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Chemoradiotherapy for Esophageal Cancer
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ABSTRACT

Radiotherapy and surgery have both played prominent roles in the treat-
ment of esophageal cancer since the beginning of the 20th century.
Although the use of radiotherapy alone to treat esophageal cancer has a
long history, it has not demonstrated improved outcomes compared with
surgery alone. The disappointing rates of survival and local control associ-
ated with single-modality therapy and the need for effective nonsurgical
management led to the development of definitive chemoradiotherapy
paradigms for esophageal cancer. Adding cytotoxic chemotherapy to
radiotherapy for additive or synergistic effect was described as early as
1968, and over time, treatment has shifted from single-modality therapy
toward combined-modality therapy using chemotherapy and radio-
therapy. This approach eventually demonstrated superior outcomes in
patients with esophageal cancer when compared to radiotherapy alone.
Maximum benefit of this therapy depends on the appropriate addition of
surgery and the optimization of radiosensitizing chemotherapy. A burgeoning
area of research has focused on improving definitive chemoradiotherapy
strategies through the incorporation of newer chemotherapeutic agents
and targeted biologic agents. An overview of the history of chemoradio-
therapy in the treatment of esophageal cancer is presented, as well as a
discussion of ongoing studies and future areas of promising research.
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The treatment of esophageal cancer
remains a therapeutic challenge. Despite

an 11% improvement in survival over the
past 30 years, 5-year survival rates for pa-
tients with localized and regional involve-
ment remain low at 33.7% and 16.7%,
respectively.1 In this time period, treatment
evolved away from single-modality therapy
as combined-modality therapy using chemo-
therapy and radiotherapy found success
as a treatment paradigm in sites such as
anal cancer. This approach eventually
demonstrated superior outcomes in patients
with esophageal cancer when compared to
radiotherapy alone.2,3 Recent and ongoing
research has focused on the optimization
of chemoradiotherapy regimens through
the use of induction chemotherapy, the
addition of surgery, the alteration of radia-
tion delivery, and the incorporation of novel
chemotherapeutics and targeted agents.

HISTORY OF TREATMENT
Radiation and surgery have both played
prominent roles in the treatment of

esophageal cancer since the beginning of
the 20th century. The first cervical esopha-
geal resection for carcinoma in a human
was performed by Czerny in 1897 and trans-
thoracic approaches for resection were
developed soon after.4–6 A review of surgical
series done before 1978 showed a disap-
pointing 5-year overall survival rate of
9.6%.7 Unfortunately, surgery as a primary
treatment modality can only be used in a
minority of patients. Up to 50% of patients
presenting with localized esophageal can-
cer are inoperable and, of the remaining
patients, 20% will have unresectable
disease and only 36% will undergo a po-
tentially curative surgery.8

Radiotherapy alone for esophageal
cancer has a long history but has not
demonstrated improved outcomes compared
with surgery alone. Exner first described
the treatment of esophageal cancer with
radium in 1904.9 Several series using
radiotherapy alone in the treatment of
esophageal cancer since that time have
shown disappointing 5-year survival rates

on the order of 0 to 5%.3,10 Other research
demonstrated a 77% local recurrence rate
in patients treated with radiotherapy alone
to 51–61 Gy.11 However, modern trials
comparing radiotherapy alone to chemora-
diotherapy have demonstrated an improve-
ment in outcomes with the addition of
radiosensitizing chemotherapy. Several of
these trials are listed in Table 1.

DEFINITIVE CHEMORADIO-
THERAPY
The disappointing rates of survival and
local control associated with single-
modality therapy and the need for effective
nonsurgical management led to the devel-
opment of definitive chemoradiotherapy
paradigms for esophageal cancer. Adding
cytotoxic chemotherapy to radiotherapy for
additive or synergistic effect was described
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as early as 1968.12 Thereafter, investigators
began incorporating several agents includ-
ing 5-fluorouracil (5-FU), cisplatin, and mito-
mycin C (MMC) into chemoradiotherapy
regimens that would ultimately prove clini-
cally beneficial.

5-Fluorouracil exerts its radiosensi-
tizing effect through the disruption of DNA
repair and synthesis as well as RNA syn-
thesis through multiple mechanisms.13

When combined with radiotherapy, these
effects are enhanced by decreases in DNA
damage repair and the buildup of toxic
metabolites.12,14–16 Also a potent cytotoxin
and radiosensitizer, cisplatin exerts its
effects by binding DNA and causing cross-
links in the double helix. When combined
with radiotherapy, the differential DNA
damage of the combined modalities
overwhelms DNA repair mechanisms for
synergistic cytotoxicity, even in radioresis-
tant hypoxic cells.17–19 Mitomycin C (MMC)
is a naturally occurring antitumor agent
that is reduced to its active form under hy-
poxic conditions that causes DNA damage
through the formation of guanine-guanine
cross links.20 Nigro and colleagues devised
an effective anal cancer chemoradio-
therapy regimen using MMC, 5-FU and
radiotherapy in the early 1970s.2 The
efficacy of combining cisplatin with radio-

therapy was first demonstrated in patients
with non–small-cell lung cancer.21 Success
of these agents in other cancer sites led
investigators to incorporate them into
chemoradiotherapy paradigms for esopha-
geal cancer.

Coia and associates conducted a phase
II trial examining chemoradiotherapy in
both definitive and palliative regimens.22

Definitive treatment consisted of 60 Gy ex-
ternal beam radiation (EBRT) given over
6–7 weeks combined with 5-FU and MMC.
Palliative treatment consisted of the same
chemotherapy regimen but with a reduced
radiation dose of 50 Gy. These regimens
were well tolerated, with severe acute and
chronic toxicity rates of only 12.2% and
3.3%, respectively. However, much of the
severe toxicity was related to a 10% rate of
severe esophagitis requiring hospitaliza-
tion. Overall median survival for those
treated definitively was 18 months, and the
5-year actuarial survival was 18%, which
was a significant improvement over histor-
ical data. Although MMC-based regimens
such as this one have shown clinical
efficacy, the use of MMC in esophageal
cancer has waned because of its associ-
ated significant hematologic toxicity and
possibly decreased efficacy as compared
to other agents.22–24

One of the most important initial experi-
ences with chemoradiotherapy for esopha-
geal cancer was described by Herskovic and
colleagues.25 Their protocol delivered radia-
tion to a large field in 2-Gy fractions to a
total dose of 30 Gy along with concomitant
5-FU/cisplatin chemotherapy, followed by
a 20 Gy small field boost given with MMC
and bleomycin. The investigators ultimately
eliminated MMC/bleomycin because of
pulmonary toxicity and marginal recurrences
and gave four cycles of cisplatin/5-FU to
the remaining patients. This regimen
achieved an encouraging median survival
of 22 months in the 22 patients treated; 6
of these patients were alive and disease
free at 40 to 46 months.

