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Background: Esophageal/gastroesophageal junction (GEJ) adenocarcinoma is increasingly treated with
trimodality therapy. We present our experience using carboplatin/paclitaxel and radiotherapy followed by
surgery.

Methods: Consecutive patients with distal esophageal/GE] adenocarcinoma (>T2 or N+) treated
from July 2010 to October 2011 were identified. Treatment included neoadjuvant carboplatin/
paclitaxel with concurrent radiotherapy (CRT) to 50.4 Gy using an IMRT technique and then Ivor
Lewis esophagogastrectomy (ILE). PET/CT was performed prior to and after CRT. Patient/treatment
characteristics and tumor response were analyzed.

Results: Over this timeframe, 16 patients completed trimodality therapy. All were male, median age of 60 years
(45-72 years). All tumors were grade 2-3 with mean tumor length of 4.4 cm (1-9 ¢cm). A median of 6 cycles
(5-9 cycles) neoadjuvant carboplatin/paclitaxel were administered. Average time from diagnosis to CRT
completion was 76 days (44-141 days) and 60 days (35-92 days) from CRT end to surgery. Neoadjuvant
CRT was well tolerated with mean weight loss of 3.9 kg. All pts had RO resections. No anastomotic leaks or
perioperative mortality occurred. Mean hospital stay was 13 days (8-28 days). Pathologic complete response
(pCR) was seen in 38% of patients, microscopic residual disease (isolated tumor cells or <2 mm) in 31%, and
macroscopic residual disease remained in 31%. Mean SUV reduction was 41% (0-100%). Of 11 patients
with >35% SUV decrease, 45% had pCR and 27% had microscopic residual disease. Three patients had
signet ring features. Of these, 2 had no SUV reduction and all had gross residual disease, including the only
patient with positive nodal disease.

Conclusions: Trimodality therapy utilizing concurrent carboplatin/paclitaxel and radiotherapy to 50.4 Gy
followed by surgery was well tolerated and resulted in significant pathologic complete response or minimal
residual disease. Further investigation of predictive factors for response is needed to best tailor therapy in the

management of esophageal/GE]J adenocarcinoma.
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Introduction

According to the American Cancer society, the estimated
number of new esophageal cancer diagnoses in 2012 will
approach 17,500, approximately 500 more cases than in
2011, with a male preponderance (1). Over the past decade,
the rate of esophageal adenocarcinoma has risen significantly,
specifically among the Caucasian population (2). Risk factors
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include higher rates of gastroesophageal reflux and obesity.
The standard treatment modality for local and locoregional
disease had primarily been surgery. Treatment has evolved
to combine additional therapeutic modalities in conjunction
with surgery, specifically with varying combinations of
radiation and chemotherapy (3-6).

Improvement in outcomes seen with multimodality
therapy has prompted further investigation into alternative
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chemotherapies and radiation protocols (7,8). The rate
of complete pathological response (pCR) is increasingly
used as a measure of efficacy of neoadjuvant therapies and
predictor of outcome (9). Tepper et al. reported in 2008
a pCR of 33% after undergoing neoadjuvant therapy
consisting of cisplatin, fluorouracil, and conformal radiation
to 50.4 Gy (4). More recently in the CROSS study, a pCR
rate of 29% was observed utilizing neoadjuvant paclitaxel/
carboplatin and concurrent radiotherapy to a total dose
of 41.4 Gy (6,10). Following initial presentation of this
data, our institution implemented a similar neoadjuvant
concurrent chemoradiotherapy regimen using paclitaxel
and carboplatin beginning in July 2010. In contrast to the
CROSS study, the radiation total dose prescribed was
50.4 Gy. Patients then proceeded to surgical resection.
In this study, we evaluated patient, tumor, imaging, and
treatment characteristics and response in consecutive
patients treated using this trimodality regimen.

Materials and methods

Eligibility

Patients with histologically documented adenocarcinoma
of the distal esophagus (thoracic esophagus below 25 cm)
or gastroesophageal junction (GEJ) were eligible for review
on this IRB approved retrospective study. Those patients
who received all aspects of their trimodality therapy at our
institution were included for evaluation. All tumors were
staged with preoperative imaging and considered resectable
(T2-3,NO-1, Stage IB-IIIA).

