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ABSTRACT

In the past 3 years, we have witnessed the completion of
four randomized phase III studies in neuroendocrine tu-
mors and the approval of two new drugs, everolimus and
sunitinib, for the treatment of patients with well-differen-
tiated pancreatic neuroendocrine tumors. These studies
demonstrate a shift from case series and single-arm studies
toward prospective, randomized controlled clinical trials
and evidence-based therapy in the neuroendocrine tumor
field. However, the clinical development of these agents

also highlights the potential challenges awaiting other new
drugs in this area. Herein, we discuss the strengths and
weaknesses of the most recent phase II and phase III neu-
roendocrine tumor studies and discuss how limitations in-
herent in current trial design can lead to potential pitfalls.
We also discuss how trial design can be improved, with the
hope of increasing the number of drugs successfully devel-
oped to treat patientswith neuroendocrine tumors. TheOn-
cologist2013;18:000–000

Implications for Practice: With the approval of twonewdrugs, everolimus and sunitinib, for the treatment of patientswithwell-
differentiated pancreatic neuroendocrine tumors, we arewitnessing a shift from case series and single-arm studies toward pro-
spective, randomized controlled clinical trials and evidence-based therapy in the neuroendocrine tumor field. However, the
clinical development of these agents highlights the potential challenges awaiting other new drugs in this area. Focusing on the
strengths, weaknesses, and limitations inherent in trial design can help identify pitfalls and potentially hasten the approval of
drugs successfully developed to treat patients with neuroendocrine tumors.

INTRODUCTION

Although the incidence and prevalence of other types of can-
cer are decreasing inmany countries [1, 2], diagnoses of neu-
roendocrine tumors (NET) appear to be increasing [3, 4].
Recent analysis of surveillance, epidemiology, andend results
data from the United States has shown that the age-adjusted
incidence of NET has increased almost fivefold over the past
three decades, from 1.09 per 100,000 in 1973, to 5.25 per
100,000 in 2004 [3].

Early in the course of the disease, most patients with NET
lack specific symptoms, resulting in frequent delays in diagno-
sis [5]. More than 50% of patients with NET have regional or
distant metastatic disease at diagnosis. Prognosis varies
widely,dependingongrade (proliferative rate), stage,andpri-
mary tumor site. Clinical trial designanddiseasemanagement
pose a significant challenge because of the heterogeneous
clinical presentations and the varying degrees of aggressive-
ness. For example, patients with large-volume functional tu-
mors may require medical therapies for symptom control in
addition to antitumor treatments. In contrast, patients with
low-volume nonfunctional tumors are often completely

asymptomatic and can be monitored expectantly for months
and sometimes years.

For patients with diagnoses of localized NET, surgical re-
section is the treatment of choice; for patientswith advanced
disease, on theotherhand, therapeutic options are limited [6,
7]. First-line therapy in patients with advanced, functioning
tumors usually involves a somatostatin analog, most com-
monly octreotide or lanreotide (not approved for carcinoid
syndrome in theUnitedStates) [6,7].Recentdatasuggest that
octreotide long-acting repeatable (LAR) may also delay dis-
ease progression among patients with advanced midgut NET
[8]. Until recently, additionaleffective systemic therapies foron-
cologic control were lacking. Before 2011, streptozocin was the
only approved therapeutic agent for unresectable pancreatic
NET. Its efficacy, however,was questionable, especially for non-
pancreatic NET, and its toxicity was evident [9–11]. Although
manyagentshadbeenstudiedinsmallphaseII trials [12],nonew
agentshadbeenapproved in thepastquarter century.

Better understanding of the mechanisms driving tumor
growth has led to the development of several targeted anti-
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cancer agents [10, 13]. Two agents inhibiting relevant molec-
ular targets have now been approved by the U.S. Food and
Drug Administration for the treatment of patients with pro-
gressive, well-differentiated pancreatic NET: the vascular en-
dothelial growth factor receptor-tyrosine kinase inhibitor
(VEGFr-TKI) sunitinib,andthemammaliantargetof rapamycin
(mTOR) inhibitor everolimus [9, 14, 15]. Inphase III trials, both
agents were associated with improved progression-free sur-
vival (PFS) compared with placebo [16, 17]. Both agents are
now recommended in the most recently updated NET treat-
ment guidelines [7, 18, 19]. Here we discuss what we have
learned in the past decade, and how clinical trial design could
and should be improved to increase the number of drugs suc-
cessfully developed to treat patients with NET.

