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The objective of our study was to assess the real-world safety and efficacy of nivolumab in the second- or later-line treat-
ment of metastatic renal cell carcinoma (mRCC). We conducted a multicenter, retrospective, observational study of real-
world data from patients who were treated with nivolumab under a patient expanded access program from 2015 to 2017 in 
Croatia, Hungary, and Malta. The primary safety endpoint was the discontinuation of therapy because of adverse events. 
The primary efficacy endpoint was overall survival (OS). We collected data from 87 patients with a median (interquartile 
range (IQR)) age of 63 (57-68) years, and 21% were females. The median (IQR) follow-up was 11 (5-31) months. Treatment 
was discontinued because of toxicity in 4 (5%) patients. Four (5%) patients experienced treatment-related adverse events of 
grade 3 or 4. The OS was 18.0 (95% CI: 11.0 to 28.6) months, and the PFS was 8.5 (95% CI: 4.9 to 12.1) months. Our study 
indicated a good safety and efficacy profile of nivolumab in the second- or later-line treatment of mRCC patients in a real-
world clinical practice environment, which is comparable with the findings of the registrational trial. 
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An understanding of the mechanisms involved in the 
carcinogenesis of clear cell renal carcinoma has led to the 
development of targeted therapies directed against vascular 
endothelial growth factor [1–7]. With optimal utilization 
of such agents throughout multiple lines of therapies, the 
median overall survival time of metastatic renal cell carci-
noma (mRCC) patients more than doubled: from 12 months 
in the cytokine era to 30 months in tyrosine kinase inhib-
itor (TKI) era [1–8]. Unfortunately, despite an observed 
benefit associated with TKIs in terms of progression-free 
survival (PFS) and overall survival (OS), almost all patients 
with mRCC eventually experience disease progression and 
ultimately die, highlighting the need for more effective 
treatment options. Multiple possible immune resistance 
mechanisms have been described in tumor development 
[9, 10]. The most promising mechanism from a treatment 
point of view is the inhibition of immune checkpoints [11]. 
The recent understanding of these immune mechanisms 
has resulted in the generation of many antibodies directed 
against immune checkpoint receptors that are already widely 

used in therapy for a variety of cancers in everyday practice, 
mRCC included [12]. Nivolumab is a human immunoglob-
ulin G4 programmed death-1 immune checkpoint inhibitor 
antibody that selectively blocks the interaction between PD-1 
and its ligands PD-L1 and PD-L2, a mechanism that usually 
leads to the inhibition of cellular immune response [13]. By 
inhibiting this inhibition, nivolumab can enhance antitumor 
T-cell activity [14]. Based on the practice-changing results of 
a randomized phase III study (CheckMate 025), nivolumab 
is now widely used as a standard second- or later-line treat-
ment option (after first-line TKI therapy) in the treatment of 
mRCC [15]. Expanded-access programs generally apply less 
stringent entry criteria than clinical trials and allow patients 
who have no access to, or who are ineligible for, clinical trials 
the opportunity to receive a new drug therapy prior to its 
approval. The findings from expanded-access programs 
complement those of regular clinical trials by providing 
insight into real-world treatment patterns, safety, and effec-
tiveness in a broad spectrum of community-based cancer 
patients, including those with poor prognosis. This retro-
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spective analysis of the nivolumab expanded access program 
data examines treatment outcomes among study partici-
pants in Croatia, Hungary, and Malta, countries with some 
of the highest rates of RCC in the world, as well as histori-
cally inferior oncological outcomes and limited second- and 
third-line treatment options compared with those in other 
parts of Europe [16–19].

Patients and methods

Study design. We conducted a multicenter, retrospective, 
observational study of real-world data of patients who were 
treated with nivolumab in an expanded-access program from 
November 11, 2015 to January 2, 2017 at the Department 
of Oncology, Clinical Hospital Center Split, Split, Croatia; 
Department of Oncology, University Hospital Center Zagreb, 
Zagreb, Croatia; National Institute of Oncology, Budapest, 
Hungary; and Mater Dei Hospital, Triq Dun Karm, L-Imsida, 
Malta. The study protocol was evaluated and approved by the 
ethics committees of all participating institutions. Patients 
who were alive at the time of data collection signed the 
informed consent forms. Before the analysis, we anonymized 
all the data and concealed the patients’ identities to everyone 
but the patients’ oncologists. We performed the study in 
accordance with the World Medical Association Declaration 
of Helsinki of 1975, as revised in 2013, and the International 
Conference on Harmonization Guidelines on Good Clinical 
Practice [20]. The study was sponsored by Bristol-Myers 
Squibb. We did not pre-register the protocol.

