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Abstract

Background: Combination therapy is recommended in treating metastatic renal cell carcinoma.
Objectives: The objective of the present study was to evaluate the impacts of sunitinib in combination with interferon-alpha on
the response rate, adverse effects, and tolerance of this treatment among patients with loco regional and metastatic renal cell car-
cinoma.
Methods: The study was conducted on patients with loco regional and metastatic renal clear cell carcinoma. Interferon was sub-
cutaneously administered twice a week and one sunitinib capsule (50 mg) was administered per day for 4 weeks, followed by a
two-week break from sunitinib. The primary endpoint of this study was the response to this combination therapy and the second
endpoint was disease control rate and health status in terms of drug toxicity and overall survival in patients.
Results: The participants were 22 patients from 3 hospitals with 12 female patients and 10 male patients. All 12 patients with T4, any
N, and M0 were in complete remission. Of the 10 patients with visceral metastases, 70% had a partial response, 10% had a complete
response, and 20% were stable. Four patients having visceral metastases died due to progression of the disease. The mean overall sur-
vival was 15.6 months for two patients with only adrenal involvement, 12.9 months for 10 patients with Gerota’s fascia involvement,
and 12 months for 10 patients with visceral metastases.
Conclusions: This combination therapy did not have a significant toxicity profile and was tolerable in our patients, who also had
acceptable response to treatment.
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1. Background

Renal cancers account for 2% to 3% of all cancers, while
renal clear cell carcinoma (RCC) accounts for 90% of all kid-
ney cancers (1-4). The newly patients diagnosed with re-
nal clear cell carcinoma in the U.S. were 61560 in 2015 and
mortality rate is estimated to be around 14080 deaths (5).
Patients with RCC suffer from inactivation of von Hippel-
Lindau (VHL) gene in 50% to 80% cases (6-8). The product
of VHL gene has a crucial role in down-regulating hypoxia-
inducible factor (HIF)-1α expression (9, 10). Inactivation of
this gene leads to accumulation of HIF-1α, which increases
transcription of vascular endothelial growth factor (VEGF)
and platelet-derived growth factor (11-13). The increase in
HIF-1α is accompanied by tumor invasiveness, metastasis,
and poorer survival. The prognosis for patients with RCC is
dependent on the stage of disease. In loco regional disease

up to 40% have a relapse with metastasis after nephrec-
tomy (14, 15); so, the possibility of micro-metastasis should
be considered for these patients, which might present as
distant metastasis (16, 17). The 5-year survival rate is 53% for
loco regional disease (18). The stage IV of the disease is di-
vided into two groups; in the first group, the tumor devel-
ops beyond Georta’s fascia meaning perirenal fat, which
can include direct involvement of adrenal gland in sur-
rounding areas or lymph nodes (T4, any N, and M0); the
overall survival of patients with RCC (T4, any N, and M0)
might reach 40% (19) and the second group includes pa-
tients with remote metastasis (any T, any N, M1) (20), the
OS is about 8% (19). One of the models to evaluate the risk
of relapse is in addition to the model the AJCC TNM classi-
fication (version 2010) (20); model is the University of Cal-
ifornia Los Angles Integrated Staging System (UISS). Based
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on this, patients in T3b and T3c are at high risk for relapse.
Therefore, systematic therapy is recommended to decrease
recurrence rate. We started the treatment of target ther-
apy in the patients with loco regional disease in addition
to the metastatic group. The standard treatment for RCC
has been interleukin combined with interferon for many
years (21), but it is associated with minimum therapeutic
effect and significant toxicity, though nowadays, targeted
therapy is the treatment of choice in the world (22). One
of the limitations of targeted therapy is that the medicine
does not provide long-term remissions and the body devel-
ops drug resistance (13). Thus, sequential targeted therapy
or combination therapy is recommended (23). The objec-
tive of combination therapy is to increase treatment effi-
cacy and reduce drug resistance (22). Drug toxicity is also
important in combination therapy because an increase in
toxicity increases patients’ non-compliance and mortality
rate. A strategy employed in such circumstances is dose re-
duction and maintaining the maximum possible dosage
until the end of treatment. The increase in toxicity has
practically led to failure of targeted therapy; thus, we de-
cided to try combination therapy and combine targeted
therapy with immunotherapy. Also, considering limited
studies in the past and in order to avoid dose reduction
of targeted drugs, which happens in combination therapy,
the targeted therapy drug dosage was the standard start-
ing dose; however, a low dose immunotherapy was added.
Few studies have shown that reducing sunitinib might re-
duce drug efficacy, too.