PHASE II CLINICAL TRIALS INNET

Challenges in Past NET Trials
Although low success rates are common in phase II studies,
failure is even more likely to occur with NET, given the tumor
heterogeneity and rarity. A recent review [20] of clinical trials
carried out between 2000 and 2011 in patients with NET indi-
cates significant intertrial variability and lack of easily compa-
rable data to aid interpretation. Of 46 articles evaluated, 39
involved phase II trials; of those, 36 (92%) were single-arm
studies, and three (8%) were randomized studies. These 39
studies varied widely in size, ranging from just 17 patients to
more than150 [21, 22]. Although sample sizes in somestudies
were driven by statistical considerations [23, 24], others
seemed tobebasedpurelyon feasibility [25]. Studypopulations
werealsoextremelyvariable,with less than25%of trials specify-
ingasingle tumor typeandtheremainderenrollingvariouscom-
binationsofcarcinoidtumorsorpancreaticNET.Sometrialseven
allowed the inclusionofotherendocrine tumor types [20–22].

The selection and reporting ofNET trial endpoints also left
much to be desired. Only 72% of trials carried out between
2000 and 2011 clearly defined their primary endpoint; more-
over, endpoints differed according to the agent under assess-
ment [20]. Intent-to-treat (ITT) analyses were often missing.
Older studies frequently used objective response rate (ORR)
as the primary outcome measure, potentially missing effects
onPFS,whichnow is commonlyused toassessefficacy, partic-
ularly for newer targeted agents. Of particular note, because
many phase II studies did not meet their prespecified out-
comes,many reports reveal a discordance between the inter-
pretation of study results based on prespecified study design
parameters and the interpretation providedby the authors of
the publication [20].

Variability in past phase II clinical studies in NET is the re-
sult of multiple factors. Some studies were clearly subopti-
mally designed or conducted. At the same time, recent years
have seen a clear evolution in thinking about NET trial design.
Only recently has it become clear that different types of NET
respond differently to therapeutic agents, that PFS is a sup-
portableendpoint, and that large, randomized trials in thispa-
tient population are feasible.

Recent Phase II Studies in NET
Everolimus and sunitinib provide two examples of targeted
agents that progressed fromphase II trials to further develop-
ment in patients with pancreatic NET on the basis of single-

arm, open-label studies [23, 24]. Evidence of their activity in
NET was provided by several prospective phase II studies.
Everolimuswasevaluated in combinationwithoctreotideLAR
in a phase II open-label study in 60 patients [26]. On the basis
of the ITTanalysismethod, theoverall response ratewas20%.
Of 30 patients with carcinoid, five (17%) had partial response
and 24 (80%) had stable disease. Median PFS was 63 weeks
(approximately 14.7 months). Of 30 patients with pancreatic
NET, eight (27%) hadpartial response and18 (60%) had stable
disease. Median PFS was 50 weeks (approximately 11.6
months). The larger phase II RADIANT-1 study of everolimus
enrolled only pancreatic NET patients with Response Evalua-
tion Criteria In Solid Tumors (RECIST) progression after cyto-
toxic chemotherapy. The study was stratified by ongoing
octreotide therapy at study entry, with those receiving oc-
treotide required to show evidence of disease progression
while taking octreotide [24]. Patients in stratum 1 received
everolimus 10 mg/day, and those in stratum 2 received
everolimus 10mg/day plus octreotide LAR intramuscularly at
the prestudy dose (�30 mg). A two-stage Simon design with
response rate was used. By central review, the ORRwas 9.6%
in stratum1and4.4% in stratum2,withmedianPFSof 9.7 and
16.7 months, respectively, in this refractory population [24].
Differences in response in these two trials despite the same
drugand tumor type likely reflect theheterogeneity of thepa-
tient population and illustrate the importance of consistent
entry eligibility.

Thephase II studyof sunitinib enrolledpatientswith carci-
noid tumorsandpancreaticNET inseparatestrataandusedan
open-label, Simon two-stage design to evaluate efficacy on
thebasisofORR[23]. InpatientswithpancreaticNET,ORRwas
16.7% andmedian PFSwas 7.7months. However, lack of con-
firmed responses in carcinoid patients during the first enroll-
ment stage led toearly terminationof the carcinoid cohort for
presumed futility [23].

