
326

www.cmj.hr

Aim To assess diseases outcomes and tolerability of real-
life second-line nivolumab in a series of metastatic renal 
cell carcinoma (mRCC) patients.

Methods This retrospective chart review involved pro-
spectively monitored patients (named patient program) 
treated with second-line nivolumab for mRCC at the Uni-
versity Hospital Centre Zagreb from February 2016 to 
March 2018.

Results The study enrolled 30 patients, 5 of whom (16.7%) 
had a complete response. The mean ± standard deviation 
therapeutic response time to nivolumab treatment was 
14.07 ± 8.92 months, with a minimum treatment duration 
of 2 months and a maximum of 24 months. The median 
duration of therapy was 17 months (mean: 15.8 months; 
range: 3-24 months), and 50% (n = 15/30) of patients re-
mained alive at the end of follow up. The most common 
adverse events associated with nivolumab were fatigue 
(26.67%; n = 8/30), anemia (10.0%; n = 3/30), adrenal insuffi-
ciency (6.67%; n = 2/30: G1 = 1, G2 = 1), grade 2 pneumoni-
tis (6.67%; n = 2/30), grade 2 neuropathy (6.67%; n = 2/30), 
rash (6.67%; n = 2/30: G1 = 1, G2 = 1), and hepatitis (3.33%; 
n = 1/30).

Conclusion The present study indicates acceptable pa-
tient responses and tolerability of nivolumab in mRCC.
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Each year, approximately 337 000 new cases of renal cell 
carcinoma (RCC) are diagnosed globally, with 143 000 
deaths (1). Thirty-three percent of the patients who un-
dergo surgical intervention relapse and additional 33% 
develop metastases upon initial diagnosis (2,3). A total of 
75%-85% of primary kidney malignancies belong to the 
group of clear cell RCCs, while the remaining histologically 
diverse tumors are categorized as non-clear cell RCC. Non-
clear cell RCCs differ from clear cell RCCs in pathologic and 
histologic features and clinical presentation (3). Early diag-
nosis of RCC is crucial as timely surgical intervention can 
prolong the patient’s life (5-year survival rate of 93%). Un-
fortunately, a third of the patients already have advanced 
disease at diagnosis and 10%-20% of them experience a 
relapse (4-7).

Over the past few years, RCC has been successfully treat-
ed with endothelial growth factor receptor tyrosine kinase 
(VEGF TKI) and mammalian target of rapamycin inhibitors 
(mTORi) (8). VEGF TKIs are highly effective and can safely 
be used for several years. However, the median overall sur-
vival (22-29 months) suggests that there is still room for 
improvement (9). Therefore, it is paramount that clinicians 
have an expert understanding of immunotherapy, as most 
patients with advanced RCC undergo multiple therapies 
over the course of their disease (10).

Nivolumab is a PD-1 checkpoint inhibitor that restores the 
pre-existing antitumor immune response by selectively 
blocking the interaction between PD-1 receptors on T-cells 
and PD-1 ligands, PD-L1 and PD-L2, on tumor cells and an-
tigen presenting cells. A 2012 phase I trial demonstrated 
nivolumab’s antitumor activity and manageable safety 
profile in metastatic RCC (11). In 2015, nivolumab was ap-
proved (CheckMate 025) by Food and Drug Administra-
tion (FDA) and the European Medicines Agency (EMA) as a 
second-line therapy for advanced RCC patients with prior 
anti-angiogenic therapy, and in 2018 by the EMA as the 
first-line therapy for patients with intermediate- and poor-
risk advanced RCC (12,13).

Since approval, a number of clinical trials have been con-
ducted to further assess the safety, tolerability, and efficacy 
of nivolumab, or the combination of nivolumab with an-
other antitumor therapeutic agent, in RCC treatment (14-
16). We aimed to assess disease outcomes and tolerability 
of real-life second-line nivolumab in a series of mRCC pa-
tients. Our primary aim was to evaluate the dose response 
with regards to progression-free survival (PFS), overall sur-
vival (OS), and time-to-treatment failure (TTF). The second-

ary aim was to assess the relative safety of nivolumab as 
a second-line therapy by assessing nivolumab-related ad-
verse events.