Study population. The inclusion criteria were age ≥18 
years, histologically confirmed advanced or metastatic 
RCC with a clear cell component, Eastern Cooperative 
Oncology Group (ECOG) performance status (PS) ≤2, and 
treatment with at least one prior anti-angiogenic therapy 
regimen (including but not limited to, sunitinib, sorafenib, 
pazopanib, axitinib, tivozanib, and bevacizumab) in the 
advanced or metastatic setting. Prior cytokine therapy (e.g. 
IL-2, IFN-a), vaccine therapy, or treatment with cytotoxic 
was also allowed. Patients had to have measurable disease by 
CT or MRI per the RECIST 1.1 criteria; radiographic tumor 
assessments performed within 28 days of the first dose of the 
program drug. Prior targeted therapy had to be completed at 
least 4 weeks prior to the program drug administration, and 
all adverse events had to have either returned to the baseline 
condition or stabilized. Prior radiotherapy or radiosurgery 
had to be completed at least 2 weeks prior to the first dose of 
the program drug.

Pre-treatment laboratory values had to meet the following 
criteria and had to be obtained prior to the commencement 
of treatment: WBC ≥2000/µl, neutrophils ≥1500/µl, plate-
lets ≥100×10³/µl, hemoglobin ≥9.0 g/dl, serum creatinine 
≤1.5×ULN or CrCL >40 ml/minute [(using Cockcroft/Gault 
formula), female CrCl = ((140–age in years) × weight in kg × 
0.85) ÷ (72 × serum creatinine in mg/dl), male CrCl = ((140–
age in years) × weight in kg × 1.00) ÷ (72 × serum creati-

nine in mg/dl), AST ≤3×ULN, ALT ≤3×ULN, total bilirubin 
≤1.5×ULN (except patients with Gilbert Syndrome who can 
have total bilirubin <3.0 mg/dl).

The exclusion criteria were ECOG performance status ≥3; 
life expectancy of <6 weeks; active brain or leptomeningeal 
metastasis; carcinomatous meningitis; ocular melanoma; 
known or suspected autoimmune disease; prior therapy 
with anti-PD-1, anti-PD-L1, anti-PD-L2, anti-CT137, or 
anti-CTLA-4 antibodies including ipilimumab or any other 
antibody or drug specifically targeting T cell co-stimulation or 
checkpoint pathways; prior treatment in any nivolumab trial, 
including prior treatment on either arm of nivolumab studies 
CA209057 or CA209026; interstitial lung disease that was 
symptomatic or may interfere with the detection or manage-
ment of suspected drug-related pulmonary toxicity; other 
active malignancy requiring concurrent intervention; known 
alcohol or drug abuse; known history of testing positive for 
human immunodeficiency virus (HIV) or known acquired 
immunodeficiency syndrome (AIDS); history of severe 
hypersensitivity reactions to other monoclonal antibodies; 
history of allergy or intolerance to program drug compo-
nents or polysorbate-80-containing infusions; pregnancy 
and breastfeeding; and prior malignancy active within the 
previous three years except for locally curable cancers that 
have been apparently cured, such as basal or squamous cell 
skin cancer, superficial bladder cancer, or carcinoma in situ 
of the prostate, cervix or breast.

Sample type and required sample size. We did not select 
the sample but rather included the total targeted population. 
Therefore, we did not calculate the required sample size in 
advance.

Endpoints. The primary safety endpoint was the discon-
tinuation of therapy because of adverse events. The secondary 
safety endpoints were incidence of grade 3 or 4 treatment-
related and immune-mediated adverse events according to 
the Common Terminology Criteria for Adverse Events v4.0. 
The primary efficacy endpoint was overall survival (OS). The 
secondary efficacy endpoints were progression-free survival 
(PFS), best response, overall response rate (ORR) defined as 
a partial or complete response, disease control rate (DCR) 
defined as a partial or complete response or the stabiliza-
tion of disease, time from the introduction of nivolumab 
to response in months (TTR), and the duration of response 
(DOR) in months.

Treatment. Nivolumab (Opdivo, Bristol-Myers Squibb) 
was administered at a dosage of 3 mg/kg body weight via 
60-minute intravenous infusions every two weeks for a 
maximum of 24 months or until unacceptable toxicity, disease 
progression, or withdrawal of informed consent occurred.