2. Methods

The cohort study was approved by regional Ethical
Committee at Kermanshah University of Medical Sciences
(Ref. No.: IR.KUMS.REC.1394.301) and 22 patients with loco
regional or metastatic aged 18 to 70 years were selected
based on inclusion criteria from July 2013 to April 2016
from provinces of Kermanshah, Lorestan, Ilam, and Kur-
distan. The sampling method was non-random and easy or
available.

Eligibility criteria included a diagnosis of loco regional
or metastatic RCC and age between 15 and 75 years. Exclu-
sion criteria included patients with irreversible major or-
gan failure, significant hepatic or renal dysfunction, and a
left ventricular ejection fraction less than 40% were ineli-
gible. We used the following formula for the calculation of
sample size based on survival rate from previous studies:

N =

(
Z1−α

2
+ Z1−β

)
(P1 ×Q1 + P2 ×Q2)

(P1 −Q1)
2

We used Kaplan-Meier estimator to estimate survival
function for time to death. SPSS 17.0 for windows was used

for all statistical analyses. Since two groups of patients
were not the same, there was no comparison between the
two groups and we did not need P value. Patients at each
stage were compared with prior patients with the same
stage. The control groups were historical. The patients’
information is presented in Table 1. The basic medical
evaluation for all patients included taking medical history,
physical examination, complete blood count, biochemical
profile, electrocardiogram, lung and abdomen computed
tomography (CT) scan, and bone nuclear scanning. An-
other inclusion criterion was scoring above 70% in terms
of Karnofsky performance status. The criteria for evaluat-
ing the response to treatment included CT scan, magnetic
resonance imaging, and nuclear scanning after each cycle
for the first 4 cycles and, then, every other cycle until the
treatment ended. The participants received interferon in-
jection twice a week in 5 million units in combination with
50 mg of sunitinib per day before sleep for 4 weeks, fol-
lowed by a two-week break (24). The combination therapy
was continued for at least 1.5 years meaning minimum 12
cycles in patients with loco regional (T4, N1 - N0, M0), or un-
til the disease progressed or unacceptable side effects ap-
peared or patients with metastasis (any T, any N, M1) were
unwilling to continue. If it was necessary to reduce the
sunitinib dosage, it would reduce by 50 mg on the first day,
50 mg on the second day, and discontinued on the third
day. The primary endpoint of this study was the objective
response (reaching full remission and partial remission)
and the secondary endpoint was overall survival rate (start-
ing from the time of registration until dying for any rea-
son) and health of combination therapy in terms of toxi-
cological profile. In case of disease progression, the second
medicine, sorafenib (Nexavar), in combination with inter-
feron was used this replaced sunitinib if it could stabilize
the disease (25).

