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Health-related quality of life for everolimus versus placebo
in patients with advanced, non-functional,
well-differentiated gastrointestinal or lung neuroendocrine
tumours (RADIANT-4): a multicentre, randomised,
double-blind, placebo-controlled, phase 3 trial
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Summary

Background In the phase 3 RADIANT-4 trial, everolimus increased progression-free survival compared with placebo
in patients with advanced, progressive, non-functional, well-differentiated gastrointestinal or lung neuroendocrine
tumours (NETS). We now report the health-related quality of life (HRQOL) secondary endpoint.

Methods RADIANT-4 is a multicentre, randomised, double-blind, placebo-controlled, phase 3 trial done in 97 centres
in 25 countries worldwide. Adults (aged =18 years) were eligible for the study if they had pathologically confirmed,
advanced (unresectable or metastatic), non-functional, well-differentiated (grade 1 or 2) NETs of lung or gastrointestinal
origin. Patients were randomly allocated (2:1) using block randomisation (block size of three) by an interactive voice
response system to receive oral everolimus (10 mg per day) or placebo, both with best supportive care, with
stratification by tumour origin, WHO performance status, and previous somatostatin analogue treatment. HRQOL
was assessed with the Functional Assessment of Cancer Therapy—General (FACT-G) questionnaire at baseline
(visit 2, day 1), every 8 weeks (+1 week) during the study for the first 12 months after randomisation, and every
12 weeks thereafter until study drug discontinuation. The primary endpoint, reported previously, was progression-
free survival assessed by central review; HRQOL was a prespecified secondary endpoint. The prespecified secondary
outcome measure was time to definitive deterioration (=7 points) in FACT-G total score. Analyses were done on the
full analysis set, consisting of all randomised patients, by intention to treat. Only data obtained while receiving the
randomly allocated treatment were included in this analysis. Enrolment for RADIANT-4 was completed on
Aug 23, 2013, but the trial is ongoing pending final analysis of the key secondary endpoint of overall survival. This
trial is registered with ClinicalTrials.gov, number NCT01524783.

Findings Between April 3, 2012, and Aug 23, 2013, 302 patients were enrolled; 205 were randomly allocated everolimus
and 97 were assigned placebo. At baseline, 193 (94%) of 205 patients assigned everolimus and 95 (98%) of 97 allocated
placebo had completed either fully or partly the FACT-G questionnaire; at week 48, 70 (83%) of 84 patients assigned
everolimus and 22 (85%) of 26 allocated placebo completed FACT-G. Median time to definitive deterioration in
FACT-G total score was 11-27 months (95% CI 9-27-19-35) with everolimus and 9-23 months (5-52-not estimable)
with placebo (adjusted hazard ratio 0-81, 95% CI 0-55-1-21; log-rank p=0-31).

Interpretation HRQOL was maintained for patients with advanced, non-functional, gastrointestinal or lung NETs,
with no relevant differences noted between the everolimus and placebo groups. In view of the previous RADIANT-4
findings of longer progression-free survival with everolimus, our findings suggest that everolimus delays disease
progression while preserving overall HRQOL, even with the usual toxic effects related to active targeted drug
treatment for cancer.

Funding Novartis Pharmaceuticals.

Introduction

Neuroendocrine tumours (NETs) are biologically and
clinically heterogeneous tumours that arise from
neuroendocrine cells throughout the body, mainly from
the gastrointestinal tract and lungs. Most NETs are
non-functional, meaning that they are not associated

with symptoms of hormonal hypersecretion.! Most
patients with NETs are diagnosed at a late stage of the
disease.? Median overall survival for patients with
metastatic well-differentiated NETs varies substantially
by tumour origin, ranging from 14 months for cancers
originating in the colon to 103 months for disease
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Research in context

Evidence before this study

We searched PubMed for articles published between Jan 1, 1990,
and Jan 13, 2017, with the terms: “neuroendocrine tumors” OR
“neuroendocrine tumours”; “health-related quality of life” OR
“quality of life”; “EQ-5D"; “association” OR “correlation”; “disease
progression” OR “progression-free survival”; AND “oncology” OR
“cancer” OR “tumor” OR “tumour”. Our search retrieved one
study reporting health-related quality of life (HRQOL) and
baseline and end-of-treatment utility values in patients with
neuroendocrine tumours (NETs) treated with everolimus.
However, the study had no control group; thus, it does not
provide definite evidence on the effect of everolimus on HRQOL
in NETs. Moreover, although three systematic literature reviews
have been published on HRQOL in NETs, evidence is scant with
respect to specific NET subtypes—eg, those of gastrointestinal
and lung origin. We identified one publication on health status
utilities for pre-progression and post-progression health states
in NETs; however, these were derived from time trade-off
experiments using health state vignettes rather than from
HRQOL questionnaires administered to patients. We identified
six further studies reporting that delayed disease progression is
associated with improved HRQOL, but none were done in
patients with NETSs.

Added value of this study
We present a prespecified secondary analysis of HRQOL in the
RADIANT-4 trial. To our knowledge, our analysis is the first to

originating in the small intestine.’ Treatment goals for
patients with unresectable or metastatic NETs include
control of secretory symptoms (if the tumour is
functional), control of tumour growth, improvement in
survival, and preservation of health-related quality of
life (HRQOL) for as long as possible.*

In addition to clinical benefit, assessment of patient-
reported outcomes such as HRQOL is recognised as
important to capture treatment-related and disease-
related outcomes that are experienced directly by
patients. Treatment-related toxic effects and pain caused
by metastases or progressive disease can contribute to
deterioration of HRQOL.* As new treatment options
emerge for non-curable advanced NETs, maintenance of
HRQOL is an important treatment goal, and studies
on HRQOL can aid in treatment selection. HRQOL is
also important for health technology assessment
agencies, because it can be used as an assessment of
health status (utility) in cost-effectiveness evaluations of
new interventions.