Patients and methods

In February 2019, we retrospectively reviewed the charts 
of patients with an indication for treatment with nivolum-
ab for mRCC managed between February 2016 and March 
2018 at the Clinical Hospital Centre Zagreb. Patients were 
identified through the Center’s electronic health record 
database, and all patients who received nivolumab were 
included. Patient data were collected in compliance with 
all ethical and regulatory standards regarding patient con-
fidentiality.

The study recruited all patients who took part in a named 
patient program according to the EMA’s medication reg-
istration criteria. Heng and MSKCC/Motzer score models 
for predicting survival were used as inclusion criteria and 
for stratification of patients into a favorable-risk group, 
intermediate-risk group, and poor-risk group. Treatment 
duration was defined as the period from the initial treat-
ment start date to the date of the last treatment cycle. 
Response to therapy was defined as either complete re-
sponse (CR), partial response (PR), stable disease (SD), or 
progressive disease (PD) according to RECIST (17). Patients 
in whom it was impossible to determine whether they 
had progression, regression, or stable disease were classi-
fied as “mixed response” patients (“modified RECIST”). The 
PFS was defined as the time in months between the initia-
tion of therapy to progression of disease or death, where-
as OS was defined as the time in months from the initi-
ation of therapy to death. Time-to-treatment failure was 
defined as the interval from the initiation of therapy to its 
premature discontinuation, which could have ensued due 
to different reasons, such as cancer progression, adverse 
events, patient choice, or patient death. The patients were 
re-assessed at regular scheduled visits at 2, 3, 6, 9, 12, 15, 
18, and 24 months.

Nivolumab was administered at a standard dose of 3 mg/
kg every two weeks for up to two years. Patients were 
asked to visit their oncologist every three months for con-
trol and consultation. The follow-up visits included labo-
ratory tests, multi-slice computed tomography (MSCT) of 
the chest, abdomen, and pelvis, and bone status. Patients 
with musculoskeletal pain underwent a bone scan. The 
treatment duration ranged from 3 months (shortest) to 
24 months (longest).
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Table 1. Patients’ outcomes, type and severity of adverse events, and duration of nivolumab treatment for metastatic renal cell carcinoma*

N Sex
Age 

(years) Metastases Nephrectomy
PHD/ 
TNM

Outcomes 
at 6 

months

Treatment 
duration 
(months)

Adverse event 
and severity

First-line 
therapy ECOG Smoking Alcohol

1 M 62 L, M, bones Y CC, pT3aN0M1 DP   7 Fatigue G2, rash G1 sunitinib 50 mg 2 N-ES N
2 M 58 L, parotid 

gland
Y CC, pT2N1M1 CR 24 sunitinib 50 mg 0 Y Y

3 F 53 bones Y Papillary, 
pT3N2M0

DP   6 Fatigue G2, anemia G2, 
rash G2, Guillain-Barré 
syndrome

temsirolimus 
25 mg

3 N N

4 F 73 bones Y CC, pT1bN0M1 SD 22+ sunitinib 50 mg 0 N N
5 M 63 L, M Y CC DP 22+ sunitinib 50 mg 1 N N
6 F 61 LN,M, pan-

creas
N CC SD   8 Hypothyreosis G2, 

adrenal insufficiency G2, 
hepatitis G4

sunitinib 50 mg 1 N N

7 M 72 bones Y CC, T1 Mix   8 sunitinib 50 mg 3 N-ES N
8 F 71 L, bones Y CC, pT3N0M0 DP   9 sunitinib 50 mg 3 N N
9 M 68 L, adrenal 