Positron emission tomography/computed tomography
(PET/CT) was obtained prior to and after completion
of chemoradiotherapy (CRT). The majority of patients
underwent evaluation with computed tomography (CT)
with oral and intravenous contrast of the chest, abdomen
and pelvis. For patients who underwent endoscopy at
outside institutions, repeat endoscopy was performed on
the discretion of the surgeon as was endoscopic ultrasound
(EUS) with or without biopsy. All outside pathology and
radiology was reviewed. All patients were discussed at a
multidisciplinary conference with participation of all sub-
specialty disciplines involved in the care of esophageal and
GE]J carcinomas and treatment recommendations reviewed.

All patients were screened and high risk anesthesia
consults were obtained for those patients with significant
co-morbidities. Preoperative cardiac stratification and
pulmonary function tests were obtained when indicated.
Patients were excluded if they were considered non-surgical
candidates on the basis of medical co-morbidities, were
previously treated with chemotherapy or radiation within
the treatment area, were considered unresectable or had
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metastatic disease, or if they had lymphadenopathy outside
the area of planned resection.

Patient data reviewed included complete history/physical
examination, upper endoscopy/EUS, biopsy results, CT
chest/abdomen and pelvis with oral and IV contrast, PET/
CT, and laboratory results including albumin and protein.

Treatment

All patients received concurrent CRT followed by Ivor-
Lewis esophagogastrectomy (ILE). Chemotherapy consisted
of weekly administration of paclitaxel 50 mg/m’ and
carboplatin AUC =2 given intravenously with total infusion
time of 2 hours for an average of 6 weeks. These were
administered on days 1, 8, 15, 22, 29 and 36. Patients were
premedicated with dexamethasone 10 mg, diphenhydramine
50 mg, famotidine 20 mg, and palonosetron 0.25 mg
as well as hydrated with intravenous fluid prior to the
administration of chemotherapeutic medications.

Conformal radiotherapy to a total dose of 50.4 Gy in
28 fractions was delivered. All patients were treated using
volumetric modulated arc therapy (VMAT) with 6 MV
photons. Volumes were designed to include gross tumor
and nodal disease as noted on endoscopy and on imaging
studies, regional nodes and the celiac axis with margin.
Organs at risk for treatment planning included lungs, heart,
spinal cord, uninvolved esophagus and stomach, liver, and
kidneys. Heterogeneity corrections were used in treatment
planning using Eclipse Treatment Planning System version
8.5 (Varian Medical Systems, Palo Alto, CA). Dose was
prescribed to the planning target volume (PTV) so that at
least 95% of the PTV received 99% of prescription dose
with dose constraint of 93%< PTV <107%. One or two arcs
were used as needed to meet the above target constraints.
Normal tissue dose constraints were consistent with current
standard practice with priority on maximum spinal cord
dose and volumetric heart and lung dose (11).

Repeat PET/CT and CT imaging with contrast were
obtained for restaging following completion of CRT and
prior to resection. Surgery was optimally performed 6 to
8 weeks after completion of concurrent CRT. Resection of
all patients was performed via midline laparotomy and right
posterior lateral thoracotomy (ILE). Prior to proceeding
with resection, every surgery started with a small upper
midline incision and exploration of the abdominal cavity to
rule out metastatic disease. All perigastric, periesophageal,
subcarinal and celiac axis nodes that were technically
accessible were removed. A gastric conduit with a
stapled anastomosis was utilized for all patients and an
intraoperative leak test was performed routinely. A feeding
jejunostomy was performed in all patients for feeding
access. Frozen section analysis of the proximal margin
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and gross examination of the distal resection margin was
analyzed intraoperatively as were any suspicious peritoneal
and/or liver lesions.