3. Results

The mean duration of patients’ follow-up was 23
months. The mean age of the patients was 56 years. The
performance status (PS) was zero in 18 patients and 1 in 4 pa-
tients. The epidemiological investigation into age showed
that 4 patients (18.2%) were in the 41 to 50 year age group,
4 patients (18.2%) were younger than 40 years, 7 patients
(31.8%) were in 51 to 60 year age group, and 7 patients (31.8%)
were in 61 to 70 year age group. There were 12 female pa-
tients against 10 male patients. Ten patient were in metas-
tasis (any T, any X, M1) and 12 patients were in loco re-
gional (T4, any N, M0). Among the participants, 2 patients
had adrenal involvement, 10 patients had Gerota’s fascia
involvement, 10 patients had visceral metastases (includ-
ing lung, bone and liver), 4 patients had lung metasta-
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sis, 2 patients had liver metastasis, 4 patients had exten-
sive abdominal involvement, and 6 patients had bone in-
volvement. Most patients had multiple metastatic sites
and while lymph nodes were not evaluated in 11 patients,
6 out of 10 patients, who underwent the evaluation, had
lymph node involvement. Eight patients (36.4%) had smok-
ing history, 6 patients (27.3%) had high blood pressure, 2 pa-
tients (9.1%) had accompanying diabetes, 2 patients simul-
taneously had another cancer, 2 patients (9.1%) had accom-
panying kidney stones, 10 patients had renal vein throm-
bosis, and 6 patients (27.3%) had inferior vena cava throm-
bosis. Patients showed different clinical presentations as 7
patients (31.8%) had an abdominal mass, 19 patients (86.4%)
had pain, 7 patients (31.5%) had hematuria, 7 patients (31.8%)
had pain and abdominal mass, and 2 patients (9.1%) re-
ported chest pain. The side effects of therapy were exam-
ined and 4 patients out of 22 suffered from skin rashes, 15
patients (68.2%) suffered from exhaustion, 2 patients de-
veloped diarrhea, 2 patients (9.1%) developed stomatitis,
3 patients (13.6%) suffered from thrombosis of lower ex-
tremities, 9 patients (40.5%) developed a skin lesion that
turned their skins light yellow, and 3 patients (13.6%) had
bouts of vomiting. A reduction in platelet count was ob-
served in 40% of patients and reduction in WBC and neu-
trophil count was observed in 10 patients. The side effects
of the therapy were observed during the first 4 weeks of
treatment in most patients. The medication toxicity is pre-
sented in Table 2. Totally, sunitinib was discontinued in 6
patients. In 4 of these patients, disease progression caused
the discontinuation of sunitinib, and 3 of them started
receiving sorafenib in combination with interferon. Al-
though the disease was stable for 60 days, it then pro-
gressed, and all 3 patients eventually died. The only pa-
tients who survived had resumed sunitinib (26) while hav-
ing interferon in combination with sorafenib (Nexavar),
which is still being administered. Ultimately, 3 patients
died due to disease progression and one patient died due
to heart attack, which was not related to the treatment.
Among 22 patients being examined for side effects of the
treatment, 12 (54.4%) patients had a short break from tak-
ing sunitinib and one patient took a break from receiving
interferon. Finally, 12 patients (with T4, N1, N0, M) are in full
remission and from 10 patients with visceral metastases,
1 patient is in full remission, 2 patients have stable condi-
tion, and 7 (31.8%) patients are in partial remission (Table
3).

Totally, 18 patients (81.9%) are alive, and 13 patients
(59.1%) from the total 22 were in full remission. The mean
overall survival of two patients with adrenal involvement
was 15.6 months. The mean overall survival in 10 patients
with Gerota’s fascia involvement was 12.9 months (mini-
mum four and maximum 20 months) (Figure 1), and the

Table 1. Baseline Patient Characteristics

Variables Valuea

Age, y 56 (30 - 67)

Male 10 (45.5)

Female 12 (54.5)

PS 0 18 (81.8)

PS 1 4 (18.2)

Nephrectomy 12 (54.5)

Metastasis lung 4 (18.2)

Metastasis liver 2 (9)

Metastasis extensive lymph node 4 (18.2)

Metastasis bone 6 (27.2)

a Values are expressed as median (range) or No. (%).

Table 2. The Medication Toxicity in Our Patientsa

Adverse Event Grade 1, 2 Grade 3, 7 Total

Fatigue 15 (67.5) 1 (4.5) 16 (72.7)

Diarrhea 2 (9) 0 2 (9)

Stomatitis 2 (9) 0 2 (9)

Lemon yellow skin 9 (40) 0 9 (40)

Influenza-like illness 1 (4.5) 0 1 (4.5)

Vomiting 3 (13.5) 0 3 (13.5)

Pyrexia 4 (20) 0 4 (20)

Leukopenia 9 (40) 3 (13.5) 12 (54.5)

Thrombocytopenia 5 (22.5) 2 (9) 7 (31.8)

a Values are expressed as No. (%).