Recommendations for Future Phase II Studies
Interpretation of results from single-arm phase II studies can
bechallenging. Evidenceof tumor response in thephase II set-
ting is generally interpretedasevidenceof activity [27, 28]; in-
deed, the fact that both sunitinib and everolimus were
associated with responses in phase II led to phase III studies
that proved successful. However, if a drug is associated with
an improvement only in PFS in the absence of tumor regres-
sion, thiswill notbepickedup inasingle-armphase II studyun-
less it is adramatic improvementoverhistorical controls. Such
cross-study comparisons are extremely difficult in NET, given
the heterogeneous clinical characteristics of this patient pop-
ulation. Analysis of single-arm trials has in fact indicated that
random and systematic variation in historical control data
could increase type 1 (false-positive) error rates by twofold to
fourfold [27]. Oneway to try to limit this variability and to im-
prove theability tousehistorical controls is touseuniformen-
try criteria. In more recent neuroendocrine studies, this has
increasingly been accomplished by separating carcinoid NET
frompancreaticNETandby requiring evidenceof progression
within a fixed time period before study entry.

Novel agentsmayalsobe tested inpatientpopulationsde-
fined by diagnostic tests or biomarkers. Prognostic biomark-
ers canbeused to select patientswithmoreaggressive course
for treatment and can be used as stratification factors in ran-
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domized studies to balance arms. Predictive biomarkers can
be used to select patients likely to benefit from specific treat-
ments. Numerous studies have recognized the prognostic sig-
nificance of chromogranin A [28]. Biomarker analyses of the
RADIANT-1 data recently demonstrated the prognostic signif-
icanceofneuron-specificenolase inpancreaticNET[29].How-
ever, the interpretation of studies using diagnostic tests or
biomarkers to select patients requires caution. Single-arm
studies generally cannot differentiate the prognostic effect of
such tests or biomarkers from the treatment effect, making
subsequent comparison with historical controls impossible
[30]. Forexample, studieswithpeptide receptor radiotherapy
(PRRT) select patients with positive 111In-DTPA0-octreotide
scintigraphy results. However, it is also known that positive
111In-DTPA0-octreotide scintigraphy results portend a more
indolent course; patients selected for these studieswill inher-
ently havebetteroutcomes thanmosthistorical controls [31].
Interpretation of PFS and overall survival (OS) results from
such studies in particular requires randomization.

Although the problems inherent in the single-arm trial de-
sign can be overcome by using a randomized trial design [30,
32], the role of randomization in the phase II setting remains
controversial [27]. Accrual may also be an issue because ran-
domized trials require a greater number of patients [33]; for
raretumortypes, suchassomeNETsubtypes, recruitmenttoa
randomized study from an already limited patient population
may become problematic. The sample size for randomized
phase II trials can be reduced by liberalizing the statistical pa-
rameters for type 1 and type 2 errors [27, 34]. Calculations in-
dicate that even with such liberalization, the rate of false
positives, and thus the phase III failure rate, may be better
than that seen with the current system [27]. Another major
concern is thata randomizedphase II study,althoughsubstan-
tiallyunderpowered,maybe judgedasbeingas informativeas
a phase III study [32]. The high type 1 error rate and the low
power inherent in randomized phase II designs, however, al-
low for only hypothesis generation and estimation of treat-
ment effect; the results of randomized phase II studies should
not be used to guide standard therapy.

Efficacy endpoints traditionally used in phase II oncol-
ogy trials are imperfect predictors of benefit in phase III.
The RECIST criteria for measuring tumor burden [35, 36]
were designed primarily for cytotoxic agents and have clear
limitations foranticancer treatments thatmayprovideclinical
benefit for patients without causingmarked tumor shrinkage
[37–39]. Moreover, the assumption that improvement in re-
sponse rate will lead to improvement in clinical outcomes for
patients has not always been borne out in subsequent phase
III studies [40]. PFShasbecomethepreferredendpoint formost
phase II studies of targeted agents. However, it should generally
be assessed using a randomized phase II design. In such studies,
continuous measure of tumor size using waterfall and spider
plots may provide additional information [41]. Unfortunately,
thesemethodsareusedonly forqualitativeassessment.

PHASE III TRIALS INNET
The completion of phase III studies in recent years has been a
landmark achievement. Recent studies have provided rigor-
ous,prospectiveevidencesupporting theuseofoctreotide for
tumor control in patients with advanced carcinoid, as well as

the use of everolimus or sunitinib in patients with advanced
pancreatic NET. At the same time, these studies have high-
lighted unanticipated issues and challenges that may be more
commoninNETtrialsthanintrialsevaluatingothermalignancies.