gland, M
Y CC, pT3aNxM1 SD 20+ Fatigue G2, hypophysitis 

G2, adrenal insufficiency 
G1

sunitinib 50 mg 0 N N

10 M 68 bones, LN Y Papillary type2, 
pT3a

DP 10 temsirolimus 
25 mg

2 N-ES N

11 F 77 bones Y CC, pT2aNxM1 DP 10 sunitinib 50 mg 3 N N
12 F 66 L Y CC, pT3bN0M0 DP   8 sunitinib 50 mg 3 N N
13 M 38 M, bones, L Y CC, pT1bN0M0 PR 19+ Fatigue G2, anemia G2, 

pneumonitis G2
sunitinib 50 mg 1 N N

14 M 75 L, forearm Y CC, M1 SD 19+ pazopanib 800 
mg

0 N N

15 M 67 L Y CC, pT3aN0M0 SD 19+ sunitinib 50 mg 0 N N
16 M 65 L, bones, ad-

renal gland, 
kidney

N CC, M1 DP   4 sunitinib 50 mg 3 N N

17 M 68 L Y CC, pT2bNxM0 SD   9 CVI sunitinib 50 mg 2 N-ES N
18 M 54 L, pleura, 

brain, sub-
cutis

Y Papillary, 
pT3apN1M1

DP   5 Anemia G2, fatigue G3 sunitinib 50 mg 3 N-ES N

19 M 82 LN,M Y CC, pT3bNxMx SD 10 Pneumonitis G2, neu-
ropathy G2, myasthenia 
syndrome G1

votrient 800 mg 3 N-ES N

20 M 86 prostatic 
urethra

Y CC, N0 DP   7 sunitinib 50 mg 3 N N

21 F 84 L, M, LN Y CC,M1 CR 15+ votrient 800 mg 1 N N
22 M 65 L Y CC SD   9 Fatigue G1, colitis first 

G3 subsequently G4
votrient 800 mg 1 N N

23 M 60 bones, M, 
peritoenum, 
L, LN

Y CC, pT2N0M1 DP   3 sunitinib 50 mg 3 N-ES N

24 M 59 bones, L, N CC DP   5 sunitinib50 mg 3 N N
25 M 56 bones Y CC, pT2N0Mx DP 14+ sunitinib 50 mg 0 N N
26 M 63 L Y CC, M1 SD 15+ Fatigue G1, nephritis G2 votrient 800 mg 3 N N
27 F 81 L Y CC, pT2N0M1 DP 16+ Uveitis G2 sunitinib50 mg 0 N N
28 M 66 LN, adrenal 

gland
Y CC, pT3N0M0 CR 20+ Fatigue G2 sunitinib50 mg 0 N N

29 M 68 M, LN, mes-
enteri

Y CC, T3bN2M1 SD 20+ sunitinib 50 mg 0 N N

30 M 59 LN, M, L, 
bones, liver

Y CC, pT2N0Mx DP   3 sunitinib 50 mg 3 N N

*L – lungs; M – mediastinal lymph nodes; LN – abdominal lymph nodes; CC – clear cell cancer; SD – stable disease; DP – disease progression; PR – partial response; CR – 
complete response; MIX – combination PR/SD/DP; Y – yes; N – no; N-ES – no-ex smoker; PHD – pathohistology diagnosis; TNM – tumor-node-metastases.
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All relevant data were collected during treatment and 
were used to determine the baseline characteristics and 
adverse events observed during nivolumab therapy. De-
scriptive statistical analysis was performed using the R pro-
gramming language, v.3.4.0 (The R Foundation for Statisti-
cal Computing, Vienna, Austria) to evaluate the differences 
in patients’ safety and therapeutic response to nivolumab.