Although generally considered a gold-standard
endpoint, overall survival in clinical trials of NETs might
take a long time to assess because of long-term survival
of patients with NETS post progression.’ Progression-free
survival, a surrogate endpoint, is accepted increasingly
in trials of NETs and has been recommended as a
primary endpoint in clinical trials.® In a review of

assess the effect of everolimus versus placebo on HRQOL in
patients with NETs and the first to investigate the effect of
disease progression on HRQOL and utilities in NETs. Time to
definitive deterioration of the Functional Assessment of
Cancer Therapy—General (FACT-G) total score (by =7 points)
did not differ between the everolimus and placebo groups.

Implications of all the available evidence

Approval of everolimus by the US Food and Drug
Administration and the European Medicines Agency in 2016
for the treatment of patients with progressive,
well-differentiated, non-functional NETs of gastrointestinal
or lung origin that are unresectable, locally advanced, or
metastatic was based on data from RADIANT-4, showing
longer progression-free survival with everolimus than with
placebo. Together with our secondary findings from
RADIANT-4, we provide potentially practice-changing
evidence that everolimus delays disease progression while
preserving overall HRQOL, even with the usual toxic effects
related to active targeted drug treatment for cancer. As more
treatments become available for NETs, with no evidence for
optimum sequencing, the decline in HRQOL and utility after
disease progression shows the importance of considering
HRQOL, along with progression-free survival, as a
meaningful and patient-relevant endpoint in clinical trials of
advanced NETs.

published literature, an association was noted between
progression-free survival and overall survival in NETs,”®
but no formal study has investigated the possible effect
of disease progression on HRQOL. The relation between
HRQOL, utility, and tumour progression has been
assessed in several other malignant diseases suggesting
that delayed progression results in superior HRQOL;
however, this association has not been shown in NETs, in
which patients often have indolent disease and, thus,
good WHO performance status before initiation of
treatment.

Everolimus is a potent oral inhibitor of mTOR.’ In the
phase 3 RADIANT4 trial, in patients with advanced,
progressive, non-functional NETs of lung and
gastrointestinal origin, everolimus resulted in longer
progression-free survival than did placebo treatment.
Based on safety and efficacy data from RADIANT-4,
everolimus was approved for the treatment of advanced,
progressive, non-functional, well-differentiated NETs of
gastrointestinal or lung origin by the US Food and Drug
Administration (FDA) and the European Medicines
Agency (EMA) in 2016.

A secondary endpoint of the RADIANT-4 study was to
compare HRQOL and WHO performance status
between treatment groups. Here, we report the results
of these analyses and those investigating the extent to
which disease progression, irrespective of treatment
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assignment, is associated with a decline in HRQOL and
utility scores.

Methods

Study design and participants

RADIANT-4 is a multicentre, randomised, double-blind,
placebo-controlled, phase 3 study done in 97 centres in
25 countries worldwide (appendix pp 4-7).° Adult patients
(aged =18 years) were eligible for the study if they
had pathologically confirmed, advanced (unresectable
or metastatic), non-functional, well-differentiated (grade 1
or grade 2) NETs of lung or gastrointestinal origin.
Additional key inclusion criteria included: WHO perform-
ance status 0 or 1; adequate bone marrow function
(absolute neutrophil count =1-5x109 cells per L, platelets
=100x 109 per L, and haemoglobin >9 g/dL); adequate liver
function (total serum bilirubin <2-0 mg/dL, alanine
aminotransferase and aspartate aminotransferase
<2-5xthe upper limit of normal [ULN; =5xULN in
patients with liver metastases], and international
normalised ratio [INR] =<2); adequate renal function
(serum creatinine <1-5xULN); and fasting serum
cholesterol 300 mg/dL or lower and fasting triglycerides
2-5xULN or lower. Patients previously treated with a
somatostatin  analogue, interferon, one line of
chemotherapy, peptide receptor radionuclide therapies, or
a combination of these were eligible to enrol in the study
if disease progression was documented during or after
their last treatment. Antineoplastic therapy must have
been discontinued for at least 4 weeks (or 6 months in the
case of peptide receptor radionuclide therapies) before
randomisation. We excluded patients who had previously
received more than one line of chemotherapy, had been
treated with mTOR inhibitors (sirolimus, temsirolimus,
or everolimus), had hepatic intra-arterial embolisation
within 6 months of randomisation, had undergone
cryoablation or radiofrequency ablation of hepatic
metastases within 2 months of randomisation, or had
received chronic treatment with corticosteroids or other
immunosuppressive agents. Based on data from a similar
patients’ population, the median life expectancy of patients
enrolled was 35-2 months."

Independent ethics committees or institutional review
boards at each participating centre reviewed and
approved the study and all amendments to the protocol.
All patients provided written informed consent. An
independent data monitoring committee provided
ongoing oversight of safety and study conduct.

Randomisation and masking

Patients were randomly allocated (2:1) to receive either
oral everolimus or placebo. Randomisation was done
using block randomisation (block size of three) stratified
by previous somatostatin analogue treatment (yes vs no),
WHO performance status (0 vs 1), and tumour origin,
which was based on prognostic level and grouped into
two strata (stratum A [better prognosis: appendix,

caecum, jejunum, ileum, duodenum, or NET of
unknown primary origin] vs stratum B [worse prognosis:
lung, stomach, colon other than caecum, or rectum]).

The trial was supported by Interactive Response
Technology (IRT) for randomisation and medication
management (IRT is maintained by Cenduit, Allschwil,
Switzerland). To ensure that treatment assignment was
unbiased and concealed from patients, investigator staff,
Novartis field monitors, and the Novartis trial team, a
patient randomisation list was produced by the IRT
provider using a validated system that automates the
random assignment of patient numbers to randomisation
numbers. These numbers were linked to the two treatment
groups, which in turn were linked to medication pack
numbers that appeared on the study drug package.
A separate medication randomisation list was produced
by or under the responsibility of Novartis Drug Supply
Management using a validated system that automated
the random assignment of medication numbers to
medication packs containing each of the study treatments.
Before dosing, all patients who fulfilled all inclusion
criteria (and did not meet exclusion criteria) were
randomly allocated via IRT to one of the treatment
groups. The investigator or designee called or logged on
to the IRT and confirmed that the patient fulfilled all the
inclusion criteria. The IRT assigned a randomisation
number to the patient, which was used to link the patient
to a treatment group and specified a unique medication
pack number for the first package of study treatment to
be dispensed to the patient. The randomisation number
was not communicated to the caller.

