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A B S T R A C T

Purpose
Everolimus improved median progression-free survival by 6.4 months in patients with advanced
pancreatic neuroendocrine tumors (NET) compared with placebo in the RADIANT-3 study. Here, we
present the final overall survival (OS) data and data on the impact of biomarkers on OS from the
RADIANT-3 study.

Methods
Patients with advanced, progressive, low- or intermediate-grade pancreatic NET were randomly
assigned to everolimus 10 mg/day (n = 207) or placebo (n = 203). Crossover from placebo to open-
label everolimus was allowed on disease progression. Ongoing patients were unblinded after final
progression-free survival analysis and could transition to open-label everolimus at the investigator’s
discretion (extension phase). OS analysis was performed using a stratified log-rank test in the intent-
to-treat population. The baseline levels of chromogranin A, neuron-specific enolase, and multiple
soluble angiogenic biomarkers were determined and their impact on OS was explored.

Results
Of 410 patients who were enrolled between July 2007 and March 2014, 225 received open-label
everolimus, including 172 patients (85%) randomly assigned initially to the placebo arm. Median OS
was 44.0months (95%CI, 35.6 to 51.8months) for those randomly assigned to everolimus and 37.7
months (95% CI, 29.1 to 45.8 months) for those randomly assigned to placebo (hazard ratio, 0.94;
95%CI, 0.73 to 1.20; P = .30). Elevated baseline chromogranin A, neuron-specific enolase, placental
growth factor, and soluble vascular endothelial growth factor receptor 1 levels were poor prognostic
factors for OS. The most common adverse events included stomatitis, rash, and diarrhea.

Conclusion
Everolimus was associated with a median OS of 44 months in patients with advanced, progressive
pancreatic NET, the longest OS reported in a phase III study for this population. Everolimus was
associated with a survival benefit of 6.3 months, although this finding was not statistically sig-
nificant. Crossover of patients likely confounded the OS results.

J Clin Oncol 34:3906-3913. © 2016 by American Society of Clinical Oncology

INTRODUCTION

Pancreatic neuroendocrine tumors (NET) ac-
count for approximately 1% of all cases of pan-
creatic cancers by incidence and 10% of all cases
by prevalence.1-3 The incidence and prevalence of
pancreatic NET are increasing.1-3

Patients with pancreatic NET, with the ex-
ception of those with insulinomas, are usually
diagnosed at an advanced stage (approximately 64%

of patients present with metastatic disease) and
have poor prognosis.2 Therapeutic management of

pancreatic NET depends on the degree of differ-

entiation of the tumor (well v poorly differentiated),

the stage at diagnosis, and the presence of symptoms

caused by hypersecretion of hormones.4 Treatment

options for patients with advanced, progressive

pancreatic NET are limited.
Everolimus, an oral inhibitor of mammalian

target of rapamycin, has shown antitumor activity
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in two phase II studies in patients with pancreatic NET who
progressed after failure of chemotherapy.3,5 In the randomized,
phase III RAD001 in Advanced Neuroendocrine Tumors, Third
(RADIANT-3) trial, a statistically significant median progression-
free survival (PFS) benefit of 6.4 months was achieved in patients
with advanced pancreatic NET who received everolimus versus
placebo.6

Here, we present the final overall survival (OS) data and
update on safety information for the RADIANT-3 study pop-
ulation as predefined in the protocol, with 252 events observed as
of March 2014. We also present the results of exploratory analy-
sis of various tumor and angiogenic biomarkers and their impact
on OS.

METHODS

Study Design and Participants
RADIANT-3 was a prospective, double-blind, randomized, placebo-

controlled, multicenter, phase III study in which patients were randomly
assigned to everolimus 10 mg/day or placebo, both in conjunction with
best supportive care. Detailed inclusion and exclusion criteria and study
methodology for the RADIANT-3 trial have been described previously.6

Adult patients (age, $ 18 years) with histologically confirmed, low- or
intermediate-grade, advanced (unresectable or metastatic) pancreatic
NET, who had radiologic disease progression documented within the
12 months before random assignment, were eligible. Additional eligibility
criteria included the presence of measurable disease according to the
Response Evaluation Criteria in Solid Tumors, version 1.0,7 WHO per-
formance status # 2, and adequate bone marrow, renal, and hepatic
function. Patients who had received cytotoxic chemotherapy, immuno-
therapy, or radiotherapy within 4 weeks before random assignment, those
who had received prior therapy with mammalian target of rapamycin
inhibitors, and those who were receiving continuous treatment with
corticosteroids or other immunosuppressive agents were excluded.

