
ABSTRACT

Purpose.Todeterminetheefficacyandtoxicityofweeklyneo-
adjuvant cetuximab combined with irinotecan, cisplatin, and
radiation therapy in patients with locally advanced esopha-
geal or gastroesophageal junction cancer.
Methods andMaterials. Patients with stage IIA–IVA esopha-
gealorgastroesophageal junctioncancerwereenrolled inaSi-
mon’s two-stage phase II study. Patients received weekly
cetuximab on weeks 0–8 and irinotecan and cisplatin on
weeks 1, 2, 4, and5,with concurrent radiotherapy (50.4Gyon
weeks 1–6), followed by surgical resection.
Results. In the first stage, 17 patients were enrolled, 16 of
whom had adenocarcinoma. Because of a low pathologic
complete response (pCR) rate in this cohort, the trial was dis-
continued for patients with adenocarcinoma but squamous
cell carcinoma patients continued to be enrolled; two addi-

tional patientswere enrolled before the studywas closed as a
result of poor accrual. Of the 19 patients enrolled, 18 patients
proceededtosurgery,and16patientsunderwentanR0resec-
tion.Threepatients (16%)hadapCR.Themedianprogression-
free survival interval was 10 months, and the median overall
survival duration was 31 months. Severe neutropenia oc-
curred in47%ofpatients,andseverediarrheaoccurred in47%
of patients. One patient died preoperatively from sepsis, and
one patient died prior to hospital discharge following surgical
resection.
Conclusions. This schedule of cetuximab in combination with
irinotecan, cisplatin, and radiation therapy was toxic and did
not achieve a sufficient pCR rate in patients with localized
esophageal adenocarcinoma to undergo further evaluation.
TheOncologist2013;18:281–287

Implications for Practice: Multimodality therapy, involving chemotherapy, radiotherapy, and surgery, has emerged as a stan-
dard treatment for locally advanced esophageal cancer. Prognosis with existing therapy for esophageal cancer remains poor,
with a 5-year survival rate of only 20% for locally advanced disease. Targeted therapies, such as EGFR inhibitors, are being evalu-
ated for the treatment of locally advancedesophageal cancer, but remain investigational,with a number of ongoing randomized
trials exploring the efficacy of various targeted therapies. This study showed that adding the EGFR inhibitor cetuximab to a pre-
operativechemoradiation regimenof irinotecan, cisplatin, and radiation therapydidnot significantly improve ratesofpathologic
complete response at the time of surgery, and caused substantial toxicity.

INTRODUCTION

Traditionally, surgical resectionhasbeenone standardof care in
the treatment of patientswith locally advanced esophageal car-
cinoma.BasedontheRadiationTherapyOncologyGroup(RTOG)
8501trial,combinedchemoradiotherapyhasbeenanotherstan-
dard of care for patients with locally advanced esophageal can-
cer. Preoperative chemoradiotherapy was found to be superior
to surgery alone and is nowan accepted standard treatment for
patientswithlocallyadvancedesophagealcarcinoma[1,2]. Irino-

tecan and cisplatin combination therapy is an active, well-toler-
ated regimen for metastatic esophageal cancer [3], and it has
been shown to be well tolerated and effective in combination
with radiotherapy in patients with locally advanced esophageal
cancer[4–6],withamediansurvival timeof25–30months[4,5].

Targeted therapy against the epidermal growth factor re-
ceptor (EGFR) may be an additional avenue of treatment for
patients with esophageal carcinoma. EGFR is a protein ty-
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rosine kinase that is overexpressed in a number of malignan-
cies, including 32%–80% of esophageal adenocarcinomas [7,
8] andup to 80%of esophageal squamous cell carcinomas [9].
EGFR overexpression is associated with more advanced dis-
ease and a worse prognosis in patients with esophageal ade-
nocarcinoma [8] and squamous cell carcinoma [9]. Cetuximab
is a chimericmonoclonal antibodydirected to the ligand-bind-
ing siteofEGFR.Whengivenwithplatinum-basedchemother-
apy,cetuximabresulted ina longeroverall survival (OS) time in
patientswith recurrent ormetastatic squamous cell head and
neck carcinoma [10].We therefore decided to design a phase
II study adding cetuximab to irinotecan, cisplatin, and concur-
rent radiation therapy administered preoperatively in pa-
tients with advanced locoregional esophageal carcinoma.