Data collection

Medical records of consecutive patients diagnosed and
treated for distal esophageal or GE] adenocarcinoma
from July 2010 to October 2011 were reviewed. Patient
characteristics including age, Eastern Cooperative
Oncology Group (ECOG) performance status, gender,
weight (pre and post CRT), and past medical history were
abstracted. Initial tumor characteristics including histology,
grade, clinical stage (based on preoperative CT, PET/CT,
EUS), length of tumor, proximal/distal extent of tumor, and
standardized uptake values (SUVs) pre and post CRT PET/
CTs were reviewed. Chemotherapy characteristics including
number of neoadjuvant and adjuvant cycles, toxicities,
and treatment delays were recorded. Similarly, radiation
treatment characteristics were collected. Time interval data
included time of diagnosis to completion of CRT, diagnosis
to surgery, and completion of CRT to surgery. Laboratory
data prior to and following completion of neoadjuvant
treatment was reviewed.

Pathologic evaluation included analysis of the
resection specimen and frozen sections, resection status
(RO-2), histologic features, presence of perineural and
lymphovascular invasion, and nodal involvement. Patients
were considered to have a complete pathologic response
(pCR) if no tumor cells were identified in either the
primary tumor or nodes. Patients were considered to have
minimal residual disease if the tumor was <2 mm or isolated
tumor cells were identified. Gross residual disease within
the pathologic specimen was categorized as macroscopic.
Comparisons were made between preoperative biopsy and
resection pathology and PET/CT change pre and post
CRT to assess response to neoadjuvant therapy. Length
of hospital stay, in hospital mortality and postoperative
complications were recorded.

Statistical methods

Descriptive statistics such as frequencies and relative
frequencies were computed for all categorical variables.
Numeric variables were summarized using simple
descriptive statistics such as the mean, standard deviation,
range, and percentages. Associations between tumor
response measures, pCR and SUV, and covariates were
tested using the Fisher Exact Test. A 0.05 nominal
significance level was used in all hypothesis testing. All
statistical analyses were performed using SAS, version 9.3,
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statistical software (SAS Institute Inc., Cary, NC).

Results

A total of 18 consecutive patients who received trimodality
therapy between July 2010 and October 2011 were
evaluated. Two patients were excluded who received
chemotherapy and/or radiation therapy at an outside
institution despite undergoing operative intervention at our
institution. The remaining 16 patients received all aspects
of their care at our institution.

Patient and tumor characteristics

Patient and tumor characteristics are summarized in Table
1. All patients were Caucasian males with a median age of
60 years and ECOG performance status (PS) of 0-1. Tobacco
use was common among our patient population with 82% of
patients reporting current or past history of usage.

All patients had moderately to poorly differentiated
adenocarcinomas. Three patients had signet ring features
and one was found to have mucin production. Over half of
the esophageal tumors were considered AEG 1 as defined by
the Siewert classification with the tumor epicenter located
between 1-5 cm above the GE]J (12). The average length of
the tumor was 4.4 cm (1-9 cm). EUS was performed in 38%
of patients for staging. All patients underwent pretreatment
PET/CT revealing a mean SUV of 9.7 [0-21]. Utilizing
the American Joint Committee on Cancer AJCC seventh
addition, most patients were stage IIA/B or IITA. All patients
were at least a clinical/radiographic T2 or with clinically/
radiographically positive nodes which was documented in 6
patients.

Treatment characteristics

All patients received conformal radiation to 50.4 Gy using
a VMAT technique with concurrent carboplatin and
paclitaxel, with a mean of 6 cycles. Treatment parameters are
summarized in Table 2. Median elapsed time from diagnosis
to completion of concurrent chemoradiaton was 76 days
(44-141 days), from diagnosis to surgery was 143 days
(99-224 days), and from completion of concurrent
chemoradiation to surgery was 66 days (35-92 days). Four
patients did require a break from treatment secondary to
fever/bronchitis, body rash, thrombocytopenia, and an
unspecified reason.

