
356 -
Original Study
A Quality-adjusted Time Without Symptoms or
Toxicity (Q-TWiST) Analysis of Nivolumab
Versus Everolimus in Advanced Renal Cell

Carcinoma (aRCC)
Ruchitbhai Shah,1 Marc Botteman,1 Caitlyn T. Solem,1 Linlin Luo,1 Justin Doan,2

David Cella,3 Robert J. Motzer4

Abstract
This study assessed the net health benefits of treatment with nivolumab versus everolimus among patients
with advanced renal cell carcinoma by assessing the quality (ie, patient preferences) and quantity of survival
(ie, time spent with significant toxicities, in progression, or before progression and without significant toxic-
ities). Nivolumab resulted in a 3.3-month quality-adjusted survival gain versus everolimus that was statistically
significant and clearly clinically meaningful.
Background: This analysis compared quality-adjusted time without symptoms of disease progression or toxicity (Q-
TWiST) between nivolumab and everolimus among previously treated patients with advanced renal cell carcinoma
enrolled in the phase III CheckMate 025 trial (NCT01668784). Materials and Methods: At 45-month follow-up, overall
survival (OS) was partitioned into 3 health states: TWiST, time with grade � 3 toxicity (TOX), and time after progression
(REL). Mean Q-TWiST was determined by multiplying each state’s duration with its utility (TWiST, 1.0; TOX, 0.5; REL,
0.5). Relative Q-TWiST gains (calculated as Q-TWiST difference divided by everolimus OS) of � 10% were predefined
as clinically important. Immuno-oncology-specific sensitivity analyses considered 4 alternative progression defini-
tions: Tumor size increase � 25% from nadir; treatment discontinuation; � 2-point reduction from baseline in
Functional Assessment of Cancer Therapy-Kidney Symptom Index Disease-Related Symptoms scores; and a com-
posite definition. A scenario incorporating grade � 2 toxicities was tested. Results: Compared with everolimus,
nivolumab was associated with a significant Q-TWiST improvement of 3.3 months (P< .001). In all sensitivity analyses,
nivolumab was associated with Q-TWiST gains (relative gain %) ranging from 3.3 months (14.4%) to 4.8 months
(20.9%). Conclusions: Nivolumab is associated with a statistically significant and clinically meaningful gain in quality-
adjusted OS versus everolimus among previously treated patients with advanced renal cell carcinoma.
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Introduction
Renal cell carcinoma (RCC) is the most common type of kidney

cancer and one of the most common cancers in the United States.1,2
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Globally, approximately 338,000 new RCC cases are diagnosed
annually, including 30% at advanced stage.3

Several targeted therapies are indicated for advanced RCC
(aRCC), including vascular endothelial growth factor/platelet-
derived growth factor pathway inhibitors and mammalian target of
rapamycin inhibitors.4 Everolimus, a mammalian target of rapamycin
inhibitor, is recommended for patients with aRCC previously treated
with a first-line therapy (ie, sunitinib or pazopanib).5

Nivolumab is a humanized immunoglobulin G4 monoclonal
antibody targeting programmed cell death 1 (PD-1) receptor. It is
approved by the United States Food and Drug Administration
(FDA) for patients with advanced/metastatic RCC whose disease
1558-7673/ª 2019 The Authors. Published by Elsevier Inc. This is an open access article
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progressed while on an antiangiogenic therapy. Nivolumab blocks
the interaction between PD-1 and PD-1 ligand, which inhibits
T-cell activation.6 This could restore antitumor immunity and lead
to improvements in overall survival (OS).6-8 A phase III trial
(CheckMate 025) comparing nivolumab with everolimus among
patients with aRCC whose previous treatments had failed found
nivolumab resulted in a better overall objective response rate (ORR,
25% vs. 5%; odds ratio, 5.98; P < .001), longer OS (hazard ratio,
0.73; P ¼ .002), and fewer grade 3 or 4 treatment-related adverse
events (AEs, 19% vs. 37%).9

Regulators and clinicians are paying increasing attention to under-
standing the clinical risk/benefit of various oncology therapies from a
patient perspective. This includes the European Medicine Agency10-12

and the United States FDA,13 as well as the American Society of
Clinical Oncology,14 which formally defines a net health benefit score
based on clinical benefits and toxicities. The quality-adjusted time
without symptoms or toxicity (Q-TWiST)15,16 method has been used
since the mid-1980s to assess the net benefits of oncology treatments
across 50 cancers,17 including RCC,18,19 in terms of the quantity (ie,
OS, progression-free survival [PFS], and AEs) and quality (ie, patient
health utilities) of survival gained.20,21

The present analysis estimated the Q-TWiST of nivolumab
versus everolimus based on the CheckMate 025 trial, while ac-
counting for immunotherapy-relevant definitions of progression.