Based on these data, the Radiation
Therapy Oncology Group (RTOG) conduct-
ed a seminal phase III trial, RTOG 8501,
which compared concurrent chemoradio-
therapy to radiotherapy alone.3 Patients
with adenocarcinoma or squamous cell
cancer were included, though more than
80% of these patients had SCC. Patients in
the combined-modality arm received 30
Gy to the entire length of the esophagus
and 20 Gy to a boost target 5 cm above
and below the known tumor extent.
Radiation was delivered in 2-Gy fractions
over 5 weeks, and chemotherapy consis-
ted of 5-FU and cisplatin given in four
cycles every four weeks. Patients receiving
radiotherapy alone were prescribed a
higher dose of 64 Gy in 2-Gy fractions over
6.4 weeks, allocated as 50 Gy to the
regional field and 14 Gy to the boost field.

After an interim analysis showed a sur-
vival benefit in the combined-therapy arm,
randomization was suspended and all re-
maining 73 patients were given chemora-
diotherapy. Five-year survival rates for
chemoradiotherapy vs. radiotherapy were
26% and 0%, respectively, and 22% of the
chemoradiotherapy group survived at least
8 years.26 Despite a dramatic improvement
in survival, chemoradiotherapy was associ-
ated with persistent disease or local recur-
rence in more than 50% of patients. In
addition, this 5-FU based chemoradio-
therapy regimen was associated with signif-
icant toxicity; acute severe and life threat-
ening toxicities were 44% and 20%,
respectively, and resulted in one treatment-
related death in the chemoradiotherapy
arm. These toxicities may have been

Table 1. Phase-III trials comparing chemoradiotherapy to radiotherapy alone

No. Radiation 5-Year
Trial patients Chemotherapy dose survival (%)

Araujo et al.85

RT 28 5-FU, MMC, 50 6
chemoradiotherapy 31 Bleomycin 50 16

Slabber et al.86

RT 34 40 SC 6 months†
chemoradiotherapy 36 5-FU 40 SC 5 months

*Smith et al.87

RT 62 40-60 7
chemoradiotherapy 65 5-FU, MMC 40-60 9

Wobbes, et al.88

RT 111 40 SC 7.9 months†
chemoradiotherapy 110 Cisplatin 40 SC 9.6 months

Herskovic et al.3

RT 62 64 0
chemoradiotherapy 61 Cisplatin, 5-FU 50 26

Zupanc. et al.89

RT 52 60 non-SC 14.5
chemoradiotherapy 55 Cisplatin, 5-FU 40 SC 24.5

* Surgery allowed after 40 Gy
† Median Survival
Abbreviations: RT = radiotherapy; 5-FU = 5-fluorouracil; MMC = mitomycin C; SC = split course
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partially related to the large radiation fields
used in this study.

Shortly thereafter, taxane-based chemo-
radiotherapy regimens were investigated as
a less toxic alternative to 5-FU–based regi-
mens. The taxanes had been identified as
potential radiosensitizers when preclinical
data revealed their lethal effects of inhibit-
ing mitosis, interfering with the cell cycle,
and encouraging apoptosis.27–31 Paclitaxel
was shown to have significant activity in
patients with regional or metastatic esopha-
geal cancer in the early 1990s.32 Multiple
phase II studies have evaluated paclitaxel-
based chemoradiotherapy regimens in
esophageal cancer. These studies and other
retrospective analyses support the conclu-
sion that paclitaxel-based regimens result
in complete response rates and survival
comparable to those attained using 5-FU–
based regimens.33–35 In addition, data show
that rates of grade 4 esophagitis in these
regimens are 5% or less, effectively obviat-
ing the need for prophylactic enteral
feeding tubes.36–38 The improved thera-
peutic ratio of paclitaxel-based regimens
has led to their incorporation into the
framework of several recent RTOG trials
investigating the nonsurgical management
of esophageal cancer.

CHEMORADIOTHERAPY
OPTIMIZATION

Radiation Dose Escalation
The rates of persistence of disease and
local recurrence seen in RTOG 8501 and
other trials sparked an effort to improve
response through modulation of the radio-
therapy schemas used in esophageal can-
cer. Intergroup trial 0123 investigated
basic radiation dose escalation as a way to
improve local control and survival. Prior to
the initiation of this study, modifications
had to be made to the original RTOG 8501
design to account for the expected increas-
ed toxicity of dose escalation. Therefore,
the daily radiation dose was decreased
from 2.0 Gy/day to 1.8 Gy/day, and most
importantly, the initial radiation treatment
fields were reduced to 5 cm proximal and
distal to the tumor volume with a 2 cm
radial margin. The chemotherapy regimens
remained essentially the same in both
studies. The randomization of this study
was between 64.8 Gy and 50.4 Gy, both

given in 1.8-Gy fractions.39

A planned interim analysis revealed 11
(10%) treatment-related deaths in the
high-dose arm compared with 2 (2%) in
the low-dose. The study was then termi-
nated early after further analysis revealed a
low probability of finding a statistically
significant benefit in the high-dose arm.
Unfortunately, 2-year and median survivals
yielded disappointing results showing no
difference between the high-dose and
standard-dose arms (31% vs. 40% and 13
months vs. 18.1 months, respectively).
Two-year local failure remained unchanged
by dose escalation, with rates of 56% and
52% in the high-dose and standard-dose
arms, respectively. Upon closer examina-
tion of the treatment deaths in the high-
dose arm, seven deaths occurred at or
below 50.4 Gy. As such, dose escalation
should not be interpreted to be associated
with higher mortality. Nevertheless, the
dose of 50.4 Gy remains the standard of
care for combined-modality therapy.

Dose Escalation Using
Brachytherapy
By accessing the esophagus directly
through a catheter-based system, a radia-
tion source may be used to treat esopha-
geal tumors while sparing normal tissues
around the esophagus in a procedure
known as intraluminal brachytherapy.
Many institutions have used intraluminal
brachytherapy in addition to external-beam
radiotherapy as a method of achieving dose
escalation.40–42 RTOG conducted a multi-
institutional phase I/II trial to test the safety
and efficacy of intraluminal brachytherapy
as a method of dose escalation in chemo-
radiotherapy regimens.43,44 Only patients
with thoracic esophageal tumors were in-
cluded, and patients were excluded if they
had involvement of the tracheobronchial
tree or gastroesophageal (GE) junction. A
5-week regimen of 50 Gy of external-beam
radiotherapy with concurrent 5-FU/
cisplatin chemotherapy was administered
prior to high dose rate (HDR) or low dose
rate (LDR) brachytherapy starting on week
8. The HDR schedule consisted of a total
dose of 15 Gy delivered in 5-Gy fractions at
weeks 8, 9, and 10. If patients were to
receive LDR brachytherapy, this was deliv-
ered as one 20 Gy dose during week 8.
After several fistulas occurred in patients in

the HDR group, the HDR brachytherapy
dose was decreased to 10 Gy in two 5-Gy
fractions given weeks 8 and 9.