In the double-blind phase (core phase), patients continued to receive
the treatment until disease progression, development of unacceptable
adverse events (AEs), withdrawal of consent, or primary analysis (cutoff
date, February 28, 2010). During this phase, crossover from the placebo
arm to open-label everolimus was allowed on disease progression according
to Response Evaluation Criteria in Solid Tumors, version 1.0.7 The data
from the core phase were used for the primary efficacy end point of PFS
and have been reported previously.6

After the primary analysis, all ongoing patients were unblinded on
June 3, 2010, and were rolled over into an open-label extension phase in
which the same safety assessments were performed as in the blinded
treatment period. Treatment with open-label everolimus continued until
disease progression on the basis of radiologic assessment. At this point,
patients discontinued the study drug and were followed up for survival
information on a monthly basis (with a 2-week window) until the required
number of deaths for final OS analysis was observed (cutoff date, March 5,
2014). Patients not known to have died were censored for lost-to-follow-up
if the time between their last contact date and the analysis cutoff date was
. 44 days.

The study was conducted according to Good Clinical Practice
guidelines and the ethical principles of the Declaration of Helsinki. The
institutional review board or independent ethics committee at each study
site approved the protocol and all amendments. All patients provided
written informed consent before random assignment.

Biomarker Analysis
Ten milliliters of whole blood was collected from all patients at

screening (baseline). Plasma and serum samples were prepared at the trial

sites and sent to a central laboratory for biomarker measurements.
Chromogranin A (CgA) and neuron-specific enolase (NSE) concentrations
were quantified in serum as described previously.8 Five soluble angiogenic
biomarkers (placental growth factor [PIGF], soluble vascular endothelial
growth factor receptor 1 and 2 [sVEGFR1 and 2], vascular endothelial
growth factor A [VEGF-A], and basic fibroblast growth factor) were
determined in plasma using commercially available enzyme-linked im-
munosorbent assay kits with Meso scale discovery platform Growth Factor
Panels I and II assays at Tandem Laboratories/LabCorp (West Trenton, NJ).

Statistical Analyses
Final OS analysis was planned after approximately 250 events. OS was

measured from the date of random assignment to the date of death due to
any cause. For patients who did not die, survival was censored at the date of
last contact. The OS analyses included all survival events among randomly
assigned patients, regardless of whether they were observed during the core
treatment period, the open-label treatment period, the post-treatment
evaluations, or the survival follow-up period. Accounting for group-
sequential design, the boundary for statistical significance at final analy-
sis from the stratified one-sided log-rank test was 0.0249 (Appendix, online
only).

Survival rates and median OS were estimated using the Kaplan-Meier
method. Hazard ratios with 95% CIs were calculated for the OS using
unadjusted Cox proportional hazards regression model.

An exploratory analysis for OS was performed using the Rank-
Preserving Structural Failure Time (RPSFT) method. RPSFT provides
a treatment effect estimate corrected for the confounding effect introduced
by crossover.9 Hazard ratios and 95% CIs were calculated using Cox
proportional hazard regression model to compare survival rates between
everolimus and RPFST-corrected placebo.

Patients were divided into biomarker-elevated and -nonelevated
subgroups on the basis of the baseline biomarker levels. Elevated baseline
CgA and NSE were defined as . 23 upper limit of normal and . 13
upper limit of normal, respectively. For the angiogenic biomarkers, the
median of distribution was used to define the threshold for elevated
biomarker levels. Stratified Cox regression models were used to assess the
prognostic values of the biomarkers. Hazard ratios with 95% CIs were
reported between the biomarker subgroups irrespective of the treatment
arms. The prognostic effects of the biomarkers were further investigated
through a multivariate analysis.

AEs were coded using the Medical Dictionary for Regulatory Ac-
tivities, version 16.1. The safety analyses included all AEs that occurred
within 28 days after discontinuation of the study treatment. Key safety
findings are presented for both the double-blind and the open-label phases.

Role of the Funding Source
The study was designed by the academic investigators and by rep-

resentatives of the sponsor. Data were collected with the use of the
sponsor’s data management systems and were analyzed by the sponsor’s
statistical team, complying with study protocol and statistical analysis plan.
Writing assistance funded by the sponsor was provided.