Patients, investigators, and the study funder were
masked to treatment assighment. The identity of
experimental treatments was concealed by use of
everolimus and placebo that were identical in packaging,
labelling, appearance, and administration schedule.
Premature unmasking (ie, before the primary analysis)
was allowed only in the case of emergency.

Procedures

Patients were given daily oral doses of 10 mg everolimus
(two 5 mg tablets) or matching placebo as study drug. In
both treatment groups, the study drug was combined
with best supportive care. We assessed disease
progression using Response Evaluation Criteria in Solid
Tumors (RECIST; version 1.0) with central radiological
review every 8 weeks (+1 week) for the first 12 months
and every 12 weeks thereafter, until documented disease
progression or start of new antineoplastic therapy,
whichever occurred first. We did additional tumour
assessments if symptomatic evidence suggested the
possibility of disease progression based on clinical
symptoms or physical examination.

We allowed dose reductions and treatment interruption
for a maximum of 28 days for patients who did not tolerate
therapy or to manage adverse events that were judged by
the investigator to be related to study treatment. We
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allowed two dose reductions: from 10 mg to 5 mg per day
and, subsequently, to 5 mg every other day. The study did
not have a fixed treatment duration; treatment continued
until documented radiological disease progression, start of
new cancer therapy, development of an intolerable adverse
event, or withdrawal of consent. Crossover from placebo to
open-label everolimus after progression was not allowed
and patients and investigators remained masked to
treatment assignment until the primary analysis.

We assessed HRQOL with the Functional Assessment
of Cancer Therapy—General (FACT-G) questionnaire,
which comprises 27 items covering four dimensions of
health: physical wellbeing, social or family wellbeing,

Everolimus group  Placebo group

(n=205) (n=97)

Age (years) 65 (22-86) 60 (24-83)
Sex

Male 89 (43%) 53 (55%)

Female 116 (57%) 44 (45%)
Tumour grade

Grade 1 129 (63%) 65 (67%)

Grade 2 75 (37%) 32 (33%)

Unknown or missing 1 (<1%) 0

FACT-G total score at baseline* 812 (15-5); =189  82:6 (15-6); n=92

(
Physical wellbeing 23.5(47);n=193  23-6 (5:0); n=94
Emotional wellbeing 17:0 (4-4);n=191 177 (4-5); n=94
Social wellbeing 22.0(5-6);n=192  21.7(5-5); n=93
Functional wellbeing 18:6 (6-3); n=191  19:6 (5-3); n=93
WHO performance status at baseline

0 149 (73%) 73 (75%)

1 55 (27%) 24 (25%)

2 1(<1%) 0

Treatment duration (weeks)t 40-4 (0-7-120-4)

Primary reason for end of treatment

19-6 (4-0-1303)

Disease progression 76 (37%) 70 (72%)
Adverse event 59 (29%) 7(7%)
Patient withdrew consent 15 (7%) 5 (5%)
Death 4 (2%) 1(1%)
Protocol deviation 1(<1%) 1(1%)
Treatment ongoing# 48 (23%) 13 (13%)
Patient untreated 2 (1%) 0
Progression-free survival 11:0(9-2-133) 3:9(3-6-7-4)
(months; median [95% CI])§
2-year overall survival 76-9% 615%
(95% CI)|| (70-0-82-4) (50-0-71-1)
Adverse events of grade 3or 4t 140 (69%) 28 (29%)

Data are median (range), number of patients (%), or mean (SD), unless otherwise
stated. Patients in each treatment group also received best supportive care.
FACT-G=Functional Assessment of Cancer Therapy—General. *Summary statistic is
based on patients who completed >50% of subscale score responses. The highest
possible score on physical, social, and functional FACT-G subscales is 28 and on the
emotional subscale it is 24; the highest possible FACT-G total score is 108. tSafety
set (analysed according to treatment actually received). $Patients with ongoing
treatment at the time of data analysis cutoff (Nov 28, 2014). §Based on data
analysis cutoff (Nov 28, 2014). ||Based on data analysis cutoff (Nov 30, 2015).

Table 1: Patients’ characteristics

emotional wellbeing, and functional wellbeing. Assess-
ments were done at baseline (visit 2, day 1), every 8 weeks
(£1 week) during the study for the first 12 months after
randomisation, and every 12 weeks thereafter until study
drug discontinuation.” Items are assessed on a 5-point
Likert-type scale ranging from 0 (not at all) to 4 (very
much) with a recall period of 7 days. To calculate FACT-G
total and subscale scores, we followed scoring guidelines
described elsewhere.” In brief, we calculated subscale
scores by adding up the item responses for that subscale,
and the FACT-G total score was the sum of the four
subscale scores. We replaced missing item scores with
the mean response for that subscale, as long as more
than 50% of subscale items were completed. High scores
reflect better HRQOL. The highest possible score is
28 for the physical, social or family, and functional
scores, 24 for the emotional score, and 108 for the
FACT-G total score. Clinically important differences have
been reported for FACT-G total and subscale scores, but
findings of a review concluded that clinically important
differences are fairly stable for the FACT-G total score
and subscale scores across publications and patient
populations.” For each of the four subscale scores, the
low end of a clinically important difference was
established as a change of 2-3 points. For the FACT-G
total score, the low end of the clinically important
difference was estimated as 3-7 points."”

Outcomes

The primary endpoint was progression-free survival,
which has been reported elsewhere.® Here, we report data
for the prespecified secondary endpoints of HRQOL and
WHO performance status. The prespecified secondary
outcome measures were time to definitive deterioration
by 7 points or more in FACT-G total score (defined as
either time from randomisation to a decrease in FACT-G
score by at least 7 points compared with baseline, with no
later increase above this threshold noted on treatment, or
time to death that occurred before observation of
deterioration) and time to definitive deterioration in WHO
performance status (defined as an increase in performance
status by at least one category of the score from baseline).
We regarded death as worsening of both FACT-G and
WHO performance status if it occurred on treatment and
within the time of two planned assessments after the last
available assessment. For the analyses of time to definitive
deterioration, we only considered data obtained on study
treatment and we censored patients receiving any further
antineoplastic therapy before definitive worsening at the
date of their last assessment on treatment before starting
subsequent therapy.