Table 3. Response Rate Patients with Measurable Disease at Baseline (Metastatic)

Variables Valuea

CR 1 (10) PD progressive

PR 7 (70) 2

SD 2 (20) 2

PORR 80

Abbreviations: CR, complete response; PD, progressive disease; PORR, primary
objective response rate; PR, partial response; SD, stable disease.
a Values are expressed as No. (%) or percentage.

mean overall survival of 10 patients with visceral metasta-
sis was 12 months (Figure 2). The overall survival of total
patients was 13 months.

4. Discussion

There are not many studies on the use of target ther-
apy in cases of loco regional disease. The aim of our study
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Figure 1. The mean overall survival of patients with Gerota’s fascia

Other Visceral Metastasis

410

400

390

380

370

360

350

M
ea

n
 o

f O
ve

ra
l S

u
rv

iv
al

, d

Figure 2. The mean overall survival of 10 patients with visceral metastasis

was to use target therapy in cases of loco regional use
along with its use in metastatic patients. The reason for
this decision is the presence of a micro-metastasis phe-
nomenon that can cause recurrence of the disease in loco
regional patients. The targeted therapy sunitinib is effec-
tive in treating advanced renal carcinoma in two impor-
tant ways: Affecting vascular endothelial growth factor
and mammalian target of rapamycin 1. The response rate
to sunitinib in targeted treatment is 30% to 40%, but the
disease progressed after a period of 6 to 15 months, which
indicates rise of resistance (27). Some of the limitations
of using targeted therapy include little chance of reach-
ing a complete remission and rapid progression after dis-
continuing the drug, and impossibility of saving sunitinib
treated patients due to rise of resistance in long-term use,

which might also be due to resistance against other genes
rather than von Hipple-Lindau (VHL) gene. The mecha-
nism of drug resistance is not fully understood yet, but
it is claimed that resistance develops when genetic muta-
tions lead to activation of already inhibited routes or pre-
vent the drug to bond to the target site through chang-
ing drug-target interactions. Clinical data show that re-
sistance to targeted therapy is temporary because shifting
to another treatment leads to disease regression. Over-
coming the resistance would enhance drug efficacy. Ac-
cording to some hypotheses and available information,
drug resistance might decrease if interferon is used with
targeted therapy, which is why interferon was also used
in this study. Interferon has antitumor activity as an im-
munotherapy and anti-VEGF activity. There is evidence sup-
porting special activity of mammalian target of rapamycin
1 in inducing interferon response, which shows the syner-
gistic effect of sunitinib and interferon against renal can-
cer cells. Targeted therapy drugs, like suntinitib, result in
a high expression of mammalian target of rapamycin. In-
terferon also results in enhancing natural killer (NK) cell
activity and immunization of tumor cells and acts via im-
munization for destroying malignant cells through cyto-
toxic CD8+ cells (28). Interferon also induces apoptosis,
down-regulates angiogenesis, and promotes cell prolifera-
tion through inducing cyclin-dependent kinase inhibitors.
Interferon-α increases p53 expression (29) as a tumor sup-
pressor, which has an important role in controlling angio-
genesis and apoptosis and intensifies deadly responses to
genotoxic stressors. The study conducted by Motzer et al.
(30) on combination therapy of interferon with suntinitib
reported dose reduction in 18 patients out of 25 so that
the suntinitib dosage was reduced to 37.5 mg and 3 mil-
lion units of interferon was administered subcutaneously
3 times a week; however, even such a low dosage was not
tolerable in long term. In Motzer et al.’s study, 100% of
patients suffered from fatigue and 76% and 56% suffered
from diarrhea and vomiting, respectively. So, consider-
ing the side effects of the treatment in that study, we de-
cided to reduce the dosage of combination therapy, but it
was only the interferon dosage that was reduced and sun-
tinitib dose reduction was avoided. If it was necessary to re-
duce the dosage or discontinue the medication, the break
was short and the suntinitib dose reduction was little since
there was evidence, indicating that reducing the suntinitib
dose would reduce drug efficacy, too. Comparing the side
effects of the present study with other studies that em-
ployed combination therapy (53%) or used suntinitib alone
(44%) or used interferon alone (33%), our research results
did not indicate more severe and threatening side effects;
thus, we would recommend our treatment as it was less
toxic and safer. The most common side effects observed

