
PRESENTATION OF THE CASE

A 58-year-old woman presents with 2months of back discomfort. Abdominal computed tomography reveals a 5-cmmass in the
bodyof thepancreaswithnoobviousmetastaticdisease.Thetumorsurrounds theceliacartery, andthesuperiormesentericvein
is obliterated. Endoscopic ultrasound-guided fine needle aspiration shows adenocarcinoma, positive cytokeratin 7, positive car-
bohydrate antigen 19–9, and negative cytokeratin 20. She receives 4months of FOLFIRINOX,with resolution of symptoms and a
reduction in the size of the tumor, but the tumor continues todemonstrate superiormesenteric artery encasement and superior
mesenteric vein obliteration. Should this patient continue chemotherapy or initiate chemoradiation at this juncture? TheOncol-
ogist2013;18:981–985

PRO

By Jennifer Y.Wo
Massachusetts General Hospital Can-
cer Center, HarvardMedical School

Unquestionably, the role of radiation
therapy for pancreatic cancer has
been one of the most controversial
topics in gastrointestinal oncology. At
the crux of the debate lies the following
question: Is there a role for localized
therapy, specifically radiation therapy,
in locally advanced pancreatic cancer, given its proclivity for sys-
temicspread?Oristhecat,astheysay,alreadyoutofthebag?Lo-
cally advanced pancreatic cancer is considered to be on a
spectrumofmetastatic disease, as demonstrated by themyriad
ofclinical trials that includebothmetastaticand locallyadvanced
disease.

Among the approximately one-third of pancreatic cancer
patientswho presentwith localized yet unresectable disease,
the role of radiation therapy has been poorly defined to date.
Historically,becauseof the localizedpresentationandthe lack
of effective chemotherapy regimens for patients with locally
advanced pancreatic cancer, chemoradiation has been con-
sidereda reasonable treatmentoption. Earlypromisingphase
III studies demonstrated an improvement in overall survival
(OS)with chemoradiationwhen comparedwith best support-
ive care [1] and chemotherapy alone [2], although this benefit
was not uniformly demonstrated [3]. In addition, without a
surgical option, chemoradiation offered the potential for sig-
nificant tumor shrinkage away from key blood vessels, allow-
ing conversion to surgical resectability. Based on this
rationale, chemoradiation was long considered amainstay of
therapy for locally advanced pancreatic cancer.

CON

By Jason E. Faris
Massachusetts General Hospital Can-
cer Center, HarvardMedical School

Locally advanced pancreatic cancer,
characterized by invasion or signifi-
cant encasement of critical adjacent
arterial and/or venous structures,
constitutes one of the most common
presentations of the disease, and ap-
proximately one-third of patients
present with unresectable disease. The survival of patients
with locally advanced pancreatic cancer is poor, with survival
of a year or less in most series. The ideal treatment paradigm
for these patients has been and remains the subject of great
debate. Options include chemotherapy alone or chemother-
apy and radiation in some combination.

Multiple clinical trials have attempted to clarify the best
treatment for these patients. Two randomized studies have
evaluated the addition of 5-fluorouracil (5-FU) to radiother-
apy versus radiotherapy alone: One demonstrated an overall
survival (OS) benefit [1], and the other showed a nonstatisti-
cally significant improvement inmedianOS [2]. Ameta-analy-
sis supported the superiority of chemoradiation over
radiation alone [3]. Two subsequent randomized studies
reached disparate conclusions about the value of chemora-
diation followed by maintenance chemotherapy versus che-
motherapyalone.AGastrointestinalTumorsStudyGrouptrial
supported a survival benefit with the use of chemoradiation
with 5-FU, followed by chemotherapy with streptozocin, mi-
tomycin, and 5-FU [4]. An Eastern Cooperative Oncology
Group trial found equivalent survival between chemotherapy
versus chemoradiation, both with 5-FUmonotherapy [5]. Be-
cause both trialswere small (both�100patients) andneither
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trial used gemcitabine, the soon-to-be-adopted standard of
care for metastatic disease, more recent studies examining
the roles of chemotherapy versus chemoradiation have been
performed, againwith conflicting results.

