
26. Ha JM, Kim YW, Lee DH et al. Regulation of arterial blood pressure by Akt1-
dependent vascular relaxation. J Mol Med (Berl) 2011; 89: 1253–1260.

27. Symons JD, McMillin SL, Riehle C et al. Contribution of insulin and Akt1 signaling
to endothelial nitric oxide synthase in the regulation of endothelial function and
blood pressure. Circ Res 2009; 104: 1085–1094.

28. Yu Q, Gao F, Ma XL. Insulin says NO to cardiovascular disease. Cardiovasc Res
2011; 89: 516–524.

29. Will M, Qin AC, Toy W et al. Rapid induction of apoptosis by PI3K inhibitors is
dependent upon their transient inhibition of RAS-ERK signaling. Cancer Discov
2014; 4: 334–347.

30. Yang W, Hosford SR, Dillon LM et al. Strategically timing inhibition of
phosphatidylinositol 3-kinase to maximize therapeutic index in estrogen receptor
alpha-positive, PIK3CA-mutant breast cancer. Clin Cancer Res 2016; 22:
2250–2260.

31. Toska E, Baselga J. Pharmacology in the era of targeted therapies: the case of
PI3K inhibitors. Clin Cancer Res 2016; 22: 2099–2101.

32. Hudson K, Hancox UJ, Trigwell C et al. Intermittent high-dose scheduling of
AZD8835, a novel selective inhibitor of PI3Kα and PI3Kδ, demonstrates treatment
strategies for PIK3CA-dependent breast cancers. Mol Cancer Ther 2016; 15:
877–889.

33. Reif S, Ahsman M, Jentsch G et al. Use of a population pharmacokinetic approach
and time-to-event analysis to support the clinical recommendation of a flat dosing
of copanlisib in cancer patients. Clin Pharmacol Ther 2016; 99: S5–S107.

34. Kim MH, Lee JS, Mok JH et al. Metabolic burden measured by 18F-
Fluorodeoxyglucose positron emission tomography/computed tomography is a

prognostic factor in patients with small cell lung cancer. Cancer Res Treat 2014;
46: 165–171.

35. Rossi C, Kanoun S, Berriolo-Riedinger A et al. Interim 18F-FDG PET SUVmax
reduction is superior to visual analysis in predicting outcome early in Hodgkin
lymphoma patients. J Nucl Med 2014; 55: 569–573.

36. Engelman JA. Targeting PI3K signalling in cancer: opportunities, challenges and
limitations. Nat Rev Cancer 2009; 9: 550–562.

37. Bartlett NL, LaPlant BR, Qi J et al. Ibrutinib monotherapy in relapsed/refractory
follicular lymphoma (FL): preliminary results of a Phase 2 consortium (P2C) trial.
Blood (ASH Annual Meeting Abstracts) 2014; 124: 800.

38. Glauer J, Pletz N, Schön M et al. A novel selective small-molecule PI3K inhibitor is
effective against human multiple myeloma in vitro and in vivo. Blood Cancer J
2013; 3: e141.

39. Danesi R, Boni JP, Ravaud A. Oral and intravenously administered mTOR inhibitors
for metastatic renal cell carcinoma: pharmacokinetic considerations and clinical
implications. Cancer Treat Rev 2013; 39: 784–792.

40. O’Brien NA, McDonald K, Tong L et al. Targeting PI3K/mTOR overcomes
resistance to HER2-targeted therapy independent of feedback activation of AKT.
Clin Cancer Res 2014; 20: 3507–3520.

41. Sweetlove M, Wrightson E, Kolekar S et al. Inhibitors of pan-PI3K signaling
synergize with BRAF or MEK inhibitors to prevent BRAF-mutant melanoma cell
growth. Front Oncol 2015; 5: 135.

42. Foukas LC, Berenjeno IM, Gray A et al. Activity of any class IA PI3K isoform can
sustain cell proliferation and survival. Proc Natl Acad Sci USA 2010; 107:
11381–11386.

