival benefit was not observed in the
intermediate risk group patients (25), but Pyrhönen et al.
(1999) observed (IFN-alpha plus vinblastine versus vinblastine)
that the survival benefit of IFN-alpha may be greater in those
patients with adverse prognostic factors, such as poor
performance status, age over 60 years and male sex (19). 

In metastatic RCC, also the following independent
prognostic factors have been reported: other metastatic site
than the lung and T-size (27, 28). Similarly in the present
study, they were significant predictors of survival in Cox
regression analysis. For 5-year survival and overall survival,
the presence of bone metastases showed a trend in univariate
analysis (Table II). This observation is in line with previous
observations in which bone metastases have been associated
with poor prognosis (29). In our study tumor size was a
significant prognostic factor in univariate analyze. This is in
accordance with earlier studies where patients with tumor
less than 3 cm were more likely long-term survivors
compared with those with tumors greater than 3 cm (30).

Sex-specific survival advantage was observed at 5-year
overall survival but not after 10 years in patients treated with
subcutaneous IL-2 and IFN-alpha (31). In our study we did
not observe sex differences.

Dose and duration. In most previous studies the duration of
the treatment with IFN-alpha has been 1.5 to 6 months (18,
24), and most responses have been observed within 2 or 6
months of treatment start (24). Since host immune
mechanisms are apparently important in regulating tumor
growth and in patients responding to IFN-alpha (32), we
used a prolonged schedule of IFN-alpha administration. The
treatment with IFN-alpha was planned to be continued for
24 months or as long as progression or severe side-effects
were encountered. In some responding patients with good
performance status, IFN-alpha therapy was longer, even 2.6

years. In addition, restarting INF-alpha after a pause may
result in a complete response. Our previous data showed that
prolonged and intermittently administered IFN-alpha is well
tolerated; the one-week pause every four-weeks allows most
patients to continue prolonged treatment with the highest
tolerable dose (11). Previous studies pointed that doses of 5
to 18 MU of IFN-alpha three times a week seem to be
effective and tolerable. This is supported by our result; only
one responding patient had a lower dose of 3 MU; 80% of
responses were achieved with a dose of at least 9 MU. As
responses were achieved also with doses lower than 9 MU,
this may imply that particularly the immunological effects of
IFN-alpha are pivotal compared to cytostatic effects in
mRCC. It is assumed that population aging in the Nordic
countries will lead to an increasing incidence and prevalence
of renal cancer (33). Treatment of cancer among the elderly
possess challenges because of co-morbidities. ICIs and
tyrosine kinase inhibitors (TKIs) treatment-related adverse
events lead to discontinuation in approximately 20% or 10%
of the patients, respectively (34), and this area is under
current investigation with recent publications on predictors
and specific patient groups (35, 36). Mortality of 4% has
been observed with ICI-based and TKI therapy due to
cardiac side effects (37). 

Progression-free survival (PFS). In the current analysis the
8 months median PFS of patients with mRCC treated with
IFN-alpha was better compared to previous studies with a
different IFN-alpha treatment modality or IFN-alpha-based
combination therapy that included sunitinib, bevacizumab,
IL-2, vinblastine or fluorouracil (22, 23, 38-40), where
treatment duration with IFN-alpha alone was less or equal to
5.4 months. However, due to lack of comparative data no
conclusions can be made between these different studies. In
the present study, the 1-week pause every 4-weeks allowed
the patients to continue IFN-alpha longer with the highest
tolerable dose. This might be the reason for better PFS. 
The incidence of primary or late brain metastases due to RCC
has been reported to be as high as 11% in a large autopsy
series (41). In the present study, no patients with brain
metastases were included in the study because the presence
of brain metastases was an exclusion criterion. The incidence
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Table IV. Survival for risk groups according to Cleveland Clinic Foundation scoring system.

Risk group                   Number of poor                  No. of                     No. of objective                  5-year survival               Median overall survival 
                                    prognostic factors                patients#                 responses (CR+PR)                     rate (%)*                            (years) [range]

Low                                         <2                            21 (18%)                         4 (3.5%)                                   29                                1.8 [0.33-25.50]
Intermediate                            =2                            51 (45%)                       12 (10.5%)                                 20                                1.9 [0.17-20.08]
High                                         >2                            42 (37%)                         4 (3.5%)                                     7                                0.66 [0.08-20.75]

*5-year survival rate p-value=0.0011. #For 3 patients, score could not be evaluated due to missing data and were excluded.  