Potential confounders. In the exploratory analysis 
of the association of immune-mediated adverse events 
with the efficacy endpoints, we controlled for the possible 
confounding effect of the time-dependent covariate: number 
of nivolumab cycles. We controlled for the effects of age, sex, 
number of metastatic sites, ECOG performance status at the 
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start of treatment with nivolumab, time from diagnosis to the 
introduction of nivolumab, concomitant radiotherapy, and 
the treatment after the discontinuation of nivolumab. Data 
were obtained from the institutions’ medical databases.

Statistical analysis. We conducted the analysis using 
the data from all patients who received at least one dose of 
nivolumab. We estimated median TTR, DOR, PFS, and OS 
with 95% confidence intervals (CIs) using the Kaplan-Meyer 
method. In the exploratory multivariable analysis of the 
association of PFS and OS with the immune-mediated and 
treatment-related adverse events, we controlled for potential 
confounders using the Cox proportional hazard regression, 
using the Efron method for handling ties. Before this analysis 
and before the analysis of the effect of the subsequent therapy 
after the discontinuation of nivolumab, we tested the propor-
tional hazard assumption through the inspection of log-log 
survival plots, Kaplan-Meier observed survival curves and 
the Cox regression prediction curves, and tested the slope 
of a generalized linear regression of the scaled Schoenfeld 
residuals on log-time. We set two-tailed statistical signifi-
cance at p<0.05 and calculated all confidence intervals (CIs) 
at the 95% level. We controlled the false positive rate using 
the Benjamini-Hochberg procedure with the false discovery 
rate set in advance at <10%. We performed statistical data 
analysis using StataCorp 2019 (Stata Statistical Software: 
Release 16. College Station, TX: StataCorp LLC).

Results

We collected data from 87 patients treated in four hospi-
tals in Croatia, Hungary, and Malta. The patients’ median 
(IQR) age was 63 (57–68) years, and 18 (21%) were females 
(Table 1). At the end of follow-up, 27 (31%) patients were 
alive with no progression of the disease and were censored. 
The median (IQR) follow-up time was 11 (5–31) months, 
and the median (IQR) duration of therapy with nivolumab 
was 7 (3–15) months.

Treatment was discontinued because of toxicity in 4/82 
(5%; 95% CI: 1% to 12%) patients, while 37 (43%; 95% CI: 
32% to 54%) patients experienced treatment-related adverse 
events of any grade, and 4 (5%; 95% CI: 0% to 10%) patients 
experienced adverse events of grade 3 or 4 (Table 2). Treat-
ment-related and immune-mediated adverse events were 
experienced by 22 (25%; 95% CI: 17% to 35%) patients, and 
4 (5%; 95% CI: 0% to 10%) patients experienced immune-
related adverse events of grade 3 or 4. We did not record any 
grade 5 adverse events.

OS was 18.0 (95% CI: 11.0 to 28.6) months, and PFS 
was 8.5 (95% CI: 4.9 to 12.1) months (Figure 1). Patients 
with therapy after the discontinuation of nivolumab (n=19) 
had significantly lower HR for death (HR = 0.33; 95% CI: 
0.15–0.73) compared to patients with no subsequent therapy 
(n=61). Proportional hazard assumption of the Cox regres-
sion was satisfied for these two groups. Their median (95% 
CI:) OS was 27.3 (10.5-not reached) months compared 

Table 1. Characteristics of patients and treatment (n=87).

n (%)
Age at nivolumab initiation (years), median (IQR) 63 (57–68)
Sex

males 69 (79)
females 18 (21)

Number of prior systemic therapies for the metastatic 
disease

1 78 (90)
2 9 (10)

Prior systemic therapy for the metastatic disease
sunitinib 29 (34)
everolimus 16 (19)
axitinib 12 (14)
pazopanib 9 (10)
sorafenib 8 (9)
chemotherapy 6 (7)
chemoradiotherapy 3 (5)
cabozantinib 2 (2)

Metastatic sites
lung 70 (80)
mediastinal lymph nodes 40 (46)
bone 40 (46)
other sites 34 (39)
liver 19 (22)
abdominal lymph nodes 19 (22)
pleural effusion 18 (21)
pleural metastasis 10 (11)
brain 7 (8)
Number of metastatic sites, median (IQR) 3 (2–4)

ECOG performance statusa

0 35 (47)
1 30 (41)
2 9 (12)

Time from diagnosis to introduction of 
nivolumab (years), median (IQR) 3 (2–4)