METHODS ANDMATERIALS

Eligibility Criteria
Patients aged �18 years with pathologically confirmed stage
IIA, IIB, or III carcinomaof the esophagus or gastroesophageal
junction (as definedby theAmerican Joint CommitteeonCan-
cer [AJCC Cancer Staging Manual, 5th ed., http://www.
cancerstaging.org/products/pasteditions.html]) and patients
with stage IVA lower esophageal or gastroesophageal junc-
tion carcinoma with involved regional lymph nodes encom-
passed by the radiation field were eligible for this trial. These
participants also had Eastern Cooperative Oncology Group
(ECOG) performance status score of 0 or 1. Required labora-
tory parameters for inclusion were an absolute neutrophil
count (ANC)�1,500/�L, a platelet count�100,000/�L, a to-
tal bilirubin level �1.5 mg/dL, creatinine �1.5 mg/dL, serum
glutamic oxaloacetic transaminase �2.5� the upper limit of
normal (ULN), and alkaline phosphatase�5� theULN. Exclu-
sion criteria included any prior radiation therapy or chemo-
therapy, any prior surgery for esophageal carcinoma, and any
prior treatment targeting the EGFR pathway. Patients with
metastases to distant organs or nonregional lymph nodes or
with biopsy-proven invasion into the tracheobronchial tree,
tracheoesophageal fistula,ormalignantpleuraleffusion,peri-
cardial effusion, or asciteswere ineligible. Individualswith an-
other active malignancy or significant uncontrolled
comorbiditymaking chemoradiation inadvisablewerealso in-
eligible. Patients with grade 2–4 diarrhea or peripheral neu-
ropathy, with interstitial pulmonary fibrosis, with Gilbert’s
disease, with a seizure disorder on antiepileptic medications,
or with a known allergy tomurine proteins were excluded. All
patientswhowereenrolledunderwent staging studies includ-
ing computed tomography (CT) scan of the chest, abdomen,
and pelvis; positron emission tomography (PET); endoscopy
withbiopsyandendoscopicultrasonography (EUS);CT scanor
magnetic resonance imagingof thehead;andbronchoscopy if
the primary tumor was in the cervical or proximal thoracic
esophagus.

Treatment
Patients receivedcetuximabweekly (400-mg/m2 loadingdose
on week 0 and 250 mg/m2 on weeks 1–8). On weeks 1, 2, 4,
and 5, participants also receivedweekly doses of cisplatin (30
mg/m2) followedby irinotecan (65mg/m2) in the initial cohort
of 17patients. The total doseof radiation therapywas50.4Gy
in 1.80 Gy/fraction per day given once daily for 5 days/week

for 28 fractions over 5.6 weeks. A radiation beam energy of
6–15MVphotonswasused. Treatmentwasgivenwitha com-
bination of anterior or posterior, oblique, and lateral fields
such that the dose-to-target volume did not differ by �10%
from the dose specified at the isocenter. The gross tumor vol-
umewasdefinedbyEUS,esophagram,orCTand includedper-
iesophageal lymph nodes measuring �1.0 cm in short axis
diameter. Theclinical targetvolumewasdesignated toextend
5 cm cranially and caudally and 2–3 cm radially beyond the
gross tumor volume. The clinical target volume also included
the medial supraclavicular fossa if the primary tumor was lo-
cated above the carina, and a localized photon or electron
boost to the supraclavicular fossawas allowed if the supracla-
vicular fossa dosewas�39.6 Gy at a 3-cm depth from the an-
terior skin surface.AbariumswalloworPET–CT scanwasused
to confirm the location of the esophageal tumor. The spinal
cord dosewas limited to 45 Gy, and the entire heart dosewas
limited to30Gy,with�50%of theheart receivingamaximum
of 40 Gy. No lung �2 cm outside the target volume was al-
lowed to receive a dose of 45 Gy.