RESULTS

Patients and Treatment
Of the 410 patients randomly assigned to everolimus (n = 207)

or placebo (n = 203) between July 2007 to March 2014, a total of
225 patients eventually received open-label everolimus. These
included 172 patients (85%) who crossed over from the placebo
arm and 53 patients (26%) who were randomly assigned initially to
the everolimus arm (Fig 1).
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Baseline demographic and clinical characteristics were well
balanced between the treatment arms, particularly with respect to
histologic status and prior receipt of radiotherapy, chemotherapy,
or somatostatin analogue (SSA) therapy (Appendix Table A1,
online only).6 During the double-blind period, use of concomitant
SSAs was reported by 39.7% of patients in the everolimus arm and
by 41.4% of patients in the placebo arm. In the open-label period,
use of concomitant SSAs was reported in 45.3% of patients.

Median everolimus exposure was 38.9 weeks (range, 1.1 to
300.1 weeks) in patients who were randomly assigned initially to

everolimus, and 44.1 weeks (range, 0.1 to 261.1 weeks) in those
randomly assigned to placebo and switched subsequently to open-
label everolimus.

Efficacy
The median OS was 44.0 months (95% CI, 35.6 to 51.8

months) in the everolimus arm and 37.7 months (95% CI, 29.1 to
45.8 months) in the placebo arm, representing an improvement in
median OS of 6.3 months over placebo (hazard ratio [HR], 0.94;

Double-blind phase (core phase)†

Final OS analysis, data cutoff date, March 5, 2014

 Total patients enrolled and randomly assigned
(N = 410)

1:1 random assignment

Total discontinued (n = 225)
Disease progression (n = 124)
Adverse events (n = 46)
Patient withdrew consent (n = 21)
Study termination§ (n = 17)
Deaths (n = 7)
New cancer therapy (n = 7)
Protocol deviation (n = 2)
Abnormal laboratory value (n = 1)

Reasons for discontinuation
Disease progression                   (n = 98)
Completion of
   double-blind phase                 (n = 52)
Adverse events                           (n = 37)
Subject withdrew consent           (n = 8)
Death                                             (n = 4) 
Abnormal test procedure result  (n = 1)
Lost to follow-up                           (n = 1)
Protocol deviation                        (n = 6)

At the end of the core 
phase‡

At disease progression† 
or end of the core phase‡

Everolimus (10 mg/d) 
  plus best supportive care* (n = 207)

Full analysis set (n = 207)
Safety set (n = 204)

Placebo plus 
  best supportive care* (n = 203)

Full analysis set (n = 203)
Safety set (n = 203)

Reasons for discontinuation 
Disease progression (n = 169)
Completion of

double-blind phase                  (n = 18) 
Adverse events (n = 7)
Subject withdrew consent (n = 6)
Death (n = 3)

Entered open-label extension phase, 
everolimus (10 mg/day) plus best 

supportive care 
(n = 172)

Entered open-label extension phase, 
everolimus (10 mg/day) plus best 

supportive care 
(n = 53)

Open-label period,
everolimus at progression or unblinding, 

open-label set

Fig 1. Patient disposition. OS, overall survival. (*) Concurrent use of somatostatin analogs was allowed but not mandated. (†) At the time of progression during the
double-blind phase, patients were unblinded and those randomly assigned to the placebo arm were allowed to cross over to open-label everolimus after assessment of
benefit-risk by investigator on a case-by-case basis. (‡) All ongoing patients were unblinded at the end of the core phase (cutoff date, June 3, 2010) and were switched over
to open-label everolimus. (§) At the time of study termination, 16 patients receiving everolimus were rolled over to study RAD001C2X01B (ClinicalTrials.gov identifier,
NCT01789281) or commercial everolimus; one patient entered a compassionate use program in Canada.
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95% CI, 0.7 to 1.2). This difference did not achieve statistical
significance (P = .30; Fig 2).

Survival rates and duration at the 25th percentile are presented
in the Appendix Table A2 (online only).

Using the RPSFTmethod to correct for crossover of patients
from placebo to everolimus, 12- and 24-month survival rates were
82.6% and 67.7%, respectively, in the everolimus arm and 74.9%
and # 55.6%, respectively, in the RPSFT-corrected placebo arm
(HR, 0.60; 95% CI, 0.09 to 3.95; Fig 3).

A total of 256 patients (62.4%) had died by the cutoff date of final
survival analysis: 126 patients (60.9%) initially randomly assigned to the
everolimus arm and 130 patients (64.0%) initially randomly assigned to
the placebo arm. On the basis of investigator assessment, advanced or
metastatic pancreatic NETwas the primary cause of most of the deaths
reported in this study (everolimus arm, 104 of 126 deaths [82.5%];
placebo arm, 111 of 130 deaths [85.4%]). Twenty-three of the 130
deaths in the placebo arm occurred before crossover of the treatment.

Overall, 154 patients were censored (including 109 patients
lost to follow-up) from the OS analysis; of these, 81 were from the
everolimus arm and 73 were from the placebo arm.