Despite the increased dose, the local
persistence/local recurrence rate (63%) was
not improved when compared to historic
phase III chemoradiotherapy data. Further-
more, even with the HDR dose adjustment,
there were six (12%) treatment-related
fistulas, which led to three deaths, and
resulted in an overall 8% treatment-related
mortality rate. The yearly estimate for
fistula formation was 17.5% for those that
received at least one fraction of brachy-
therapy. In contrast, institutions around the
world using brachytherapy as a boost in
definitive chemoradiotherapy paradigms
have reported lower fistula rates.45 These
lower complication rates may be due to
timing of the brachytherapy boost, lower
doses per fraction, technique, and the
therapeutic gain of experienced clinicians
in high-volume centers.42,45 However, even
with improved technique and complication
rates, dose escalation with brachytherapy
has not been proven to increase local con-
trol or survival over external-beam–based
chemoradiotherapy regimens.

Alteration of Radiation Dose
Fractionation
Another technique for improving the radi-
ation dose-response relationship is by
altering the fractionation scheme. It is well
known that an accelerated repopulation of
tumor cells occurs late in a radiation-treat-
ment course. Prolonging the treatment
time may result in a decrease in the effec-
tive dose by 0.59 Gy per day in esophageal
cancer.24 Strategies to decrease treatment
include the use of accelerated fraction
schemes, which deliver an equivalent dose
in a shorter treatment period, usually by
giving multiple fractions per day. As late
side effects are dependent on dose per
fraction, altered fractionation can also be
used to deliver a higher total dose. These
paradigms theoretically maintain or lower
late toxicity rates at the expense of higher
acute toxicity, while diminishing the effects
of accelerated repopulation.

The Cleveland Clinic described a phase
II protocol that used induction cisplatin
and 5-FU combined with a concurrent split
course of accelerated radiation. Radiation
was given twice daily in 1.5-Gy fractions to
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a total dose of 45 Gy.46 Chemoradiotherapy
was followed by evaluation for surgical
resection. Those patients found to have
residual disease at the time of resection
received an additional 24 Gy in 1.5-Gy
fractions given twice daily. Seventy-two
patients were enrolled in the trial. Ninety-
three percent underwent surgical resec-
tion, which was associated with an 18%
rate of perioperative death. The pathologic
complete response (pCR) rate for induc-
tion chemoradiotherapy was 27% and the
actuarial 4-year survival for the entire
cohort was an encouraging 44%.

A phase I/II trial reported by Choi and
associates examined an intensified
chemoradiotherapy regimen consisting of
cisplatin, 5-FU, and paclitaxel used concur-
rently with radiation therapy in 46 patients.47

The radiation was delivered in 1.8 Gy per
fraction to a total dose of 45 Gy with a
concomitant boost of 1.5 Gy per fraction
on days 1–5 and 29–32 to bring the total
delivered dose to 58.5 Gy. Patients were
offered surgery after chemoradiotherapy
based on resectability. There was one death
during induction therapy and two periop-
erative deaths. The rate of grade 3 and 4

esophagitis was 48% and 7%, respectively,
and grade 4 neutropenia was 20%. Forty
patients underwent surgical resection after
chemoradiotherapy, and in all patients, the
pCR rate was 39%. Median survival was 34
months, while the 5-year actuarial survival
was 37%. While these studies are encour-
aging, they highlight the significant increase
in acute treatment-related toxicity associ-
ated with altered fractionation regimens.

Induction Chemotherapy
Theoretically, tumor debulking and sterili-
zation of early micrometastatic disease via
induction chemotherapy should increase
the efficacy of chemoradiotherapy and pro-
long the metastasis-free interval in patients
with esophageal cancer. RTOG trial 0113
examined the response rates of induction
chemotherapy in a phase II randomized
trial of induction and concurrent 5-FU/
paclitaxel or paclitaxel/cisplatin combined
with 50.4 Gy external-beam radiotherapy.48

The results were compared to the control
cohort from RTOG 9405. Although 1-year
survival was 75.7%, this did not meet a
predetermined benchmark that would
justify incorporation of induction chemo-

therapy into a phase III trial. In addition,
the regimens were associated with sub-
stantial morbidity and 3% to 6% mortality.
Besides being potentially fatal, the signifi-
cant morbidity of induction chemotherapy
can potentially limit the timely delivery of
definitive therapy to patients. Induction
therapy may place patients at risk for
complications during their definitive treat-
ment as well, with at least one institution
reporting an increased rate of radiation
pneumonitis in patients receiving induction
chemotherapy.49 In conclusion, the theor-
etical benefits of induction chemotherapy
before definitive chemoradiotherapy have
yet to be realized with current regimens.

EXAMINING THE ROLE OF
SURGERY WITH CHEMORADIO-
THERAPY
Despite dose escalation and altered
fractionation, patients receiving definitive
chemoradiotherapy suffer from high rates
of disease persistence and local recur-
rence. The combination of chemoradio-
therapy and esophagectomy, known as
trimodality therapy, was initially used to
improve locoregional control of surgical

Table 2. Trials of preoperative combined chemoradiotherapy plus surgery (trimodality) vs. surgery alone

Trial No. Patients Chemotherapy Radiation dose (Gy) pCR 3-yr survival

Le Prise et al.90

Trimodality 45 Cisplatin, 5-FU S, 20 9.8% 19.2
Surgery 41 13.8 NS

Walsh et al.51

Trimodality 58 Cisplatin, 5-FU 40 Gy 25% 32
Surgery 55 6 (P < .01)

Bosset et al.91

Trimodality 143 Cisplatin SC, 37 Gy 21% 18.6 mos*
Surgery 139 18.6 mos* NS

Urba et al.92

Trimodality 50 Cisplatin, 5-FU, vinblastine Hfx 45 Gy 28% 30
Surgery 50 16 NS

Lee et al.93

Trimodality 51 Cisplatin, 5-FU Hfx 45.6 Gy 43% 28.2*
Surgery 50 57* NS

Burmeister et al.94

Trimodality 128 Cisplatin, 5-FU 35 Gy 16% 22.2 mos*
Surgery 128 27.3 mos* NS

Tepper et al.52

Trimodality 30 Cisplatin, 5-FU 50.4 Gy 40% 39†
Surgery 26 16† (P = .002)

