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Nivolumab is approved for the treatment of advanced renal cell carcinoma (RCC). However, traditional over-
all survival (OS) or progression-free survival (PFS) do not reflect patient prognosis after initial management.
Therefore, this study aimed to evaluate conditional overall survival (COS) and conditional progression-free sur-
vival (CPFS) in patients with advanced RCC treated with nivolumab.

There were 847 patients with advanced RCC treated with first-line nivolumab plus ipilimumab (n=425) and
sunitinib (n=422), and 821 patients were treated with second-line nivolumab (n=410) and everolimus (n=411).
Primary endpoints were COS and CPFS. Individual patient data of PFS and OS were digitally reconstructed from
two large randomized controlled trials (CheckMate 025 and CheckMate 214).

In first-line treatment, compared with sunitinib, improvement of one-year CPFS for the nivolumab plus ipilimumab
group after living for 0.5 and 0.75 years were 14% (from 53.0% to 67.0%) and 16% (from 57.0% to 73.0%)
higher than the one-year PFS of 6.5% (from 42.9% to 49.4%), with similar results for one-year COS following
first-line treatment. For second-line treatment, compared with everolimus, the improvement of one-year CPFS
for the nivolumab group after living for 0.5 and 0.75 years were 19% (from 25.0% to 44.0%) and 19% (from
27.0% to 46.0%) and significantly higher than the one-year PFS of 4.5% (from 18.5% to 23.0%).

Survival benefit for patients with advanced RCC from nivolumab (plus ipilimumab) compared with sunitinib
was more evident from conditional survival (CS) analysis of first-line treatment.
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Background

Renal cell carcinoma (RCC) is the most common primary kid-
ney cancer and is a heterogeneous disease. Many patients
have metastases at the time of initial diagnosis. Also, RCC is
characterized by a high degree of resistance to chemotherapy.
Although many targeted therapies have been approved for the
treatment of RCC, including sorafenib, they bring limited ben-
efits to overall survival (0S).

Recently, immunotherapy has changed the landscape of treat-
ment of several cancers. Nivolumab, a human 1gG4 immuno-
globulin, is a PD-1 binding immune checkpoint inhibitor [1].
Nivolumab has been shown to induce a significant survival
benefit in patients with several advanced cancers, including
non-small cell lung cancer (NSCLC), melanoma, and urothelial
carcinoma [2-4]. Nivolumab has also been evaluated in the
treatment of advanced renal cell carcinoma (RCC) as a first-line
or second-line treatment. However, traditional overall survival
(OS) or progression-free survival (PFS) may not reflect progno-
sis accurately after initial disease management.

Conditional survival (CS), derived from the concept of condi-
tional probability, could provide more relevant prognostic in-
formation at each follow-up period [5,6]. For example, a pa-
tient may wish to know the expected survival for another two
years after living five years from initial diagnosis, which is dif-
ferent from the initial seven-year survival after diagnosis and
is best answered as two-year conditional survival at five years.
Previous studies have suggested that CS may offer more ac-
curate estimates for these patients.

Therefore, the present study aimed to evaluate conditional OS
(COS) and conditional PFS (CPFS) in patients with advanced RCC
treated with nivolumab as a first-line or second-line therapy, based
on two large randomized controlled trials (RCTs), CheckMate 025
and CheckMate 214 [7,8]. The use of CS may have important im-
plications for patient counseling and planning patient surveillance.

Material and Methods

Individual patient data on progression-free survival (PFS) and
overall survival (OS) were digitally reconstructed from the
CheckMate 025 and CheckMate 214 randomized controlled
trials (RCTs) [7,8], using R and Digitizelt software (Figure 1).
Previous studies described the steps and the corresponding
computer programs that are publicly available to enable further
statistical methodology research [9]. The methods were widely
used in previous studies [10,11] We used the method and the
available R code to obtain individual patient data. The data in-
cluded individual treatment type and possibly censored time
to event data consistent with a published Kaplan-Meier curve.
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Figure 1. Flowchart showing individual patient data of
progression-free survival (PFS) and overall survival (OS)
that were digitally reconstructed from the CheckMate
025 and CheckMate 214 studies [7,8], using R and
Digitizelt software.

Conditional survival described the proportion of patients who
survived. For example, three additional years was represented
by the following equation: when S(t) is overall survival at time t,
conditional survival was represented by: S(x +3)/5(x).

Standardized differences (d) were used to assess the differ-
ences in CS between subgroups based on the method de-
scribed by Cucchetti et al. [12]. The standardized difference
in proportions was calculated as: (P2-P1)/\ [P(1-P)] where P
was the weighted mean of P1 and P2. The primary endpoints
in this study were conditional overall survival (COS) and con-
ditional progression-free survival (CPFS). CPFS or COS were
estimated from individual patient data using the multiplica-
tive law of probability. The differences in conditional survival
(CS) between groups were compared with the calculation of
the d-value, as previously described [13].