of brain metastases during IFN-alpha or after discontinuation
of IFN-alpha was 15% (17 of 117 patients): five out of 17
patients developed brain metastases during IFN-alpha and the
remaining patients after discontinuation of the therapy. RCC
patients with pulmonary metastases were more prone to
develop brain metastases. This is in accordance with previous
reports, where the lungs are the most common metastatic
location in RCC patients with brain metastases (42). We
suggest that this is due to the fact that patients with lung
metastases survive longer and consequently are more prone
to have brain metastases. The median overall survival after
detection of brain metastases was only 2.7 months, which is
comparable to other studies (43). The median detection time
of brain metastases was 21 months after the start of IFN-
alpha therapy. Men were more likely to suffer from brain
metastases than women. Brain metastases are a late
manifestation of the disease and are usually associated with
progression also in the extracranial sites. 

Immunomodulatory effects. IFN-alpha enhances immune
responses by multiple mechanisms. It can promote the
differentiation and activity of host immune cells. It activates
natural killer cells, enhances macrophage activity, cytotoxic
T-cells and activates and induces differentiation of dendritic
cells to induce antitumor activity (44). IFN-alpha has also
antiproliferative, antiangiogenic activities and induces
apoptosis of tumor cells (44). However, the mechanism of
antitumoral activity still is unclear. Recent findings highlight
the importance of the interactions of IFN-alpha with the
immune system for the generation of a durable antitumor
response (44-46).

RCC is an “immunogenic” tumor where regression,
including metastases, has been proposed to occur in up to
1% of patients (7). In our study the amount of spontaneous
regression was 1.7%. Of interest is the theory that
bevacizumab acts predominantly as an immune modulator
rather than VEGF treatment in mRCC patients (47). ICIs
target programmed cell death 1 (PD-1), receptors present on
T cells, and programmed cell death ligand 1 (PD-L1) on
tumor cells. When PD-1 is engaged to its ligand PD-L1
immune responses are down-regulated. Tumor cells often
express PD-L1 to mediate this blockage. Thus, inhibition of
PD-1 or PD-L1 aims to prevent this down-regulation of
antitumor immunity of T cells (45). Also, interferons have
been shown to be able to enhance and regulate PD-L1
expression not only on tumor but also on several non-tumor
cell types such as dendrite cells in microenvironment (46).
This mechanism to modulate PD-L1 expression in dendrite
cells can be used in IFN-alpha based therapeutic strategies
(46). The studies on PD1 ligand (PD-L1) treatments have
shown that microenvironment is linked to the efficacy of the
treatment (45, 46). Stimulation of dendrite cells by
vaccinations has boosted cancer specific immune response

(45, 46). An effective treatment on a tumor requires
knowledge of the cancer’s microenvironment (48, 49).

IFN-alpha in mRCC patients. Immunomodulators, such as
IFN-alpha and interleukin-2 (IL-2) came into the clinical use
for the treatment of metastatic renal cell carcinoma (mRCC)
(50, 51) and melanoma in the early 80’s (52), and randomized
trials have indicated that IFN-alpha increases the survival of
patients with RCC (19, 24). In the end of 2000, first line
therapy choices for mRCC widened with tyrosine kinase
inhibitors (TKIs) against VEGF receptor, such as sunitinib,
sorafenib, and the mammalian target of rapamycin (mTOR)
inhibitor, temsirolimus, and an antiangiogenic monoclonal
antibody/vascular endothelial growth factor (VEGF)–targeted
therapy, bevacizumab (38, 53-55). Favorable outcome results
from phase III trials on bevacizumab + IFN-alpha treatment
were published in 2010 (23, 56). Recently, immune
checkpoint blockers (ICBs) have been associated with
improved outcomes in cancer patients (57, 58). The most
promising treatments in mRCC are combinations with
programmed cell death 1 (PD-1)/PD-L1–targeted therapy,
ICIs, such as nivolumab or pembrolizumab, and there are
ongoing trials without or with TKIs. A Belgian retrospective
study observed overall survival improvement in patients with
metastatic ccRCC since the introduction of VEGFR-TKIs and
ICIs (59). In the Belgian study the median overall survival
with IFN-alpha as first line therapy was 13 months, which is
lower than the 19 months in our studies with IFN-alpha alone
(59). In the same study VEGFR-TKI as first line therapy
resulted in median overall survival of 19 months (59).
Manageable toxicity with high response rates with ICIs in
first line therapy have been observed, but long-term results
have not been published yet. Many trials have investigated
ICIs alone or in combination with other ICI therapy or with
antiangiogenic TKIs and have found to be superior to the
prior treatments in mRCC with high rate of responses. Long-
term outcome of ICIs, such as nivolumab and iplimumab has
been published in the CheckMate 214 trial and of
pembrolizumab with VEGFR-TKI axitinib in the
KEYNOTE-426 trial. In these trials, better objective response
rates (42%, 59%, respectively) (34, 60) and better median
PFS (11.6 months, 15.4 months, respectively) (34, 37) were
achieved compared to previous treatments. An improvement
of treatment free survival compared to TKI was observed in
intermediate and poor risk patient groups in which it was 6.9
months with the combination of two ICIs (61). Interest in
immunotherapy for mRCC is now strong. Usage of IFN-alpha
in the treatment of mRCC has become a topic that is subject
to re-evaluation (10).