Materials and Methods
Data Source/Study Population

This was a post-hoc analysis of the patient-level data from the
phase III, open-label CheckMate 025 trial (ClinicalTrials.gov
number, NCT01668784), in which patients with advanced/meta-
static RCC with a clear-cell component who had received � 2 prior
antiangiogenic therapies were randomized (1:1) to either nivolumab
(at biweekly intravenous doses of 3 mg/kg of body weight) or
everolimus (daily oral 10-mg tablet dose). Patients were treated until
progression, unacceptable toxicity, withdrawal of consent, or study
end. The primary endpoint of the trial was OS, defined as the
duration from randomization to death (if occurred). The secondary
endpoints were ORR, PFS, and incidence of AEs.9

This analysis used the intent-to-treat cohort from the CheckMate
025 trial. Trial inclusion and exclusion criteria can be found
elsewhere.22

Statistical Analysis
Q-TWiST Method. The OS time was partitioned into 3 health

states: TOX, time after randomization and before progression/
censoring during which patients experienced any grade �3 AEs;
TWiST, time after randomization and before progression/censoring
without any toxicity; and REL, time after disease progression until
death/censoring (assessed based on Response Evaluation Criteria in
Solid Tumors [RECIST] 1.1 criteria in the base case). RECIST 1.1
qualifies progression with the appearance of new lesions and/or an
absolute increase in tumor size of � 20% and 5 mm versus nadir.23

Each state’s restricted mean duration was obtained by calculating
the area under the Kaplan-Meier (K-M) curve. The following steps
were used to build the K-M curves and calculate the restricted mean
duration for each health state using the proc lifetest procedure in
SAS 9.4:
� The K-M curves for TOX, PFS, and OS were built separately.
� Following this, the area under each K-M curve was calculated.
This gave us the restricted mean durations for TOX, PFS, and
OS.

� TOX time was calculated as the area under the TOX curve.
� TWiST time was calculated as the difference between the area
under K-M the curve for the PFS and TOX curves.

� REL time was calculated as the difference between the area under
the K-M curves for the OS and the PFS curves.

A 45-month cutoff for themaximum follow-up was used to estimate
restricted means. Differences in mean health state durations between
treatment arms were tested using log-rank tests. The Q-TWiST was
then calculated summing up the time in each state multiplied by its
respective utility weight (U) ranging from 0 to 1, to reflect patient
preferences for time spent in each state, as per the following equation:

Q-TWiST ¼ ðTOX � UTOX Þ þ ðTWiST � UTWiST Þ
þ ðREL � URELÞ

To assess the precision of the mean restricted time in each health
state, overall Q-TWiST, and difference in Q-TWiST, 95% confi-
dence intervals (CIs) were computed using 1000 bootstrapped (with
replacement) samples of trial patients. Finally, we calculated the
relative Q-TWiST gain (ie, difference in Q-TWiST between arms
divided by mean OS of everolimus). Using the Revicki et al
criteria,24 relative Q-TWiST gains of � 10% and � 15% were
considered clinically important and clearly clinically important,
respectively.

Six key assumptions were considered in the base case:

� Fixed utility values were adopted (UTWiST ¼ 1, UTOX ¼ 0.5,
UREL ¼ 0.5). These utilities have been commonly used in the Q-
TWiST literature. In a systematic review of 51 Q-TWiST
studies, 30 (60.8%) used UTOX ¼ 0.5, UREL ¼ 0.5, and
UTWiST ¼ 1.0.19 This set of utilities was also suggested in the
original 1995 article by Gelber et al that introduced the Q-
TWiST method.25

� Regardless of the type, severity, or extent of AE-related symp-
toms, UTOX was set at 0.5.