Biomarkers
Evaluable baseline levels of seven soluble biomarkers were

available from at least 95% of the intent-to-treat population (Appendix
Table A3, online only). A prognostic effect was observed with baseline
CgA,NSE, PIGF, and sVEGFR1 levels (HR, 0.54 for CgA, 0.36 forNSE,
0.53 for PIGF, and 0.71 for sVEGFR1; Fig 4). A multivariate analysis
showed that the association of baseline levels of NSE and PIGF with
survival holds when adjusting for the effect of other biomarkers
(Table 1). The median OS rates of the biomarker subpopulations are
given in the Appendix Table A4 (online only). No prognostic signal was
detected for the rest of the angiogenic biomarkers.

Safety
The safety findings were consistent with the previously re-

ported safety profile of everolimus.6 No unexpected new safety
findings were identified. In both the double-blind and the open-label

phase, the most commonly reported AEs ($ 20%) suspected to be
drug related in the everolimus group were stomatitis, rash, diarrhea,
fatigue, peripheral edema, nausea, and decreased appetite (Table 2).
AEs reported in patients who received open-label everolimus were
consistent with those observed during the double-blind phase.

On-treatment deaths (ie, those occurring during receipt of
study medication or within the initial 28 days of discontinuing
therapy) were recorded for 16 patients in the double-blind phase;
of these, 12 patients (5.9%) were in the everolimus arm and four
(2.0%) were in the placebo arm. Of the 16 on-treatment deaths, eight
(five everolimus and three placebo) were attributed to the underlying
malignancy or progression thereof, and the remaining eight were
attributed to other comorbidities. In the open-label phase, 15 on-
treatment deaths occurred, of which 11 (4.9%) were attributed to the
underlying malignancy (Appendix Table A5, online only). None of
the on-treatment deaths in the double-blind and the open-label
phase, with the exception of one in the everolimus arm caused by
acute respiratory distress syndrome, were deemed to be related to the
study drug, according to the investigators.

In the double-blind phase, serious AEs (SAEs) were re-
ported more often in the everolimus arm (84 patients [41.2%] v 52
patients [25.6%] in the placebo arm). In the everolimus arm, 44
patients (21.6%) experienced SAEs that were suspected by the in-
vestigator to be drug related. The most commonly reported SAEs
($ 2% incidence, irrespective of study drug relationship) in the
everolimus arm were pyrexia, pneumonitis, anemia, abdominal
pain, dyspnea, diarrhea, pulmonary embolism, asthenia, and de-
hydration. A total of 108 patients (48%) experienced SAEs during
the open-label phase. Of these, 40 patients (17.8%) had SAEs that
were suspected by the investigator to be drug related. Abdominal
pain, vomiting, pneumonia, pyrexia, nausea, asthenia, GI hemor-
rhage, and cholangitis were the most frequently reported SAEs ($ 2%
incidence) in the open-label period (irrespective of causality).

The frequency of AEs leading to study drug discontinuation
was more noticeable in the everolimus arm (21.1%) versus the
placebo arm (5.9%) in the double-blind phase. The most frequent
AEs leading to discontinuation in the everolimus group were
pneumonitis (seven patients [3.4%]) and pyrexia (three patients
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Fig 2. Kaplan-Meier plot of overall survival
(full analysis set).
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[1.5%]). In the open-label extension phase, the rate of AEs leading to
study drug discontinuation was similar to the one reported in the
double-blind phase (53 patients [23.6%]; asthenia [four patients
{1.8%}], hypoglycemia, pneumonia, and pneumonitis [each in three
patients {1.3%}]) being the most common.

DISCUSSION

The final survival analysis of the pivotal phase III RADIANT-3
study showed a median OS of 44.0 months among patients with

advanced, progressive pancreatic NET treated with everolimus.
Although the prolongation in survival by 6.3 months with ever-
olimus did not reach statistical significance, it is likely that
crossover of the majority of patients from the placebo arm diluted
the estimate of treatment effect. The RPSFT analysis adjusting for
crossover bias supported a survival benefit with everolimus
compared with the RPSFT-corrected placebo arm (82.6% v 74.9%
and 67.7% v 55.6% at 12 months and 24 months, respectively).

Historically, median survival for patients with advanced
pancreatic NET has been reported to be around 27 months.2

Streptozocin-based chemotherapy had been the standard of care
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Fig 3. Overall survival analysis by RPSFT (full
analysis set). NA, not assessable; RPSFT, Rank-
Preserving Structural Failure Time. (*) Recon-
structed placebo data as if never treated with
everolimus.