Statistical analysis

We estimated the sample size based on the ability
to detect a clinically meaningful improvement in
progression-free survival, defined as a 41% reduction in
the risk of disease progression or death.” We did not do a
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sample size calculation based on time to definitive
deterioration of FACT-G total score.

Analyses of time to definitive deterioration and change
in FACT-G score over time were done in the full analysis
set of all randomised patients, by intention to treat.
Using Kaplan-Meier estimates, we obtained medians for
each treatment group and 95% Cls. We used stratified
Cox proportional hazard models to obtain hazard ratios
(HRs) with 95% Cls considering the stratification factors
at randomisation. To assess potential departure from
non-proportionality, we added an interaction term
between treatment (everolimus vs placebo) and time and
tested it for significance.” Post-hoc exploratory analyses
were done for time to definitive deterioration in FACT-G
subscale scores by 3 points or more and analyses of
FACT-G total and subscale scores over time.

We fitted linear mixed models (LMMs) for repeated
measurements to analyse FACT-G total and subscale
scores over time in the two treatment groups. These
models used the continuous FACT-G scores as dependent
variables and included as covariates the treatment group,
stratification factors, baseline score, time as a categorical
variable, and an interaction term for treatment by time.
From the LMMs, we derived adjusted mean scores in the
two treatment groups for each assessment together with
95% Cls. We obtained estimates through the restricted
maximum likelihood method, and these are unbiased
under the assumption that data are missing at random—
ie, that patients who discontinue would have similar
scores to patients in their treatment group and with the
same covariates.” If a dropout is caused by death, LMMs
implicitly impute data beyond the time of death. Thus,
HRQOL scores estimated from LMMs are based on the
assumption that all patients survive at least to the week 48
assessment.” The median duration of treatment on
placebo was only 19-6 weeks,” therefore, only a few
patients remained in the trial at later timepoints. Thus,
all LMMs used data only up to week 48.

We did sensitivity analyses with a pattern mixture
model based on the delta () adjustment method to

assess how severe departures from the missing-at-
random assumption must be to alter conclusions from
the primary analysis. We assumed that patients who
discontinued treatment because of adverse events or
withdrawal of consent had outcomes that were worse by
some amount § (varied between 7 and 28) than otherwise
similar patients who remained in the study.”

Post-hoc analyses were done for the effect of adverse
events on HRQOL by analysis of responses to the
question “I am bothered by side-effects of treatment”,
an item of the FACT-G physical wellbeing domain, in
the safety population—ie, according to treatment
actually received. This question is correlated with the
FACT-G total score and has been used previously in
various studies in oncology.” To assess the effect of side-
effects, we calculated the proportion of patients who felt
“not at all”, “a little bit”, “somewhat”, “quite a bit”, and
“very much” bothered by side-effects over time. To
calculate patients’ mean response to this question, we
assigned 0 points for “not at all”, 1 point for “a little bit”,
2 points for “somewhat”, 3 points for “quite a bit”, and
4 points for “very much”, and we plotted the mean
response over time for each treatment.

We did additional assessments of FACT-G and WHO
performance status as part of the end-of-treatment and
30-day safety follow-up visit. Using pooled data from all
visits for patients in both randomised treatment groups,
we were able to estimate the association between disease
progression and HRQOL and utility in a post-hoc
exploratory analysis. Utility is a summary measure of
health status recorded on a scale from 1-0 (perfect health)
to 0-0 (death). Utility values are used to assess the so-called
quality weight together with survival in the calculation
of quality-adjusted life-years (QALYs), which is an
important outcome measure in funding decisions in
publicly funded health-care systems—eg, in the UK.*
Specific HRQOL methods (known as preference-based
measures) can be used to calculate utility—eg, EuroQol
EQ-5D.” Since we did not administer a preference-based
measure for utility in the RADIANT-4 trial, we used

Everolimus (n=205) Placebo (n=97) Mean difference p value
(95% CI)

n/N (%) Mean (95% Cl) n/N (%) Mean (95% Cl)
Week 8 154/179 (86%) 795 (777 to 81-3) 82/88 (93%) 80-0 (77-6 to 82:5) -05 (-3:5t02-5) 0743
Week 16 134/158 (85%) 782 (76110 80-3) 55/63 (87%) 802 (77-0to 83-4) -2.0(-5-8t01-8) 0294
Week 24 121/136 (89%) 777 (75-6 t0 79-9) 40/44 (91%) 78-6 (75110 82:0) -0-8 (-4-9t03-2) 0-683
Week 32 99/121 (82%) 76-4 (74-1t078-7) 30/33 (91%) 775 (73-6 to 81.4) -11(-5-7t0 3'5) 0-637
Week 40 88/104 (85%) 762 (73-7t078-8) 23/26 (88%) 78-0 (734 to 82:5) -17 (-6:9t0 3-5) 0-514
Week 48 70/84 (83%) 757 (73-2t078-2) 22/26 (85%) 77-8 (73-5t0 82:1) -21(-71t02:9) 0-408

Patients in each treatment group also received best supportive care. The highest possible FACT-G total score is 108. Adjusted mean scores are least square means from a
linear mixed model including treatment arm, categorical time, and an interaction between categorical time and treatment arm as covariates. Additional covariates are
tumour origin, WHO performance status, previous treatment with a somatostatin analogue, and baseline score. FACT-G=Functional Assessment of Cancer Therapy—General.
n=patients with a valid FACT-G total score at that visit and a valid FACT-G baseline score. N=patients on study at that timepoint.