� Both treatment-related and unrelated grade � 3 AEs were
included for TOX calculation.

� Each AE had a start and end date. The end date for each AE was
the resolution date, disease progression date, death date, or end of
follow-up, whichever occurred first. TOX duration was calculated
as the number of days spent with grade � 3 AEs before disease
progression, death, or end of follow-up, whichever occurred first.

� A day with multiple AEs was counted only once.
� All days with AEs before progression were grouped together to
calculate total time in TOX irrespective of whether AEs occurred
consecutively or not.

Threshold Analysis and Q-TWiST Gain Function. A threshold
analysis illustrates the results for the treatment comparison (nivo-
lumab vs. everolimus) whereby the TOX and REL utility values
were varied between 0 and 1 (ie, to cover the entire range of possible
values). This was presented graphically in a Q-TWiST “plane”
indicating scenarios in which the benefits are statistically significant
Clinical Genitourinary Cancer October 2019 - 357
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Figure 1 Alternative Progression Measures Considered for REL

Abbreviations: FSKI-DRS ¼ Functional Assessment of Cancer Therapy-Kidney Symptom Index-Disease Related Symptoms; PFS ¼ progression-free survival; RECIST ¼ Response Evaluation Criteria in
Solid Tumors; REL ¼ time after progression.
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(P < .05 based on 1000 bootstraps). The range of Q-TWiST dif-
ferences were also calculated at different restricted follow-up times
to create a Q-TWiST gain function over time. The results of a Q-
TWiST analysis depend on the values of the utility coefficients used
for each health state. The threshold utility analysis is key because it
allows one to determine the preferred treatment (ie, Q-TWiST
gain) given any choice of values for UTOX and UREL.

Subgroup Analysis. Analyses were performed for the following
prespecified subgroups: age (� 65 years, < 65 years), gender, region
(United States/Canada, Western Europe, other), prior anti-
angiogenic therapy regimens in the advanced or metastatic setting
Clinical Genitourinary Cancer October 2019
(1, 2), and Memorial Sloan Kettering Cancer Center (MSKCC)
prognostic risk group (favorable, intermediate, poor).26

Immuno-Oncology-Specific Sensitivity Analyses
In a traditional Q-TWiST, the transition of a patient from TOX/

TWiST to REL is governed by PFS. However, traditional measures
to assess cancer progression in non-immunotherapies may not be
suitable when evaluating treatment effectiveness for immunother-
apies. For the current analysis, in the base case, REL was assessed
using the RECIST 1.1 criteria, which defines progression with the
appearance of new lesions and/or an absolute increase in tumor size
of � 20% and 5 mm versus nadir.27 Using this definition may lead



Table 1 Restricted Mean Duration of Health States at 45 Months (Base Case)

Health State

Mean Duration (95% CI), mo

Nivolumab (n [ 410) Everolimus (n [ 411) Difference P Value

TOX 0.1 (0.1-0.1) 0.5 (0.3-0.6) �0.4 (�0.5 to �0.2) <.001

TWiST 9.7 (8.5-11.0) 7.0 (6.2-7.7) 2.7 (1.3-4.2) <.001

REL 17.0 (15.5-18.5) 15.5 (14.2-16.9) 1.5 (-0.5-3.5) .142

PFS 9.8 (8.6-11.1) 7.4 (6.5-8.2) 2.4 (0.9-3.9) .002

OS 26.8 (25.2-28.4) 23.0 (21.3-24.4) 3.8 (1.7-6.2) .001

Base case refers to the scenario where TOX included grade � 3 AEs and disease progression was measured using the Response Evaluation Criteria in Solid Tumors (RECIST) 1.1 criteria.
Abbreviations: AEs ¼ adverse events; CI ¼ confidence interval; OS ¼ overall survival; PFS ¼ progression-free survival; REL ¼ time after progression; TOX ¼ time with grade � 3 toxicity; TWiST ¼
time without symptoms of disease progression or toxicity.
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to a premature declaration of progression when the treatment effects
from immunotherapies are not fully realized.23,28,29 Specifically, the
RECIST 1.1 criteria neglects the importance of the ‘flare effect’ (ie,
the pseudo-progression), resulting from inflammation of the cancer
tissue from the immunotherapy because of which there may be an
increase in tumor size before eventual shrinkage. This flare effect
may lead to the false impression on radiographic assessments that
the tumor has grown or that new lesions have emerged when in fact
this is not the case.30,31