Octreotide and the PROMID Study
For almost 30 years, octreotide has been used to treat the
symptoms of NET (e.g., flushing, diarrhea) with considerable
success [42, 43].However, PROMID (placebo-controlled, dou-
ble-blind, prospective, randomized study on the effect of oc-
treotide LAR in the control of tumor growth in patients with
metastatic neuroendocrinemidgut tumors) was the first and,
thus far, the only phase III trial to showan antiproliferative ef-
fect with a somatostatin analog. The PROMID study (Fig. 1A)
was a placebo-controlled, randomized, phase III study (N �
85) that demonstrated the antitumor efficacy of octreotide
LAR in patients with advanced midgut NET [8]. The primary
outcome measure was time to progression (TTP), and tumor
responsewas judgedbyablinded,central reader,accordingto
World Health Organization criteria. Secondary endpoints in-
cluded OS, quality of life, and biochemical response. In this
study,median TTPwas 14.3months in theoctreotide LARarm
and 6.0 months in the placebo arm (hazard ratio [HR], 0.34;
95% confidence interval [CI], 0.20–0.59; p� .00007) [8]. Sta-
ble disease was observed in 67% of octreotide LAR–treated
patients compared with 37% of placebo patients, with no
complete responses observed in either treatment group.

Although the PROMID study undoubtedly provides inter-
esting and suggestive information, the results of this small,
prospective trial should be interpretedwith caution. PROMID
enrolled just 85 carcinoid patients in a single country, all of
whomwere treatmentnaive,making it difficult toextrapolate
the results to other NET populations. The original plan was to
enroll 162patients, but the trialwas terminatedearly at apre-
planned interim analysis [8]. It is possible that the early termi-
nation of PROMID led to overestimation of the treatment
effect; although the study group intended to perform yearly
follow-ups,nofurtherdatahavebeenpublished.PROMIDwas
intended to provide robust results by including a statistically
significant TTP endpoint plus specification of an HR of 0.60 to
detect a clinically meaningful difference [8]. In addition, imbal-
ances in the twoarmsoccurreddespite the randomized trial de-
sign. For example, the median time since diagnosis was 7.5
months in the experimental arm versus 3.3 months in the pla-
ceboarm(p� .01).Patientshadtohavehadstablediseasetoen-
roll in this trial, and the longer time since diagnosis in the
experimental arm could suggest that those patientsmight have
had more indolent disease. Also, more patients in the placebo
armhadgreater than50% liver involvement (4.8%vs. 11.6%).

Overall, however, PROMIDdid support a long-held feeling
by clinicians that octreotide may lead to antitumor effects in
addition to symptomatic responses in someNETpatients; and
in response to PROMID, several guidelines for treatment of
NETwereupdatedtorecommend20–30mgofoctreotideLAR
in patients with recurrent or unresectable gastrointestinal
NET [44–47]. A recent review summarizes 27 additional stud-
ies that have reported the antitumor efficacy of the soma-
tostatin analogs octreotide (16 studies) and lanreotide (11
studies) in gastroenteropancreatic NET [48]. There are two
additional randomized, placebo-controlled, phase III trials
of somatostatin analogs in patients with nonfunctioning in-
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testinal and pancreatic NETs that may also provide evi-
dence of antitumor efficacy of somatostatin analogs. The
multicenter, randomized, blinded efficacy and safety trial of
the investigational somatostatin analog pasireotide LAR ver-
sus octreotide LAR in patients with metastatic NET and dis-
ease-related symptoms not controlled by currently available
somatostatin analogs has recently been completed
(NCT00690430). The CLARINET trial (NCT00353496), an inter-

national, randomized, placebo-controlled, phase III trial of
204 patients with nonfunctioning intestinal and pancreatic
NETs, with the majority of patients (43%) having pancreatic
NET,will be completed in 2013 [49]. In addition, a randomized
phase II study, COOPERATE-2 (NCT01374451), evaluating the
addition of pasireotide to everolimus, has completed accrual.
These studies will provide invaluable insight regarding the role
that somatostatin analogsmayhaveasantitumoragents inNET.