0.25 0.35 0.50 0.71 1.0 1.41

Biomarkers

CgA*

NSE†

PIGF

sVEGFR1

sVEGFR2

VEGF

bFGF

0.54 (0.42 to 0.7)

0.36 (0.27 to 0.47)

0.53 (0.41 to 0.68)

0.71 (0.55 to 0.91)

0.91 (0.71 to 1.18)

0.83 (0.64 to 1.07)

1.05 (0.82 to 1.36)

Hazard ratio

(95% CI)

< .00001

< .00001

< .00001

.0078

.48

.15

.69

P value‡

Favors low
baseline levels

Favors high
baseline levels

Hazard Ratio

Fig 4. Prognostic effects of baseline chromog-
ranin A (CgA), neuron-specific enolase (NSE), and
angiogenic biomarkers. bFGF, basic fibroblast
growth factor; PIGF, placental growth factor;
SVEGFR, soluble VEGF receptor; VEGF, vascular
endothelial growth factor. (*) Elevated baseline
CgA was defined as . 23 upper limit of normal.
(†) Elevated baseline NSE was defined as . 13
upper limit of normal. (‡) P values are nominal
without adjustment for multiple testing. For all
angiogenic biomarkers, the median of distribution
was used to define the threshold for elevated
biomarker levels.
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for the treatment of pancreatic NETuntil the recent introduction
of targeted therapies, such as everolimus and sunitinib. Ran-
domized studies of streptozocin-based chemotherapy regimens
in pancreatic NET have reported median OS in the range of 16 to
26 months.10,11 The availability of targeted therapies, everolimus
and sunitinib, has changed the treatment paradigm of pancre-
atic NET and has likely improved survival in this patient pop-
ulation. A phase III study of sunitinib in pancreatic NET has
reported a median survival of 38.6 months.12 Thus, a median OS
of 44 months with everolimus from the randomized, placebo-
controlled, phase III RADIANT-3 study establishes a new benchmark

in the treatment landscape for patients with advanced, progressive
pancreatic NET.

OS remains the most important clinically meaningful primary
measurement of outcome for randomized trials in oncology.
However, for clinical trials in rare tumors, such as pancreatic NET,
the use of OS as the primary end point is particularly challenging
because of extended postprogression survival, use of a range of
salvage therapies after progression, and the crossover study de-
sign.13 The National Cancer Institute Neuroendocrine Tumor
Clinical Trials Planning Meeting consensus report recommended
PFS as a primary end point for clinical studies in the population of
patients with NET, with OS being a secondary end point, as is the
case with the RADIANT-3 study.14

The lack of a statistically significant survival benefit from
everolimus in the RADIANT-3 study may have many reasons. The
RADIANT-3 study permitted crossover of participants from the
placebo arm to the everolimus arm on progression or at the time of
unblinding. Crossover of the majority (approximately 85%) of the
patients from the placebo arm likely diluted the estimation of true
treatment effect on survival benefit. The results of the RPSFT
analysis that corrected a potential crossover bias suggested a notable
OS benefit with everolimus (HR, 0.6). This indeed confirms that
crossover likely confounded the survival results. Although not
intended to provide a formal proof-of-treatment effect, the RPSFT
effect estimate was supportive of an everolimus survival benefit,
albeit with wide CIs. The RADIANT-3 study was powered to detect
an HR of 0.7 for OS. It is likely that the study did not reach the
targeted HR because of the crossover design and longer post-
progression survival than anticipated. It is recognized that the

Table 1. Prognostic Value of Biomarkers by Multivariate Analysis

Biomarker Cutoff HR (95% CI)* P

CgA 23 ULN 0.76 (0.57 to 1) .05
NSE 13 ULN 0.41 (0.3 to 0.56) , .001
PIGF Median 0.64 (0.48 to 0.86) .0025
sVEGFR1 Median 0.98 (0.72 to 1.32) .89
sVEGFR2 Median 0.79 (0.6 to 1.04) .09
VEGF-A Median 1.05 (0.78 to 1.42) .74
bFGF Median 1.02 (0.79 to 1.33) .86

Abbreviations: bFGF, basic fibroblast growth factor; CgA, chromogranin A; HR,
hazard ratio; NSE, neuron-specific enolase; PIGF, placental growth factor;
sVEGFR1, soluble vascular endothelial growth factor receptor 1; sVEGFR2,
soluble vascular endothelial growth factor receptor 2; VEGF-A, vascular endo-
thelial growth factor A; ULN, upper limit of normal.
*HRs were calculated for the biomarker high (referent) v low subgroups using
a multivariate Cox proportional hazard model stratified by prior chemotherapy
and WHO status including all biomarkers.