Esophagectomy was completed within 3–6 weeks after
completing radiation therapy, andafter repeat restagingeval-
uation, including at least a CT scanof the chest, abdomen, and
pelvis, demonstratednoevidenceof distant disease. The type
of esophagectomywas at the discretion of the surgeon.

Four weeks after surgery, patients restarted cetuximab
monotherapy (250mg/m2weekly) for 26weeks.

Assessments andDoseModifications
Toxicitywas evaluated according to theNational Cancer Insti-
tute’s Common Toxicity Criteria (Version 1.0 http://www.
ucdmc.ucdavis.edu/clinicaltrials/StudyTools/Documents/
NCI_Toxicity_Table.pdf) and the RTOG Radiation Morbidity
Scoring Criteria (http://www.rtog.org/researchassociates/
adverseeventreporting/acuteradiationmorbidityscoringcriteria.
aspx). Ifapatientexperiencedagrade3or4allergicoranaphylac-
tic reaction tocetuximab, thepatientwas takenoff study.Cetux-
imabwasheldforgrade3or4skintoxicity,anANC�500/mm3,a
platelet count�50,000/mm3, and any grade4 toxicity. Cisplatin
washeld for creatinine�2.0mg/dl, grade3or 4ototoxicity, and
grade 3 or 4 neuropathy, and the dose was reduced by 50% for
creatinine�1.6mg/dL and�2.0mg/dL. Irinotecanwas held for
anANC�1,000/mm3,aplateletcount�75,000/mm3,grade3or
4diarrhea,orgrade4 fatigue,andthedosewassubsequently re-
duced to50mg/m2. In addition, all nonhematologic grade4 tox-
icities necessitated holding cisplatin, irinotecan, and cetuximab,
andmost grade3 toxicitiesnecessitatedholding cisplatin and iri-
notecan. Radiation therapywas continuedwithout interruption
exceptforanANC�1,000/mm3,aplateletcount�50,000/mm3,
grade3esophagitisormucositis,anygrade4toxicity,ora2-week
consecutiveholdof chemotherapy.

Study Design
We planned a Simon two-stage design, prospective, phase II
study that initially enrolled17patients,with theplan to termi-
nate the study if two or fewer pCRs were noted. If three or
more pCRs were noted, an additional 18 patients were to be
enrolled. With this design, the probability of terminating the
study after enrolling 17 patients would be 0.76 if the true re-
sponse ratewas 10%, but itwould be 0.16 if the true response
rate was 25%. The primary endpoints were the pCR rate and
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toxicitywith this regimen. Secondary endpointswere theme-
dianprogression-free survival (PFS) andmedianOS times. The
study was approved by the institutional review board of the
Dana-Farber Harvard Cancer Center, and all patients enrolled
provided informed consent for participation.

RESULTS
Study DesignModification
Seventeen patients were initially enrolled in the study, 16 of
whom had adenocarcinoma. The pCR rate did not meet the
prespecified criteria to enroll more patients with adenocarci-
noma. However, given the low enrollment of patients with
squamous cell carcinoma, approvalwas obtained from the in-
stitutional review board to continue enrollment of patients
with squamous cell carcinoma,with the starting dose of irino-
tecandecreasedto50mg/m2,giventherateofadverseevents
in the original cohort. An additional two patients were en-
rolledbefore thestudywasclosedasa resultofpooraccrualof
this subgroup of patients.