Pathologic and SUV response

Pathologic and SUV response to neoadjuvant therapy was
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Table 1 Patient and tumor characteristics

Platz et al. Neoadjuvant chemoradiotherapy for esophageal/gastroesophageal adenocarcinoma

Table 1 (continued)

N=16 N=16

Ethnicity 16 (100%) caucasian Tumor location
Gender 16 (100%) male Distal esophagus 2 (12.5%)
ECOG AEG1 9 (56%)

0 9 (56%) AEG2 5 (31%)

1 7 (44%) Average proximal extent 34 cm
Age [median] 60 [45-72] Average distal extent 38 cm
Weight (pre-treatment, median) 91 (74.5-105.1) kg Average length 4.4 [1-9] cm

Smoking
None
Past
Current
Coronary artery disease
Hypertension
ETOH
None
Occassional
Abuse
Chronic renal insufficiency
COPD/ OSA
Diabetes mellitus
History Barretts esophagus
Stage
1B
IIA/B
A
cT stage
T2
T3
Unspecified
cN stage
NO
N1
Unspecified
Type Histology
AdenoCA
Grade
Well differentiated
Moderately differentiated
Poorly differentiated
Endoscopic US
Histology subtypes
Signet
Mucin

3 (19%)
6 (38%)
7 (44%)

4 (25%)
6 (38%)
6 (38%)

Table 1 (continued)
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Average PET SUV [pretreatment] 9.7 [0-21]

ECOG, eastern cooperative oncology group; COPD, chronic
obstructive pulmonary disease; OSA, obstructive sleep
apnea; AdenoCA, adenocarcinoma. ECOG Performance
status was on a scale of 0 to 5. 0 indicates full activity and
1 indicates restricted in physical activity but ambulatory.
Tumor length and location were determined by endoscopy.
Clinical stage was determined by endoscopic ultrasound,
CT, CT/PET

Table 2 Chemoradiotherapy
Carboplatin/paclitaxel

Number of cycles (Neoadjuvant) mean 6
Neoadjuvant 16 (100%), N=16
Adjuvant 3 (19%), N=16
Radiation
Dose 5,040 cGy VMAT
Elapsed time
Dx to end CRT 76 [44-141] days
Dx to Surg 143 [99-224] days
CRT to Surg 60 [35-92] days
VMAT, volumetric-modulated arc therapy; Dx, diagnosis;
CRT, chemoradiotherapy; Surg, surgery

16 (100%), N=16

reviewed (7able 3). All patients received RO resections. The
mean number of lymph nodes harvested was 19 [7-39].
pCR was achieved in 6 (38%) patients with an additional
5 (31%) patients having only minimal residual disease.
The remaining 5 patients (31%) had macroscopic residual
disease. One patient had pathologic nodal disease seen at
resection. Of those 5 patients with gross residual disease,
3 had signet ring features (60%). The sole patient with
residual nodal disease (ypN1) had a poorly differentiated
adenocarcinoma with signet ring features.

The average SUV reduction seen post neoadjuvant
therapy was 41%. Of the 11 patients with SUV reductions
of >35%, 5 had a complete pathologic response and 3 others
had minimal residual disease. Of the three patients with
signet ring features, 2 had no SUV reduction and all had
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Table 3 Pathologic response

Table 4 Nutritional parameters
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pCR 6 (38%), N=16
pT (MRD) 5 (31%), N=16
pT (GRD) 5 (31%), N=16
pNO 15 (94%), N=16
pN1 1(6%), N=16
Mean lymph nodes harvested [range] 19 [7-39]
PNI 2 (12.5%), N=16
LVI
No 14 (87.5%), N=16
Indeterminate 2 (12.5%), N=16
Yes 0 (0%), N=16
RO 16 (100%), N=16
SUvV
Average SUV (pretreatment) 9.7 (0-18.4)
Average SUV (posttreatment) 4.8 (0-8.8)
Average change 4.9
Average % change 41%

pCR, pathologic complete response; pT(MRD), minimal
residual disease (defined as <2 mm of residual disease;
pT(GRD), gross residual disease (gross residual disease
being >2 mm); PNI, perineural invasion; LVI, lymphovascular
invasion; SUV, standard uptake value

gross residual disease. The only patient with residual nodal
disease (ypN1) had signet ring features and was without a
SUV reduction following CRT. Response results are listed
in Table 3.