All chemotherapy was given concurrently with radiotherapy unless specified.
* Median survival
† 5-year survival
Abbreviations: S = sequential; SC = split course; Hfx = twice daily hyperfractionated; 5-FU = 5-fluorouracil; NS = not statistically significant
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resection.50 Walsh and colleagues random-
ized patients with esophageal adenocarci-
noma to surgery alone or neoadjuvant
therapy with 5-FU, cisplatin, and 40 Gy of
radiation followed by surgical resection.51

Despite a high 90-day post-op mortality
rate, median and 3-year survival were sig-
nificantly improved with trimodality therapy
(16 months and 32% compared with 11
months and 6%). Chemoradiotherapy was
associated with a 25% complete patho-
logic response and the rate of nodal
disease at surgery was nearly half that of
the surgery alone arm. However, this trial is
often criticized because of the low survival
in the surgery alone arm. This can be
clearly seen when comparing trimodality
trials listed in Table 2.

Recently, a phase III trial of trimodality
therapy conducted by the CALGB was
reported.52 Patients were eligible if they
had resectable (T1-3) SCC or adenocarci-
noma tumors of the thoracic esophagus or
GE junction; patients with lymph node
metastases to the supraclavicular basin or
levels 15–20 were also eligible, as long as
the lymph nodes were 1.5 cm or less on
CT. Patients were randomized to either
surgery alone or preoperative chemoradio-
therapy using 50.4 Gy radiation given with
cisplatin and 5-FU. Unfortunately, this trial
closed early after only 52 eligible patients
were enrolled. Only one patient died within
30 days of surgery in the surgery-alone
arm and there was no 30-day postopera-
tive mortality in the trimodality arm. Trimod-
ality therapy was associated with a 40%
complete response rate and 50% of pa-
tients with pre-treatment nodal disease
were downstaged to pN0. With a median
follow-up of 6 years, five-year overall
survival was significantly improved by
trimodality therapy, 39% vs. 16%.

A recent meta-analysis by Gebski and
colleagues examined 10 randomized studies
comparing trimodality therapy, using either
sequential or concurrent chemoradio-
therapy, to surgery alone.53 Although only
two studies individually showed a benefit in
all-cause mortality, pooled results showed
a statistically significant relative reduction
in mortality for patients receiving trimod-
ality therapy with a hazard ratio of 0.81.
When analyzed by histologic subtype, con-
current neoadjuvant paradigms signifi-

cantly reduced the hazard ratio for death to
0.76 and 0.75 for SCC and adenocarci-
noma, respectively.

Two trials have addressed the necessity
of surgery in patients with esophageal
cancer. Stahl and colleagues randomized
patients with esophageal cancer who had
all received three cycles of induction
chemotherapy to either definitive chemora-
diotherapy or trimodality therapy.54 Patients
in the trimodality arm received 40 Gy in 2-
Gy fractions along with cisplatin/etoposide.
Three to 4 weeks after chemoradiotherapy,
esophagectomy was performed. Patients in
the chemoradiotherapy arm received cis-
platin/etoposide and 50 Gy in 2-Gy frac-
tions to a large field. This was followed by
a boost to a smaller field given over 1 week
using 1.5 Gy administered twice daily to a
total dose of 65 Gy for patients with either
T4 or T3 obstructive lesions. In the case of
patients with nonobstructing lesions, a
smaller field was treated with an additional
10 Gy in 2-Gy fractions followed by two 4-
Gy brachytherapy boosts to bring the total
dose to 68 Gy. Two-year and median survival
were statistically equivalent between the
trimodality and chemoradiotherapy arms at
39.9% vs. 35.4% and 16.4 months vs.
14.9 months, respectively. However, local
progression-free survival was significantly
improved in the group that received surgery;
64.3% vs. 40.7% (P = .003). Response to
induction chemotherapy was found to be a
strong predictor of survival; the 3-year survi-
val in this subset of patients was over 50%.

The FFCD (Federation Francophone de
Cancerologie Digestive) hypothesized that
chemoradiotherapy and trimodality therapy
would yield equivalent outcomes in pa-
tients responding to induction chemoradio-
therapy.55 Patients received chemoradio-
therapy using either split-course radiation
to 30 Gy in 3-Gy fractions or conventionally
fractionated radiation to 46 Gy in 2-Gy frac-
tions, all combined with 5-FU and cisplatin.
Patients were then evaluated for sympto-
matic and radiographic response. Partial
or complete responders were then random-
ized to either surgery or completion chemo-
radiotherapy. Further radiation was given
as either one course of 15 Gy in 3-Gy
fractions or 20 Gy in 2-Gy fractions to a
total dose of 45 Gy or 66 Gy combined with
three cycles of chemotherapy. For the 259

randomly assigned patients, median survi-
val was 18.6 months; 17.7 months in the
surgery arm, and 19.3 in the chemoradio-
therapy arm. Two-year survival was equiva-
lent at 33.6% and 39.8% in the surgery
and chemoradiotherapy arms, respec-
tively. However, there were significantly
more local-regional relapses after chemo-
radiotherapy alone, 64.3% vs. 40.7%.

These two trials comprise the only level-
I evidence comparing definitive chemo-
radiotherapy to trimodality therapy. As
such, they highlight the difficulty of trans-
lating the local control benefit obtained
with surgical resection into a meaningful
survival benefit in patients with operable/
resectable esophageal cancer. Assessing
response to neoadjuvant therapy may
result in better risk-adapted treatment
strategies to employ trimodality therapy
more appropriately.

FUTURE DIRECTIONS
As trimodality therapy is only applicable to
a select subgroup of patients with esopha-
geal cancer, a burgeoning area of research
has focused on improving definitive
chemoradiotherapy strategies through the
incorporation of newer chemotherapeutic
agents and targeted biologic agents.

Topoisomerase Inhibitors
Topoisomerase is essential for DNA repli-
cation, RNA transcription, and regulation
of DNA supercoiling. It is upregulated in
tumor cells in comparison to normal tis-
sues, making it a logical target of drug
therapy.56,57 Topoisomerase inhibitors sta-
bilize the TOP1-DNA complex, thereby
causing DNA breaks and interference with
replication. These effects are preferentially
seen in rapidly dividing cells. As TOP1-
inhibitors are S-phase specific, they may
arrest cells in the radiosensitive G2 phase
as well as promulgate radiation-induced
DNA damage.56 The two most studied
agents are topotecan and irinotecan.