Table 2. Drug-Related Adverse Events ($ 10% in any Treatment Group, Safety Set)

Adverse Event

Double-Blind Phase
Open-Label Everolimus,

(n = 225), No. (%)Everolimus (n = 204), No. (%) Placebo (n = 203), No. (%)

All Grades Grade 3 or 4 All Grades Grade 3 or 4 All Grades Grade 3 or 4

Stomatitis* 137 (67.2) 15 (7.4) 36 (17.7) 0 134 (59.6) 8 (3.6)
Rash 98 (48.0) 1 (, 1) 21 (10.3) 0 84 (37.3) 3 (1.3)
Diarrhea 69 (33.8) 7 (3.4) 21 (10.3) 0 59 (26.2) 4 (1.8)
Fatigue 66 (32.4) 3 (1.5) 29 (14.3) 1 (, 1) 44 (19.6) 7 (3.1)
Infections† 57 (27.9) 5 (2.5) 15 (7.4) 1 (0.5) 62 (27.6) 11 (4.9)
Peripheral edema 44 (21.6) 1 (, 1) 6 (3.0) 0 42 (18.7) 1 (, 1)
Nausea 42 (20.6) 2 (1.0) 37 (18.2) 0 38 (16.9) 0
Decreased appetite 41 (20.1) 0 14 (6.9) 2 (1.0) 35 (15.6) 0
Headache 39 (19.1) 0 13 (6.4) 0 35 (15.6) 8 (3.6)
Epistaxis 37 (18.1) 0 0 0 34 (15.1) 5 (2.2)
Anemia 34 (16.7) 10 (4.9) 7 (3.4) 0 32 (14.2) 0
Noninfectious pneumonitis‡ 34 (16.7) 5 (2.5) 0 0 23 (10.2) 1 (, 1)
Weight loss 34 (16.7) 0 11 (5.4) 0 31 (13.8) 0
Dysgeusia 34 (16.7) 0 8 (3.9) 0 30 (13.3) 0
Pruritus 31 (15.2) 0 18 (8.9) 0 26 (11.6) 0
Vomiting 30 (14.7) 0 13 (6.4) 0 24 (10.7) 0
Hyperglycemia 29 (14.2) 12 (5.9) 10 (4.9) 5 (2.5) 23 (10.2) 7 (3.1)
Thrombocytopenia 26 (12.7) 8 (3.9) 1 (, 1) 0 22 (9.8) 10 (4.4)
Asthenia 26 (12.7) 2 (1.0) 17 (8.4) 2 (1.0) 22 (9.8) 2 (, 1)
Cough 26 (12.7) 0 3 (1.5) 0 22 (9.8) 0
Nail disorder 25 (12.3) 1 (, 1) 2 (1.0) 0 22 (9.8) 0
Pyrexia 24 (11.8) 0 0 0 21 (9.3) 4 (1.8)
Dry skin 21 (10.3) 0 9 (4.4) 0 18 (8.0) 2 (, 1)

*Included in this category are stomatitis, aphthous stomatitis, mouth ulceration, and tongue ulceration.
†All types of infections are included.
‡Included in this category are pneumonitis, interstitial lung disease, lung infiltration, and pulmonary fibrosis.
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estimation of OS, as opposed to time to disease progression end
points such as PFS, is sensitive to the confounding effects of
poststudy treatment, which are generally subject to the discretion of
the treating physician.15

Results from multiple studies have indicated the baseline
CgA level as a prognostic factor for PFS in pancreatic NET and
gastroenteropancreatic NET.8,16,17 NSE, however, is a less spe-
cific biomarker for NET, with only some preliminary association
demonstrated with disease progression and survival. The results of
this randomized, placebo-controlled, large phase III trial have
confirmed that higher baseline levels of both CgA and NSE are
poor prognostic factors of survival in patients with pancreatic NET.
In this analysis, in fact, the NSE level seemed to be a stronger
prognostic factor for OS than did CgA. This finding is consistent
with our previous observation of their correlation with PFS in this
trial.18 A potential clinical implication of this observation is to
consider the baseline NSE level as a stratification factor in pro-
spective randomized clinical trials in patients with pancreatic NET.