Understanding the significance of immunological response
in RCC has increased further over time. McKay, Bossé and
Choueiri (2018) proposed a systemic treatment algorithm for
metastatic ccRCC, and they pointed that bevacizumab +
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IFN-alpha treatment is a choice for mRCC patients,
especially for the good prognostic risk group (8). 

Future prospects. National Comprehensive Cancer Network
(NCCN) (62), European Society for Medical Oncology
(ESMO) (9), and European Association of Urology (EAU) (63)
have issued guidelines for the treatment of RCC. IFN-alpha
based therapy has been defined as an optional therapy (62, 63),
and bevacizumab plus interferon are currently considered the
drug of choice, especially for the good risk group (39). The
results of our study support that with immunotherapy very long
survival is possible and that it is of interest to study combined
INF-alpha and ICI therapies in the treatment of mRCC. Side
effect profile differs between these medications. In addition, the
results of this study show that prolonged and intermittently used
IFN-alpha is a treatment for mRCC when the patient is given
multiple-step treatment lines. Currently, there are many choices
for the therapy of RCC patients. Treatment selection is affected
by the patient’s previous treatments, side-effects profile and
concomitant diseases. Prolonged IFN-alpha therapy may also
be considered as an additional choice for therapy as it is well
tolerated in patients whose concomitant disease or medication
does not allow other modalities. Combinations of IFN-alpha and
targeted therapies are being evaluated. ICI is a golden standard
especially for intermediate and high-risk patients, although their
long-term outcome is yet to be defined.

However, the optimal timing of IFN-alpha is not yet
known. Our initial results show that the schema used in this
study is well tolerated and can achieve long term outcome.
The timing of different immunotherapy modalities and
targeted therapy should be explored in future studies. The
current questions concerning the use of IFN-alpha, is not
only the timing (38), but also the optimal dose in
combination with other therapy modalities. Also, the optimal
dose, schedule, and duration of IFN-alpha alone in the
treatment of mRCC has not yet been determined. In a meta-
analysis of 644 RCC patients IFN-alpha was associated with
survival benefits compared to hormonal therapy,
chemotherapy, and other biologic response modifiers (21).
Additionally, a low dose of intravenous or subcutaneous IL-
2 or other agents have failed to improve survival compared
to IFN-alpha alone. HD-IL-2 may improve the number of
complete responses, especially in patients with the worst
prognosis, e.g., with either liver or bone metastases (64), but
(very) good performance status and cardiac function are
required (51). Pegylated-IFN-alpha has not been a superior
treatment in mRCC (65). The median overall survival and
long-term survival analyses of sunitinib and bevacizumab
with IFN-alpha are still ongoing. 

Prognostic factors, such as PD-L1 expression, for
indicating those patients who could respond to IFN-alpha
therapy and other immunotherapies in renal RCC should be
studied (30, 66-69). Recently, GWAS studies have pointed

some single nucleotide polymorphisms (SNPs) and certain
chromosomal gains and losses to be associated with the
outcome of RCC (70, 71). In the future sub-groups of
patients with mRCC who can be benefited from long-term
INF-alpha treatment should be investigated.

Conclusion

According to our knowledge this is the longest follow-up
published concerning IFN-alpha treatment. Long-lasting
complete responses and long-term survival is possible with
prolonged and intermittently used IFN-alpha therapy in
patients with mRCC. Approximately one in six patients were
alive at 5-years and one in 11 patients at 10-years. Patients
with few disease sites and a small primary tumor are most
likely to achieve long-term survival. Long-term prognosis was
more likely, if the patient responded to the treatment, but the
same prognosis was reached also by a portion of patients with
response of stable disease. Also, patients in the intermediate
risk group may benefit from IFN-alpha therapy. IFN-alpha is
still an interesting option to study for combined therapies such
as immune checkpoint inhibitor-based therapies. In addition,
IFN-alpha is an alternative therapy when the patient is given
multiple treatment lines for mRCC. 
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