A large phase III non-inferiority trial
comparing cisplatin/5-FU (CF) chemo-
therapy to irinotecan/5-FU (IF) in patients
with metastatic gastric or GE junction
adenocarcinomas has recently been
reported.58 This study showed the IF regi-
men to have equivalent outcomes as com-
pared to CF. Upon intent-to-treat analysis,



the authors found a longer time to failure in
the IF arm. A phase II trial combining irino-
tecan with cisplatin as an induction regimen
before definitive chemoradiotherapy found
a 58% complete clinical response rate.59

Unfortunately, a recent phase II trial compar-
ing neoadjuvant irinotecan/cisplatin/ radia-
tion to paclitaxel/cisplatin/radiation has found
neither a survival benefit nor an increase in
pathologic complete response with the
former regimen.60 Given these data, the
potential therapeutic gain of the topoiso-
merase inhibitors has yet to be uncovered.

Targeted Therapies
Judah Folkman first proposed targeting
tumor vasculature as a therapeutic path-
way over 35 years ago.61 After many years
of preclinical research, bevacizumab, an
antiangiogenic monoclonal antibody target-
ing the vascular endothelial growth factor
(VEGF) has demonstrated potential as a
radiation sensitizer. By mediating vascular
normalization within the tumor, beva-
cizumab actually enhances the efficacy of
both chemotherapy and radiotherapy.62,63

VEGF receptor expression is present in
30%–60% of esophageal cancers and has
been shown to be a poor prognostic factor
in patients undergoing esophagectomy or
definitive chemoradiotherapy.64–67 Unfortun-
ately, the use of bevacizumab in patients
with esophageal cancer has been limited
to those with GE junction tumors, after fatal
hemoptysis was reported with its use in
lung cancer patients.68 Even in these
patients, its use in combination with
chemotherapy has been associated with
gastric perforation, thromboemobolic events,
and myocardial infarction.69,70 On the other
hand, in combination with chemotherapy,
it has shown response rates of 65%.
Despite these significant response rates,
the associated adverse toxicity has caused
research with this agent to proceed
cautiously in esophageal cancer.

Several epidermal growth factor recep-
tors have also recently become targets of
therapy. Human epidermal growth factor
receptor 2 (HER2/neu or ErbB-2), is a
member of the ErbB receptor family that is
a significant factor in the pathogenesis of
aggressive breast cancers. However, it has
also been found to be overexpressed in
some esophageal cancer cell lines and is
associated with several aggressive charac-

teristics, including tumor invasiveness,
lymph node metastasis, and chemoresis-
tance.71–73 Trastuzumab is a humanized
IgG1 antibody that targets the HER-2 re-
ceptor. There appear to be multiple mech-
anisms through which the antibody exerts
its effect, including G1 cell-cycle arrest,
downregulation of the HER2/neu receptor,
disruption of downstream signaling cas-
cades, suppression of angiogenesis, and
promotion of apoptosis. A phase I/II trial of
patients with locally advanced esophageal
adenocarcinoma screened for HER2/neu
overexpression examined a targeted
chemoradiotherapy regimen of trastuzumab,
paclitaxel, cisplatin, and radiotherapy. The
median survival for the experimental co-
hort was 18 months, with 42% of patients
alive at 2 years. Rates of grade 3 and 4
esophagitis were relatively low, and patients
experienced little change in mean left ven-
tricular ejection fraction after treatment.38

Although the feasibility of this regimen is
evident, the efficacy of this agent com-
pared to standard therapy remains to be
determined.

The epidermal growth factor receptor
(EGFR, ErbB-1) is another member of the
ErbB family of receptor tyrosine kinases
and is involved in multiple cellular signal-
ing cascades. EGFR activation is known to
play an important role in angiogenesis,
cell-cycle progression, development of
metastases, and induction of antiapoptotic
pathways. EGFR expression has been
shown to be a poor prognostic factor in pa-
tients undergoing treatment for squamous
cell esophageal cancer as well as esopha-
geal adenocarcinoma.74–77 The prevalence
of EGFR expression in esophageal cancer
cell lines ranges from 30%–70% and
tends to be higher in squamous cell carci-
noma.77,78

Tyrosine kinase inhibitors (TKIs) have
been developed to target EGFR pathways.
These small molecules cross the plasma
membrane and interact with the cyto-
plasmic portion of cellular receptors. Once
in the cytoplasm, these molecules often
act non-specifically which can both
amplify therapeutic effect and increase
toxicity.78 The EGFR TKI erlotinib has been
found to have activity in gastric and GE
junction adenocarcinomas.79 Recently, a
phase I trial examining the use of erlotinib
in patients with esophageal carcinoma was

reported.80 The investigators combined er-
lotinib in increasing doses with concurrent
5-FU, cisplatin, and radiotherapy to a total
dose of 50.4 Gy. The major toxicities were
grade 1/2 diarrhea (18%, 18%), rash (54%),
grade 3 dehydration (27%), and grade 4
esophagitis (9%). The investigation of erlot-
inib in combination with chemoradio-
therapy for esophageal cancer is ongoing.

Monoclonal antibodies targeting EGFR
are being extensively evaluated in many can-
cer sites including esophageal cancer. Cetuxi-
mab, a monoclonal (IgG1) antibody (mAb)
directed against the extracellular domain
of EGFR, is thought to induce G1 cell-cycle
arrest, inhibit cellular proliferation, promote
radiation-induced apoptosis, inhibit radia-
tion-induced DNA damage repair, and
inhibit tumor angiogenesis. Data from
phase III trials have demonstrated an overall
survival benefit with the addition of cetux-
imab to radiation in head and neck cancer
patients.81 In esophageal cancer, two phase
II studies incorporating cetuximab with
chemoradiotherapy have recently been
reported with conflicting results.

One study used a trimodality regimen
consisting of 50.4 Gy external-beam radio-
therapy combined with concurrent weekly
cisplatin, irinotecan, and cetuximab follow-
ed by surgery. In this trial of 17 patients,
the addition of cetuximab resulted in a
lower complete response rate and higher
overall toxicity as compared to historical
chemoradiotherapy regimens.82 However,
in a larger trial using cetuximab, carbo-
platin, paclitaxel, and 50.4 Gy of concur-
rent radiotherapy, patients were able to
achieve an endoscopic complete response
rate of 67% and, in those that went on to
surgery, 43% were found to have a patho-
logic complete response.83 A separate toxi-
city analysis of this regimen showed the
rates of grade 3 and 4 esophagitis to be an
acceptable 12% and 3%, respectively.84

There was a 23% grade 3 dermatologic
toxicity rate associated with cetuximab.
Because of these encouraging results,
RTOG 0436 is currently investigating the
combination of cetuximab, cisplatin, and
paclitaxel in a large phase III trial. In
addition, a phase II/III trial in the UK is
currently testing a chemoradiotherapy
regimen of capecitabine, cisplatin, and
radiotherapy with and without the addition
of cetuximab.
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CONCLUSIONS
Chemoradiotherapy has emerged as a
viable definitive treatment option for patients
with localized esophageal cancer. The ad-
dition of surgery does deliver a local control
benefit, albeit at the cost of increased
morbidity and mortality. Some patients may
derive a survival benefit from trimodality
therapy, but identifying these patients
remains a clinical challenge. Optimization
of chemoradiotherapy regimens using
targeted therapies and newer chemothera-
peutic agents is a major goal of current
research and is the basis of many current
randomized trials for esophageal cancer.