Annals of Oncology 27: 1940–1946, 2016
doi:10.1093/annonc/mdw265
Published online 12 July 2016

Effect of nivolumab on health-related quality of life in
patients with treatment-naïve advancedmelanoma:
results from the phase III CheckMate 066 study
G. V. Long1*, V. Atkinson2, P. A. Ascierto3, C. Robert4, J. C. Hassel5, P. Rutkowski6, K. J. Savage7,
F. Taylor8, C. Coon8,†, I. Gilloteau9,†, H. B. Dastani9, I. M. Waxman9 & A. P. Abernethy10
1Melanoma Institute Australia, The University of Sydney, and Mater Hospital, Sydney, Australia; 2Gallipoli Medical Research Foundation and Princess Alexandra Hospital,
Greenslopes, Australia; 3Istituto Nazionale Tumori Fondazione Pascale, Napoli, Italy; 4Gustave-Roussy, Paris, France; 5University Hospital Heidelberg and National Center
for Tumor Diseases, Heidelberg, Germany; 6Sklodowska-Curie Memorial Cancer Center and Institute of Oncology, Warsaw, Poland; 7BC Cancer Agency, University of
British Columbia, Vancouver, Canada; 8Adelphi Values, Boston, MA, USA; 9Bristol-Myers Squibb, Princeton, NJ, USA; 10Duke Clinical Research Institute, Durham, NC, USA

Received 26 February 2016; revised 10 May 2016 and 27 June 2016; accepted 29 June 2016

Background: Nivolumab has shown significant survival benefit and a favorable safety profile compared with dacarbazine
chemotherapy among treatment-naïve patients with metastatic melanoma in the CheckMate 066 phase III study. Results
from the health-related quality of life (HRQoL) analyses from CheckMate 066 are presented.
Patients and methods: HRQoL was evaluated at baseline and every 6 weeks while on treatment using the European
Organisation for Research and Treatment of Care (EORTC) Core Quality of Life Questionnaire (QLQ-C30) and the
EuroQoL Five Dimensions Questionnaire (EQ-5D). Via a multi-step statistical plan, data were analyzed descriptively,
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cross-sectionally, and longitudinally, adjusting for baseline covariates, in patients having baseline plus ≥1 post-baseline
assessment.
Results: Baseline-adjusted completion rates for all HRQoL questionnaires across treatment arms were 65% and 70%
for dacarbazine and nivolumab, respectively, and remained similar throughout treatment. The mean baseline HRQoL
scores were similar for patients treated with nivolumab and dacarbazine. Baseline HRQoL levels with nivolumab were
maintained over time. This exploratory analysis showed a between-arm difference in favor of nivolumab on the EQ-5D
utility index and clinically meaningful EQ-5D improvements from baseline at several time points for patients receiving nivo-
lumab. Patients treated with nivolumab did not show increased symptom burden as assessed by the EORTC QLQ-C30.
No HRQoL change was noted with dacarbazine patients up to week 43, although the high attrition rate after week 13 did
not allow any meaningful analyses. Patients receiving nivolumab deteriorated significantly later than those receiving dacar-
bazine on several EORTC QLQ-C30 scales and the EQ-5D utility index.
Conclusions: In addition to prolonged survival, these exploratory HRQoL results show that nivolumab maintains base-
line HRQoL levels to provide long-term quality of survival benefit, compared with dacarbazine in patients with advanced
melanoma.
Key words: advanced melanoma, health-related quality of life, nivolumab, programmed death-1 receptor