Results

Patients’ characteristics

The study involved 30 patients (73% men). The mean age 
at diagnosis was 60.2 ± 9.72 years, ranging from 33 to 78 
years (Table 1). There were 70.67% non-smokers (n = 21/30), 
23.33% ex-smokers (n = 7/30), and 6.67% smokers (n = 2/30). 
A total of 3.33% reported alcohol consumption (n = 1/30). 
The number of metastatic sites before the first-line ther-
apy ranged from 1 to 5 (50.0% to 3.33%) and metastatic 
sites were found in various tissues and organs, including 
the lymph nodes (39.62%; n = 21/30), lymph node medi-
astinum (18.87%; n = 10/30), bones (16.98%; n = 9/30), ad-
renal glands (7.55%; n = 4/30), and parotid gland and peri-
toneum (1.89%; n = 1/30 in each).

Before nivolumab therapy, 90% of patients (n = 27/30) had 
undergone nephrectomy and had received three types of 
therapy: 50 mg of sunitinib for 4 weeks:2 weeks/2 weeks:1 
week (77%; n = 23/30), 800 mg of continuous pazopanib 
(17%; n = 5/20), and 2 5mg of temsirolimus weekly (6%; 
n = 2/30). The Eastern Cooperative Oncology Group (ECOG) 

score at the start of therapy was 0 in 56.67% (n = 17/30), 1 
in 36.67% (n = 11/30), and 2 in 6.67% (n = 2/30) of patients 
(Table 1).

Therapeutic response

The mean ± standard deviation response time to nivolum-
ab treatment was 14.07 ± 8.92 months, with a minimum re-
sponse time of 2 months and a maximum of 24 months. 
The median duration of therapy was 17 months (mean: 15.8 
months; range: 3-24 months). The therapeutic response 
(stable disease-partial response-complete response, dis-
ease progression) is shown in Figure 1 and OS, PFS, and 
TTF in Figure 2. Patients who were treated with nivolum-
ab for 6 to 12 months, in spite of radiological progression, 
were ECOG 0-1 and were still alive at the last follow-up vis-
it, while 5 out of 30 (16.7%) had a complete response. At 
12 months of follow up, OS was 90% (n = 27/30), PFS 43% 
(n = 13/30), and TTF 53% (n = 16/30). At 24 months, OS was 
still not reached as 50% (n = 15/30) of the patients were 
alive at the last follow-up visit, TTF was 50% (n = 15/30), and 
PFS remained 43% (n = 13/30) (Figure 2).

Safety

The follow-up period for adverse events was 25 months. 
The most common adverse event was fatigue (26.67%; 
n = 8/30), followed by anemia (10.0%; n = 3/30), adrenal in-
sufficiency (6.67%; n = 2/30: G1 = 1, G2 = 1), grade 2 pneu-
monitis (6.67%; n = 2/30), grade 2 neuropathy (6.67%; 
n = 2/30), rash (6.67%; n = 2/30: G1 = 1, G2 = 1), and hepati-
tis (3.33%; n = 1/30). Patients who developed grade 1 and 

Figure 1. Duration of nivolumab therapy and patient 
response over the course of treatment. SD – stable disease; 
DP – disease progression; PR – partial response; CR – complete 
response; MIX – combination PR/SD/DP.

Figure 2. Overall survival (OS), progression free survival 
(PFS), and time to treatment failure (TTF) curves of 30 patients 
treated with nivolumab for metastatic renal cell carcinoma.
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grade 2 adrenal insufficiency, grade 2 nephropathy, grade 
2 hypothyroidism, and pneumonitis were successfully 
managed by the attending physician. After we excluded 
RCC spread leading to adrenal insufficiency and differen-
tiated an infection from pneumonitis by imaging studies, 
adverse events were treated with corticosteroids (predni-
sone 1 to 2 mg/kg per day or methylprednisolone i.v. 1 to 
2 mg/kg per day with dose tapering over 4 weeks). In the 
case of endocrine toxicity, gland specific hormones were 
added to corticosteroid regimen. Patients with hepatitis 
G3 or G4 were not administered mycophenolate mofetil, 
since toxicity started to decrease three days after nivolum-
ab was discontinued. Nivolumab therapy was also stopped 
in a patient with colitis G4, and toxicity disappeared fol-
lowing corticosteroid treatment (prednisone 2 mg/kg/d) 
(Table 1 and Figure 3).