Therefore, in addition to declaring progression using RECIST
1.1 criteria (base case scenario), the following alternative definitions
of progression were considered (Figure 1): tumor burden increase �
25% from nadir (reconfirmed at a subsequent visit) adapted from
the immune-related response criteria developed by Wolchok
et al30,32; treatment discontinuation; reduction from baseline in
Functional Assessment of Cancer Therapy-Kidney Symptom Index-
Disease Related Symptoms (FKSI-DRS) score of � 2 to 3 points (ie,
the minimally important difference for FKSI-DRS33); and
meeting � 2 of the following criteria (ie, composite criteria):
traditional progression, treatment discontinuation, or FKSI-DRS
reduction of � 2 points from baseline.

The European Society for Medical Oncology clinical guidelines
on management of immunotherapy-related toxicities recommend
interrupting treatment upon development of grade � 2 immune-
related skin toxicity, endocrinopathies, hepatotoxicity, pneumonitis,
Table 2 Threshold Utility Analysis (Base Case)

Utility

TOX REL
Nivolumab
(n [ 410)

Everolim
(n [ 4

0 0 9.7 (8.5-11.0) 7.0 (6.2-7

0 0.5 18.2 (16.9-19.4) 14.7 (13.6

0 1 26.7 (25.1-28.3) 22.5 (20.9

0.5 0 9.7 (8.5-11.1) 7.2 (6.4-8

0.5 0.5 18.2 (17.0-19.5) 15.0 (13.8

0.5 1 26.7 (25.1-28.3) 22.7 (21.0

1 0 9.8 (8.6-11.1) 7.4 (6.5-8

1 0.5 18.3 (17.0-19.5) 15.2 (14.1

1 1 26.8 (25.2-28.4) 23.0 (21.3

Base case refers to the scenario where TOX included grade � 3 adverse events and disease progress
Abbreviations: CI ¼ confidence interval; Q-TWiST ¼ quality-adjusted time without symptoms of disea
or gastrointestinal hepatotoxicity.34 Therefore, a sensitivity analysis
was conducted where TOX included grade � 2 AEs.

Results
Base Case Q-TWiST Analysis (Using RECIST 1.1
Criteria)

In the intent-to-treat population, the median OS was 19.7
months (95% CI, 17.6-22.1 months) for everolimus (n ¼ 411)
versus 25.8 months (95% CI, 22.2-29.8 months) for nivolumab
(n ¼ 410). Deaths occurred in 273 (66.59%) and 298 (72.51%)
patients in the nivolumab and everolimus trial arms, respectively.
The median PFS was 4.5 months (95% CI, 3.7-5.5 months) for
everolimus versus 4.2 months (95% CI, 3.7-5.4 months) for
nivolumab. Progression was observed in 349 (85.12%) and 346
(84.18%) patients in the nivolumab and everolimus trial arm,
respectively. Fifty-eight (14.15%) and 120 (29.20%) patients in the
nivolumab and everolimus trial arm experienced a grade � 3 AE.
The median follow-up time for the nivolumab arm was 45.04
months and the everolimus arm was 44.19 months. Therefore, the
45-month cutoff was used to conduct the analysis.

Nivolumab patients had a significantly longer mean restricted
TWiST time (difference, 2.7 months; 95% CI, 1.3-4.2 months;
P < .001), significantly shorter TOX time (difference, 0.4 months;
95% CI, �0.5 to �0.2 months; P < .001), and longer REL time
(difference, 1.5 months; 95% CI, �0.5 to 3.5 months; P ¼ .142)
Mean Q-TWiST (95% CI), mo

us
11) Difference Improvement P Value

.7) 2.7 (1.3-4.2) 11.8% <.001

-15.7) 3.5 (1.9-5.1) 15.3% <.001

-23.9) 4.2 (2.0-6.5) 18.3% <.001

.0) 2.5 (1.1-4.0) 10.9% .001

-15.9) 3.3 (1.7-5.0) 14.4% <.001

-24.1) 4.0 (1.9-6.4) 17.4% .001

.2) 2.4 (0.9-3.9) 10.5% .002

-16.1) 3.1 (1.5-4.8) 13.5% <.001

-24.4) 3.8 (1.7-6.2) 16.6% <.001

ion was measured using the Response Evaluation Criteria in Solid Tumors (RECIST) 1.1 criteria.
se progression or toxicity; REL ¼ time after progression; TOX ¼ time with grade � 3 toxicity.
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Figure 2 Subgroup Analyses of Q-TWiST Difference