Patient Characteristics
In total, 19 patientswere enrolled from July 2004 to July 2007
(Table1). Themedianageatenrollmentwas56years. Thema-
jority of patients were male (79%) and had adenocarcinoma
(84%). Themost commonsitesofprimary tumorwere thegas-
troesophageal junction (63%)andthe loweresophagus (26%).
At the timeofpresentation, 31%ofpatientswere clinical AJCC
stage IIA, 5% of patients were stage IIB, 42% of patients were
stage III, and 21%of patients were stage IVA.

Toxicity
The most common hematologic grade 3 or 4 adverse event
preoperatively was neutropenia (47%), including febrile neu-

tropenia in 26%ofpatients (Table 2). Themost commonnon-
hematologic grade 3 or 4 adverse events were diarrhea
(47%), dehydration (31%), dysphagia or esophagitis (31%),
nausea (31%), anorexia (26%), and vomiting (21%). One pa-
tient died as a result of Aspergillus infection causing respi-
ratory failure and sepsis prior to surgery. Twopatientswere
withdrawn from the study onweeks 5–6 because of grade 3
or 4 toxicity, but both patients completed courses of cispla-
tin and irinotecan and proceeded to surgery off study, and
their data are included for analysis. No patients had an al-
lergic or anaphylactic reaction to cetuximab. Only one pa-
tient suffered a grade 3 rash, though 17 patients developed
a grade 1 or 2 rash.

Nine patients required irinotecan dose reductions. Two
patients required cetuximab dose reductions. Radiation ther-
apy needed to be delayed at least once for 14 patients.

Of the 19 patients enrolled, 18 proceeded to surgery and
16successfullyunderwentanR0surgical resectionof theirpri-
mary tumor. The remaining two patients were found to have
progressed and their surgeries were aborted without resec-
tion. The median duration of admission for surgery was 12.5
days (range, 8–49 days), with four patients hospitalized for
�14days.Onepatientdiedaftera49-dayhospitalizationwith
persistent respiratory failure. No patient developed anasto-
motic leak. Other major complications included chylothorax
requiring surgery or embolization in two patients, reintuba-
tion for respiratory failure in three patients, postoperative
myocardial infarction inonepatient, andsmall bowelobstruc-
tion in one patient. Grade 3 or 4 toxicities that arose after sur-
gery included pneumonitis or respiratory failure in three

Table 1. Patient characteristics

Characteristic Value

n of patients 19

Median (range) age, yrs 56 (21–76)

Sex

Male 15 (79%)

Female 4 (21%)

Eastern Cooperative Oncology Group
performance status score

0 7 (37%)

1 12 (63%)

Histology

Adenocarcinoma 16 (84%)

Squamous cell carcinoma 3 (16%)

Tumor location

Midesophagus 2 (11%)

Lower esophagus 5 (26%)

Gastroesophageal junction 12 (63%)

Clinical stage

IIA 6 (32%)

IIB 1 (5%)

III 8 (42%)

IVA 4 (21%)

Table 2. Most common preoperative grade 3 or 4 adverse
events (n� 19)

Adverse event Grade 3 Grade 4

Hematologic

Neutrophils 6 (32%) 3 (16%)

Platelets 1 (5%) 0

Nonhematologic

Gastrointestinal

Anorexia 3 (16%) 2 (11%)

Constipation 2 (11%) 0

Dehydration 6 (32%) 0

Diarrhea 9 (47%) 0

Dysphagia, esophagitis, or odynophagia 5 (26%) 1 (5%)

Nausea 6 (32%) 0

Vomiting 4 (21%) 0

Systemic

Fatigue 2 (11%) 1 (5%)

Hypotension 2 (11%) 1 (5%)

Infectionwith neutropenia 2 (11%) 0

Infectionwithout neutropenia 0 1 (5%)

Neutropenic fever 4 (21%) 1 (5%)

Cetuximab-related

Allergic or anaphylactic reaction 0 0

Rash or desquamation 1 (5%) 0

Each event represents one patient who developed the toxicity,
recorded here at the highest grade of toxicity noted in the individual
patient.
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patients, hypomagnesemia in two patients, infectionwithout
neutropenia in two patients, and nausea in one patient.