Discussion

Our findings show acceptable patient response and man-
ageable safety profile of nivolumab for RCC, which is con-
sistent with the drug’s recent approvals in this indication 
by the regulatory agencies. The incidences of immune re-
lated adverse events in this study were comparable with 
those described in the literature (18,19). Furthermore, niv-
olumab with its mean duration of treatment of 14.07 ± 8.92 
months appears to be a good second-line therapy option 
for patients who also had a long response (>1 year) time to 
TKI in the first line therapy.

In the last few years advanced RCC has been success-
fully treated by combinations of immunooncologic 

therapies. However, the optimal drug sequential therapy 
for every patient remains to be found. The outcome of 
mRCC has improved with the advancement of targeted 
therapies (20). There are seven targeted therapies currently 
available for clear cell RCC: VEGFR TKIs (sorafenib, sunitinib, 
pazopanib, and axitinib); VEGF-directed monoclonal anti-
body bevacizumab (approved in combination with IFN); 
and mTORi (everolimus and temsirolimus). Although these 
agents achieved a positive impact, long-term responders 
are rare (21). High-dose IL-2 is the only approved agent to 
produce complete durable responses, but hospitalization 
and intense monitoring are still required (22).

In one of the first trials with nivolumab on 236 patients 
who received the drug every two weeks (0.1-10 mg/kg), re-
sponses were identified in NSCLC (18%), melanoma (28%), 
and RCC (27%), many of which were durable (10). Since the 
FDA’s and EMA’s approval of nivolumab as a second-line 
agent for therapy of advanced RCC, a number of clinical 
trials and studies have confirmed its effectiveness and safe-
ty in that indication (18,19,23,24). ChekMate 025 trial, con-
ducted during more than 5 years in metastatic clear cell 
RCC patients, found that nivolumab was a better treatment 
choice than everolimus, with a median OS of 25.8 months 
vs 19 months (25). Nivolumab also showed improved PFS.

The limitations of this study include a small study sample 
and potential information and selection bias. Additional-
ly, we did not use cabozantinib, as it is not reimbursed by 
the Croatian Health Insurance Fund. Despite such potential 
weaknesses, we believe that our results verify the current 
direction of investigations into the effectiveness and safety 
of nivolumab, thus reaffirming this drug’s potential to be-
come the standard treatment for patients with advanced 
RCC with prior antiangiogenic therapy (12,24). Since im-
munotherapy in the second-line treatment demonstrated 
good results in metastatic clear cell RCC patients, a com-
bination of immuno-immuno therapy (nivolumab/ipili-
mumab) or immuno (pembrolizumab or avelumab) and 
TKI (axitinib) therapy is increasingly being used as the first-
line treatment (26).

Funding Nivolumab was administered to patients with an European Medi-
cines Agency approved treatment indication under a Named Patient Pro-
gramme.

Ethical approval given by the Ethics Committee of the Clinical Hospital 
Centre Zagreb (02/21 AG).

Declaration of authorship EN conceived and designed the study; MG, EN, 
and RL acquired the data; all authors analyzed and interpreted the data; 
MG and RL drafted the manuscript; EN, DR, and ZAG critically revised the 
manuscript for important intellectual content; all authors gave approval of 
the version to be submitted; all authors agree to be accountable for all as-
pects of the work.