Results

There were 847 patients with advanced RCC treated with first-
line nivolumab plus ipilimumab (n=425) and sunitinib (n=422),
and 821 patients were treated with second-line nivolumab
(n=410) and everolimus (n=411). Primary endpoints were con-
ditional overall survival (COS) and conditional progression-
free survival (CPFS). Individual patient data of PFS and OS
were digitally reconstructed from two large randomized con-
trolled trials, CheckMate 025 and CheckMate 214 [7,8]. CPFS
and COS at various time points for advanced RCC patients
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Table 1. Conditional progression-free survival (CPFS) and conditional overall survival (COS) at various time points in patients with
advanced renal cell carcinoma (RCC) treated with nivolumab as a first-line and second-line treatment.

Overall survival (OS)

Progression-free survival (PFS)

Observed One-year conditional OS Observed One-year conditional PFS

survival (%) (CoS) (%) survival (%) (CPFS) (%)
First-line ’\::)\;ﬁ::lznr::; Sunitinib h:;ﬁ:rjg; Sunitinib l\ll;)\;ﬁ::rrisb-'- Sunitinib h:;ﬁ:::‘g:; Sunitinib
”””” 3months 9570 9460 8000 6800 8070 7780 5900 4800
”””” 6months 8970 820 8300 7000 6410 6100 6700 5300
”””” omonths 8440 7860 8300 7100 5480 4900 7300 5700
”””” 2months 8030 7230 8100 7300 4940 4290 6200 5500
Secondline  Nivolumab  Everolimus  Nivolumab  Everolimus  Nivolumab  Everolimus  Nivolumab  Everolimus
”””” Jmonths 9540 9180 7200 6800 5950 6330 3300 2500
”””” 6months 8890  8L10 7100 6700 3880 3920 4400 2500
”””” 9months 8370 7190 6700 6500 3210 2990 4600 2700
"""" 12months 7570 6640 6900 6700 2300 1850 5900 2800

PFS — progression-free survival; OS — overall survival; CPFS — conditional progression-free survival; COS — conditional overall survival;

RCC - renal cell carcinoma.

treated with nivolumab as a first-line and second-line treat-
ment are shown in Table 1.

In first-line treatment, compared with sunitinib, improvement
of one-year CPFS for the nivolumab plus ipilimumab group after
living for 0.5 and 0.75 years were 14% (from 53.0% to 67.0%)
and 16% (from 57.0% to 73.0%) higher than the one-year PFS
of 6.5% (from 42.9% to 49.4%), with similar results for one-year
COS following first-line treatment (Figure 2A). The improvement
of one-year COS after treatment with nivolumab and ipilimumab
compared with sunitinib for 0.5 and 0.75 year were 13% (from
70.0% to 83.0%) and 12% (from 71.0% to 83.0%) higher than
that of one-year OS (8.0%, from 72.3% to 80.3%) (Figure 2B).

For second-line treatment, compared with everolimus, the im-
provement of one-year CPFS for the nivolumab group after living
for 0.5 and 0.75 years were 19% (from 25.0% to 44.0%) and 19%
(from 27.0% to 46.0%) and significantly higher than the one-
year PFS of 4.5% (from 18.5% to 23.0% (Figure 2C). However,
the one-year COS improvement were 4.0% (from 67.0% to
71.0%) and 2.0% (from 65.0% to 67.0%) lower than that of
the one-year OS of 9.3% (from 66.4% to 75.7% (Figure 2D).

Discussion

Patients with advanced renal cell carcinoma (RCC) have a poor
prognosis, and there is an urgent requirement for effective

treatment. Standard treatment includes targeted treatments,
including tyrosine kinase inhibitors (sorafenib, sunitinib),
mammalian targets of rapamycin (mTOR) inhibitors (temsi-
rolimus, everolimus), and anti-angiogenic antibodies (bev-
acizumab). However, these treatments may not be effec-
tive. Immunotherapy is a growing field in cancer treatment.
Recently, and nivolumab has been tested on patients with RCC
in two randomized controlled trials (RCTs), CheckMate 025 and
CheckMate 214 [7,8].

Nivolumab blocks the interaction between PD-1 and PD-1 li-
gand 1 (PD-L1) and 2 (PD-L2) to potentiate immune responses
and antitumor activity. There have been several RCTs that have
investigated the safety and efficacy of nivolumab in several
types of cancer. Nivolumab is superior to chemotherapy in pa-
tients with metastatic melanoma or advanced non-small cell
lung cancer (NSCLC). CheckMate 214 showed that nivolumab
combined with ipilimumab could prolong overall survival (OS)
in previously untreated patients when compared with suni-
tinib [9]. The results of the CheckMate 025 trial showed that
nivolumab could improve OS but not progression-free survival
(PFS) in previously treated patients.