Abbreviations: CI ¼ confidence interval; MSKCC ¼ Memorial Sloan Kettering Cancer Center; Q-TWiST ¼ quality-adjusted time without symptoms of disease progression or toxicity; US ¼ United
States.
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(Table 1) versus everolimus patients, as well as statistically signifi-
cantly greater quality-adjusted OS (difference, 3.3 months; 95% CI,
1.7-5.0 months; P < .001), representing a 14.4% relative Q-
TWiST gain (Table 2).

Threshold analyses showed significantly positive Q-TWiST dif-
ferences for nivolumab versus everolimus across the full range of
TOX and REL utility values (Table 2 and Supplemental Figure 1
[in the online version]). Specifically, mean Q-TWiST differences
ranged from 2.4 months (95% CI, 0.9-3.9 months; P ¼ .002) to
4.2 months (95% CI, 2.0-6.5 months; P < .001), and relative Q-
TWiST gains ranged from 10.5% to 18.3%. The relative gains in
Q-TWiST increased over time, from 3.7% at 6 months’ follow up
to 14.4% at 45 months’ follow-up (see Supplemental Figure 2 in
the online version). When stratified by subgroups, Q-TWiST value
differences varied from 0.1 to 4.6 months (Figure 2) and were
significant in patients who were male, aged < 75 years at baseline,
from the United States/Canada, in poor or intermediate MSKCC
risk groups at baseline, or had received 1 prior antiangiogenic
regimen (all P < .01).
Clinical Genitourinary Cancer October 2019
Immuno-oncology Specific Sensitivity Analyses
Mean PFS improved when alternate measures of progression were

considered (Figure 3). Q-TWiST gains and relative gains across all
scenarios using alternate measures of progression have been reported
in Table 3. Compared with the base case (Q-TWiST gain of 3.3
months, relative Q-TWiST gain of 14.4%), the alternate measures
of progression resulted in higher Q-TWiST gains varying from 3.5
to 5.6 months (all P < .01) and higher relative Q-TWiST gains
ranging from 15.3% to 24.4%, with the highest improvement
observed for the definition based on a FKSI-DRS reduction of � 3
points.

Discussion
Q-TWiST is a well-established and generally accepted method

that was originally developed specifically to assess quality-adjusted
survival in oncology. It can be a useful tool in making treatment
choices for patients and physicians when they consider trade-offs
between the clinical benefits and toxicity of various treatments.
Our analysis demonstrated that nivolumab is associated with a



Figure 3 Kaplan-Meier Curve of PFS Based on Different Relapse Definitions

Abbreviations: CI ¼ confidence interval; FKSI-DRS ¼ Functional Assessment of Cancer Therapy-Kidney Symptom Index-Disease Related Symptoms; PFS ¼ progression-free survival;
RECIST ¼ Response Evaluation Criteria in Solid Tumors.
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quality-adjusted OS benefit of 3.3 months (corresponding to a
14.4% relative Q-TWiST gain) versus everolimus in previously
treated patients with aRCC. In the threshold utility analysis, the
relative Q-TWiST gain ranged from 10.5% to 16.6%, all above the
threshold of clinical importance.24 Such findings are also consistent
with prior trial analysis results that have demonstrated the clinical
and quality-of-life benefits of nivolumab versus everolimus as a
second-line treatment in aRCC.9,35

This is the first Q-TWiST analysis conducted among previously
treated patients with aRCC. Prior studies conducted among
treatment-naive patients with aRCC have reported relative Q-
TWiST gains of 14.57% (sunitinib vs. interferon alpha [IFN-a]20),
Clinical Genitourinary Cancer October 2019 - 361



Table 3 Sensitivity Analyses of Q-TWiST Gains

Health State

Mean (95% CI), mo

Nivolumab (n [ 410) Everolimus (n [ 411) Difference P Value

Traditional RECIST criteria (base case
analysis)