Dose-volumehistogramparameters of the lung, including
the mean lung dose (MLD) and percentage of irradiated vol-
ume �20 Gy (V20) and �5 Gy (V5), were determined for 18
patients, including all three patients who developed respira-
tory failure (Fig. 1). The median V5 was 46.0% (range, 8.5%–
86%); for the three patients with respiratory failure, the V5
was 46.8%, 50.5%, and 84%. The median V20 was 16.5%
(range,4.9%–33%); for thethreepatientswithrespiratory fail-
ure, theV20was14.5%,15.2%,and33%.ThemedianMLDwas
10.7 Gy (range, 2.6–16.8 Gy); theMLDs for the three patients
with respiratory failurewere 10.5 Gy, 10.8 Gy, and 16.8 Gy.

Of the 16 patients who underwent an R0 resection, 11 re-
ceivedat least onepostoperativedoseof cetuximab. Eight pa-
tients completed at least half of their postoperative course of
cetuximab and five patients completed the entire 26-week
postoperative course.

pCR and Survival Outcomes
Sixteen of 19 patients underwent an R0 surgical resection:
seven received three-holeesophagectomy, five received Ivor-
Lewis esophagectomy, three received left thoracoabdominal
esophagectomy, and one received minimally invasive esoph-
agectomy.Of the remaining threepatients, onediedpreoper-
atively as a result of sepsis and two had unresectable disease.
For all 19 patients, the median PFS interval was 10 months,
with a range of 2 months to�88months, and themedian OS
timewas31months,witha rangeof2months to�88months.
Three of the 19 patients (16%) achieved a pCR. With a mini-
mum follow-up duration of 67months, five patients (26%) re-
mained alive and 14 patients had died. Three patients
continued in remission.

Of the 16 patients enrolled with adenocarcinoma, 13 un-
derwent an R0 resection of their primary tumor. Of these 13

patients,onehadapCR,eighthadapartial response(including
onewith only residual carcinoma in situ), three had stable dis-
ease, andonehadprogression. Themedian PFS intervalwas 9
months (range, 2months to�88months) and themedian OS
timewas 19.5months (range, 2months to�88months).

Ofthethreepatientsenrolledwithsquamouscellcarcinoma,
all proceeded to an R0 surgical resection. Two of the three pa-
tientsexperiencedapCRandthethirdpatienthadstabledisease.
ThePFStimeswere25months,38months,and�88months.The
OS timeswere48months,�67months, and�88months.

DISCUSSION
This study demonstrated that preoperative cetuximab, irino-
tecan, cisplatin, and concurrent radiation therapy in patients
with locally advanced esophageal cancer is toxic and did not
achieve a sufficient pCR rate to undergo further investigation
in patientswith adenocarcinoma.Unfortunately, therewere
too few patients to evaluate the efficacy of the regimen in
patients with squamous cell carcinoma. Overall, only three
patients (16%) achieved a pCR. Notably, there were high
rates of grade 3 or 4 toxicity, including neutropenia (47%)
anddiarrhea (47%). Rates of pCRof 25%–40%havebeen re-
ported in previous studies assessing trimodality therapy
with preoperative chemoradiation [1]. Compared with this
standard, this regimen was not considered promising for
further development.