introduction
The treatment paradigm for advanced melanoma has changed
dramatically in recent years with the approval of new agents
in many countries, such as inhibitors of the programmed
death-1 (PD-1) and cytotoxic T-lymphocyte-associated protein
4 (CTLA-4) pathways. PD-1 pathway inhibitors in particular
have produced durable responses and have been proven to be
tolerable in clinical trials in patients with advanced melanoma
and other tumor types [1, 2]. The PD-1 inhibitor nivolumab
was associated with a significant survival benefit and a favorable
safety profile in a phase III study [CheckMate (Checkpoint
pathway and nivolumab clinical trial evaluation) 066] versus
dacarbazine chemotherapy in treatment-naïve patients with
metastatic melanoma without a BRAF mutation [3]. In that
study, the median overall survival (OS) was not reached with
patients treated with nivolumab and was 10.8 months with
patients treated with dacarbazine [hazard ratio (HR) for death,
0.42; 99.79% CI 0.25–0.73; P < 0.001] after a median follow-up
of 16.7 months. In another phase III study (CheckMate 037), re-
sponse rates improved in patients treated with nivolumab with
disease progression following the CTLA-4 inhibitor ipilimumab
and, if BRAF V600 mutation positive, a BRAF inhibitor, when
compared with chemotherapy [4]. Responses with nivolumab
can be delayed up to ∼7 months after treatment initiation [4].
A frequent concern with immunotherapies is that their toxicity

profile might diminish health-related quality of life (HRQoL),
even when meaningful disease outcomes are observed. Given the
increasing importance of considering HRQoL during treatment
decision-making in oncology, the CheckMate 066 study incorpo-
rated these measures. Herein are presented results of prospective-
ly collected analyses in CheckMate 066 that compared the impact
of nivolumab and dacarbazine on HRQoL using reliable and vali-
dated patient-reported outcomes (PROs).

methods

study design
CheckMate 066 was a phase III, randomized, double-blind study comparing
nivolumab 3 mg/kg every 2 weeks with dacarbazine 1000 mg/m2 of body

surface area every 3 weeks in treatment-naïve patients who had metastatic
melanoma without a BRAFmutation [3]. The primary end point was OS; sec-
ondary end points included progression-free survival (PFS), objective response
rate as determined by RECIST version 1.1 [5], tumor PD-L1 expression, and
European Organisation for Research and Treatment of Care (EORTC) Core
Quality of Life Questionnaire (QLQ-C30); exploratory end points included
EuroQoL Five Dimensions Questionnaire 3L (EQ-5D 3L) [3].

HRQoL assessment
HRQoL in CheckMate 066 was evaluated using the EORTC QLQ-C30 [6, 7]
and the EQ-5D 3L [8], two PROs whose use has been well documented in
advanced melanoma [9–15]. PRO data were captured electronically.

The EORTC QLQ-C30 is a validated, self-reported, 30-item, generic
measure of HRQoL composed of a global health status/QoL, five functional
(physical, role, emotional, social, and cognitive), and nine symptom or
single-item (fatigue, nausea and vomiting, pain, dyspnea, insomnia, appetite
loss, constipation, diarrhea, and financial difficulties) questions. Raw scores
were transformed to a linear scale ranging from 0 to 100, with higher scores
representing better outcomes on the global health status/QoL and function-
ing scales and worse outcomes on the symptom and single-item scales. The

minimally important difference (MID), which indicates clinically meaning-
ful change, is a change in score of ≥10 [7]. This MID has been validated in
four domains (physical functioning, emotional functioning, social function-
ing, and global QoL).

The EQ-5D 3L is a validated, self-reported, generic measure of HRQoL
composed of the EQ-5D utility index and EQ visual analog scale (VAS) [8].
The EQ-5D utility index comprises five dimensions (mobility, self-care,
usual activities, pain/discomfort, and anxiety/depression), each having 3 as-
sessment levels (no, some, or extreme problems). The EQ VAS evaluates the
patient’s self-rated health state on a 100-point vertical VAS (0, worst imagin-
able health state; 100, best imaginable health state). MID is a score difference
of ≥0.08 for the EQ-5D utility index and of ≥7 for the EQ-5D VAS [16].