Table 2: Adjusted mean FACT-G total scores by treatment arm and time in study
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A Total score
100

80

60

40

20
HR 0-81, 95% C1 0-55-1-21
p=0-310 (log rank)
0 L —

Definitive deterioration-free survival (%)

B Physical subscale

5 —— Everolimus
—+— Placebo
3
HR 1-01, 95% Cl 0-69-1.53
p=0-958 (log rank)
T T T T

4 6 é 1I0 1‘2 1‘4 1‘6 1‘8 2‘0 2‘2 2‘4 2‘6
Number at risk
(number censored)

Everolimus 205 137 106 85 75 57 50 42 35 20 11 10 3 0

(46) (59) (73) (77) (85) (86) (90) (95)(109)(116) (117) (123) (126)

Placebo 97 59 42 31 25 22 20 17 15 8 4 3 0 0

(20) (29) 34) (37) (39) (40) (43)(45) (52) (55) (55) (58) (58)

C Emotional subscale
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HR 0-57, 95% Cl 0-36-0-93
p=0-021 (log rank)

Definitive deterioration-free survival (%)

T T T T T T T T 1
0 2 4 6 8 10 12 14 16 18 20 22 24 26
205 132 103 87 73 57 50 43 36 20 11 10 4 O
(42) (51) (61) (66) (78) (81) (85)(90)(103) (111)(112) (117) (121)
97 63 46 31 23 21 17 14 12 8 5 5 1 0
(19) (27) (34) (40) (42) (45) (48) (50) (54) (57) (57) (61) (61)

D Social subscale
-

HR 072, 95% Cl 0-45-1-18
p=0-182 (log rank)

0 T T T T T T T T T T T T 1
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Number at risk
(number censored)

Everolimus 205 152 126 100 88 66 56 48 41 25 12 11 3 0

(49) (64) (79) (84) (98) (105)(111)(118)(133)(145)(146)(151) (154)

Placebo 97 67 48 34 26 24 21 17 15 7 4 3 2 0

(18) (32) (42) (46) (48) (51) (54) (56) (62) (64) (64) (65) (67)

E Functional subscale
100 +
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40+

20

HR 0-94, 95% Cl 0-60-1-46

p=0-775 (log rank)

0 T T T T T T T T T T T T 1

0 2 4 6 8 10 12 14 16 18 20 22 24 26
Time after randomisation (months)

Definitive deterioration-free survival (%)

Number at risk
(number censored)
Everolimus 205 137 107 88 81 62 52 41 35 21 10 10 3 0

(46) (59) (71) (75) (88) (93) (98) (104) (117)(127)(127) (133) (135)

Placebo 97 62 44 32 26 22 19 16 14 7 4 4 1 0

(21) (32) (40) (45) (48) (49) (52) (53) (60) (63) (63) (66) (67)

T T 1T T T T T T T T 1T 1
0 2 4 6 8 10 12 14 16 18 20 22 24 26
Time after randomisation (months)

205 145 115 91 83 61 49 43 37 22 10 9 2 0
(46) (65) (81) (87)(101)(109)(115)(121)(135)(146) (147)(152) (154)
97 63 44 29 24 20 17 16 14 6 3 3 1 0
(20) (34) (46) (51) (53) (54) (55) (57) (64) (67) (67) (69) (70)

Figure 1: Kaplan-Meier plots showing time to definitive deterioration of FACT-G total score by at least 7 points (A) and subscale scores by at least 3 points (B-E)
HRs should be interpreted with caution since proportional hazard assumption might not be met for all subscales. FACT-G=Functional Assessment of Cancer Therapy—

General. HR=hazard ratio.
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mapping algorithms entailing regression modelling to
link the responses on FACT-G (a disease-specific
questionnaire) to EQ-5D utilities. This alternative approach
is an acceptable and commonly used means to derive
utilities when they have not been obtained directly in a
trial.* Using two mapping algorithms published by Young
and colleagues® and Teckle and colleagues,” we converted
FACT-G values to EQ-5D utility scores. We did a thorough
appraisal of all published mapping algorithms to select the
most appropriate algorithms (appendix pp 1-2).

We used all HRQOL assessments that took place before
or at the date of the latest tumour assessment before
disease progression to estimate HRQOL or utilities pre-
progression. We used all HRQOL measurements at the
same visit of documented disease progression or
thereafter until the start of new anticancer treatments to
estimate HRQOL or utilities post progression. We used a
HRQOL assessment that took place between the date of
the latest tumour assessment before disease progression
and the date of documented disease progression either to
estimate post-progression or pre-progression HRQOL or
utilities, depending on whether the assessment was done
nearer to the date of documented disease progression or
to the previous tumour assessment, respectively. We
fitted repeated-measurements LMMs to FACT-G total
and subscale scores and utility scores. The regression
models included response status (pre-progression and
post-progression based on central radiology review) as a
single time-dependent categorical covariate. We included
patients as random effects. We used regression models
to generate adjusted mean FACT-G scores and adjusted
mean utilities for pre-progression and post-progression
together with 95% Cls.

All analyses presented in this paper are based on the
cutoff for the primary analyses (Nov 28, 2014)—ie, before
crossover was permitted. We did all analyses with SAS
version 9.4. The p values provided are nominal (threshold
for significance p<0-05); we made no multiplicity
adjustment.

This study is registered with ClinicalTrials.gov, number
NCT01524783.

Role of the funding source

The funder contributed to study design, data collection,
data analysis, and data interpretation, in collaboration
with the investigators and other authors. Funds for
writing support were provided by the funder. LB-P, ED,
MH, and JE had access to raw data. The corresponding
author had final responsibility for the decision to submit
for publication.

Results

Between April 3, 2012, and Aug 23, 2013, 302 patients
were enrolled to the study; 205 patients were allocated
everolimus and 97 patients were assigned placebo.
Table 1 presents baseline and disease characteristics of
patients, which are reported in more detail elsewhere.”

The median age of all patients was 63 years (range 22-86).

At baseline, 193 (94%) of 205 patients assigned
everolimus and 95 (98%) of 97 patients allocated placebo
completed either fully or partly the FACT-G question-
naire. Overall compliance remained high in both treat-
ment groups at the first post-baseline assessment and
was above 80% throughout the first year of treatment
(table 2). The mean FACT-G total score at baseline
was 81-2 (SD 15-5) for patients assigned everolimus and
826 (15-6) for those allocated placebo (table 1).