4 Int J Cancer Manag. 2018; 11(10):e82420.

http://intjcancermanag.com


Aznab M and Rezaei M

among our patients were fatigue, weakness, lethargy and
facial skin color changes to light yellow. The percentage
of patients with side effects of grade 3 to 4 thrombocy-
topenia and leucopenia was as low as 20%. Also, the dose
of suntinitib was changed in only 12 patients and toxicity
did not result in discontinuing suntinitib. In Muntzer’s re-
search that studied 146 patients, the drug dosage was re-
duced for 36.3% of patients and it was discontinued in 15.8%
cases, while the reason for discontinuation of the medica-
tion in our study was disease progression. Our strategy for
active response toward toxicity associated with treatment
included resuming treatment with suntinitib as soon as
possible. The strategy should include educating and mon-
itoring patients, and resuming the treatment as soon as
the signs of improvement from drug toxicity appear, and
dosage should not be reduced and treatment should not
be delayed or discontinued. None of our patients suffered
from decreased cardiac output. This combination therapy
of sunitinib with interferon had a significant response rate
so that the overall response rate was 80%. The greatest lim-
itation of the present study was small number of partic-
ipants. In a recent study by Ravaud et al. (31), sunitinib
as adjuvant treatment significantly improved DFS versus
placebo in patients at high risk of recurrence of RCC follow-
ing surgery (S-TRAC).

4.1. Conclusions

Considering the low survival rate of patients with loco
regional stage and metastatic disease, one of the aims of
the study was to examine the survival rate when using
sunitinib therapy in loco regional stage. Another aim of
the study was to investigate the effect of combined ther-
apy on survival rates in patients with metastatic disease.
Compared to prior patients with same stage (historical
control), increased survival rates were significant in both
groups of patients, especially in the loco regional group.

The most important finding of this research is the fact
that a combination therapy of immunotherapy with tar-
geted therapy might be effective in patients with loco re-
gional renal-cell carcinoma at high risk for tumor recur-
rence after nephrectomy and metastatic renal carcinoma.

Acknowledgments

We appreciate the head of Oncology Department.

Footnotes

Authors’ Contributions: None declared.

Conflict of Interest: The authors have declared no poten-
tial conflict of interest.

Financial Disclosure: None declared.

References

1. Rini BI, Campbell SC, Escudier B. Renal cell carcinoma. Lancet.
2009;373(9669):1119–32. doi: 10.1016/S0140-6736(09)60229-4.
[PubMed: 19269025].

2. Patard JJ, Leray E, Rioux-Leclercq N, Cindolo L, Ficarra V, Zisman
A, et al. Prognostic value of histologic subtypes in renal cell carci-
noma: A multicenter experience. J Clin Oncol. 2005;23(12):2763–71. doi:
10.1200/JCO.2005.07.055. [PubMed: 15837991].

3. Lam JS, Leppert JT, Belldegrun AS, Figlin RA. Novel approaches
in the therapy of metastatic renal cell carcinoma. World J Urol.
2005;23(3):202–12. doi: 10.1007/s00345-004-0466-0. [PubMed:
15812574].

4. Motzer RJ, Bander NH, Nanus DM. Renal-cell carcinoma. N Engl J Med.
1996;335(12):865–75. doi: 10.1056/NEJM199609193351207. [PubMed:
8778606].

5. American Cancer Society. Cancer facts and figures 2015. Atlanta: Ameri-
can Cancer Society; 2015.

6. Kim WY, Kaelin WG. Role of VHL gene mutation in human cancer.
J Clin Oncol. 2004;22(24):4991–5004. doi: 10.1200/JCO.2004.05.061.
[PubMed: 15611513].