statistical analysis
HRQoL was assessed at baseline, every 6 weeks while on treatment, and
at follow-up visits 1 and 2 (30 and 100–114 days, respectively, after discon-
tinuing treatment). HRQoL was analyzed for all randomized patients who
had baseline and ≥1 post-baseline assessments, regardless of timeframe. The
adjusted questionnaire completion rate (defined as the proportion of patients
who completed the questionnaire using the number of patients alive in the
CheckMate 066 study at the particular time point as the denominator) was
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determined at each visit. Differences in PROs were assessed between- and
within-treatment arms according to statistical significance (Wilcoxon
signed-rank and Mann–Whitney–Wilcoxon tests at P = 0.05) and MID. To
assess longitudinal changes from baseline within each treatment group and
differences between treatment groups, a mixed-effect model repeated mea-
sures (MMRM) analysis was used that controlled for baseline covariates
(PRO score, Eastern Cooperative Oncology Group performance status,
region, PD-L1 status, lactate dehydrogenase level, gender, age, BRAF muta-
tion status, and blinding status). The median time from randomization to
first deterioration, as defined by the MID at the individual patient level for
that scale, was estimated by the Kaplan–Meier method. A Cox proportional
hazard regression model was used to compare the deterioration rates treating
baseline HRQoL score as a covariate. Since patients in the dacarbazine arm
were more likely to discontinue treatment earlier (due to toxicity, progressive
disease, or consent withdrawal), a pattern mixture model (PMM) sensitivity
analysis was conducted across treatments to adjust for early (last visit ≤19
weeks) or late dropout (last visit ≥25 weeks), thereby evaluating the effect of
missing data on HRQoL results.

results

patients
A total of 418 patients were randomized to nivolumab
(n = 210) or dacarbazine (n = 208) in Europe, Israel, Australia,
Canada, and South America between January 2013 and
January 2014 [3]. Baseline patient characteristics have been
previously reported and were well balanced between the treat-
ment groups [3].

HRQoL questionnaire completion rates
Questionnaires were completed over a maximum treatment
period of 73 weeks in the nivolumab arm and 61 weeks in the
dacarbazine arm, as well as at two follow-up visits after treat-
ment was discontinued. The adjusted questionnaire comple-
tion rates for the EORTC QLQ-30 and EQ-5D at baseline were
70% for the nivolumab arm and 65% for the dacarbazine arm,
and remained similar to baseline throughout treatment (sup-
plementary Table S1, available at Annals of Oncology online).
HRQoL analysis involving dacarbazine was difficult after week
13 due to small sample size attributed to high attrition rate
(n ≤ 41).

descriptive and cross-sectional HRQoL analyses
The mean (SD) EORTC QLQ-30 global health status/QoL
scores at baseline were similar for patients treated with nivolu-
mab [68.9 (20.2)] and for those treated with dacarbazine [66.2
(25.1)]. The mean changes from baseline in global health status/
QoL scores that occurred, beginning at week 7, were modest
with a trend toward improvement in both treatment groups, but
these improvements were neither statistically significant nor
clinically meaningful within each treatment group (Figure 1A).
At week 25, there was a trend toward worsening in the dacarba-
zine group but not in the nivolumab group; however, the change
from baseline was neither statistically significant nor clinically
meaningful. There were also no significant differences between
the treatment arms at any time point. In general, both EORTC
QLQ-C30 functioning subscale and symptom mean scores

remained relatively stable over time compared with baseline for
both groups, with a few statistically significant and clinically
meaningful changes.
The exploratory analysis mean (SD) EQ-5D utility scores