79 (39%) of 205 patients assigned everolimus and
39 (40%) of 97 allocated placebo had a decrease in
FACT-G total score of at least 7 points. Time to definitive
deterioration in FACT-G total score did not differ between
treatment groups (figure 1A), with an estimated median
time to definitive deterioration of 11-27 months (95% CI
9-27-19-35) for everolimus and 9-23 months (5-52-not
estimable [NE]) for placebo (adjusted HR 0-81, 95% CI
0-55-1-21; log-rank p=0-31).

The post-hoc analysis of time to definitive deterioration
in FACT-G subscale scores showed a significant
difference between the everolimus and placebo arms in
emotional wellbeing (median 22-21 months [95% CI
19-35-NE] vs 17-64 months [7-75-NE]), with 51 (25%) of
205 patients assigned everolimus and 30 (31%)
of 97 allocated placebo having a decrease in the emotional
subscale score of at least 3 points (figure 1C). No
differences were recorded in median time to definitive
deterioration between the everolimus and placebo arms
for physical wellbeing (13- 63 months [95% CI7-79-16-82]
vs 11-10 months [5-55-24-67); figure 1B), social wellbeing
(23-03 months [19-35-NE] vs NE [9-72-NE]; figure 1D),
or functional wellbeing (17-45 months [11-07-NE] vs NE
[9-72-NE]; figure 1E). A decrease of at least 3 points was
noted in 84 (41%) of 205 patients assigned everolimus and
36 (37%) of 97 allocated placebo for the FACT-G physical

80

60

40

204

Definitive deterioration-free survival (%)

HR 1-02, 95% Cl 0-63-1-64
p=0-529 (log rank)

—+ Everolimus
—+ Placebo

0 T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20 22
Number at risk Time after randomisation (months)
(number censored)
Everolimus 205 163 132 114
(24) (37) (49)
Placebo 97 76

98 79 65 58 52
(59) (72)

35 2 12
(82) (87) (90) (105) (115) (125) (132) (134) (136) (136)
47 32 27 23 2 19 17 12 9 6
(24) (34) (46) (48) (51) (52) (55) (56) (61) (64) (67) (69)

24 26 28 30

5 2 0 0

4 3 1 0
(70) (72) (73)

Figure 2: Kaplan-Meier plot showing time to definitive deterioration of WHO performance status by at least

one category
HR=hazard ratio.
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subscale score, 51 (25%) and 27 (28%) for the social
wellbeing subscale score, and 69 (34%) and 30 (31%) for
the functional subscale score.

Adding interaction terms between treatment group
and time in the stratified Cox models did not significantly
alter the findings of the proportional hazard assumption
(p=0-056 for FACT-G total score; p=0-14 for physical
wellbeing; p=0-49 for emotional wellbeing; p=0-37 for
social wellbeing; p=0-12 for functional wellbeing).

69 (34%) of 205 patients assigned everolimus and
24 (25%) of 97 allocated placebo had a decrease in WHO
performance status of at least one category. Time to
definitive deterioration in WHO performance status did
not differ Dbetween treatment groups (median
25-46 months [95% CI 17-54-NE] with everolimus vs NE
[8-31-NE] with placebo; figure 2).

Table 2 presents the post-hoc analysis of adjusted
mean FACT-G total scores over time, and figure 3 shows
the change over time in adjusted mean FACT-G subscale
scores. In general, FACT-G total and subscale scores
were maintained over the study period, with small

non-significant differences between the everolimus and
placebo groups at some timepoints. No clinically relevant
declines were noted at any of the timepoints for FACT-G
total or subscale scores. Results of the pattern mixture
model showed that for any § tested, mean FACT-G total
scores did not differ between treatment groups,
supporting the robustness of results from the primary
analysis.” Results for subgroups of lung and gastro-
intestinal patients have been published elsewhere.?*”

Table 3 presents data for the post-hoc analysis of
answers to the question “I am bothered by side-effects of
treatment”. The proportion of patients who reported that
they were “not at all” or “a little bit” bothered by side-
effects ranged from 94 (58%) of 162 patients at week 8 to
50 (68%) of 74 patients at week 48 in the everolimus
group, and from 66 (81%) of 81 patients at week 8 to
24 (100%) of 24 patients at week 48 in the placebo group
(table 3; appendix p 3).

Adjusted mean FACT-G scores and utility values pre-
progression and post progression for the whole popu-
lation regardless of treatment allocation are presented in

A Physical subscale

C Social subscale

B Emotional subscale

30
25 -
.
S 20 =
c
53
£ 154
el
3
= 10
<
5 -
0 T T T T T
8 16 24 32 40 48
Mean difference -11 -19 -1 -11 -1 -15
(95% Cl) (-23t001) (31t0-0-6) (-24t00-4) (2:8t005) (-29t00-9) (-33t00-4) (-0

D Functional subscale

30
25
3
S
c
3
£
-
2
= 10
<
5 —
0 T T T T T
8 16 24 32 40 48
Week in study
Mean difference 0-4 0.9 1.2 09 0-8 0-8
(95%Cl)  (-07to16) (-07t025) (-04t028) (-07t025) (-1t02:6)  (-1to27) (-1

—— Everolimus
---- Placebo

8 16 24 32 40 48
07 01 -0-4 01 -08 -0-6
1t01:6) (-0-9to11) (-1.5t007) (-12to14) (-24t008) (-2-1to 0-9)

8 16 24 32 40 48
Week in study
-06 413 -08 11 14 -1
8t006) (-2:8t00-3) (-2:4t00-9) (-2:7t004) (-33t004) (-3t00-9)