7. Arai E, Kanai Y. Genetic and epigenetic alterations during renal car-
cinogenesis. Int J Clin Exp Pathol. 2010;4(1):58–73. [PubMed: 21228928].
[PubMed Central: PMC3016104].

8. Banks RE, Tirukonda P, Taylor C, Hornigold N, Astuti D, Cohen D, et
al. Genetic and epigenetic analysis of von Hippel-Lindau (VHL) gene
alterations and relationship with clinical variables in sporadic renal
cancer. Cancer Res. 2006;66(4):2000–11. doi: 10.1158/0008-5472.CAN-
05-3074. [PubMed: 16488999].

9. Baldewijns MM, van Vlodrop IJ, Vermeulen PB, Soetekouw PM, van En-
geland M, de Bruine AP. VHL and HIF signalling in renal cell carcino-
genesis. J Pathol. 2010;221(2):125–38. doi: 10.1002/path.2689. [PubMed:
20225241].

10. Pal SK, Figlin RA. Unraveling the role of hypoxia-inducible factor in
renal cell carcinoma: A biological and therapeutic perspective. Cancer
Disc. 2011;1:198–9. doi: 10.1158/2159-8290.

11. Thurston G, Kitajewski J. VEGF and Delta-Notch: Interacting signalling
pathways in tumour angiogenesis. Br J Cancer. 2008;99(8):1204–9.
doi: 10.1038/sj.bjc.6604484. [PubMed: 18827808]. [PubMed Central:
PMC2570514].

12. Olsson AK, Dimberg A, Kreuger J, Claesson-Welsh L. VEGF receptor
signalling - in control of vascular function. Nat Rev Mol Cell Biol.
2006;7(5):359–71. doi: 10.1038/nrm1911. [PubMed: 16633338].

13. Morais C. Sunitinib resistance in renal cell carcinoma. J Kidney Can-
cer VHL. 2014;1(1):1–11. doi: 10.15586/jkcvhl.2014.7. [PubMed: 28326244].
[PubMed Central: PMC5345511].

14. Janzen NK, Kim HL, Figlin RA, Belldegrun AS. Surveillance after radical
or partial nephrectomy for localized renal cell carcinoma and man-
agement of recurrent disease. Urol Clin North Am. 2003;30(4):843–52.
[PubMed: 14680319].

15. Janowitz T, Welsh SJ, Zaki K, Mulders P, Eisen T. Adjuvant ther-
apy in renal cell carcinoma-past, present, and future. Semin Oncol.
2013;40(4):482–91. doi: 10.1053/j.seminoncol.2013.05.004. [PubMed:
23972712]. [PubMed Central: PMC3765962].

16. Kroeger N, Choueiri TK, Lee JL, Bjarnason GA, Knox JJ, MacKenzie MJ,
et al. Survival outcome and treatment response of patients with late
relapse from renal cell carcinoma in the era of targeted therapy. Eur
Urol. 2014;65(6):1086–92. doi: 10.1016/j.eururo.2013.07.031. [PubMed:
23916693].

17. Aguirre Ghiso JA, Kovalski K, Ossowski L. Tumor dormancy induced by
downregulation of urokinase receptor in human carcinoma involves
integrin and MAPK signaling. J Cell Biol. 1999;147(1):89–104. [PubMed:
10508858]. [PubMed Central: PMC2164973].