Figure 3. The severity of adverse events that occurred during niv-
olumab treatment for metastatic renal cell carcinoma. G – grade



331Gamulin et al: Nivolumab as a second line therapy in metastatic renal cell carcinoma

www.cmj.hr

Competing interests MG: Speaker/advisory board fees (BMS, Pfizer, Novar-
tis, Astellas, Sanofi, Janssen, Roche, Sandoz, Amgen, Bayer, PharmaSwiss, 
MSD, Alvogen); non-financial support for drugs (BMS, Roche, Janssen); ZAG: 
Speaker fees for Novartis, Sanofi; RL: Speaker/advisory board fees for Astel-
las, Roche, Sandoz, MSD. RL is a member of the Editorial Board of the Croa-
tian Medical Journal. To ensure that any possible conflict of interest relevant 
to the journal has been addressed, this article was reviewed according to 
best practice guidelines of international editorial organizations. All authors 
have completed the Unified Competing Interest form at www.icmje.org/
coi_disclosure.pdf (available on request from the corresponding author) 
and declare: no support from any organization for the submitted work; no 
financial relationships with any organizations that might have an interest in 
the submitted work in the previous 3 years; no other relationships or activi-
ties that could appear to have influenced the submitted work.

References
1	 Wong MCS, Goggins WB, Yip BHK, Fung FDH, Leung C, Fang 

Y, et al. Incidence and mortality of kidney cancer: temporal 

patterns and global trends in 39 countries. Sci Rep. 2017;7:15698. 

Medline:29146923 doi:10.1038/s41598-017-15922-4

2	B edke J, Gouttefangeas C, Singh-Jasuja H, Stevanović S, Behnes 

CL, Stenzl A. Targeted therapy in renal cell carcinoma: moving 

from molecular agents to specific immunotherapy. World J Urol. 

2013;32:31-8. Medline:23404195 doi:10.1007/s00345-013-1033-3

3	 Ljungberg B, Cowan NC, Hanbury DC, Hora M, Kuczyk MA, 

Merseburger AS, et al. EAU guidelines on renal cell carcinoma: 

the 2010 update. Eur Urol. 2010;58:398-406. Medline:20633979 

doi:10.1016/j.eururo.2010.06.032

4	 Patard J-J, Leray E, Rioux-Leclercq N, Cindolo L, Ficarra V, Zisman 

A, et al. Prognostic value of histologic subtypes in renal cell 

carcinoma: a multicenter experience. J Clin Oncol. 2005;23:2763-

71. Medline:15837991 doi:10.1200/JCO.2005.07.055

5	 Giles RH, Choueiri TK, Heng DY, Albiges L, Hsieh JJ, Linehan WM, 

et al. Recommendations for the management of rare kidney 

cancers. Eur Urol. 2017;72:974-83. Medline:28720391 doi:10.1016/j.

eururo.2017.06.040

6	 Moch H, Cubilla AL, Humphrey PA, Reuter VE, Ulbright TM. The 

2016 WHO classification of tumours of the urinary system and 

male genital organs-part a: renal, penile, and testicular tumours. 

Eur Urol. 2016;70:93-105. Medline:26935559 doi:10.1016/j.

eururo.2016.02.029

7	 Vera-Badillo FE, Templeton AJ, Duran I, Ocana A, de Gouveia 

P, Aneja P, et al. Systemic therapy for non-clear cell renal cell 

carcinomas: a systematic review and meta-analysis. Eur Urol. 

2015;67:740-9. Medline:24882670 doi:10.1016/j.eururo.2014.05.010

8	H addad H, Rini BI. Current treatment considerations in metastatic 

renal cell carcinoma. Curr Treat Options Oncol. 2012;13:212-29. 

Medline:22410708 doi:10.1007/s11864-012-0182-8

9	 Motzer RJ, Hutson TE, Cella D, Reeves J, Hawkins R, Guo J, et al. 

Pazopanib versus sunitinib in metastatis renal cell carcinoma. N 

Engl J Med. 2013;369:722-31. Medline:23964934 doi:10.1056/

NEJMoa1303989

10	 Gupta S, Spiess PE. The prospects of pazopanib in advanced renal 

cell carcinoma. Ther Adv Urol. 2013;5:223-32. Medline:24082917 

doi:10.1177/1756287213495099

11	T opalian SL, Hodi FS, Brahmer JR, Gettinger SN, Smith DC, 

McDermott DF, et al. Safety, activity, and immune correlates of 

anti-PD-1 antibody in cancer. N Engl J Med. 2012;366:2443-54. 