Figure 3: Adjusted mean FACT-G subscale scores by treatment group over time

The highest possible score on the physical, social, and functional FACT-G subscales is 28 and on the emotional subscale score it is 24. Adjusted mean scores are least square means from a linear mixed

model including treatment arm, categorical time, and an interaction between categorical time and treatment group as covariates. Additional covariates are tumour origin, WHO performance status,
previous treatment with a somatostatin analogue, and baseline score. Circles denote mean score and error bars show 95% Cl. FACT-G=Functional Assessment of Cancer Therapy—General.
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Not at all A little bit Somewhat Quite a bit Very much Mean (SD) Difference
(everolimus-placebo)
Everolimus
Baseline (n=173) 134 (77%) 9 (11%) 10 (6%) 7 (4%) 3(2%) 0-42 (0-90) 0-10 (0-86)
Week 8 (n=162) 42 (26%) 2 (32%) 37 (23%) 22 (14%) 9 (6%) 1-41(117) 0-70 (1-09)
Week 16 (n=141) 37 (26%) 8 (34%) 35 (25%) 16 (11%) 5 (4%) 132 (1-09) 0-80 (1-04)
Week 24 (n=124) 2 (26%) 43 (35%) 33 (27%) 16 (13%) 0 127 (0-99) 0-77 (0-95)
Week 32 (n=101) 25 (25%) 8 (38%) 26 (26%) 11 (11%) 1(% 1.26 (0-99) 093 (0-91)
Week 40 (n=91) 30 (33%) 9(32%) 21 (23%) 10 (11%) 1(1%) 1.15 (1-04) 0-82(0-97)
Week 48 (n=74) 0 (27%) 30 (41%) 15 (20%) 8 (11%) 1(1%) 119 (1-00) 0-98 (0-90)
Placebo
Baseline (n=91) 4 (81%) 9 (10%) 6 (7%) 0 2 (2%) 0-32(0-79)
Week 8 (n=81) 4 (54%) 22 (27%) 10 (12%) 5 (6%) 0 070 (0-91)
Week 16 (n=54) 6 (67%) 11 (20%) 5(9%) 1(2%) 1(2%) 0-52 (0-89)
Week 24 (n=42) 29 (69%) 5 (12%) 8 (19%) 0 0 0-50 (0-80)
Week 32 (n=29) 0(69%) 8 (28%) 1(3%) 0 0 034 (0-55)
Week 40 (n=24) 8 (75%) 4(17%) 2(8%) 0 0 0-33(0:64)
Week 48 (n=24) 19 (79%) 5 (21%) 0 0 0 021(0-42)
Data are number of patients (%) or mean (SD). 0 points were given for the category “not at all”, 1 point for “a little bit”, 2 points for “somewhat”, 3 points for “quite a bit”,
and 4 points for “very much”.
Table 3: Summary of item "l am bothered by side-effects of treatment”

table 4. Disease progression resulted in a decline in
FACT-G total score of 4-91 (95% CI 3-71-6-11) post
progression, and a decrease in all subscale scores.
Disease progression was associated with a decline
of 0-030 (95% CI 0-023-0-038; Teckle,® p<0-0001)
and 0-054 (0-041-0-068; Young,” p<0-0001) in utility.

Discussion

The analysis of FACT-G total scores in patients with
advanced, progressive, non-functional NETs of lung or
gastrointestinal origin who were enrolled in the
randomised, phase 3 RADIANT-4 trial shows that despite
toxic effects of active cancer treatment (eg, adverse events
with some risk for grade 3—4 adverse events and
discontinuations because of adverse events), HRQOL is
maintained in patients treated with everolimus, with no
statistically or clinically relevant differences compared
with patients treated with placebo. Indeed, toxic effects
seem to be counterbalanced by the higher efficacy (longer
progression-free survival) and potentially fewer disease-
related symptoms with everolimus than with placebo.
This finding was confirmed in analyses of WHO
performance status and post-hoc analyses of FACT-G
subscale scores. Analyses of the association between
HRQOL and disease progression irrespective of
treatment assignment showed a decline in FACT-G
scores and utility after disease progression.

Time to definitive deterioration has become a familiar
endpoint in the analysis of longitudinal HRQOL data in
oncology.” It was a prespecified secondary endpoint in
the RADIANT-4 trial and no differences were noted in

Mean difference
(95% CI)

Pre-progression Post progression

FACT-G total score
(mean, 95% Cl)

79-71(77-91-81-50) 74-80 (72-81-76-78) 4-91(371-6:11)

Physical wellbeing 22:38 (21-83-22:92)
17-58 (17-12-18-04)
2155 (20-93-22:17)
1819 (17-54-18-85)

0-826 (0-815-0-836)

20-88 (20-24-21-51)
16-44 (15-92-16-97)
20-86 (20-17-21-55)
16-85 (16-12-17-59)
0-795 (0-783-0-807)

150 (1-05-1-95)
1.14 (0-78-1-49)
0-69 (0-24-1-14)
134 (0-86-1-82)
0-030 (0-023-0-038)

Emotional wellbeing
Social wellbeing
Functional wellbeing

Mean utility (95% CI;
Teckle mapping algorithm)*

Mean utility (95% CI;
Young mapping algorithm)*

0-779 (0-763-0-796) 0-725 (0-706-0-744) 0-054 (0-041-0-068)

The highest possible score on the physical, social, and functional FACT-G subscales is 28 and on the emotional subscale
score it is 24; the highest possible FACT-G total score is 108. The number of FACT-G assessments ranged

from 1118 to 1155 pre-progression and 381 to 392 post progression, depending on the outcome considered.
Differences in the number of observations are caused by different scoring rules and how they deal with missing values
in FACT-G items; not all scales require non-missing data in all FACT-G items. Unit of analysis is the HRQOL assessment;
because of repeated assessments over time, the number of observations is larger than the number of patients.
FACT-G=Functional Assessment of Cancer Therapy—General. HRQOL=health-related quality of life.

Table 4: Association of disease progression with HRQOL and utility

time to definitive deterioration of the FACT-G total
score between patients treated with everolimus and
those treated with placebo. Analyses of time to definitive
deterioration for most FACT-G subscale scores and the
WHO performance status showed similar results. It is
noteworthy that everolimus improved scores on the
emotional wellbeing subscale; a possible interpretation
is that some patients assigned everolimus might have
had the perception of receiving treatment because of
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the presence of adverse events. This sort of unmasking,
however, does not invalidate the patients’ responses
per se, or the noted difference in emotional wellbeing.
Another reason could be that longer progression-free
survival in patients assigned everolimus than those
assigned placebo has a positive effect on emotional
status.