However, traditional survival estimates do not apply to patients
who have survived a period of time after initial diagnosis or
treatment. Therefore, this study was designed to assess con-
ditional progression-free survival (CPFS) and conditional over-
all survival (COS) in patients with advanced RCC treated with
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Figure 2. Conditional progression-free survival (CPFS) and conditional overall survival (COS) curves for patients with advanced renal
cell carcinoma (RCC) treated with nivolumab, ipilimumab, or sunitinib. (A) Conditional progression-free survival (CPFS) curves
of patients with advanced renal cell carcinoma (RCC) treated with nivolumab (plus ipilimumab) or sunitinib according to the
number of years after randomization. (B) Conditional overall survival (COS) curves of patients with advanced RCC treated
with nivolumab (plus ipilimumab) or sunitinib. (C) CPFS curves of patients with advanced RCC treated with nivolumab or
everolimus. (D) COS curves of patients with advanced RCC treated with nivolumab or everolimus. Traditional Kaplan-Meier
estimates of PFS/OS (the starting point of the X axis=0) overlaid by conditional CS estimates at 0.5 yr (the starting point of

the X axis=0.5), 0.75 yr (the starting point of the X axis=0.75) and 1 yr (the starting point of the X axis=1) are shown from

the time of randomization.

nivolumab. The analysis of two large prospective trials give
convincing and contemporary data for novel immunotherapy,
as the mean follow-up after immunotherapy in both trials was
<26 months, the one-year COS was chosen for our analysis.
Our results suggested that a survival benefit from nivolumab
(plus ipilimumab) over sunitinib was more apparent in the
areas of CS in first-line treatment. A previous study showed
that the one-year COS of patients with metastatic RCC treated
with vascular endothelial growth factor (VEGF)-targeted ther-
apy ranged from 66-70% after surviving 1.5 years [6]. In our
study, one-year COS of patients treated with sunitinib was sim-
ilar to previous results. Therefore, CS may be a useful prog-
nostic measure that can be used for patient counseling, such

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

as decisions would be the use of immunotherapy, predicting
survival, especially for patients treated with nivolumab as the
first-line treatment. This study also supported the latest recom-
mendation from the European Association of Urology Renal Cell
Cancer Guidelines Panel and the International Kidney Cancer
Coalition based on the improved use of CS [10]. These guide-
lines recommend nivolumab and ipilimumab for patients with
an International Metastatic Renal Cell Carcinoma Database
Consortium (IMDC) risk score with features associated with
intermediate risk and poor risk. However, studies with long-
term follow-up are still required.
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This study had several limitations. The present study was based
on survival plot analysis from previous publications. Therefore,
the grouping of patients was pre-specified, and a comprehen-
sive subgroup analysis could not be performed.

Conclusions

The findings from this study provided contemporary data of
conditional progression-free survival (CPFS), and conditional
overall survival (COS) in patients with advanced renal cell carci-
noma (RCC) treated with nivolumab as first-line or second-line
therapy. The survival benefit from nivolumab (plus ipilimumab)

References:

—

. Motzer RJ, Rini BI, McDermott DF et al: Nivolumab for metastatic renal cell
carcinoma: Results of a randomized phase Il trial. J Clin Oncol, 2015; 33(13):
1430-37

. Higuchi M, Owada Y, Inoue T et al: FDG-PET in the evaluation of response
to nivolumab in recurrent non-small-cell lung cancer. World J Surg Oncol,
2016; 14(1): 238

. Traylor JI, Kuo JS: Combined nivolumab and ipilimumab is an effective treat-
ment for melanoma brain metastases. Neurosurgery, 2019; 84(3): E134-35

. Rui X, Gu TT, Pan HF, Zhang HZ: Evaluation of PD-L1 biomarker for immune

checkpoint inhibitor (PD-1/PD-L1 inhibitors) treatments for urothelial carci-
noma patients: A meta-analysis. Int Immunopharmacol, 2018; 67: 378-85

N

w

N

S}

. Zamboni BA, Yothers G, Choi M et al: Conditional survival and the choice
of conditioning set for patients with colon cancer: An analysis of NSABP
trials C-03 through C-07. J Clin Oncol, 2010; 28(15): 2544-48

. Harshman LC, Xie W, Bjarnason GA et al: Conditional survival of patients
with metastatic renal cell carcinoma treated with VEGF-targeted therapy:
A population-based study. Lancet Oncol, 2012; 13(9): 927-35

. Motzer RJ, Escudier B, McDermott DF et al: Nivolumab versus everolimus
in advanced renal-cell carcinoma. N Engl ) Med, 2015; 373(19): 1803-13

[=))

~

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Shao N. et al.:
CS in advanced RCC treated with nivolumab
© Med Sci Monit, 2019; 25: 6518-6522

over sunitinib was more apparent in the areas of conditional
survival (CS) in first-line treatment. CS may be a useful mea-
sure permitting more accurate prognosis information for im-
munotherapy. This study also supported the recommendations
to offer nivolumab (plus ipilimumab) to patients with advanced
RCC based on the marked improvement in CS. The CS infor-
mation of nivolumab has important implications for patient
counseling and treatment decisions.
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