REFERENCES
1. Ries LAG, Melbert D, Krapcho M, et al: SEER

Cancer Statistics Review, 1975–2005, National
Cancer Institute. Bethesda, MD. Available at:
http://seer.cancer.gov/csr/1975_2005/, based
on November 2007 SEER data submission,
posted to the SEER web site, 2008

2. Nigro ND, Vaitkevicius VK, Considine B Jr: Com-
bined therapy for cancer of the anal canal: A pre-
liminary report. Dis Colon Rectum 17:354–356,
1974

3. Herskovic A, Martz K, al-Sarraf M, et al: Com-
bined chemotherapy and radiotherapy com-
pared with radiotherapy alone in patients with
cancer of the esophagus. N Engl J Med
326:1593–1598, 1992

4. Torek F: The first successful case of resection
of the thoracic portion of the oesophagus for
carcinoma. Surg Gynecol Obstet 16:614–617,
1913

5. Ohsawa T: The surgery of the esophagus. Arch
Jpn Chir 16:614–617, 1913

6. Lee RB, Miller JI: Esophagectomy for cancer.
Surg Clin North Am 77:1169–1196, 1997

7. Moertel CG: Carcinoma of the esophagus: Is
there a role for surgery? The case against sur-
gery. Am J Dig Dis 23:735–736, 1978

8. Earlam R, Cunha-Melo JR: Oesophageal squa-
mous cell carcinoma: I. A critical review of sur-
gery. Br J Surg 67:381–390, 1980

9. Exner A: Veber die behandlung von oesopha-
gus karzinomen mit ardiumstrahlen. Wien Klin
Wochenschr 17:514, 1904

10. Earlam R, Cunha-Melo JR. Oesophogeal squa-
mous cell carcinoms: II. A critical view of radio-
therapy. Br J Surg 67:457–461,1980

11. John MJ, Flam MS, Mowry PA, et al: Radio-
therapy alone and chemoradiation for non-
metastatic esophageal carcinoma. A critical
review of chemoradiation. Cancer 63:2397–
2403, 1989

12. Tsuya A, Kaneda K, Okano S, et al: Effects of 5-
FU (5-fluorouracil) in 4.3MeV Linac x-ray treat-
ment of advanced cancer. Gan No Rinsho
14:340–352, 1968

13. Wasif Saif M, Chu E: Antimetabolites. In: DeVita
VT, Lawrence TS, Rosenberg SA, (ed 8) Cancer:
Principles & Practice of Oncology. Vol 7. Phila-
delphia, Wolters Kluwer/Lippincott Williams &
Wilkins, 2008

14. Sawada N, Ishikawa T, Sekiguchi F, et al: X-ray
irradiation induces thymidine phosphorylase
and enhances the efficacy of capecitabine
(Xeloda) in human cancer xenografts. Clin
Cancer Res 5:2948–2953, 1999

15. Miwa M, Ura M, Nishida M, et al: Design of a
novel oral fluoropyrimidine carbamate, cape-
citabine, which generates 5-fluorouracil selec-
tively in tumours by enzymes concentrated in
human liver and cancer tissue. Eur J Cancer
34:1274–1281, 1998

16. Rich TA, Shepard RC, Mosley ST: Four decades
of continuing innovation with fluorouracil:
Current and future approaches to fluorouracil
chemoradiation therapy. J Clin Oncol 22:2214–
2232, 2004

17. Begg AC: Cisplatin and radiation: Interaction
probabilities and therapeutic possibilities. Int J
Radiat Oncol Biol Phys 19:1183–1189, 1990

18. Dizon DS, Aghajanian C, Yan X, et al: Targeting
NF-kB to increase the activity of cisplatin in
solid tumors. In: Schwartz GK, (ed): Combina-
tion Cancer Therapy: Modulators and Potentiat-
ors. Totowa, NJ, Humana Press, 2005

19. Douple EB, Richmond RC: Radiosensitization
of hypoxic tumor cells by cis- and trans-
dichlorodiammineplatinum (II). Int J Radiat
Oncol Biol Phys 5:1369–1372, 1979

20. Candelaria M, Garcia-Arias A, Cetina L, et al:
Radiosensitizers in cervical cancer. Cisplatin
and beyond. Radiat Oncol 1:15, 2006

21. Eagan RT, Lee RE, Frytak S, et al: Thoracic
radiation therapy and Adriamycin/cisplatin-con-
taining chemotherapy for locally advanced
non–small-cell lung cancer. Cancer Clin Trials
4:381–388, 1981

22. Coia LR, Engstrom PF, Paul AR, et al: Long-term
results of infusional 5-FU, mitomycin-C and radi-
ation as primary management of esophageal
carcinoma. Int J Radiat Oncol Biol Phys 20:29–
36, 1991

23. Ross P, Nicolson M, Cunningham D, et al: Pro-
spective randomized trial comparing mito-
mycin, cisplatin, and protracted venous-infu-
sion fluorouracil (PVI 5-FU) With epirubicin,
cisplatin, and PVI 5-FU in advanced esopha-
gogastric cancer. J Clin Oncol 20:1996–2004,
2002

24. Geh JI, Bond SJ, Bentzen SM, et al: Systematic
overview of preoperative (neoadjuvant) chemo-
radiotherapy trials in oesophageal cancer:
Evidence of a radiation and chemotherapy dose
response. Radiother Oncol 78:236–244, 2006

25. Herskovic A, Leichman L, Lattin P, et al: Chemo-
radiation with and without surgery in the tho-
racic esophagus: The Wayne State experience.
Int J Radiat Oncol Biol Phys 15:655–662, 1988

26. Cooper JS, Guo MD, Herskovic A, et al: Chemo-
radiotherapy of locally advanced esophageal
cancer: Long-term follow-up of a prospective
randomized trial (RTOG 85-01). Radiation
Therapy Oncology Group. JAMA 281:1623–
1627, 1999