The improvements in time to definitive deterioration
outcomes for the FACT-G total score among patients
receiving everolimus were noted despite a higher incidence
of grade 3 or 4 toxic effects and discontinuations because
of adverse events in this treatment group.” Protocol-
defined adverse event management strategies might have
led to an attenuation of HRQOL deterioration. In fact,
most patients in both treatment groups (roughly 60% of
those assigned everolimus and 80% of those allocated
placebo at each post-baseline assessment) reported that
they were “not at all” or “a little bit” bothered by side-effects
from treatment. The number of patients who felt “quite a
bit” or “very much” bothered was low (10-19% of those
assigned everolimus and 2-6% of those allocated placebo).
Although more patients assigned everolimus felt bothered
by side-effects, such level of discomfort did not produce
significant differences in overall HRQOL. Notably,
37 (46%) of 81 patients who were treated with placebo also
reported some degree of bother with side-effects at week 8,
and the proportion of patients continuing to report some
degree of bother from side-effects with placebo remained
greater than 30% in subsequent assessments; as such, the
disease and symptoms themselves led to some degree of
discomfort. To assess the effect of side-effects, responses to
the FACT-G item “I am bothered by side-effects of
treatment” were analysed. Alternatively, one could also
estimate the effect on FACT-G scores of adverse events
reported in the trial. However, a limitation of this approach
would be that adverse events are continuously reported
and not necessarily aligned at the same timepoints as the
quality-of-life assessments, so this approach would limit
the analysis to adverse events that were ongoing at the
time of the HRQOL measurement. Also, actions taken
followed by adverse events—eg, use of concomitant
medication—are confounding factors, which makes it
difficult to compare the results.

Moreover, it is likely that other factors—eg, longer
progression-free survival—might also have contributed to
HRQOL in patients receiving everolimus. Analyses of the
association between HRQOL and disease progression
showed a significant decline in the total FACT-G score
after disease progression, which was within the clinically
relevant difference range of 3—7 points.” Similar declines
were noted for the FACT-G subscale scores and the
magnitude of decline in HRQOL is consistent with
findings of studies in other cancers.”* Similarly, disease
progression was associated with a significant decline in
utility of 0-03 (Teckle)® and 0-05 (Young).? Although
statistically significant, the clinical significance of this
finding is not clear. Based on published clinically

important differences for utility measures of 0-06,"
0-07,” and 0-09,** this study’s difference in utility after
disease progression might fall short of what one would
confidently consider clinically meaningful. However,
the utility difference was comparable with results from
other studies in advanced lung cancer, with a decline in
utility of 0-056,* and advanced gastrointestinal stromal
tumours, with a decline of utility of 0-03.*

To estimate utilities in the RADIANT-4 trial, we used
two published mapping algorithms to derive utilities
from FACT-G responses. The FACT-G questionnaire
provides a reasonable alternative to direct use of a
health utility method because it is a generic HRQOL
questionnaire that has been validated in patients with
cancer and is used widely in oncology.” In this study, a
general questionnaire such as FACT-G was judged more
appropriate than NET-specific questionnaires (eg, the
European Organisation for Research and Treatment of
Cancer [EORTC] Quality of Life Questionnaire for
neuroendocrine tumours of gastrointestinal origin
[QLQ-GINET21] or the Norfolk quality-of-life tool)*
because the study population was restricted to patients
with non-functional tumours. Regarding the choice
between FACT-G and EORTC QLQ-C30, both have
proven validity in a range of cancer settings, but the
fewer subscale scores for FACT-G decreases problems
of endpoint multiplicity.* Overall, HRQOL in our study
was somewhat lower when compared with reference
values reported for a general US adult population and
similar to an adult population of patients with cancer,*
which is consistent with findings of another study” in
which HRQOL in patients with NETs was somewhat
impaired compared with the general population,
although evidence in NETs of lung and gastrointestinal
origin, specifically, is limited.®* In an open-label
expanded access study in patients with advanced NETs
(pancreatic and non-pancreatic NETs) who received
everolimus, HRQOL was not affected adversely in
pancreatic NETs, but deteriorations were noted in some
QLQ-C30 subscale scores over time for non-pancreatic
NETs. However, the confidence intervals were very wide,
and there was no control group, which makes the results
inconclusive.” Findings of the effect of everolimus on
HRQOL in our study are similar to those reported in
advanced breast cancer, for which additional treatment
with everolimus did not have a deleterious effect on
HRQOL.” Findings of maintenance of HRQOL have
also been noted in pancreatic NETs in patients treated
with sunitinib.®

A limitation of our study is the extent of missing HRQOL
questionnaire data after treatment discontinuation.
Although compliance with questionnaire completion was
more than 80% among patients on treatment, the amount
of missing data increased over time because of treatment
discontinuations followed by initiation of new antineoplastic
therapy. Although we used statistical methods to account
for potential worsening of HRQOL after dropout, a
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conclusive statement on the effect of missing data cannot
be made. On the other hand, median treatment duration in
the everolimus group was twice as long as in the placebo
group and the main reason for early discontinuations under
placebo was disease progression. If HRQOL continues to
deteriorate after disease progression (ie, at timepoints when
data were scarce), the relative HRQOL benefit of everolimus
caused by longer progression-free survival might be even
larger than indicated by this study.

In conclusion, although analysis of the RADIANT-4
primary endpoint showed that disease progression is
delayed with everolimus compared with placebo in
patients with advanced non-functional gastrointestinal or
lung NETs, findings of the secondary prespecified and
post-hoc exploratory HRQOL analyses suggest that overall
HRQOL in FACT-G total and subscale scores is preserved
even with the usual toxic effects related to active targeted
drug treatment for cancer. The decline in HRQOL and
utility after disease progression shows the importance of
considering HRQOL as an endpoint in clinical trials.
Furthermore, these results support the use of progression-
free survival as a primary endpoint in clinical trials in
patients with NETs of lung and gastrointestinal origin
because our results show the real-life health effect of
disease progression on the patient.
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