were higher at baseline for patients treated with nivolumab
[0.778 (0.215)] than for those treated with dacarbazine [0.711
(0.310)], and remained higher over time versus dacarbazine
(Figure 1B). Significant improvements from baseline were
observed for patients receiving nivolumab from week 7
(P = 0.011) through week 49 (P = 0.034). For patients receiving
dacarbazine, there were no significant improvements from
baseline at any time point. The only significant difference
observed between treatment arms was at week 7 (P = 0.045),
with improvement in nivolumab patients and deterioration
in dacarbazine patients. Clinically meaningful improvements
occurred in patients treated with nivolumab at weeks 37, 61,
and 67.
Exploratory analysis mean (SD) EQ-5D VAS scores at base-

line were similar for patients treated with nivolumab 70.9 (19.9)
and those treated with dacarbazine 69.1 (21.8). Significant
improvements from baseline were observed for patients receiv-
ing nivolumab at weeks 25, 31, and 37 (P≤ 0.03; Figure 1C).
Clinically meaningful improvements were noted for nivolumab
patients at weeks 31, 37, 49, 55, and 61. No significant or clinic-
ally meaningful improvements from baseline were observed for
dacarbazine patients. There were also no significant differences
between the treatment arms at any time point.

MMRM analysis
In longitudinal modeling conducted across 61 weeks, significant
improvements versus baseline were identified for patients
treated with nivolumab in some PRO scales, including EORTC
QLQ-C30 emotional functioning, nausea and vomiting, and in-
somnia; EORTC QLQ-C30 emotional functioning improved
with dacarbazine (all P < 0.05; Table 1). None of these improve-
ments were clinically meaningful based on MID. There were sig-
nificant deteriorations from baseline in physical functioning in
patients treated with nivolumab, and dyspnea in patients treated
with dacarbazine. No significant differences were noted between
the treatment arms for any of the EORTC QLQ-C30 functional
domains or symptom/single-item scales.

time to deterioration
Patients treated with nivolumab were significantly less likely to
deteriorate before those treated with dacarbazine for EORTC
QLQ-C30 global health (Figure 2A), physical functioning
(Figure 2B), role functioning, emotional functioning, cognitive
functioning, social functioning, nausea and vomiting, pain,
dyspnea, insomnia, appetite loss, and constipation, as well as
EQ-5D utility index (supplementary Table S2, available at
Annals of Oncology online).

PMM analysis
In a sensitivity analysis adjusting the MMRM models for early
(last visit ≤19 weeks) or late dropout (last visit ≥25 weeks), no
significant interactions for HRQoL between treatment and
dropout were observed, apart from a significant interaction for
the exploratory analysis EQ-5D VAS. Therefore, the missing
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Figure 1. (A) Mean (SE) change from baseline in EORTC QLQ-C30 Global Health scores. Only time points where data are available for ≥5 patients in either
treatment arm are plotted on the graph. MID consists of a change of ≥10. The mean baseline (SE) scores were 68.9 (20.2) for nivolumab and 66.2 (25.1) for
dacarbazine. (B) Mean (SE) change from baseline in EQ-5D utility index scores. Only time points where data are available for ≥5 patients in either treatment
arm are plotted on the graph. MID consists of a change of ≥0.08. The mean baseline (SE) scores were 0.778 (0.215) for nivolumab and 0.771 (0.310) for dacar-
bazine. (C) Mean (SE) change from baseline in EQ-5D VAS scores. Only time points where data are available for ≥5 patients in either treatment arm are
plotted on the graph. MID consists of a change of ≥7. The mean baseline (SE) scores were 70.9 (19.9) for nivolumab and 69.1 (21.8) for dacarbazine. EORTC
QLQ-C30, European Organisation for Research and Treatment of Care Core Quality of Life Questionnaire; EQ-5D, EuroQoL Five Dimensions Questionnaire;
MID, minimally important difference; SE, standard error; VAS, visual analog scale. aP≤ 0.05 versus baseline in the nivolumab arm. bP≤ 0.05 for nivolumab
versus dacarbazine arms. cExceeded MID.
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data for the EQ-5D VAS may not be considered at random, indi-
cating that the MMRM results might be biased and that missing
data may have caused the positive nivolumab trend to be muted
in the MMRM analysis for EQ-5D VAS.