In the Fédération Francophone de Cancérologie Digestive
and Societé Française de Radiothérapie Oncologique trial,
gemcitabine alonewas superior to chemoradiationwith 5-FU
and cisplatin followed by gemcitabine (13 months vs. 8.6
months;p� .03) [6],whereas the EasternCooperativeOncol-
ogy Group 4201 trial demonstrated improved survival with
gemcitabine-based chemoradiation followed by gemcitabine
comparedwith gemcitabinealone (11months vs. 9.2months;
p � .044) [7]. Both trials were characterized by poor accrual
and demonstrated higher grade 3–4 [6] or grade 4–5 [7] tox-
icities in the radiation arms. To summarize these randomized
data, obtained from1981 to 2008, radiationwith chemother-
apy appears to be superior to radiotherapy alone, and there is
no consensus on the superiority of chemotherapy versus
chemoradiation, with a potentially important toxicity signal
with the use of chemoradiation.

If the story ended with the cited studies, few would favor
moving to chemoradiation in our patient’s case, at least with
regard toOS; however, there is a compelling but hypothetical
rationale for induction chemotherapy followed by chemora-
diation that was not studied in any of the cited trials. This ra-
tionale involves obtaining control of micrometastatic disease
with systemic chemotherapy andusing subsequent chemora-
diation for those demonstrating disease control. The argu-
ment posits that a switch to chemoradiation after initial
chemotherapy in these patients would permit improved local
control, and might do so without mitigating the micrometa-
static control achieved by initial chemotherapy. There are
promising survival data compared with chemotherapy alone
inretrospectiveseries, inwhichpatientscompleting induction
chemotherapy for at least 3monthswith nometastaseswere
randomized to chemoradiation or continued chemotherapy.
The median survival favored chemoradiation over chemo-
therapy (15 months vs. 11.7 months) [8]. In another retro-
spective analysis, patients were treated initially with
chemoradiation or chemotherapy followed by chemora-
diation. The induction chemotherapy arm demonstrated
improved median OS of 11.9 months compared with no in-
duction chemotherapy [9]. This latter study did not include
a review of patients who did not receive chemoradiation.
Several small phase II trials have demonstrated survival of
9.6 –17 months with induction chemotherapy followed by
radiation [10].

The rationale for induction chemotherapy followed by
chemoradiation is compelling, and the data from retrospec-
tive analyses and phase II trials are promising; however, until
this year, therewere no data from randomized phase III stud-
ies examining induction chemotherapy followed by chemora-
diation versus chemotherapy alone. At the American Society
of Clinical Oncologymeeting in June 2013, the results of a ran-
domized multicenter trial addressing this issue were pre-
sented. In the LAP 07 trial, 442 patients with locally advanced
pancreatic cancer and a performance status of 0–2were ran-
domized to gemcitabine or gemcitabine with erlotinib [11].
Patientswith stablediseaseorbetterafter4months (n�269)
were then randomized to continued chemotherapy for 2

More recently,with a greater appreciationof the systemic
nature of pancreatic cancer, many have argued the lack of
benefit fromradiationtherapy.Becauseof theoutdated imag-
ingmodalities, radiation techniques, and chemotherapy regi-
mens used in earlier studies, the Fédération Francophone de
Cancérologie Digestive and the Societé Française de Ra-
diothérapie Oncologique sought to evaluate the benefit of in-
duction chemoradiation in the modern treatment era. In this
phase III study, patients were randomized to receive gemcit-
abine alone versus induction chemoradiation followed by
maintenancegemcitabine.Radiationwasprescribed toa total
dose of 60Gy in 2-Gy fractions and administeredwith concur-
rent cisplatin and 5-fluorouracil. Accrual for this study was
stopped early after patients randomized to receive chemora-
diationwere found tohaveworsemedian survival. This study,
however, has been highly criticized for the nonstandard regi-
menof concurrent cisplatinasa radiosensitizer and thehigher
doses of radiation, which likely increased treatment-related
toxicity and inability to receive planned gemcitabine mainte-
nance chemotherapy [4]. Nevertheless, this study definitively
established the importance of treatment with induction che-
motherapy prior to consideration of consolidative chemora-
diation. In addition, the radiographic response of the primary
tumor to chemoradiation was disappointing and further
dampened enthusiasm for induction chemoradiation. Given
thedensedesmoplastic reactiongeneratedby theprimary tu-
mor, significant tumor shrinkage and conversion to surgical
resectability with chemoradiation alone are uncommon.