Medline:22658127 doi:10.1056/NEJMoa1200690

12	O haegbulam KC, Assal A, Lazar-Molnar E, Yao Y, Zang X. Human 

cancer immunotherapy with antibodies to the PD-1 and PD-L1 

pathway. Trends Mol Med. 2015;21:24-33. Medline:25440090 

doi:10.1016/j.molmed.2014.10.009

13	 European Medicines Agency. Positive opinion on the change to 

the marketing authorisation for Opdivo (nivolumab) and Yervoy 

(ipilimumab). 2018 Nov.16. Available from: https://tinyurl.com/

yaj4gprr. Accessed: July 13, 2020.

14	 Amin A, Plimack E, Infante J, Ernstoff M, Rini B, McDermot D, et al. 

Nivolumab in combination with sunitinib or pazopanib in patients 

with metastatic renal cell carcinoma. J Clin Oncol. 2014;32:abstract 

5010.

15	H ammers HJ, Plimack ER, Infante JR, Rini BI, McDermott DF, Lewis 

LD, et al. Safety and efficacy of Nivolumab in Combination with 

ipilimumab in metastatic renal cell carcinoma: The CheckMate 

016 Study. J Clin Oncol. 2017;35:3851-8. Medline:28678668 

doi:10.1200/JCO.2016.72.1985

16	 Albiges L, Negrier S, Dalban C, Gravis G, Chevreau C, Oudard S, 

et al. Safety and efficacy of nivolumab in metastatic renal cell 

carcinoma (mRCC): Results from the NIVOREN GETUG-AFU 26 

study. J Clin Oncol. 2018; 26:6_suppl:577-577.

17	T herasse P, Arbuck SG, Eisenhauer EA, Wanders J, Kaplan RS, 

Rubinstein L, et al. New guidelines to evaluate the response to 

treatment in solid tumors. European Organization for Research 

and Treatment of Cancer, National Cancer Institute of the United 

States, National Cancer Institute of Canada. J Natl Cancer Inst. 