discussion
Herein presented are the results of the prospectively collected
analyses that assess the impact of the PD-1 inhibitor nivolumab
on HRQoL in patients with advanced melanoma. In addition to
the survival benefit seen with nivolumab when compared with
dacarbazine in these treatment-naïve patients in the phase III
CheckMate 066 study, baseline HRQoL levels with nivolumab
were maintained over time, as assessed using validated self-
reported questionnaires. Although only a single between-arm
difference in favor of nivolumab was observed on the EQ-5D
utility index at week 7, exploratory analyses showed significant
and clinically meaningful EQ-5D improvements from baseline
at several time points for patients receiving nivolumab. No stat-
istically significant or clinically meaningful EQ-5D improve-
ments from baseline were observed in patients treated with
dacarbazine. An increased symptom burden was not observed
with nivolumab, which is consistent with its adverse event
profile in this trial [3]. In summary, no deterioration of HRQoL

was identified with nivolumab. When added to the survival
benefit of nivolumab, the benefit-to-risk ratio favors nivolumab
over dacarbazine.
The PRO data were collected for the duration of treatment,

for a period that exceeded 15 months in the nivolumab arm.
Although HRQoL data are typically collected during a short
timeframe in clinical studies, these analyses from CheckMate
066 examined long-term HRQoL. In addition, exploratory ana-
lyses revealed significant later time to deterioration or earlier
time to improvement on several PRO scales in patients treated
with nivolumab when compared with those treated with dacar-
bazine, confirming the superior benefit of nivolumab over
dacarbazine in terms of not only survival but also quality of sur-
vival from the patient’s perspective. These results suggest that
patients receiving nivolumab for melanoma can expect to main-
tain their quality of life throughout treatment.
Although these findings provide insights into the impact of

nivolumab on HRQoL, several factors limit data interpretation.
First, the study used PROs that were not developed and vali-
dated specifically for melanoma. However, given their common
use in melanoma clinical trials, these instruments were consid-
ered to be the most content valid among those currently avail-
able. Additionally, an MID of 10 points was used to identify
clinically meaningful differences for all EORTC QLQ-C30

Table 1. Mixed-effects model for repeated measures results

Domains/scalesa Change from baseline, mean (SE) Difference in mean change (95% CI)b

Nivolumab (n = 136) Dacarbazine (n = 123)

EORTC QLQ-C30 functional domains
Global health status 1.8 (1.8) 0.9 (3.4) 0.9 (−6.0, 7.8)
Physical functioning −4.4 (1.6)c −2.7 (2.6) −1.7 (−7.1, 3.8)
Role functioning −1.2 (2.3) 3.6 (3.9) −4.8 (−12.9, 3.2)
Emotional functioning 6.3 (1.6)d 5.3 (2.7)d 1.0 (−4.5, 6.5)
Cognitive functioning 0.4 (1.7) 1.0 (3.2) −0.7 (−7.2, 5.9)
Social functioning −0.8 (2.0) 0.3 (3.7) −1.1 (−8.6, 6.3)

EORTC QLQ-C30 symptom/single-item scales
Fatigue 2.0 (1.9) 2.2 (3.3) −0.2 (−6.9, 6.4)
Nausea and vomiting −2.6 (1.0)d 0.0 (1.7) −2.6 (−6.0, 0.8)
Pain −1.1 (2.5) −1.6 (4.6) 0.4 (−9.1, 9.9)
Dyspnea 0.5 (2.1) 7.4 (3.6)c −6.9 (−14.2, 0.4)
Insomnia −7.2 (2.2)d −4.6 (4.0) −2.6 (−10.7, 5.5)
Appetite loss −3.6 (2.0) 1.7 (3.5) −5.2 (−12.2, 1.8)
Constipation 0.1 (2.1) 1.8 (3.9) −1.7 (−9.7, 6.4)
Diarrhea −0.5 (1.6) −0.2 (2.9) −0.3 (−6.4, 5.7)
Financial difficulties 0.3 (2.2) 0.8 (4.2) −0.5 (−9.2, 8.2)