Follow-up (months), median (IQR) 11 (5–31)
Duration of therapy with nivolumab
(months), median (IQR)a 7 (3–15)

Number of cycles, median (IQR)a 15 (8–29)
Concomitant therapy

antihypertensivesa 44 (51)
proton pump inhibitors 32 (37)
bisphosphonatesa 28 (33)
radiotherapya 25 (29)
antibioticsa 24 (28)
corticosteroids 20 (24)
acetylsalicylic acid 6 (7)

Therapy after nivolumab 19 (24)
Data are presented as number (percentage) of patients if not stated other-
wise, abbreviation: IQR-interquartile range; aData were missing for ECOG 
performance status in 13 (15%) paitents; for duration of therapy with 
nivolumab in 6 (7%) patients; for number of cycles in 7 (8%) patients; for 
antihypertensives in 1 (1%) patient; for bisphosphonates, radiotherapy and 
antibiotics in 2 (2%) patients
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to 15.1 (10.3–28.6) in patients with no therapy after the 
nivolumab (Table 3). Complete or partial response (ORR) 
was achieved by 25/81 (31%; 95% CI: 21% to 41%) patients, 
and complete or partial response or disease stabilization 
(DCR) was achieved by 43/81 patients (53%; 95% CI: 43% 
to 63%) (Table 3). The median time to response was 4.7 
(95% CI: 3.0 to 7.7) months, and in responders, the median 
duration of complete or partial response (ORR) was 21 
months. In the bivariable unadjusted analysis, we observed 
a significant unfavorable association of bone metastasis and 
treatment-related and immune-mediated adverse events 
association with PFS (Table 4). Bone metastasis remained 
significantly unfavorably associated with PFS after the 
adjustment for age, sex, ECOG performance status at the 
time of nivolumab initiation, and the time from diagnosis to 
the introduction of nivolumab (adjusted HR=1.76; 95% CI: 
1.00–3.10; p=0.049; FDR).

Figure 1. Kaplan-Meier curves of progression-free survival (PFS) and 
overall survival (OS) (n=87).

Table 2. Safety and tolerability (n=87).

Any grade Grade 3–4
n (%) (95% CI) n (%) (95% CI)

Treatment discontinuation  
because of toxicitya 4 (5) (1–12)

Treatment-related adverse 
events 37 (43) (32–54) 4 (5) (0–10)

Treatment-related immune-
mediated adverse events 22 (25) (17–35) 4 (5) (0–10)

All adverse events
dermatitis, rash, pruritus 11 (13) (6–20)
anemia 6 (7) (2–12) 2 (2) (0–5)
fatigue 5 (6) (1–11)
diarrhea 5 (6) (1–11) 1 (1) (0–3)
hepatotoxicity 5 (6) (1–11)
hypothyroidism 4 (5) (0–10)
arthritis 4 (5) (0–10)
pain 4 (5) (0–10)
nephropathy 3 (3) (0–7)
myositis 2 (2) (0–5)
dyspnea 2 (2) (0–5)
swelling 2 (2) (0–5)
xerostomia 2 (2) (0–5)
gynecomastia 2 (2) (0–5)
other, one patientb

Abbreviations: n-number of patients; CI-confidence interval; aData 
were missing for treatment discontinuation because of toxicity in 5 (6%) 
patients; bOther adverse events experienced by one patient each were 
pneumonitis, fever, infection, decreased appetite, neuropathy, nausea, mild 
arthralgia, Guillain-Barré syndrome, erectile dysfunction, hearing loss, 
mucosal inflammation, ground glass opacities, hyperglycemia

Table 3. Efficacy (n=87).

n (%) (95% CI)
Best response

CR 5 (6) (13–14)
PR 20 (25) (16–35)
SD 18 (22) (13–31)
PD 26 (32) (22–42)
NA 12 (15) (7–23)
ORRa 25 (31) (21–41)
DCRa 43 (53) (43–63)

Time-to-event endpoints (months), median (95% CI)
TTRa 4.7 (3.0–7.7)
DORa 21.2 (4.1–NA)
PFS 8.5 (4.9–12.1)
OS 18.0 (11.0–28.6)

OS stratified for therapy after nivolumab
therapy after 27.3 (10.5-not reached)
no therapy after 15.1 (10.3–28.6)

Abbreviations: CI-confidence interval; CR-complete response; PR-partial 
response; SD-stable disease; PD-progressive disease; NA-not evalu-
able; ORR-overall response rate; DCR-disease control rate; TTR-time to 
response; DOR-duration of response, PFS-progression free survival; OS-
overall survival; aData were missing for best response, ORR and DCR in 6 
(7%) patients; for time to response and duration of response in 2/25 (8%) 
patients
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Both treatment-related and treatment-related immune-
mediated adverse events of any grade remained signifi-
cantly associated with PFS after adjustment for the same 
four variables and the time-dependent-covariate number 
of nivolumab cycles (HR=0.51; 95% CI: 0.27–0.93; 
p=0.029; HR=0.48; 95% CI: 0.24–0.94; p=0.032, respec-
tively).