Tumor factors that trended toward significance for a
negative association with pathologic response (pCR and
minimal residual disease) were lymphovascular/perineural
invasion and signet ring/mucin histology (P=0.063). Signet
ring/mucin features were also associated with a PET/CT

SUV responses of <35% (P=0.063).

Trreatment tolerance and follow up

Noutritional status was evaluated prior to and following the
completion of neoadjuvant CRT (Tuble 4). Median decrease
in albumin, protein and weight were 0.25, 0.1 g/dL and
3.9 kg respectively. Supplemented enteral nutrition via a
percutaneous endoscopic gastrostomy tube was utilized
preoperatively during neoadjuvant chemoradiotherapy in
3 (19%) of 16 patients, suggesting the tolerance of this
regimen.

There was no in-hospital, peri-operative, or 30 day
mortality. No anastomotic leaks occurred. Mean hospital
stay was 13 days (8-28 days). One patient did develop a
chyle leak requiring re-operation secondary to failure
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Albumin pre neoadjuvant
Albumin pre surgery
Albumin change

% albumin change
Protein pre neoadjuvant
Protein pre surgery
Protein change

% protein change
Weight pre neoadjuvant
Weight pre surgery

4.35 g/dL (3.9-4.9 g/dL)

4 g/dL (3.5-4.4 g/dL)

—-0.25 g/dL
5.57% decrease

7.4 g/dL (6.3-8 g/dL)

7.2 g/dL (6.5-7.9 g/dL)

-0.1 g/dL

1.3% decrease
90 kg (74.5-105.1)
85 kg (73.4-100.7)

Weight change -3.9 kg

% weight change -4.2%

Weight 1* postop visit 84 kg

Percutaneous gastrostomy tube

placement
No 13 (81%), N=16
Pre CRT 1(6%), N=16
During CRT 2 (12.5%), N=16

CRT, chemoradiotherapy

of medical management. An additional patient required
postoperative anastomotic dilation for a stricture. Three
patients required readmission within 30 days, one for
dehydration, one for pulmonary edema, and the third
related to additional adjuvant chemotherapy administration.
Major morbidities are listed in Table 5.

With a median follow up was 15.3 months (9.8-20 months),
three patients have developed recurrences (one anastomotic,
one cervical lymph node, one supraclavicular lymph node).
One of these patients has died from disease at 16.5 months
from diagnosis. Two of the three patients with recurrences
had tumors with signet ring/mucin features.

Discussion

Trimodality therapy is increasingly becoming the preferred
regimen for the treatment of patients with localized/
locally advanced esophageal and GEJ cancers (7,13).
Our institution has adopted the regimen of neoadjuvant
chemotherapy using paclitaxel 50 mg/m’ and carboplatin
AUC-=2 as per the CROSS study. In our study the
radiotherapy differed as we utilized the standardly accepted
Western CRT dose of 50.4 Gy and not the 41.4 Gy utilized
by those investigators (3,9,10,14). Radiation treatments
were delivered using an intensity modulated radiation
therapy approach with VMAT versus 3D conformal fields as
in the CROSS study. This neoadjuvant CRT regimen was
followed by an RO resection for all patients.
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Table 5 Hospital characteristics and morbidity

13 [8-28] days

0 (0%), N=16

0 (0%) of 1615.3
15.3 [9.8-20] months

Hospital stay [median]
In hospital mortality
30 day mortality
Median follow up

ARDS 0 (0%), N=16
Leak
Esophagogastrostomy 0 (0%), N=16
Thorax duct 1 (6%), N=16
Wound infection 0 (0%), N=16
Anastomotic dilation 1 (6%), N=16
Pulmonary edema requiring 1 (6%), N=16
readmission
Readmission 3 (19%) of 16
(Dehydration-1; Pulmonary
edema-1; carboplatin
reaction adjuvantly-1)
Recurrence 3 (19%), N=16