Several trials have investigated the use of irinotecan, cis-
platin, and radiation therapywithout the addition of targeted
biologic agents in patients with locally advanced esophageal
cancer. Compared with those trials, our regimen was more
toxic andassociatedwitha lowerpCR rate [4–6, 11, 12] (Table
3). Those trials enrolled similar numbers of adenocarcinoma
patients (70%–100%) and reported pCR rates of 15%–33%.
ThemedianOStimewas in therangeof25–36months.Our tri-

Figure 1. Dose-volume histogramdata for 18 patients, including percentage of irradiated volume�5Gy (V5) (A), percentage of irradi-
atedvolume�20Gy(V20) (B), andmean lungdose (MLD) (C). Indicatedare themedian (blackbar), alongwith individualvalues for the15
patients who did not have postoperative respiratory failure (blue diamonds) and the three patients who did have postoperative respi-
ratory failure (red squares).
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al’s pCR of 16% and median OS duration of 31 months falls
within the range of those studies, but the addition of cetux-
imab to the regimen did not appear to improve these mea-
sures of efficacy. Furthermore, there was substantial toxicity
with our regimen, with grade 3 or 4 neutropenia in 47%of pa-
tients andgrade3or4diarrhea in47%ofpatients. In theother
trials, severe neutropenia occurred in 21%–37% of patients
and severe diarrhea occurred in�15%of patients.

Results similar to ours were reported recently by the
Southwest Oncology Group (S0414 trial), who investigated
theroleofcetuximab, irinotecan, cisplatin, andthoracic radio-
therapy in patients with unresectable esophageal carcinoma
[13]. That trial enrolled21eligiblepatientsandachievedame-
dian PFS time of 6.4 months and median OS time of 11.2
months. Toxicitieswerehigh,with twodeathsonprotocoland
high rates of grade 3 or 4 hematologic toxicity (52%), diarrhea
(24%), fatigue (24%), nauseaor emesis (19%), anorexia (19%),
and dehydration (19%). This provides further evidence that
cetuximab in combinationwith irinotecan, cisplatin, and radi-
ation therapy results in substantial toxicity.

However, other chemoradiation combinations with cetux-
imabmaybemorepromising. Twochemoradiationstudieshave
usedcetuximab incombinationwithoxaliplatinand fluorouracil,
withconflictingresultsregardingthesafetyofthisregimen.Lledo
and colleagues combined cetuximab with fluorouracil, leuco-
vorin, andoxaliplatinplus radiation therapyand foundanoverall

clinical response rate of 77.2% and a clinical complete response
rate of 40.5%without reports of postoperative pneumonitis or
acute respiratorydistress syndrome (ARDS) [14]. Kleinberg and
colleagues used cetuximab in combination with neoadju-
vant oxaliplatin, fluorouracil, and radiation therapy, fol-
lowed by surgery and adjuvant cetuximab and docetaxel,
and found a 32%pCR rate [15]. However, four of 22 patients
died postoperatively as a result of ARDS, and a total of
seven deaths occurred on study; enrollment was halted.
There was no clear relationship between ARDS and radio-
therapy dose; patients who developed ARDS had a V20 of
17%–19% (medianV20, 11%) and aV5of 46%–72% (median
V5, 50%) [15]. Similarly, in our study, though the patient
with the highest V5, V20, and MLD did suffer respiratory
failure, the other two patients who developed respiratory
failure had values close to themedian for all three parame-
ters. However, all three patientswith respiratory failure did
have a V5 greater than themedian, and there is correlation
between the lung volume spared from�5 Gy radiation and
a lower risk for postoperative pulmonary complications in
patients with esophageal cancer treated with concurrent
chemoradiotherapy [16]. The risk for postoperative pulmo-
nary toxicity remains worrisome. Though Lledo and col-
leagues did not find a significant rate of ARDS in their trial,
only 25% of patients underwent surgical resection of their
primary tumor after chemoradiotherapy. A planned French

Table 3. Comparison of trials

Study

n of patients
(% adenocarcinoma:
% SCC) Chemotherapy ITT pCRa

OS,
mos

Grade 3–4 toxicities (≥15%) and grade 5
toxicities

Cisplatin, irinotecan, and radiation therapy
regimens

Ilson et al. [4] 19 (84:16) Cisplatin, irinotecan, and XRT 21% 25 Neutropenia, 21%; thrombosis, 21%