Nivolumab (n = 135) Dacarbazine (n = 122)
EQ-5D utility index score 0.040 (0.021) 0.027 (0.038) 0.013 (−0.065, 0.091)
EQ-5D VAS score 2.2 (1.8) 1.8 (3.4) 0.4 (−6.6, 7.4)

aHigher scores represent better outcomes on the EORTC QLQ-C30 functioning domains and worse outcomes on the EORTC QLQ-C30 symptom/single-
item scales. Higher scores represent better outcomes on the EQ-5D utility index and EQ-5D VAS.
bA positive difference favors nivolumab on the EORTC QLQ-C30 functional domains and EQ-5D; negative difference favors nivolumab on the EORTC
QLQ-C30 symptom scales. Differences in mean changes were not significant for all domains/scales.
cSignificant deterioration within arm (P < 0.05).
dSignificant improvement within arm (P < 0.05).
CI, confidence interval; EORTC QLQ-C30, European Organisation for Research and Treatment of Care Core Quality of Life Questionnaire; EQ-5D,
EuroQoL Five Dimensions Questionnaire; SE, standard error; VAS, visual analog scale.
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domains [7], similar to previous HRQoL work in this disease,
but this MID has been validated in only four domains (physical
functioning, emotional functioning, social functioning, and
global QoL). Thus, the MID analysis for the other domains
should be interpreted with caution. In addition, the MID for
EQ-5D, although commonly used in clinical studies, has not
been validated in melanoma patients. Because the analyses in
this study were exploratory, P values have not been adjusted for
multiplicity and must be interpreted with caution. In addition
to the statistical analyses, differences should be assessed accord-
ing to MID to identify clinically meaningful data. Finally, the
high attrition rate in the dacarbazine arm, possibly due to death
and/or disease progression (median PFS 2.2 versus 5.1 months
with nivolumab) [3], limited the comparative analyses at later
time points in the study. More specifically, there was a signifi-
cant difference between early and late dropout between treat-
ment arms for both the EORTC QLQ-C30 and EQ-5D
instruments, indicating that patients in the dacarbazine arm
were more likely to dropout earlier than those in the nivolumab
arm. A significant interaction between dropout, treatment, and

time was observed for the EQ-5D VAS according to a PMM that
was used to test the impact of missing data on treatment results.
It is possible that the missing data for the EQ-5D VAS may not
be considered at random, indicating that the MMRM results
might be biased.
This study presents the results from a multi-step analytical plan,

considering data descriptively, cross-sectionally, and longitudinal-
ly, along with a PMM sensitivity analysis, so that conclusions are
supported by a range of analytical methods. In CheckMate 066,
nivolumab was associated with maintenance of HRQoL baseline
levels over time, in addition to the survival benefits and a manage-
able adverse event profile. The HRQoL results presented for this
study further support the clinical benefit of nivolumab in patients
with advanced melanoma and show that nivolumab provides
long-term quality of survival benefit in this population. In the
future, the HRQoL analyses carried out here should be replicated
for nivolumab versus other standards of care or emerging therap-
ies and be stratified by patient subgroup characteristics (e.g. BRAF
mutation and PD-L1 expression status) to further delineate the
clinical value of nivolumab in advanced melanoma.

Hazard ratio (95% CI) = 0.65 (0.46–0.92);
P = 0.014
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Figure 2. (A) Time from randomization to first deterioration of EORTC QLQ-C30 global health status/QoL score based on MID. (B) Time from randomiza-
tion to first deterioration of EORTC QLQ-C30 physical functioning score based on MID. EORTC QLQ-C30, European Organisation for Research and
Treatment of Care Core Quality of Life Questionnaire; HR, hazard ratio; MID, minimally important difference.
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