ARDS, acute respiratory distress syndrome

Our results as well as those from the CROSS study show
these similar regimens to be well tolerated and achieve
significant response rates. Various studies have shown that
pCR after neoadjuvant chemoradiotherapy can be obtained
in up to 13-33% of patients (4,5,10,15,16). Complete
pathologic response has been shown to translate into an
improvement in survival (17). The overall pCR rate in the
CROSS study was 29%, but only 23% for the subset with
adenocarcinoma (6). Our study showed a pCR rate of 38%
with minimal residual disease present in an additional 31%
of patients. Taken together, 69% of our studied population
had minimal if any remaining viable cancer cells. The higher
radiation dose might have contributed to the higher response
rates observed however our limited sample size precludes
any further conclusion and likely multiple patient, tumor,
and treatment factors are influential. Additional follow up is
needed to evaluate recurrence and survival outcomes.

An improvement in RO resection rates can occur when
neoadjuvant CRT is given prior to surgery compared
to surgery alone (16). When compared to other similar
studies, our 100% RO resection rate is likely due to multiple
factors including operative technique, case volume and high
pathologic response rates (6).

All patients evaluated in this study had moderately
to poorly differentiated adenocarcinomas. Subsets of
adenocarcinomas are known to have mixed histology
consisting of signet ring cells and mucin. This histology has
been associated with a worse prognosis (18). We similarly
found that those patients with signet ring/mucin features
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were less likely to have a good pathologic response both
locally and regionally. Our results show that of patients with
residual macroscopic disease, 60% were of the signet ring
subset whereas none of those with pCR or minimal residual
disease were identified as having this feature. Although six
patients were clinically node positive prior to the initiation
of neoadjuvant therapy, the single patient with residual
nodal disease following CRT had a poorly differentiated
tumor with signet ring features. Two of the 3 patients with
recurrent disease had signet ring/mucin features, including
the patient deceased of disease.

Lordick et al. evaluated metabolic response by PET/
CT to neoadjuvant therapy using a SUV decrease of >35%
to determine significance (19). Our average SUV decrease
from pre to post neoadjuvant CRT was 41%. When
evaluating those tumors with signet ring features, 2 of 3
patients had a 0% reduction in SUV. Tumors with signet
ring and mucin features were less likely to have a >35%
SUV reduction than those without these features. This too
suggests that those with signet ring/mucin features may be
less metabolically responsive to CRT. Our results correlate
with the published data regarding more aggressive/less
responsive characteristics of this histology but warrant
further investigation. Patients with these histologies may
better benefit from alternate systemic therapy regimens.

Our study revealed that this regimen of neoadjuvant
carboplatin/paclitaxel with concurrent radiotherapy to
50.4 Gy was well tolerated as all patients completed
therapy without significant course altering complications.
A limitation of our study in assessing tolerance to therapy is
that specific toxicity grading was not captured prospectively.
We have evaluated tolerance by treatment breaks, weight
loss, laboratory and nutritional parameters. Few treatment
breaks were required and nutritional parameters prior to and
after neoadjuvant CRT showed minimal detrimental effect.

Reported rates of postoperative mortality after
neoadjuvant chemoradiotherapy followed by surgery
range from 0-12.3% (9). We had no in-hospital or 30 day
mortality occurred in patients treated with this trimodality
regimen and no anastomotic leaks occurred. Rates for
intrathoracic anastomotic leaks vary in the literature and
have been reported as high as 16% (20). We credit this
low in hospital/30 day mortality and anastomotic leak
rate to experienced meticulous technique and algorithmic
postoperative care.

Conclusions

This study shows that neoadjuvant treatment with weekly
administration of paclitaxel and carboplatin with concurrent
radiotherapy to 50.4 Gy was well tolerated and resulted
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in significant rate of pathologic complete response or
minimal residual disease. Patients with signet ring/mucin
features appear to have a worse overall response rate and
larger residual disease burden following neoadjuvant
CRT. Our results suggest that this trimodality regimen
can be successfully completed with minimal postoperative
complications and mortality. Additional follow up is needed
for analysis of recurrence and survival outcomes. Further
investigation of predictive factors for response will aid in
best tailoring therapy for patients with esophageal/GE]
adenocarcinoma.
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