Phase III Study of Sunitinib in Pancreatic NET
The VEGFr-TKI sunitinib (37.5 mg/day) was evaluated in a
phase III prospective, multicenter, international, double-
blind, placebo-controlled study of patients (N � 171) with
well-differentiated pancreatic NET that were advanced, met-
astatic, or both (Fig. 1C). The primary study endpoint was PFS
[17]. Although only one interim analysis had been planned,
the Data Safety Monitoring Committee (DSMC) recom-
mended termination after a third unplanned interim analysis,
after observation of more deaths and serious adverse events
in the placebo arm of the study [17]. At the final analysis, PFS
favored sunitinib (median, 11.4 months vs. 5.5 months with
placebo; HR, 0.42; 95% CI, 0.26–0.66; p � .001). Although
sunitinibappearedtobeassociatedwith improvedOS inapre-
liminary report based on 30 survival events [17], subsequent
analyses did not demonstrate a survival advantage [42, 43].
The lack of a survival advantage may have been related, in
part, to the fact that most patients in the placebo arm subse-
quently received sunitinib as part of a second study [42, 43].

Positive results of this study led toapproval of sunitinib for
patientswithadvancedpancreaticNET.Althoughthere is little
disagreement that the study demonstrated that sunitinib has
activity in this setting, several aspects of the study limit inter-
pretation of the actual effect size [50]. First, the performance
of unplanned efficacy analyses led to an uncontrolled type 1
error rate [42].Whenadjusted for thenumberof interimanal-
ysesactually taken, theobservedPFSdifference failed tocross
the Lan-Demets and O’Brien-Fleming efficacy boundary for
statistical significance. Second, theearly interimefficacy anal-
yses may have led to an overestimation of treatment effect
because of the fact that large, random fluctuations of esti-
matedtreatmenteffectmayoccurearly in theprogressof ran-
domized studies [42]. In one large analysis of randomized,
controlled trials, the authors estimated that studies that ter-
minateearlymayoverestimate treatment effect by a factor of
0.71 [51]. In fact, subsequent OS reanalyses of the sunitinib
data at a 43% event rate estimate nearly equal OS in the
sunitinib and placebo arms (40% and 46%, respectively; HR,
0.74; 95% CI, 0.47–1.17) [50]. As in the PROMID study, early
termination and the consequent smaller sample size increased
the probability that imbalance in the arms could have contrib-
uted to the results [50]. Indeed, in this study, imbalances in ran-
domization were seen with regard to Eastern Cooperative
Oncology Group (ECOG) performance status (PS), extent of dis-
ease, and thepresenceofextrahepaticmetastases [17].

Everolimus in the RADIANT-3 Study
Everolimus, theoral inhibitorofmTOR[52],hasdemonstrated
antitumor efficacy in patients with advanced NET in phase III
clinical studies [53]. In the large, prospective, international,
multicenter, randomized, double-blind, placebo-controlled,
phase III RADIANT-3 trial (Fig. 1B), involving 410 patients with

Figure 1. Study design in phase III trials in NET. (A) The PROMID
trial of octreotide LAR [8]. (B)TheRADIANT-3 studyof everolimus
[12]. (C) Study A6181111 of sunitinib [12]. (D) The RADIANT-2
study of everolimus plus octreotide LAR [58]. (B and C are re-
printed from Cancer Treatment Reviews©2012 with permission
from Elsevier, Ltd. [12]).
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progressing low- or intermediate-grade advanced pancreatic
NET,everolimus10mg/dayplusbest supportivecare (BSC) com-
paredwith placeboplus BSCdemonstrated a 6.4-monthprolon-
gation of median PFS as assessed by the local investigator (11.0
months vs. 4.6months; HR, 0.35; 95%CI, 0.27–0.45; p� .0001)
[16].Resultsfromcentralassessmentwereconsistentwiththose
oftheinvestigatoranalysis,recordingmedianPFSof11.4months
witheverolimuscomparedwith5.4monthswith placebo. Anal-
yses of hormonal markers also demonstrated significant re-
ductions in tumor-secreted hormones such as gastrin and
glucagonamong thosewithelevatedmarkersatbaseline [47].