OS was significantly unfavorably associated with bone 
metastasis and ECOG performance status 1–2 at the time 
of nivolumab introduction, but both associations were 
weakened and were not significant after adjusting for the 

mentioned covariates and the therapy after the discontinu-
ation of nivolumab. OS was significantly favorably associ-
ated with ≥4 years from diagnosis to the introduction of 
nivolumab, but this association was not significant after the 
adjustment for the mentioned covariates. The associations 
of OS with the treatment-related adverse events of any 
grade analyzed separately and treatment-related immune-
mediated adverse events of any grade were significant in 
the bivariable analysis (Table 4); the associations even 
increased and remained significant after adjusting for age 
at the initiation of nivolumab, sex, number of metastatic 

Table 4. Bivariable unadjusted association of patient characteristics with progression-free and overall survival (n=87).

n
PFS OS

HR (95% CI) p-value HR (95% CI) p-value
Age at nivolumab initiation

≤64 years 51 1 1
≥65 years 36 0.84 (0.50–1.41) 0.517 0.81 (0.45–1.48) 0.502

Sex
males 69 1 1
females 18 0.85 (0.45–1.60) 0.620 1.01 (0.50–2.05) 0.967

Metastatic sites
lung

no 17 1 1
yes 70 1.03 (0.54–1.99) 0.919 1.48 (0.66–3.31) 0.342

lymph nodes
no 47 1 1
yes 40 1.21 (0.75–2.00) 0.471 0.97 (0.54–1.74) 0.916

bone
no 47 1 1
yes 40 2.15 (1.28–3.62) 0.004* 2.12 (1.18–3.80) 0.012*

Number of metastatic sites
1–2 33 1 1
3 29 1.61 (0.89–2.94) 0.117 1.35 (0.69–2.62) 0.377
≥4 25 1.52 (0.80–2.88) 0.205 1.41 (0.66–2.99) 0.372

ECOG performance statusa

0 35 1 1
1–2 39 1.47 (0.86–2.52) 0.156 2.08 (1.15–3.78) 0.016*

Time from diagnosis to introduction of nivolumab
≤1 year 30 1 1
2–3 years 23 1.40 (0.76–2.59) 0.278 1.38 (0.72–2.64) 0.337
≥4 years 34 0.59 (0.32–1.09) 0.090 0.36 (0.16–0.78) 0.010

Concomitant radiotherapya

no 60 1 1
yes 25 1.62 (0.95–2.75) 0.074 1.59 (0.88–2.87) 0.127

Treatment-related adverse events
no 50 1 1
yes 37 0.50 (0.29–0.84) 0.010* 0.37 (0.20–0.69) 0.002*

Treatment-related immune-mediated adverse events
no 65 1 1
yes 22 0.47 (0.25–0.87) 0.016* 0.31 (0.14–0.67) 0.003*

Abbreviation: PFS-progression-free survival; OS-overall survival; HR-hazard ratio; CI-confidence interval; p-statistical significance calculated using Cox 
proportional hazard regression, *False discovery rate <10%; aData were missing for ECOG performance status in 13 (15%) patients; for concomitant radio-
therapy in 2 (2%) of patients
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sites, ECOG performance status, time from diagnosis to 
the introduction of nivolumab, therapy after the discon-
tinuation of nivolumab, number of cycles and concomitant 
radiotherapy (HR=0.29; 95% CI: 0.11–0.72; p=0.008; FDR 
<10%; HR=12; 95% CI: 0.04–037; p<0.001; FDR <10%).