TOX 0.1 (0.1-0.1) 0.5 (0.3-0.6) �0.4 (�0.5 to �0.2) <.001

TWiST 9.7 (8.5-11.0) 7.0 (6.2-7.7) 2.7 (1.3-4.2) <.001

REL 17.0 (15.5-18.5) 15.5 (14.2-16.9) 1.5 (�0.5 to 3.5) .049

Q-TWiST 18.2 (17.0-19.5) 15.0 (13.8-15.9) 3.3 (1.7-5.0) <.001

Relative Q-TWiST gain 14.4%

Alternate measures of progression

1. Change from nadir � 25%

TOX 0.2 (0.1-0.3) 0.8 (0.5-1.1) �0.6 (�0.9 to �0.3) .028

TWiST 18.2 (16.7-19.9) 15.1 (13.7-16.5) 3.1 (1.0-5.3) .005

REL 8.3 (7.1-9.6) 7.1 (5.9-8.3) 1.3 (�0.4 to 3.0) .134

Q-TWiST 22.5 (21.1-23.9) 19.0 (17.6-20.3) 3.5 (1.6-5.6) <.001

Relative Q-TWiST gain 15.3%

2. Treatment discontinuation

TOX 0.1 (0.1-0.2) 0.5 (0.3-0.6) �0.4 (�0.5 to �0.2) <.001

TWiST 11.7 (10.5-12.9) 6.9 (6.1-7.6) 4.8 (3.4-6.3) <.001

REL 14.9 (13.7-16.2) 15.6 (14.1-16.8) �0.6 (�2.6 to 1.3) .547

Q-TWiST 19.3 (18.0-20.6) 14.9 (13.9-15.9) 4.3 (2.8-6.0) <.001

Relative Q-TWiST gain 18.7%

3. FKSI-DRS reduction � 2 points

TOX 0.1 (0.0-0.1) 0.2 (0.1-0.3) �0.2 (�0.3 to �0.1) .028

TWiST 13.0 (11.6-14.5) 7.2 (6.1-8.4) 5.7 (3.8-7.7) < .001

REL 13.7 (12.1-15.3) 15.5 (13.8-17.2) �1.8 (�4.2 to 0.4) .173

Q-TWiST 19.9 (18.6-21.2) 15.1 (13.9-16.1) 4.8 (3.1-6.6) < .001

Relative Q-TWiST gain 20.9%

4. FKSI-DRS reduction � 3 points

TOX 0.1 (0.1-0.1) 0.3 (0.2-0.5) �0.2 (�0.4 to �0.1) .009

TWiST 15.9 (14.3-17.6) 8.6 (7.2-9.8) 7.4 (5.2-9.6) <.001

REL 10.8 (9.3-12.2) 14.1 (12.5-15.8) �3.3 (�5.6 to �1.1) .004

Q-TWiST 21.4 (19.9-22.9) 15.8 (14.5-16.9) 5.6 (3.8-7.5) <.001

Relative Q-TWiST gain 24.4%

5. Composite PFS

TOX 0.2 (0.1-0.2) 0.6 (0.4-0.8) �0.4 (�0.7 to �0.2) .002

TWiST 15.6 (14.3-16.9) 9.7 (8.7-10.7) 5.8 (4.3-7.4) <.001

REL 11.1 (9.8-12.4) 12.6 (11.2-14.1) �1.6 (�3.5 to 0.4) .043

Q-TWiST 21.2 (19.9-22.4) 16.3 (15.1-17.3) 4.8 (3.2-6.6) <.001

Relative Q-TWiST gain 20.9%

6. Including grade � 2 adverse
events

TOX 1.5 (1-1.9) 2.8 (2.2-3.3) �1.3 (�2 to �0.6) < .001

TWiST 8.3 (7.2-9.5) 4.6 (4-5.2) 3.7 (2.5-5.1) < .001

REL 17.0 (15.5-18.5) 15.5 (14.2-16.9) 1.5 (�0.5 to 3.5) .141

Q-TWiST 17.6 (16.4-18.7) 13.8 (12.8-14.7) 3.8 (2.3-5.4) < .001

Relative Q-TWiST gain 16.6%

Abbreviations: CI ¼ confidence interval; FSKI-DRS ¼ Functional Assessment of Cancer Therapy-Kidney Symptom Index-Disease Related Symptoms; PFS ¼ progression-free survival; Q-TWiST ¼
quality-adjusted time without symptoms of disease progression or toxicity; RECIST ¼ Response Evaluation Criteria in Solid Tumors; REL ¼ time after progression; TOX ¼ time with grade � 3 toxicity;
TWiST ¼ time without symptoms of disease progression or toxicity.
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15.7% (temsirolimus vs. IFN-a18), < 5% (pazopanib vs. suniti-
nib21), and 11.47% (cabozanitib vs. sunitinib36). Our results may
be benchmarked against a recently published systematic review of
81 previously conducted Q-TWiST comparisons.19 Specifically, the
relative Q-TWiST gains of nivolumab reported herein are greater
than reported across prior immuno-oncology therapy assessments
(14.4% vs. 8.9%).

A key goal of RCC treatment is tumor control whilemaintaining, if
not improving, quality of life.37 The Q-TWiST method takes into
consideration 2 key drivers of quality of life: toxicities and disease
progression. Disease progression endpoints are included because they
are routinely reported in clinical trials and are thought to correlate
with quality of life. However, the traditional progression definition
(using RECIST criteria) is potentially less correlated with quality of
life in solid tumor immunotherapies (owing to pseudo-progression)