2000;92:205-16. Medline:10655437 doi:10.1093/jnci/92.3.205

18	 Postow MA, Sidlow R, Hellmann MD. Immune-related adverse 

events associated with immune checkpoint blockade. N Engl 

J Med. 2018;378:158-68. Medline:29320654 doi:10.1056/

NEJMra1703481

19	B rahmer JR, Lacchetti Ch, Schneider BJ, Atkins MB, Brassil KJ, 

Caterino JM, et al. Management of immune-related adverse 

events in patients treated with immune checkpoint inhibitor 

therapy:American Society of Clinical Oncology Clinical Practice 

Guideline. J Clin Oncol. 2018;36:1714-68. Medline:29442540 

doi:10.1200/JCO.2017.77.6385

20	 Pal SK, Nelson RA, Vogelzang N. Disease-specific survival in de 

novo metastatic renal cell carcinoma in the cytokine and targeted 

therapy era. PLoS One. 2013;8:e63341. Medline:23658823 

doi:10.1371/journal.pone.0063341

21	 Michel Ortega RM, Drabkin HA. Nivolumab in renal cell carcinoma. 

Expert Opin Biol Ther. 2015;15:1049-60. Medline:26038957 doi:10.1

517/14712598.2015.1049596

22	 McDermott DF, Regan MM, Clark JI, Flaherty LE, Weiss GR, Logan 

www.icmje.org/coi_disclosure.pdf
www.icmje.org/coi_disclosure.pdf
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29146923&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29146923&dopt=Abstract
https://doi.org/10.1038/s41598-017-15922-4
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23404195&dopt=Abstract
https://doi.org/10.1007/s00345-013-1033-3
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20633979&dopt=Abstract
https://doi.org/10.1016/j.eururo.2010.06.032
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15837991&dopt=Abstract
https://doi.org/10.1200/JCO.2005.07.055
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28720391&dopt=Abstract
https://doi.org/10.1016/j.eururo.2017.06.040
https://doi.org/10.1016/j.eururo.2017.06.040
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26935559&dopt=Abstract
https://doi.org/10.1016/j.eururo.2016.02.029
https://doi.org/10.1016/j.eururo.2016.02.029
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24882670&dopt=Abstract
https://doi.org/10.1016/j.eururo.2014.05.010
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22410708&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22410708&dopt=Abstract
https://doi.org/10.1007/s11864-012-0182-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23964934&dopt=Abstract
https://doi.org/10.1056/NEJMoa1303989
https://doi.org/10.1056/NEJMoa1303989
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24082917&dopt=Abstract
https://doi.org/10.1177/1756287213495099
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22658127&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22658127&dopt=Abstract
https://doi.org/10.1056/NEJMoa1200690
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25440090&dopt=Abstract
https://doi.org/10.1016/j.molmed.2014.10.009
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28678668&dopt=Abstract
https://doi.org/10.1200/JCO.2016.72.1985
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10655437&dopt=Abstract
https://doi.org/10.1093/jnci/92.3.205
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29320654&dopt=Abstract
https://doi.org/10.1056/NEJMra1703481
https://doi.org/10.1056/NEJMra1703481
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29442540&dopt=Abstract
https://doi.org/10.1200/JCO.2017.77.6385
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23658823&dopt=Abstract
https://doi.org/10.1371/journal.pone.0063341
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26038957&dopt=Abstract
https://doi.org/10.1517/14712598.2015.1049596
https://doi.org/10.1517/14712598.2015.1049596


RESEARCH ARTICLE332 Croat Med J. 2020;61:326-32

www.cmj.hr

TF, et al. Randomized phase III trial of high-dose interleukin-2 

versus subcutaneous interleukin-2 and interferon in patients with 

metastatic renal cell carcinoma. J Clin Oncol. 2005;23:133-41. 

Medline:15625368 doi:10.1200/JCO.2005.03.206

23	 Powles T, Albiges L, Staehler M, Bensalah K, Dabestani S, Giles 

RH, et al. Updated European Association of Urology Guidelines 

Recommendations for the Treatment of First-line Metastatic Clear 

Cell Renal Cancer. Eur Urol. 2018;73:311-5. Medline:29223605 

doi:10.1016/j.eururo.2017.11.016

24	 National Comprehensive Cancer Network. NCCN clinical practice 

guidelines in oncology. Kidney cancer. Version 4.2018. Available 

from:https://www.nccn.org/professionals/physician_gls/f_

guidelines.asp.Accessed: July 13, 2020.

25	 Motzer RJ, Escudier B, McDermott DF, George S, Hammers HJ, 

Srinivas S, et al. Nivolumab versus everolimus in advanced renal-

cell carcinoma. N Engl J Med. 2015;373:1803-13. Medline:26406148 

doi:10.1056/NEJMoa1510665

26	 Zhang T, Hwang JK, George DJ, Pal SK. The landscape of 

contemporary clinical trials for untreated metastatic clear cell 

renal cell carcinoma. Cancer Treat Res Commun. 2020;24:1-5. 

Medline:32563923 doi:10.1016/j.ctarc.2020.100183

https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15625368&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15625368&dopt=Abstract
https://doi.org/10.1200/JCO.2005.03.206
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29223605&dopt=Abstract
https://doi.org/10.1016/j.eururo.2017.11.016
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26406148&dopt=Abstract
https://doi.org/10.1056/NEJMoa1510665
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32563923&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32563923&dopt=Abstract
https://doi.org/10.1016/j.ctarc.2020.100183