Discussion

The results of this retrospective analysis of the 
nivolumab expanded-access program dataset provided 
evidence of the safety and effectiveness of nivolumab in 
real-world patients receiving treatment for metastatic RCC 
in Croatia, Hungary, and Malta, countries with some of the 
worst cancer outcomes in the European Union [21]. The 
clinical outcomes in the Croatian, Hungarian, and Maltese 
mRCC populations closely mirrored those obtained in the 
pivotal phase III randomized clinical trial of nivolumab 
for the second-line treatment of metastatic RCC [15]. 
Such a performance of a new drug in everyday practice is 
not always the case. Generally, discrepancies in new drug 
efficacy and toxicity, between the results from registrational 
trials and the results observed in everyday clinical practice, 
could exist due to differences in patient selection, organiza-
tional specificities, multidisciplinary use, and general level 
of oncological care [22–24]. Consequently, the results from 
randomized phase III trials are often difficult to repeat in 
general clinical practice, especially in the health systems 
where significant challenges in delivering optimal cancer 
care exist [24].

As in the real-world Italian study, we found a lower 
incidence of grade 3 or 4 treatment-related adverse events 
than the blinded, randomized controlled, multicenter phase 
III Checkmate 025 trial [15, 25], but the same incidence 
of grade 3 or 4 adverse events as in subgroup analysis of 
blinded, randomized phase II trial conducted in United 
States, Canada, Finland, and Italy [26]. This could be poten-
tially explained by a difference in the process of obtaining 
information on adverse events in the clinical study setup 
and everyday practice where these adverse events may 
not be regularly registered, especially the ones with lower 
intensity. Compared to the patients in the Italian study, the 
patients in our study experienced somewhat more treat-
ment-related adverse events of any grade but a somewhat 
lower rate of grade 3 or 4 adverse events and almost the 
same treatment discontinuation rate due to toxicity. Neither 
of the two studies recorded a toxicity-related death. While 
PFS was longer in our study, the median OS was similar 
in both studies. Again, in everyday practice, the PFS is a 
much less precise endpoint based on differences in follow-
up procedures, their frequency, type, and quality. On the 
other hand, OS is a strong endpoint that is equally good 
in everyday practice and in clinical trials, especially for 
patients with mRCC at that time and in that region, 
where less further therapies were available to prolong 

post-progression survival. In our study, only 19/80 (24%) 
patients received post-progression therapy, but we included 
it in the multivariable analysis as a covariate and controlled 
its effects that way. A very important concordant result 
between our two studies was the finding of a favorable 
prognostic value in terms of treatment-related immune-
mediated adverse events. This favorable association of 
immune-related adverse events with prolonged survival 
had previously been shown in the treatment of melanoma 
and non-small-cell lung cancer, and some opposite results 
were presented as well; however, this subject has not been 
studied enough [27–29]. Therefore, it is important that we 
confirm these findings using a different method to control 
the possible confounders and a different selection of covari-
ates. The problem of a seemingly paradoxical beneficial 
prognostic value of immune-related adverse events should 
be addressed by a prospective study using an endpoint that 
can be measured before and after the occurrence of the 
adverse event. This association may partially be explained 
by the on-target toxicity or the activation of the immune 
system that is not only directed at the tumor but also at the 
general tissue. A similar OS (20.6 months after the exclu-
sion of patients with non-clear cell vs. 18 months in our 
study) was found in the US-based study of real-world data 
of mRCC patients treated with nivolumab from the Interna-
tional Metastatic Renal Cell Carcinoma Database Consor-
tium, reflecting the applicability of the drug in regions and 
countries with developed oncology infrastructures [30]. In 
our study, we have defined efficacy and safety of nivolumab 
similar to these obtained from the registrational trial as well 
as from real-world data from developed countries in the 
region where significant challenges in delivering optimal 
cancer control exist. Consequently, we can conclude that 
nivolumab outcomes in the therapy of mRCC are not a 
system- but patient- and tumor-based.

The main limitation of our study was the high risk of 
unmeasured confounding effects and bias. As this was a 
real-world, observational, retrospective study, we could 
not use a randomized control group to control for all 
possible confounders. However, our study results were in 
line with the randomized controlled phase III study that 
was performed on a comparable population as well as other 
studies conducted in different real-world patient scenarios. 
We used electronic medical records as the source of study 
data, and although we carefully checked each record, we 
could not control the quality of the original entries. As this 
was a retrospective study, all treatment decisions were made 
long before study initiation and we had no control over 
their specifics. The main strength of our study is its better 
external validity due to the unselected general population of 
patients diagnosed with mRCC and treated with nivolumab 
as a ≥2nd line treatment.

In conclusion, nivolumab is acceptably safe, tolerable, 
and effective in the real-world treatment of previously 
treated mRCC.
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