27. Manfredi JJ, Parness J, Horwitz SB: Taxol binds
to cellular microtubules. J Cell Biol 94:688–
696, 1982

28. Parness J, Horwitz SB: Taxol binds to polymeriz-
ed tubulin in vitro. J Cell Biol 91:479–487, 1981

29. Kearns CM: Pharmacokinetics of the taxanes.
Pharmacotherapy 17:105–109, 1997

30. Dorr RT: Pharmacology of the taxanes. Pharma-

cotherapy 17:96S–104S, 1997

31. Herscher LL, Cook J: Taxanes as radiosensitiz-
ers for head and neck cancer. Curr Opin Oncol
11:183–186, 1999

32. Ajani JA, Ilson DH, Daugherty K, et al: Activity
of taxol in patients with squamous cell carcino-
ma and adenocarcinoma of the esophagus. J
Natl Cancer Inst 86:1086–1091, 1994

33. Kim DW, Blanke CD, Wu H, et al: Phase II study
of preoperative paclitaxel/cisplatin with radio-
therapy in locally advanced esophageal cancer.
Int J Radiat Oncol Biol Phys 67:397–404, 2007

34. Hainsworth JD, Meluch AA, Greco FA: Pacli-
taxel, carboplatin, and long-term continuous 5-
fluorouracil infusion in the treatment of upper
aerodigestive malignancies: Preliminary results
of phase II trial. Semin Oncol 24:19–42, 1997

35. Kelsey CR, Chino JP, Willett CG, et al: Pac-
litaxel-based chemoradiotherapy in the treat-
ment of patients with operable esophageal can-
cer. International Journal of Radiation Oncology
Biology Physics 69:770–776, 2007

36. Brenner B, Ilson DH, Minsky BD, et al: Phase I
trial of combined-modality therapy for localized
esophageal cancer: escalating doses of contin-
uous-infusion paclitaxel with cisplatin and con-
current radiation therapy. J Clin Oncol 22:45–
52, 2004

37. Safran H, Gaissert H, Akerman P, et al: Paclitax-
el, cisplatin, and concurrent radiation for esopha-
geal cancer. Cancer Invest 19:1–7, 2001

38. Safran H, Dipetrillo T, Akerman P, et al: Phase
I/II study of trastuzumab, paclitaxel, cisplatin
and radiation for locally advanced, HER2 over-
expressing, esophageal adenocarcinoma. Int J
Radiat Oncol Biol Phys 67:405–409, 2007

39. Minsky BD, Pajak TF, Ginsberg RJ, et al: INT
0123 (Radiation Therapy Oncology Group 94-
05) phase III trial of combined-modality thera-
py for esophageal cancer: High-dose versus
standard-dose radiation therapy. J Clin Oncol
20: 1167–1174, 2002

40. Okawa T, Dokiya T, Nishio M, et al: Multi-insti-
tutional randomized trial of external radiothera-
py with and without intraluminal brachytherapy
for esophageal cancer in Japan. Japanese
Society of Therapeutic Radiology and Oncology
(JASTRO) Study Group. Int J Radiat Oncol Biol
Phys 45:623–628, 1999

41. Kharadi MY, Qadir A, Khan FA, et al: Compar-
ative evaluation of therapeutic approaches in
stage III and IV squamous cell carcinoma of the
thoracic esophagus with conventional radio-
therapy and endoscopic treatment in combina-
tion and endoscopic treatment alone: a ran-
domized prospective trial. Int J Radiat Oncol
Biol Phys 39:309–320, 1997

42. Brunner TB, Rupp A, Melzner W, et al:
Esophageal cancer. A prospective phase II
study of concomitant-boost external-beam
chemoradiation with a top-up endoluminal
boost. Strahlenther Onkol 184:15–22, 2008

43. Gaspar LE, Qian C, Kocha WI, et al: A phase I/II
study of external beam radiation, brachythera-
py and concurrent chemotherapy in localized
cancer of the esophagus (RTOG 92-07):
Preliminary toxicity report. Int J Radiat Oncol
Biol Phys 37:593–599, 1997

44. Gaspar LE, Winter K, Kocha WI, et al: A phase
I/II study of external beam radiation, brachyther-
apy, and concurrent chemotherapy for patients



G. Neuner, A. Patel, M. Suntharalingam

with localized carcinoma of the esophagus
(Radiation Therapy Oncology Group Study
9207): final report. Cancer 88:988–995, 2000

45. Vuong T, Szego P, David M, et al: The safety
and usefulness of high-dose-rate endoluminal
brachytherapy as a boost in the treatment of
patients with esophageal cancer with external
beam radiation with or without chemotherapy.
Int J Radiat Oncol Biol Phys 63:758–764, 2005

46. Adelstein DJ, Rice TW, Becker M, et al: Use of con-
current chemotherapy, accelerated fractiona-
tion radiation, and surgery for patients with
esophageal carcinoma. Cancer 80:1011–1020,
1997

47. Choi N, Park SD, Lynch T, et al: Twice-daily radio-
therapy as concurrent boost technique during
two chemotherapy cycles in neoadjuvant
chemoradiotherapy for resectable esophageal
carcinoma: Mature results of phase II study. Int
J Radiat Oncol Biol Phys 60:111–122, 2004

48. Ajani JA, Winter K, Komaki R, et al: Phase II
randomized trial of two nonoperative regimens
of induction chemotherapy followed by
chemoradiation in patients with localized carci-
noma of the esophagus: RTOG 0113. J Clin
Oncol 26:4551–4556, 2008

49. Wang S, Liao Z, Wei X, et al: Association be-
tween systemic chemotherapy before chemora-
diation and increased risk of treatment-related
pneumonitis in esophageal cancer patients
treated with definitive chemoradiotherapy. J
Thorac Oncol 3:277–282, 2008

50. Walsh TN, Grannell M, Mansoor S: Predictive
factors for success of neo-adjuvant therapy in
upper gastrointestinal cancer. J Gastroenterol
Hepatol 17(suppl):172–175, 2002

51. Walsh TN, Noonan N, Hollywood D, et al: A
comparison of multimodal therapy and surgery
for esophageal adenocarcinoma. N Engl J Med
335:462–467, 1996

52. Tepper J, Krasna MJ, Niedzwiecki D, et al:
Phase III trial of trimodality therapy with cis-
platin, fluorouracil, radiotherapy, and surgery
compared with surgery alone for esophageal
cancer: CALGB 9781. J Clin Oncol 26:1086–
1092, 2008

53. Gebski V, Burmeister B, Smithers BM, et al:
Survival benefits from neoadjuvant chemora-
diotherapy or chemotherapy in oesophageal
carcinoma: A meta-analysis. Lancet Oncol
8:226–234, 2007

54. Stahl M, Stuschke M, Lehmann N, et al: Chemo-
radiation with and without surgery in patients
with locally advanced squamous cell carcinoma
of the esophagus. J Clin Oncol 23:2310–2317,
2005