NET are highly vascularized and are capable of synthesizing
VEGF to promote angiogenesis. Circulating proangiogenic bio-
markers have been explored as predictors of efficacy for targeted
agents such as everolimus, bevacizumab, sunitinib, and pazopanib
and have a potential prognostic value in NET.18-20 The results of
our prognostic analysis of angiogenic biomarkers for OS are
consistent with a similar analysis for PFS in the RADIANT-3 study
and other studies in patients with NET.18,21,22 A predictive signal
for PFS was not identified for any of the biomarkers.18 Among the
five angiogenic biomarkers, PIGF was identified as an independent
prognostic factor on the basis of the multivariate analysis, sug-
gesting that the circulating levels of the other molecules might have
only a moderate effect on the disease progression. A meaningful
correlation of OS with treatment of predictive signal search cannot
be performed owing to crossover of a large number of patients
from the placebo arm to the everolimus arm.

In conclusion, in the randomized, placebo-controlled, phase
III RADIANT-3 study, everolimus demonstrated unprecedented
median OS of 44.0 months in patients with advanced, progressive
pancreatic NET. Although statistically not significant, the survival
benefit of 6.3 months with everolimus is clinically meaningful.
Survival was independent of baseline levels of angiogenic bio-
markers or tumor biomarkers. A stronger OS advantage with
everolimus after a correction for crossover effect confirms the
presence of a likely confounding effect caused by crossover of the
majority of patients from the placebo arm. The safety of everolimus
was also consistent with previous experience, and no new safety
findings were observed.
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Appendix

METHODS
Overall Survival Estimation. Progression-free survival (PFS) and overall survival (OS) were tested hierarchically. The OS

analysis testing used one-sided group sequential log-rank tests with one interim analysis. If the test of primary end point of PFS was
significant, an interim OS analysis was reported together with the PFS analysis (data cutoff date, February 28, 2010). The interim
analysis of the OS test did not the cross prespecified boundary for statistical significance.6 At that time, the OS data were immature,
with a total of 101 deaths reported in the study (51 in the everolimus arm and 50 in the placebo arm).

As per protocol, the final survival analysis was to be performed when approximately 250 events were reported. On the basis of
the assumptions of a constant hazard ratio of 0.70, a total of 250 survival events would allow at least 80% power to demonstrate
a 30% reduction of risk. The one-sided type I error of 0.025 was controlled by using a Lan-DeMets-O’Brien-Fleming error spending
function. At the time of the final analysis, the nominal a level required for statistical significance was 0.0249.

RESULTS

Table A1. Baseline Demographic and Disease Characteristics

Characteristic
Everolimus (n = 207),

No. (%)
Placebo (n = 203),

No. (%)

Median age, years (range) 58 (23-87) 57 (20-82)
Men 110 (53) 117 (58)
Women 97 (47) 86 (42)
WHO performance status
0 139 (67) 133 (66)
1 62 (30) 64 (32)
2 6 (3) 6 (3)

Histologic status of tumor
Well differentiated 170 (82) 171 (84)
Moderately differentiated 35 (17) 30 (15)
Unknown 2 (1) 2 (1)

Time from initial diagnosis
# 6 months 24 (12) 33 (16)
. 6 months to # 2 years 65 (31) 43 (21)
. 2 years to # 5 years 54 (26) 81 (40)
. 5 years 64 (31) 46 (23)

Time from disease progression
to random assignment,
months

# 1 73 (35) 61 (30)
. 1 to # 2 43 (21) 53 (26)
. 2 to # 3 30 (14) 29 (14)
. 3 to # 12 58 (28) 54 (27)
. 12 3 (1) 1 (, 1)

No. disease sites
1 51 (25) 62 (31)
2 85 (41) 64 (32)
$ 3 70 (34) 77 (38)

Organ involved
Liver 190 (92) 187 (92)
Pancreas 92 (44) 84 (41)
Lymph Nodes 68 (33) 73 (36)
Lung 28 (14) 30 (15)
Bone 13 (6) 29 (17)
Other 53 (26) 56 (28)

No. patients with baseline CgA 205 201
Elevated CgA 84 (41) 103 (51)
No. patients with baseline NSE 203 194
Elevated NSE 48 (24) 56 (29)

Abbreviations: CgA, chromogranin A; NSE, neuron-specific enolase.
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Table A2. Yearly Kaplan-Meier Estimates

Survival Rate Everolimus (n = 207) Placebo (n = 203) RPSFT-Corrected Placebo

Years
1 82.6 (76.6 to 87.2) 82.0 (75.9 to 86.7) 74.9 (68.1 to 80.4)
2 67.7 (60.7 to 73.8) 64.0 (56.8 to 70.2) # 55.6 (NA to NA)
3 56.7 (49.4 to 63.3) 50.9 (43.6 to 57.7) NA (NA to NA)
4 46.9 (39.7 to 53.8) 41.3 (34.3 to 48.1) NA (NA to NA)
5 34.7 (27.7 to 41.7) 35.5 (28.7 to 42.4) NA (NA to NA)

K-M distribution, 25th percentile (95% CI), months 17.9 (13.9 to 22.8) 17.0 (13.1 to 21.6) 11.9 (8.3 to 15.5)

Abbreviations: NA, not assessable; RPSFT, Rank-Preserving Structural Failure Time.

