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Neoadjuvant trial design:
time for a brave new world?

� Heather McArthur and Clifford Hudis

In theNOAHclinical trial, trastuzumab treatment for locally advancedbreast cancer, given prior

to surgery, was associatedwith increased complete and overall response rate and improved event-

free survival. The ability to identify this advantage suggests that theneoadjuvant settingmight serve

to inform the design of adjuvant trials and indicate appropriate off-study adjuvant therapy.

Locally advanced breast cancer
(LABC) has not been consistently
defined; however, it generally

denotes inoperable tumours that are large,
have extensive lymph node and/or skin or
chest wall involvement as well as typically
including the rare and aggressive inflam-
matory breast cancer subtype. LABC is
associated with a worse prognosis than
operable early-stage disease, but a better
prognosis than metastatic disease.1 His-
torically, patientswithLABCwere treated
with modified radical mastectomy and
radiotherapy alone, butwithdisappointing
results. Thereafter, systemic therapy
became an integral component of the
LABC management strategy, largely as a
consequence of the promising results
reportedwith adjuvant systemic strategies
in the early-stage breast cancer setting.
Specifically, the administrationof systemic
neoadjuvant therapy before definitive sur-
gery and radiotherapy induced tumour
response and improved local control rates.

The practice of delivering neoadjuvant
chemotherapy, hormone therapy and/or
biologic therapyaffords anumberofpoten-
tial advantages, including downstaging of
the primary tumour to allow for surgery
and, in some cases, increasing the likeli-
hoodofabreast-conservingapproach.From
a research and therapeutic innovationper-
spective, because pathology is obtained at
diagnosis and again at definitive surgery,
neoadjuvant strategies permit a conven-
ient and in vivo assessment of response to
specific systemic therapies. Furthermore,
because theevent rates arehigher inLABC
than in early-stage disease, the follow-up
time and the sample size required for
LABCstudies are typicallymodest incom-
parison.For these reasons, theneoadjuvant
study model offers tremendous promise
as an efficient drug development tool.
Up to 20% of breast cancers present

witheither amplificationof theHER2gene
or overexpression of its protein product, a
transmembrane receptor tyrosine kinase,

and are considered to be ‘HER2-positive’.
Trastuzumab is a humanised HER2-tar-
getedmonoclonal antibody thatwasdevel-
oped through traditional translational drug
developmentpathways. Itwas first studied
in vitro and in animal models, then as
monotherapy in phase I and II trials in
patients with metastatic breast cancer,2–4

then incombinationwithchemotherapy in
randomised trials in the metastatic set-
ting.5 Ultimately it was tested in combina-
tion with proven adjuvant chemotherapy
strategies,6,7 where its use was associated
with significant survival improvements.
The impact of treatment with

trastuzumab in the LABC setting was
recently evaluated in theNOAHstudy, an
international, open-label, phase III trial.8

TheNOAHtrialwasoriginallydesigned to
randomise women with HER2-positive,
locally advanced or inflammatory breast
cancer to neoadjuvant trastuzumab plus
chemotherapy followed by adjuvant
trastuzumabor toneoadjuvantchemother-
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apyalone.However,when the results from
the first adjuvant trastuzumabstudieswere
reported,6,7 the trial design was altered so
that 19 of the 118 women (16%) with
HER2-positive breast cancer randomised
to the chemotherapy-alone arm were
offered a standard course of adjuvant
trastuzumab (with analyses performed by
intention-to-treat).This trialwasunique in
that it included an observational cohort of
99womenwithHER2-normal LABC for
comparison. After a median follow-up of
3.2 years there were significant improve-
ments in the overall response rate (ORR),
includingadoublingof the total pathologic
complete response (pCR) rate, and the
event rate in the cohort receiving neoad-
juvant trastuzumab and chemotherapy
compared with those receiving chemo-
therapy alone. Specifically, for the 117
womenwho received chemotherapywith
trastuzumab versus the 118 women allo-
cated to receive chemotherapy alone, the
pCRratewas38%versus19%(P=0.001),
theORRwas87%versus74% (P=0.009),
and thehazard ratio for event-free survival
(EFS) was 0.59 (P=0.013) in favour of
the trastuzumab arm. However, consis-
tent with numerous other neoadjuvant
reports, the improvements in pCR, ORR
and EFS rates did not translate into over-
all survival benefits. Thus, the NOAH
investigators appropriately concluded that,
although theadministrationofneoadjuvant
trastuzumab improved pCR rates, it is
unknownwhether theobservedEFSben-
efits canbe ascribed to the administration
of neoadjuvant trastuzumab, adjuvant
trastuzumabor thecombination.Although
to our knowledge there are no planned
studies comparing EFS rates with neoad-
juvant trastuzumab, adjuvant trastuzumab
or thecombination inLABC, sucha study
would not only inform LABC treatment
recommendationsbutcouldalso indirectly
informdecisions in the early-stage setting