Buildingon the resultsof the studyby theFédérationFran-
cophone de Cancérologie Digestive and the Societé Française
deRadiothérapieOncologique, theGroupeCoopérateurMul-
tidisciplinaire en Oncologie performed a retrospective analy-
sis of prospective phase II/III studies evaluating the potential
benefit of consolidative chemoradiation after 3months of in-
duction chemotherapy. This study highlighted that 30%of pa-
tients with locally advanced pancreatic cancer develop
metastatic disease within the first 3 months of starting che-
motherapy. Arguably, the 30% of patients with occult meta-
static disease at presentation would not only fail to realize a
benefit from localized radiation therapy but alsowould be ex-
posed to radiation side effects. This study, however, also sug-
gestedthatamongpatientswhohadcontrolleddiseaseafter3
months of chemotherapy, patientsmay experience improved
outcomes by switching to consolidative chemoradiation [5].
Consequently, delaying radiation therapyuntil after induction
chemotherapy optimizes systemic disease control, selects for
patients with localized disease who respond to chemother-
apy, and exposes only patients who may potentially benefit
from radiation to radiation-related side effects.

Basedon theaforementionedstudy, theGroupeCoopéra-
teur Multidisciplinaire en Oncologie recently presented final
results for LAP07, a randomizedphase III study evaluating the
benefit of consolidative chemoradiation after induction che-
motherapy. In this study, patients with locally advanced
pancreatic cancer were initially randomly assigned to gemcit-
abine or gemcitabine plus erlotinib. All patients with con-
trolled disease on restaging scans after 4 months of therapy
were subsequently assigned randomly to receive either
chemoradiation or an additional 2 months of chemotherapy.
Of the 442 patients randomly assigned, 269 patients (61%)
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months versus capecitabine-based chemoradiation to 54 Gy.
The primary endpoint of the trial was OS, and the trial was
stopped after a 3-year interim analysis demonstrated futility
for superiority of chemoradiation. There was no statistically
significantdifferencebetweenOSorprogression-freesurvival
(PFS) for the chemotherapy and chemoradiation arms (OS:
16.4months vs. 15.2months, respectively [p� .83]; PFS: 11.8
months vs. 12.5months, respectively [p� .22]).

We eagerly await the formal publication of these data,
particularly with regard to subgroups of patients that may
have benefited from chemoradiation [11]. An important limi-
tation was the choice of chemotherapy used in this trial be-
causeneitherof theupfrontchemotherapyregimens involved
the most active regimens used in the metastatic setting: (a)
FOLFIRINOX [12] and (b) gemcitabinewithnab-paclitaxel [13].
With amore active regimen such as FOLFIRINOX, which has not
beenstudied ina randomizedsetting forpatientswith locallyad-
vanced pancreatic cancer, a benefit may have been observed
with chemoradiationafter improveddisease control.Moreover,
it is possible thatpatients receiving FOLFIRINOXand subsequent
chemoradiationmay have had a response significant enough to
justify surgical explorationand subsequent resection, a “conver-
sion” scenario,whichhasbeenobserved in several uncontrolled
series [14, 15]; however, the requirement for chemoradiation in
theconversionscenarioisunproven.Forpatientswhoarestillun-
able to undergo resection after completing chemotherapy and
subsequent chemoradiation and for those patientswho are for-
tunate enough to undergo resection but who subsequently re-
cur, the use of chemoradiation could make eventual return to
systemic chemotherapy more challenging. This concern is sub-
stantiated in small studies using chemotherapy after initial
chemoradiation [16, 17].