Table A3. Median and Range of Baseline Biomarker Levels in Overall Biomarker Population and by Treatment Arm

Biomarker (No. Evaluable Samples)
Overall Population, pg/mL,

Median (range)
Everolimus, pg/mL,
Median (range)

Placebo, pg/mL,
Median (range)

CgA (406) 55.7 (3.8-88,320) 42.4 (3.8-8,864.7) 79.1 (4.7-88,320)
NSE (397) 4.7 (0-463.5) 4.6 (0-463.5) 5.0 (0-156)
PIGF (393) 22.7 (9.8-3,985.5) 21.7 (9.8-3,985.5) 23.0 (10.1-651.1)
sVEGFR1 (393) 210.5 (83.3-3,319.7) 209.6 (92.3-3,319.7) 212.2 (83.3-1,897.7)
sVEGFR2 (390) 30,135.8 (11,169.4-61,360.2) 29,265.7 (12,970.8-61,360.2) 30,696.6 (11,169.4-59,130.1)
VEGF-A (393) 197.1 (17.6-2,466.3) 167.3 (17.6-2,466.3) 203.0 (46.1-1,903.5)
bFGF (393) 20.6 (2.2-824) 18.3 (2.2-824) 23.8 (2.2-633.3)

Abbreviations: bFGF, basic fibroblast growth factor; CgA, chromogranin A; NSE, neuron-specific enolase; PIGF, placental growth factor; sVEGFR1 and 2, soluble
vascular endothelial growth factor receptor 1 and 2; VEGF-A, vascular endothelial growth factor A.

Table A4. Median OS of Subgroups Defined by CgA (23 ULN as cutoff), NSE (13 ULN as cutoff), PIGF, sVEGFR1, sVEGFR2, VEGF, bFGF (median values as cutoff)

Biomarker Subgroup No. Patients No. Events Median OS (95% CI), months

CgA High 191 141 27.76 (22.34 to 33.41)
Low 215 112 57.2 (47.05 to 62.59)

NSE High 107 86 16.1 (13.57 to 22.08)
Low 290 158 52.9 (43.1 to 60.91)

PIGF High 197 140 27.83 (22.24 to 34.53)
Low 196 105 55.26 (47.61 to 62.59)

sVEGFR-1 High 197 133 30.29 (22.24 to 39.33)
Low 112 196 50.23 (40.87 to 58.58)

sVEGFR-2 High 195 122 34.76 (28.45 to 47.61)
Low 195 121 43.83 (39.29 to 51.06)

VEGF-A High 197 128 30.72 (23.75 to 39.56)
Low 196 117 49.77 (40.87 to 56.15)

bFGF High 197 122 37.68 (30.49 to 51.06)
Low 196 123 42.41 (35.12 to 49.77)

Abbreviations: bFGF, basic fibroblast growth factor; CgA, chromogranin A; NSE, neuron-specific enolase; OS, overall survival; PIGF, placental growth factor; sVEGFR1
and 2, soluble vascular endothelial growth factor receptor 1 and 2; VEGF-A, vascular endothelial growth factor A; ULN, upper limit of normal.
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Table A5. On-Treatment Deaths (Safety Set)

On-Treatment Deaths
Everolimus (double-blind
phase; n = 204), No. (%)

Placebo (double-blind
phase; n = 203), No. (%)

Open-Label Everolimus,
(n = 225), No. (%)

Total* 12 (6) 4 (2) 15 (7)
Due to underlying malignancy or

disease progression
5 (3) 3 (2) 11 (5)

Due to other cause 7 (3) 1 (, 1) 4 (2)
Infection 1 (, 1) 0 0
Pneumonia 1 (, 1) 0 0
Cardiac arrest 1 (, 1) 0 1 (, 1)
Sudden death 1 (, 1) 0 2 (1)
Hepatic failure 1 (, 1) 0 0
Acute Renal failure 1 (, 1) 0 0
Acute respiratory distress syndrome 1 (, 1) 0 0
Pulmonary embolism 0 1 (, 1) 0
Hypoglycemia 0 0 1 (, 1)

*Deaths include those that occurred during receipt of study medication or within the initial 28 days of discontinuing therapy.
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