Knox et al. [5] 52 (75:25) Cisplatin, irinotecan, and XRT 13% 36 Neutropenia, 36%; esophagitis/dysphagia,
16%; fatigue, 16%; stroke/death, 2%

Enzinger et al. [6] 40 (85:15) Cisplatin, irinotecan, celecoxib,
and XRT

33% 34 Neutropenia, 22%; diarrhea/dehydration,
15%; ARDS/death, 2.5%

Tew et al. [11] 41 (76:24) Cisplatin, irinotecan, and XRT 16% NR Neutropenia, 37%; thrombosis, 15%

Kleinberg et al. [12] 46 (100:0) Cisplatin, irinotecan, and XRT 15% 34.9 Hematologic, 43%

Cisplatin, irinotecan, and radiation therapy
regimenswith cetuximab

This study 19 (84:16) Cisplatin, irinotecan, cetuximab,
and XRT

16% 31 Neutropenia (47%); diarrhea, 47%;
dehydration, 31%; dysphagia/esophagitis,
31%; nausea, 31%; anorexia, 26%;
vomiting, 21%; sepsis/death, 5%;
respiratory failure/death, 5%

Tomblyn et al. [13] 21 (48:52) Cisplatin, irinotecan, cetuximab,
and XRT

NR 11.2 Hematologic, 54%; fatigue, 24%; diarrhea,
24%; nausea/vomiting, 19%; dehydration,
19%; anorexia, 19%; sudden death, 5%;
gastrointestinal necrosis/death, 5%

Other chemoradiotherapy regimenswith
cetuximab

Lledo et al. [14] 79 (33:67) Oxaliplatin, 5-FU, LV, cetuximab,
and XRT

NR NR Neutropenia, 28%

Kleinberg et al. [15] 22 (100:0) Oxaliplatin, 5-FU, cetuximab, and
XRT

32% NR ARDS/death, 18%; PE/death, 5%; sepsis/
death, 5%

Safran et al. [17] 60 (80:20) Carboplatin, paclitaxel, cetuximab,
and XRT

25% NR Rash, 25%; esophagitis, 16%; dehydration,
16%

Ruhstaller et al. [18] 28 (54:46) Cisplatin, docetaxel, cetuximab,
and XRT

32% NR Febrile neutropenia, 21%;
dysphagia/esophagitis, 26%

For this table, poorly differentiated or undifferentiated caseswere added to the adenocarcinoma totals.
aITT calculation of pCR calculated as pCR/(all patients who received therapy). Of note, some studies did not require patients to proceed to surgery
(Ilson et al. [4], Safran et al. [17]).
Abbreviations: 5-FU, 5-fluorouracil; ARDS, acute respiratory distress syndrome; ITT, intention to treat; LV, leucovorin; NR, not reported; pCR,
pathologic complete response; PE, pulmonary embolism; SCC, squamous cell carcinoma; XRT, radiation therapy.

285Lee,Mamon, Hong et al.

www.TheOncologist.com ©AlphaMed Press 2013



phase III study comparing cetuximab, oxaliplatin, fluorouracil,
and radiation therapy with standard cisplatin, fluorouracil, and
radiation therapymayhelp shed further lighton this issue.