Although the results of this studyare robustwith regard to
the progression-free survival endpoint, as in the sunitinib
study, no differences in overall survival were observed be-
tween the two arms. Although such a trend could have been
obscured because of the inclusion of a crossover arm in the
study design, improvements in PFS in studies with other ma-
lignancies nevertheless have often translated into trends fa-
voringOS. In patientswith neuroendocrine tumors, however,
an OS endpoint is problematic, in large part because of the
sometimes prolonged overall survival times in such patients.
Estimation of OS, especially after disease progression, can be
challenging if it is long in duration and if patientswith rare dis-
eases are treated. For example, a phase III study with 90%
power to detect a 6-month improvement inOS (from24 to 30
months) in pancreaticNETwould requiremore than1,400pa-
tients—a number that far exceeds the total number of pa-
tients with newly diagnosed advanced disease in the United
States. A similar carcinoid study conducted to detect a
6-month improvement in OS (from 4 to 4.5 years) would re-
quire more than 7,000 patients. Taking into account these
considerations, an expert group that convened for a NET clin-
ical trial planning meeting sponsored by the National Cancer
Institute concluded that PFS, rather than OS, is the appropri-
ate primary endpoint formost phase III studies in NET.

However, the inclusion of PFS as a primary endpoint in
phase III studies isnotwithoutcontroversy,withsomearguing
that extending PFS does not provide any discernible clinical
benefit to patients unless it is combined with other quantity-
or quality-of-life advantages [54–56]. PFS estimates can be
subjected to bias because of differences in evaluation times
between treatment arms, making establishment of appropri-
ate time points for measuring disease progression of critical
importance [57]. In addition, given thatmissing data can com-
plicate the analysis of PFS, the method for analyzing incom-
plete data and any censoring methods used should be clearly
specified in the trial protocol, alongwith preplanned sensitiv-
ity analyses, toevaluate the robustnessof the results [58]. PFS
is also subject to potential investigator bias in reporting re-
sults, resulting inarecommendationforcentral, independent,
blinded review or auditing to be used in pivotal phase III stud-
ies when true blinding is not possible [57].

Everolimus Plus Octreotide LAR in the
RADIANT-2 Study
RADIANT-2 was a large, randomized, double-blind, placebo-
controlled phase III trial of everolimus plus octreotide LAR in
429 patients with advanced, progressive NET with carcinoid
symptoms (Fig. 1D) [59]. Patients were randomly assigned to
receive everolimus�octreotide LARor placebo�octreotide

LAR. TheprimaryendpointwasPFSassessedby central radiol-
ogy review. Patients on placebowere allowed to cross over to
everolimus on disease progression. As assessed by central re-
view, median PFS was 16.4months for the combination com-
pared with 11.3 months for octreotide LAR alone (HR, 0.77;
95% CI, 0.59–1.00; one-sided log-rank test, p � .026; pre-
specified boundary for significance, p � .0246); the study
therefore did notmeet its prespecified endpoint [59].

A unique issue in this study, and one that may be more
prevalent inNET studies than in studiesofothermalignancies,
was the possible effect of informative censoring (i.e., deter-
miningwhetherpatientswhowere takenoff therapyearlybe-
cause of investigator-assessed radiologic progression and
thenwere censoredby central review could have affected the
results). More PFS events were observed in both the everoli-
musarmandtheplaceboarmby local investigator reviewthan
bycentral review, suggestingan impactof informativecensor-
ing. The radiological assessment discrepancies between local
investigator and central review resulted in a loss of events. In-
formative censoring likely occurred because patient treat-
ment was based on local investigator review, whereas
endpoint assessment was based on central review.When the
local investigator determined that progression had occurred,
patients receiving placebo were allowed to cross over to
everolimus. If subsequent central review failed to confirm
that the progression threshold had been crossed, these pa-
tients were then censored, and the central radiologist was ef-
fectively prevented from seeing the progression event, which
may have come during the subsequent interval. This likely re-
sulted in inflated PFS values in the placebo arm and reduced
study power. An additional issue in the RADIANT-2 study was
the heterogeneity of the patient population. Patient popula-
tions enrolled in RADIANT-3, PROMID, and the sunitinib trial
were precisely defined and were relatively homogeneous. In
contrast, the patient population enrolled in RADIANT-2 was
heterogeneous, including patientswith carcinoid tumors that
arose in diverse locations and likely had different clinical be-
haviors. This diversity resulted in baseline imbalances that
might have affected outcomes [59].