Certainlyoneprovisional conclusionwecandrawfromthe
LAP 07 study is that the upper range of “better” outcomes for
patients with locally advanced pancreatic cancer detailed in
prior nonrandomized studies with chemoradiation appear to
beattainablewithout theuseof chemoradiation [11]. Caution
is warranted in the absence of randomized data demonstrat-
ing an OS or PFS benefit for chemoradiation and, now, in the
presenceofyet-to-be-published randomizeddata indicatinga
lack of benefit with chemoradiation in patients with con-
trolled disease after initial chemotherapy. This caution is par-
ticularly warranted for a therapy that may compromise the
ability to deliver continued control of distant metastatic dis-
ease. Continuation of chemotherapy in an initially chemore-
sponsive patient is the standard treatment option and could
conceivably result inprolongedstablediseaseorevenconver-
sions to surgical resectability in subsets of patients.

The idealmethod to resolve thecontroversy regarding the
use of chemoradiation would be to perform a trial similar to
LAP 07 with patients with good performance status treated
with FOLFIRINOX. Thosepatientswith stablediseaseorbetter
after an initial period of induction chemotherapy would be
randomized to chemoradiation or continued chemotherapy
with FOLFIRINOX. In the meantime, the decision to use
chemoradiation in a patient with locally advanced disease
who has demonstrated disease control on upfront chemo-
therapy should proceedon an adhoc basis. For those patients
whohavediseasecontrolandactive tumor reductionon initial
chemotherapy, it would be reasonable to continue chemo-

entered the second randomization. With a median follow-up
of36months, thestudywasstoppedbecauseof futility.Witha
medianOSof16.4months inthechemotherapyalonearmand
15.2 months in the chemoradiation arm, there was no differ-
ence inOS [6].Undoubtedly, the resultsof LAP07have further
fueled the debate of the questionable benefit of chemoradia-
tion for locally advanced pancreatic cancer.

Given all of the mounting data for chemotherapy alone,
how can one still argue the benefits of chemoradiation?

With emerging appreciation of prognostic and predictive
biomarkers, a recent landmark study by Iacobuzio-Donahue
et al. identified SMAD4, a tumor suppressor, as a potential
predictor of local versus distant progression [7]. In this rapid
autopsy series, 16 of 22 patients (73%) who were diagnosed
with early resected pancreatic cancer were found to have a
component of local persistence or progression at the time of
autopsy.Only 4of 22patients diedofmetastatic diseasewith-
out evidence of local persistence [7]. In addition, all patients
diagnosedwith locally advanced pancreatic cancer whowere
treatedwithout surgerywere found tohavepersistent or pro-
gressive local disease at autopsy. Of note, 28% of those pa-
tients died with only local disease and without evidence of
distant spread. When evaluating by SMAD4 status, the inves-
tigators found a striking correlation between SMAD4 status
and patterns of failure. Patients with intact SMAD4 were sig-
nificantly more likely to present with locally destructive
disease comparedwith patientswith loss of SMAD4 immuno-
staining. This correlation between SMAD4 and pattern of dis-
ease spread has been validated independently at the M.D.
AndersonCancerCenter inaphase II studyofcetuximab,gem-
citabine, and oxaliplatin followed by chemoradiationwith ce-
tuximab for locally advanced pancreatic cancer. In this study,
of 41 patients with adequate tumor specimens for immuno-
staining, the dominant pattern of progression determined
from clinical and radiographic data was local in 15, distant in
14, and indeterminate in 8. Eleven of 15 patients (73.3%)with
intact SMAD4 (also known as DPC4) expression had a local
dominant pattern of progression, and 10 of 14 patients
(71.4%) with SMAD4 loss had a distant dominant pattern of
spread (p � .016) [8]. Taken together, these studies suggest
that there may be a subgroup of patients with SMAD4-intact
diseasewhomay benefit from locally aggressive therapy.