Other studies have combined cetuximab with a taxane,
platinumanalog,andradiation therapy.Safranandcolleagues
treated 60 patients with cetuximab, paclitaxel, carboplatin,
and radiation therapy [17]. That regimen achieved a 27% pCR
rate in patients who proceeded to surgery. Toxicities were
lower than in our study, with grade 3 or 4 toxicities of rash
(25%), esophagitis (16%), dehydration (16%), neutropenia
(14%), and anemia (11%) being most common. The median
survival time was not reported. Ruhstaller and colleagues
treated 28 patients with cetuximab, docetaxel, cisplatin, and
radiation therapy [18]. Thirty-two percent of those patients
had a pCR, and an additional 36% of patients hadmicroscopic
residual disease. At 12 months, the event-free survival rate
was 82% and OS rate was 86%. In our study, the 12-month
event-free survival rate was 42% and OS rate was 58%. Based
on the promising results of these trials, phase III trials have
been initiated. The RTOG0436 trial is randomizing patients to
receivedefinitivenonoperative treatmentwithpaclitaxel, cis-
platin, and radiation with or without cetuximab. The Swiss
Group for Clinical Cancer Research (SAKK) 75/08 trial is simi-
larly randomizing patients to receive treatment with do-
cetaxel, cisplatin, and radiationwith orwithout cetuximab.

In our study, the relatively low pCR rate may be associated
with the high toxicity of the regimen necessitating delays and
dose attenuations in the chemotherapy and radiation therapy
thatmay have reduced the efficacy of this regimen. It is unlikely
that there is an intrinsic difference in the efficacy of a regimen
based on a taxane–platinum combination versus an irinotecan–
platinum combination, because the ECOG 1201 trial compared
the efficacy of neoadjuvant cisplatin, irinotecan, and radiation
therapywith that of neoadjuvant cisplatin, paclitaxel, and radia-
tion therapy and found comparable pCR rates (15% vs. 16%, re-
spectively) [13] andcomparable survival outcomes [19].

The role of anti-EGFR therapy, particularly with antibod-
ies, in patients with esophagogastric cancer may now be un-
certain based on the results of the Randomized Trial of
Epirubicin, Oxaliplatin, and CapecitabineWith orWithout Pa-
nitumumabforAdvancedandLocallyAdvancedEsophagogas-
tric Cancer (REAL-3) study recently presentedat theAmerican
Society of Clinical Oncology symposium in Chicago [20]. That
randomized multicenter study of standard chemotherapy
with or without the EGFR antibody panitumumab in patients
with chemotherapy-naïve advanced esophagogastric adeno-
carcinomademonstratednosurvivalbenefitwith theaddition
of the EGFR antibody. In fact, patients who received panitu-
mumabhadaworseOSoutcomethanpatientswhodidnot re-
ceive the antibody (8.8months vs. 11.3months; hazard ratio,
1.37; 95% confidence interval, 1.07–1.76; p� .013). The rea-
son for this lack of efficacy is unclear, and it may not neces-

sarily translate into the neoadjuvant setting, where chemo-
therapy primarily acts as a sensitizer to radiation. The authors
of the REAL-3 study analyzed a subgroup of patients for KRAS
and PIK3CAmutations and the expression of either phospha-
tase and tensin homologue deleted on chromosome ten
(PTEN)orhumanepidermalgrowthfactor receptor (HER)-2. In
a multivariate analysis, KRAS and PIK3CA mutation, but not
PTENor HER-2 expression, appeared to be prognostic. Others
have suggested thatMET amplification (7.1 months vs. 16.2
months; p � .001) and EGFR amplification (11.2 months vs.
16.2months; p� .16)may have a negative impact on survival
outcomes in patients with esophagogastric cancer [21]. Acti-
vating mutations within EGFR have also been identified [22].
Thus, other irregularities in the EGF pathway or deviations in
otherassociatedpathwayscouldexplainthepotential resistance
of esophagogastric cancer cells to anti-EGFR therapy. In sum-
mary, although our study and the S0414 study showed that ce-
tuximabwith irinotecan, cisplatin, and radiation therapy yielded
low efficacy and high toxicity, other chemoradiotherapy combi-
nationswithcetuximabappearmorepromising.Ultimately,only
arandomizedcomparisonwilldeterminetheroleofcetuximabin
the treatmentofpatientswith locally advancedesophageal can-
cer. Enrollment in the ongoing phase III RTOG 0436 and SAKK
75/08 studies is stronglyencouraged.
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