than traditional chemotherapies.38,39 Therefore, to more fully ac-
count for nivolumab’s treatment benefits, 4 alternative progression
definitions beyond the base case (RECIST 1.1) were considered.
Importantly, these alternate measures do not refer to PFS in a clinical
sense but rather are proxies for symptoms or milestones in the patient
experience that could correlate with quality of life.

In the first scenario analysis, progression was defined as an increase
in tumor size of � 25% from nadir. This measure was adapted from
the immune-related response criteria developed byWolchok et al30,32

specifically to address the shortcomings of the RECIST 1.1 criteria for
immunotherapies.27,40 The resulting relative Q-TWiST gain of
15.3% for nivolumab versus everolimus in this scenario may be
considered clearly clinically important.24 The second scenario analysis
accounted for the pseudo-progression effect bymeasuring progression
only after treatment discontinuation. The post-hoc analysis of the
CheckMate 025 trial revealed that there was a longer median time to
discontinuation among nivolumab than everolimus patients, despite
similar median PFS.41 This means that treatment discontinuation at
first occurrence of progression may be considered premature, as it
underestimates an immunotherapy’s benefit over time and post-
progression. Of note, in a subgroup analysis of a phase II study of
nivolumab versus everolimus, George et al demonstrated clinical
benefits in those who continued nivolumab beyond first progression,
in terms of lower incidence of all-grade treatment-related AEs
compared with patients who discontinued.42 The results from the
second alternative measure were consistent with the findings by
George et al, and the relative Q-TWiST gain of 18.7% in our analysis
may be considered clearly clinically important.

Patient-reported outcomes have shown associations with survival
endpoints and have been increasingly utilized as prognostic tools for
predicting survival in solid cancers.43 Cella et al revealed a robust
relationship between baseline quality-of-life scores and median PFS/
OS among patients with RCC receiving sunitinib and IFN-a.44 In
their analysis, the total baseline FKSI 15-item (FSKI-15) score was a
significant predictor of survival outcomes (P < .0001). Therefore,
for the third alternative progression measure scenario, a change of �
2 to 3 points in the FKSI-DRS score from baseline (consistent with
the FKSI-DRS minimally important difference33) was considered to
be indicative of progression. Relative Q-TWiST gains of 20.9% and
24.4% (for � 2- and � 3-point reductions, respectively) were
observed under this scenario, the highest across all 4 scenarios. A
similar result was also observed for the composite PFS measure,
which incorporated all alternative progression measures.

Another key aspect of immunotherapy treatment is a consider-
ation of drug-related toxicities. The European Society for Medical
Oncology guidelines on management of immunotherapy-related
toxicities suggest interrupting treatment upon occurrence of
grade � 2 AEs.34 Therefore, a sensitivity analysis included all
grade � 2 AEs as a part of TOX, resulting in a relative Q-TWiST
gain of 16.6%, which suggests that the time spent with grade � 2
toxicities was significantly longer (P < .0001) for everolimus versus
nivolumab patients. To fully quantify the benefit of immunother-
apies, it is important to include lower-grade toxicities that could
impact patient quality of life.