Although an initial report of LAP 07 suggests no survival
benefit with chemoradiation [6], final results of the recently
published Eastern Cooperative Oncology Group 4201 study
reported conflicting results [9]. In this phase III study, 74 pa-
tientswere randomized to receive gemcitabine alone or gem-
citabine-based chemoradiation. Although the study closed
early becauseof slowaccrual, chemoradiationwasassociated
with significantly improved median survival from 9.2 months
in the chemotherapy alone arm to 11.1 months with chemo-
radiation (p � .017). Final publication of LAP 07 is awaited to
further elucidate whether there may be patient subgroups,
such as patients with intact SMAD4, that may benefit from
chemoradiation with respect to improvement in survival out-
comesor even secondary endpoints, suchas symptomatic im-
provement, quality of life, or time off chemotherapy. In
addition, extrapolating from the Radiation Therapy Oncology
Group 97–04 trial, it will be crucial to perform secondary
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therapy if side effects are not limiting. In those experiencing
significant side effects from the chemotherapy but still with-
outmetastatic diseaseor in thosepatientswith complications
from local tumor (e.g., abdominalpainorbiliary/duodenalob-
struction), a change to chemoradiation in the hope of achiev-
ing further stable diseasemay bewarranted.

Although I do refer many patients with locally advanced
pancreatic cancer for chemoradiation after stability or im-
provement on scans following initial chemotherapy, at this
juncture, I donot regardchemoradiation tobe the standardof
care after initial chemotherapy.Wemust obtain data froman
optimally designed, randomized phase III trial before using an
across-the-boardapproachwithpotential toxicitiesand impli-
cations for systemic therapy in our treatment of patientswith
locally advanced pancreatic cancer.
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analysis based on quality assurance of radiation treatment
fields [10].

In the last 3 years, great strides have beenmade in finding
new, effective, multidrug combinations. The ACCORD/
PRODIGE study established FOLFIRINOX as themost effective
regimen in pancreatic cancer to date,with an improvement in
median OS from 6.8 months with gemcitabine alone to 11.1
months amongpatientswithmetastatic disease [11].With re-
ported objective response rates in the metastatic setting of
31.6%, this aggressive and effective regimen has beenmoved
increasingly to the locally advanced setting in an attempt to
maximize conversion to surgical resectability. Our recent se-
ries of neoadjuvant FOLFIRINOX at Massachusetts General
Hospital demonstrated an overall response rate of 27.3%,
with 5 of 22 patients (22%) achieving R0 resection following
neoadjuvant FOLFIRINOX and chemoradiation [12]. In the era
of FOLFIRINOX and now gemcitabine plus abraxane, with im-
proved systemic therapy, the importance of local therapy has
the potential to be realized.

Along these lines, the Radiation Therapy Oncology Group
has launched RTOG 1201, a randomized phase II trial evaluat-
ing the benefit of both intensified chemoradiation and inten-
sified chemotherapy in patients with locally advanced,
unresectable pancreatic cancer. Patients will be stratified by
carbohydrate antigen 19 –9 level and SMAD4 status and
then randomized to (a) arm 1, with gemcitabine for 12
weeks followed by intensity-modulated radiation therapy
to 63 Gy, given with concurrent capecitabine; (b) Arm 2,
with gemcitabine for 12 weeks followed by three-dimen-
sional conformal radiation therapy to 50.4 Gy with concur-
rent capecitabine; or (c) Arm 3, with FOLFIRINOX for 12
weeks followed by three-dimensional conformal radiation
therapy to 50.4 Gy with concurrent capecitabine. Similarly,
the proposed ALLIANCE/Eastern Cooperative Oncology
Group phase II study proposes eight cycles of FOLFIRINOX,
followed by randomization to receive either an additional
four cycles of FOLFIRINOX or chemoradiation with concur-
rent capecitabine. These two studies will hopefully further
elucidate the role of chemoradiation with high-dose radia-
tion and intensified systemic therapy. For now, based on
the LAP 07 data, I agree with Dr. Faris that for patients re-
sponding to chemotherapy, continuation of chemotherapy
is a reasonable option. For patients with localized disease
who have difficulty tolerating chemotherapy, patients ex-
periencing symptoms from their primary tumor, or patients
who may be considered for surgical exploration, I would
recommend consolidative chemoradiation to optimize lo-
cal tumor control and surgical resectability.
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