Int J Cancer Manag. 2018; 11(10):e82420. 5

http://dx.doi.org/10.1016/S0140-6736(09)60229-4
http://www.ncbi.nlm.nih.gov/pubmed/19269025
http://dx.doi.org/10.1200/JCO.2005.07.055
http://www.ncbi.nlm.nih.gov/pubmed/15837991
http://dx.doi.org/10.1007/s00345-004-0466-0
http://www.ncbi.nlm.nih.gov/pubmed/15812574
http://dx.doi.org/10.1056/NEJM199609193351207
http://www.ncbi.nlm.nih.gov/pubmed/8778606
http://dx.doi.org/10.1200/JCO.2004.05.061
http://www.ncbi.nlm.nih.gov/pubmed/15611513
http://www.ncbi.nlm.nih.gov/pubmed/21228928
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3016104
http://dx.doi.org/10.1158/0008-5472.CAN-05-3074
http://dx.doi.org/10.1158/0008-5472.CAN-05-3074
http://www.ncbi.nlm.nih.gov/pubmed/16488999
http://dx.doi.org/10.1002/path.2689
http://www.ncbi.nlm.nih.gov/pubmed/20225241
http://dx.doi.org/10.1158/2159-8290
http://dx.doi.org/10.1038/sj.bjc.6604484
http://www.ncbi.nlm.nih.gov/pubmed/18827808
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2570514
http://dx.doi.org/10.1038/nrm1911
http://www.ncbi.nlm.nih.gov/pubmed/16633338
http://dx.doi.org/10.15586/jkcvhl.2014.7
http://www.ncbi.nlm.nih.gov/pubmed/28326244
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5345511
http://www.ncbi.nlm.nih.gov/pubmed/14680319
http://dx.doi.org/10.1053/j.seminoncol.2013.05.004
http://www.ncbi.nlm.nih.gov/pubmed/23972712
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3765962
http://dx.doi.org/10.1016/j.eururo.2013.07.031
http://www.ncbi.nlm.nih.gov/pubmed/23916693
http://www.ncbi.nlm.nih.gov/pubmed/10508858
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2164973
http://intjcancermanag.com


Aznab M and Rezaei M

18. American Cancer Society. Kidney cancer (adult) renal cell carci-
noma. 2014. Available from: http://www.cancer.org/acs/groups/cid/
documents/webcontent/003107-pdf.pdf .

19. American Cancer Society. Kidney cancer (adult) renal cell carcinoma
overview: Survival rates for kidney cancer by TNM stage. 2014.

20. Edge SB, Byrd DR, Compton CC, Fritz AG, Greene FL, Trotti A. AJCC can-
cer staging manual. 7th ed. New York, NY: Springer-Verlag; 2010.

21. De Mulder PH, Oosterhof G, Bouffioux C, van Oosterom AT, Vermeylen
K, Sylvester R. EORTC (30885) randomised phase III study with re-
combinant interferon alpha and recombinant interferon alpha and
gamma in patients with advanced renal cell carcinoma. The EORTC
Genitourinary Group. Br J Cancer. 1995;71(2):371–5. [PubMed: 7841054].
[PubMed Central: PMC2033601].

22. Motzer RJ, Hutson TE, Tomczak P, Michaelson MD, Bukowski RM, Rixe
O, et al. Sunitinib versus interferon alfa in metastatic renal-cell carci-
noma. N Engl J Med. 2007;356(2):115–24. doi: 10.1056/NEJMoa065044.
[PubMed: 17215529].

23. Schmidinger M. Improving outcomes in metastatic clear cell re-
nal cell carcinoma by sequencing therapy. Am Soc Clin Oncol Educ
Book. 2014:e228–38. doi: 10.14694/EdBook_AM.2014.34.e228. [PubMed:
24857107].

24. Motzer RJ, Hutson TE, Olsen MR, Hudes GR, Burke JM, Edenfield
WJ, et al. Randomized phase II trial of sunitinib on an intermit-
tent versus continuous dosing schedule as first-line therapy for
advanced renal cell carcinoma. J Clin Oncol. 2012;30(12):1371–7. doi:
10.1200/JCO.2011.36.4133. [PubMed: 22430274].

25. Porta C, Paglino C, Grunwald V. Sunitinib re-challenge in ad-
vanced renal-cell carcinoma. Br J Cancer. 2014;111(6):1047–53.
doi: 10.1038/bjc.2014.214. [PubMed: 24800947]. [PubMed Central:

PMC4453836].
26. Pantuck AJ, Zeng G, Belldegrun AS, Figlin RA. Pathobiology, prog-

nosis, and targeted therapy for renal cell carcinoma: Exploiting
the hypoxia-induced pathway. Clin Cancer Res. 2003;9(13):4641–52.
[PubMed: 14581333].