The present analysis has certain limitations. First, established
definitions of progression for immunotherapy, such as iRECIST,45

could not be applied in this study because the CheckMate 025 tri-
al’s patient data were collected using scheduled assessments per the
RECIST 1.1 framework. Clearly, the use of the iRECIST criteria in
the present analysis would have been of interest. Second,multiple AEs
co-occurring were counted only once to avoid duplication, and AEs
were not differentiated by type. These assumptions were made to
ensure the current analysis remains consistent with previous
Q-TWiST analyses.46 However, one might expect that the inclusion
of all AEs would have affected the assessment of net benefits.

Conclusion
In conclusion, this study presents a Q-TWiST analysis of nivo-

lumab versus everolimus in the CheckMate 025 trial population,
consisting of patients with aRCC who had received prior anti-
angiogenic therapy. The base case analysis showed significant
TWiST benefit for nivolumab as well as clinically meaningful
relative gains in Q-TWiST, which highlights the survival and
quality-of-life benefits of nivolumab as a second-line treatment of
aRCC. Moreover, the relative Q-TWiST improvement increased
when using alternate definitions of progression that better reflect the
treatment potential of immunotherapies, suggesting that traditional
progression definitions may need to be reconsidered when assessing
immunotherapy benefits in solid tumor cancers such as RCC.

Clinical Practice Points

� This study examined the net clinical benefits of nivolumab versus
everolimus among previously treated patients with aRCC
enrolled in the CheckMate 025 trial.

� We divided the patient’s survival time into 3 health states: time
before progression spent with grade 3/4 toxicities (TOX), time
after progression (REL), and time without toxicity or progression
(TWiST). Time in each health state was weighted by its
respective utility to calculate the Q-TWiST gain.

� Given the limitations of the RECIST 1.1 criteria in correctly
assessing progression for immuno-oncology treatments, 4 alter-
nate progression (REL) definitions were used as sensitivity ana-
lyses. These alternate scenarios included assessing an increase in
tumor size (reconfirmed at a subsequent diagnosis), treatment
discontinuation, a decrease in patient-reported FKSI-DRS score
by � 2 points, and a composite scenario integrating the base case
definition and the other 3 alternate scenarios.
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� Nivolumab was associated with a statistically significant and
clinically meaningful gain in quality-adjusted OS versus ever-
olimus in the base case and across all sensitivity analyses.

� Nivolumab improves both the quantity and quality of survival
gain among previously treated patients with aRCC.
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Supplemental Figure 2 Q-TWiST Gain Function Over Time
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Supplemental Data
Supplemental Figure 1 Q-TWiST Threshold Utility Analysis.
The y-axis Represents the Utility for
the TOX Health State (UTOX) and the x-
axis Represents the Utility for the REL
Health State (UREL). Both Vary Across
Their Full Range From 0 to 1, Whereas
UTWiST Is Fixed at 1. The Diagonal
Bands of Different Colors or Shading
Represent Relative Q-TWiST Gains. To
Assess the Relative Q-TWiST Gain
Associated With a Given Combination
of UTOX and UREL, One Must Select a
Pair of Values for UTOX and UREL on the
y-axis and x-axis, Respectively. The
Intersection of the UTOX and UREL
Values Inside the Plot Indicates the
Band to Which the Relative Q-TWiST
Gain Belongs for the Given UTOX and
UREL Combination. For Instance, in the
Base Case UTOX [ 0.5 and UREL [ 0.5,
Which Intersect in the 14% to 16%
Relative Q-TWiST Gain Band and are
Consistent with the Point Estimate of
14.4%. Note That All Q-TWiST Gains in
This Plot Are Statistically Significant

Abbreviations: Q-TWiST ¼ quality-adjusted time without symptoms of disease progression or
toxicity; REL ¼ time after progression; TOX ¼ time with grade � 3 toxicity; UREL ¼ utility of
time after progression; UTOX ¼ utility of time with grade � 3 toxicity. All values significant at
P < .01.

Abbreviations: OS ¼ overall survival; Q-TWiST ¼ quality-adjusted time without symptoms of
disease progression or toxicity.
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