Appropriate Design and Implementation of Future
Phase III Trials in NET
As observed in the previous examples, several aspects of
phase III trials requireparticular attentionwhenapplied topa-
tients with neuroendocrine tumors. One such issue is patient
heterogeneity. Although patient populations enrolled in
RADIANT-3, PROMID, and the sunitinib trial were carefully se-
lectedandwere relatively homogeneous, patientpopulations
enrolled inRADIANT-2wereheterogeneous, resulting inbase-
line imbalances that might have adversely influenced out-
comes. These same studies, however, also provide an
opportunity for a detailed, prospective analysis of prognostic
as well as potential predictivemarkers that could be included
as stratification factors in future studies. One such example is
baseline chromogranin A [28], which appears to be a strong
prognostic factor and is already currently included as a strati-
fication factor in ongoing neuroendocrine tumor studies.

In part because of the heterogeneity of neuroendocrine
tumors, early discontinuation of study accrual in neuroendo-
crine tumor trialsmay lead to a significant risk of imbalance in
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the treatment and control arms, as noted in the PROMID and
sunitinib randomized trials. Early discontinuation is particu-
larly problematic when it is based on unplanned interim anal-
yses [50]. Particularly with a PFS endpoint, the decision to
subsequently use the drug depends on weighing the magni-
tude of the benefit against its potential toxicity. Early interim
analyses and early stopping limit the ability to estimate the
magnitude of the PFS benefit [50].

Several other questions highlighted in recent NET random-
ized studies relate to the use of crossover designs, in which pa-
tients in the standard treatment arm receive the investigational
agent at the time of tumor progression. Crossover has also re-
centlybecomeanareaofcontroversyforrandomized,controlled
studies.Healthauthoritiesandsomestatisticianshavecautioned
against crossover. Onemajor source of concern, best illustrated
in the RADIANT-2 study, which based its primary endpoint on
central radiology review, is that crossover of the control arm to
the investigational therapy based on investigator-determined
progressioncan leadtoanimbalance incensoring.Such informa-
tivecensoringhasthepotentialtogeneratebiasandinflatePFSin
the control arm. Theeffect of crossoveroncensoringandonPFS
estimates can be addressed by the use of investigator review
datawhen true blinding is possible. Alternatively, real-time cen-
tral review could be used tominimize informative censoring, or
sponsors coulddecide tonot censorpatients for the start ofnew
anticancer therapy. Although the latter approach would mini-
mize informativecensoring-inducedbias, it could leadto inflated
PFSestimates inbotharms.

Another reason cited for avoiding crossover is that cross-
over tends to confound analyses of OS. The use of a formal
crossover in RADIANT-3, as well as what was effectively a
crossover in the randomized sunitinib study, may have con-
tributed to the lack of survival benefit observed in these stud-
ies.However, theseconcernsmustbebalancedagainstethical
concernsaboutprovidingaccess toexperimental therapy forpa-
tients whomay have no other options and about the practicali-
ties of accrual. If survival after disease progression is long in
patients with NET, most studies designed for the PFS endpoint
will have little power to detect an OS benefit. Longer survival
means that any absolute benefits in PFS propagated intoOS can
beexpectedtoresultinasmallerrelativechange.Inaddition,het-
erogeneity insalvagetherapy,whethercrossoveroroff-protocol
therapy, will further confound OS analyses. Thus, ethically, it
would be difficult to deny the possibility of crossoverwhen sub-
sequentOSis likelyunderpoweredandcontaminatedbychance.

CONCLUSIONS
The recent approval of two new therapeutic agents brings
new hope for patients with NET after decades of treatment

stagnation. However, it is clear that the drug development
process in oncology leavesmuch to be desired, and particular
challenges remain to be overcome in the attempt to have fu-
ture agents for NET reach themarket.

Althoughrecentphase IIandphase III trials inpatientswith
NET have established the efficacy and safety of octreotide,
everolimus, and sunitinib for treating patients with advanced
NET, several important lessons have been learned from these
studies that should be consideredwhen future clinical studies
aredesignedandconducted.Someofthese lessonsreveal lim-
itations inherent in evaluating patients with NET, such as the
inability to use OS as a primary endpoint because of the small
patient population available and the often longer survival
postprogression. Other lessons are based on the implications
of study design and implementation, including the need to
balance baseline prognostic factors and the consequences of
early termination, informative censoring, and effect of cross-
over on OS analysis. The immediate future looks brighter for
NET patients than it has for the past 25 years. It is hoped that in-
vestigators and sponsors will take steps tomodify and focus fu-
ture NET trials so that patients do not have to wait another 25
years for thenext generationof therapeutic agents toarrive.
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