27. Heng DY, Mackenzie MJ, Vaishampayan UN, Bjarnason GA, Knox JJ,
Tan MH, et al. Primary anti-vascular endothelial growth factor (VEGF)-
refractory metastatic renal cell carcinoma: Clinical characteristics,
risk factors, and subsequent therapy. Ann Oncol. 2012;23(6):1549–55.
doi: 10.1093/annonc/mdr533. [PubMed: 22056973]. [PubMed Central:
PMC3858023].

28. Finlay DK, Rosenzweig E, Sinclair LV, Feijoo-Carnero C, Hukelmann
JL, Rolf J, et al. PDK1 regulation of mTOR and hypoxia-inducible fac-
tor 1 integrate metabolism and migration of CD8+ T cells. J Exp Med.
2012;209(13):2441–53. doi: 10.1084/jem.20112607. [PubMed: 23183047].
[PubMed Central: PMC3526360].

29. Wittnebel S, Jalil A, Thiery J, DaRocha S, Viey E, Escudier B, et al.
The sensitivity of renal cell carcinoma cells to interferon alpha
correlates with p53-induction and involves Bax. Eur Cytokine Netw.
2005;16(2):123–7. [PubMed: 15941683].

30. Motzer RJ, Hudes G, Wilding G, Schwartz LH, Hariharan S, Kempin
S, et al. Phase I trial of sunitinib malate plus interferon-alpha for
patients with metastatic renal cell carcinoma. Clin Genitourin Can-
cer. 2009;7(1):28–33. doi: 10.3816/CGC.2009.n.005. [PubMed: 19213665].
[PubMed Central: PMC3394091].

31. Ravaud A, Motzer RJ, Pandha HS, George DJ, Pantuck AJ, Patel A, et al.
Adjuvant sunitinib in high-risk renal-cell carcinoma after nephrec-
tomy. N Engl J Med. 2016;375(23):2246–54. doi: 10.1056/NEJMoa1611406.
[PubMed: 27718781].

6 Int J Cancer Manag. 2018; 11(10):e82420.

http://www .cancer .org/ acs/ groups/ cid/ documents/ webcontent/ 003107-pdf .pdf
http://www .cancer .org/ acs/ groups/ cid/ documents/ webcontent/ 003107-pdf .pdf
http://www.ncbi.nlm.nih.gov/pubmed/7841054
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2033601
http://dx.doi.org/10.1056/NEJMoa065044
http://www.ncbi.nlm.nih.gov/pubmed/17215529
http://dx.doi.org/10.14694/EdBook_AM.2014.34.e228
http://www.ncbi.nlm.nih.gov/pubmed/24857107
http://dx.doi.org/10.1200/JCO.2011.36.4133
http://www.ncbi.nlm.nih.gov/pubmed/22430274
http://dx.doi.org/10.1038/bjc.2014.214
http://www.ncbi.nlm.nih.gov/pubmed/24800947
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4453836
http://www.ncbi.nlm.nih.gov/pubmed/14581333
http://dx.doi.org/10.1093/annonc/mdr533
http://www.ncbi.nlm.nih.gov/pubmed/22056973
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3858023
http://dx.doi.org/10.1084/jem.20112607
http://www.ncbi.nlm.nih.gov/pubmed/23183047
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3526360
http://www.ncbi.nlm.nih.gov/pubmed/15941683
http://dx.doi.org/10.3816/CGC.2009.n.005
http://www.ncbi.nlm.nih.gov/pubmed/19213665
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3394091
http://dx.doi.org/10.1056/NEJMoa1611406
http://www.ncbi.nlm.nih.gov/pubmed/27718781
http://intjcancermanag.com

	Abstract
	1. Background
	2. Methods
	3. Results
	Table 1
	Table 2
	Table 3
	Figure 1
	Figure 2

	4. Discussion
	4.1. Conclusions

	Acknowledgments
	Footnotes
	Authors' Contributions
	Conflict of Interest
	Financial Disclosure

	References