where theoptimaldurationof trastuzumab
treatment is not established.
It is nowmore than 20 years since the

associationbetweenHER2status and risk
of relapseanddeathwaspublished9 sowhy
did it take 20 years to get to this stage?
While the results from the NOAH study
werepredictable (that is, trastuzumabcon-
fers benefits inHER2-positiveLABCas it
did in HER2-positive early-stage and
metastatic breast cancer), it nonetheless
leaves us with more questions than
answers: Should trastuzumabbeadminis-
teredbefore surgery, after surgery or both?
What is the optimal chemotherapy regi-
men for coadministration?Were there any
biologicpredictorsof responseor resistance
to therapy? How will other promising
HER2-targeted agents be incorporated
into the LABC management strategy? Is
there a more efficient paradigm for the
timely evaluationofnovel, promising ther-
apeutic innovations?Would improveddrug
development paradigms have positively
impacted the design and implementation
of modern neoadjuvant studies of other
HER2-targetedagents, including the tyro-
sine kinase inhibitor lapatinib (as in Neo-
ALLTO,NSABPB41andCALGB-40601)
and themonoclonal antibodypertuzumab
(as inNEOSPHERE)?Howcanwe learn
fromour experiences so that novelHER2-
targeted agents with promising activity in
themetastatic setting (suchasT-DM1and
HSP90 inhibitors) areevaluatedefficiently?
Using traditional drug development

strategies, it is difficult to fathom howwe
will begin to tackle the seemingly expo-
nential growthof clinical questions.Possi-
bly, the traditional model of drug
development, whereby drugs are moved
from the lab through a series of phase I to
III studies in themetastatic setting before
moving into the adjuvant setting and
beyond, is too labour intensive, costly, inef-
ficient and slow.Does theanswer lie in the

advantagesandconveniencesof theLABC
model? If so,willweever bebrave enough
to shed the traditional study paradigms,
eliminatemetastatic studies altogether (at
least asanecessary stepbeforeneoadjuvant
trials) and adopt a primary neoadjuvant
study model? Imagine if the NOAH trial
and the smallerneoadjuvant trastuzumab–
chemotherapy study fromMDAnderson
Cancer Center10 had been conducted at
theonset of trastuzumabdevelopment, in
all likelihood the adjuvant studies would
havebeenconductedearlier, novelHER2-
targeted therapy development may have
been accelerated, and biologic-correlate
studies might have advanced our under-
standing about HER2-positive disease
faster. Certainly a paradigm shift is not
without its challenges and drastic change
will always be met with resistance, but it
must be time to seriously consider such a
brave newworld!
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Since drug development in the
metastatic breast cancer setting often
relies on endpoints (such as response
rate andprogression-free survival) that
are either loosely linked to overall sur-
vival or poorly predictive of ultimate
activity in the adjuvant setting, novel
approaches are needed. To the degree
that in-breast response (suchaspatho-
logic complete response) can serve as
a surrogate forprogression-free survival
and overall survival in the early-stage
setting, neoadjuvant (preoperative)
trials may facilitate faster and more
efficient identification of promising
new systemic therapy regimens.
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