55. Bedenne L, Michel P, Bouché O, et al: Chemo-
radiation followed by surgery compared with
chemoradiation alone in squamous cancer of
the esophagus: FFCD 9102. J Clin Oncol 25:
1160–1168, 2007

56. Kim R, Hirabayashi N, Nishiyama M, et al: Ex-
perimental studies on biochemical modulation
targeting topoisomerase I and II in human
tumor xenografts in nude mice. Int J Cancer
50:760–766, 1992

57. Rowinsky EK, Verweij J: Review of phase I clin-
ical studies with topotecan. Semin Oncol
24(suppl 20):S3–S10, 1997

58. Dank M, Zaluski J, Barone C, et al: Random-
ized phase III study comparing irinotecan com-

bined with 5-fluorouracil and folinic acid to cis-
platin combined with 5-fluorouracil in chemo-
therapy naive patients with advanced adeno-
carcinoma of the stomach or esophagogastric
junction. Ann Oncol 19:1450–1457, 2008

59. Michel P, Adenis A, Di Fiore F, et al: Induction
cisplatin-irinotecan followed by concurrent cis-
platin-irinotecan and radiotherapy without sur-
gery in oesophageal cancer: Multicenter phase
II FFCD trial. Br J Cancer 95:705–709, 2006

60. Kleinberg L, Powell ME, Forastiere AA, et al:
Survival outcome of E1201: An Eastern Cooper-
ative Oncology Group (ECOG) randomized phase
II trial of neoadjuvant preoperative paclitaxel/
cisplatin/radiotherapy (RT) or irinotecan/cis-
platin/RT in endoscopy with ultrasound (EUS)
staged esophageal adenocarcinoma J Clin
Oncol 26:15, 2008 (abstr 4532)

61. Folkman J: Tumor angiogenesis: Therapeutic
implications. N Engl J Med 285:1182–1186, 1971

62. Jain RK, Tong RT, Munn LL: Effect of vascular
normalization by antiangiogenic therapy on
interstitial hypertension, peritumor edema, and
lymphatic metastasis: Insights from a mathe-
matical model. Cancer Res 67:2729–2735,
2007

63. Duda DG, Jain RK, Willett CG: Antiangiogenics:
The potential role of integrating this novel treat-
ment modality with chemoradiation for solid
cancers. J Clin Oncol 25:4033–4042, 2007

64. Hironaka S, Hasebe T, Kamijo T, et al: Biopsy
specimen microvessel density is a useful prog-
nostic marker in patients with T(2-4)M(0)
esophageal cancer treated with chemoradio-
therapy. Clin Cancer Res 8:124–130, 2002

65. Bognár G, Ledniczky G, Imdahl A, et al: Predic-
tive factors in esophageal cancer after neoadju-
vant therapy. Magy Seb 59:20 –26, 2006

66. Shimada H, Hoshino T, Okazumi S, et al: Ex-
pression of angiogenic factors predicts
response to chemoradiotherapy and prognosis
of oesophageal squamous cell carcinoma. Br J
Cancer 86:552–557, 2002

67. Kulke MH, Odze RD, Mueller JD, et al: Prog-
nostic significance of vascular endothelial
growth factor and cyclooxygenase 2 expression
in patients receiving preoperative chemoradia-
tion for esophageal cancer. J Thorac Cardio-
vasc Surg 127:1579–1586, 2004

68. Johnson DH, Fehrenbacher L, Novotny WF, et
al: Randomized phase II trial comparing beva-
cizumab plus carboplatin and paclitaxel with
carboplatin and paclitaxel alone in previously
untreated locally advanced or metastatic
non–small-cell lung cancer. J Clin Oncol
22:2184–2191, 2004

69. Shah MA, Ilson D, Kelsen DP: Thromboembolic
events in gastric cancer: High incidence in
patients receiving irinotecan- and bevacizum-
ab-based therapy. J Clin Oncol 23:2574–2576,
2005

70. Shah MA, Ramanathan RK, Ilson DH, et al: Multi-
center phase II study of irinotecan, cisplatin,
and bevacizumab in patients with metastatic
gastric or gastroesophageal junction adenocar-
cinoma. J Clin Oncol 24:5201–5206, 2006

71. Dahlberg PS, Jacobson BA, Dahal G, et al: ERBB2
amplifications in esophageal adenocarcinoma.
Ann Thorac Surg 78:1790–1800, 2004

72. al-Kasspooles M, Moore JH, Orringer MB, et al:
Amplification and over-expression of the EGFR

and erbB-2 genes in human esophageal ade-
nocarcinomas. Int J Cancer 54:213–219, 1993

73. Shiga K, Shiga C, Sasano H, et al: Expression of
c-erbB-2 in human esophageal carcinoma
cells: Overexpression correlated with gene
amplification or with GATA-3 transcription fac-
tor expression. Anticancer Res 13:1293–1301,
1993

74. Ozawa S, Ueda M, Ando N, et al: Prognostic sig-
nificance of epidermal growth factor receptor in
esophageal squamous cell carcinomas. Cancer
63:2169–2173, 1989

75. Hickey K, Grehan D, Reid IM, et al: Expression
of epidermal growth factor receptor and prolif-
erating cell nuclear antigen predicts response
of esophageal squamous cell carcinoma to
chemoradiotherapy. Cancer 74:1693–1698, 1994

76. Kitagawa Y, Ueda M, Ando N, et al: Further evi-
dence for prognostic significance of epidermal
growth factor receptor gene amplification in
patients with esophageal squamous cell carci-
noma. Clin Cancer Res 2:909–914, 1996

77. Wang KL, Wu TT, Choi IS, et al: Expression of
epidermal growth factor receptor in esophageal
and esophagogastric junction adenocarcino-
mas: Association with poor outcome. Cancer
109:658–667, 2007

78. Karamouzis MV, Grandis JR, Argiris A: Thera-
pies directed against epidermal growth factor
receptor in aerodigestive carcinomas. JAMA
298:70–82, 2007

79. Dragovich T, McCoy S, Fenoglio-Preiser CM, et
al: Phase II trial of erlotinib in gastroesophageal
junction and gastric adenocarcinomas: SWOG
0127. J Clin Oncol 24:4922– 4927, 2006

80. Dobelbower MC, Russo SM, Raisch KP, et al:
Epidermal growth factor receptor tyrosine
kinase inhibitor, erlotinib, and concurrent
5-fluorouracil, cisplatin and radiotherapy for
patients with esophageal cancer: A phase I
study. Anticancer Drugs 17:95–102, 2006

81. Bonner JA, Harari PM, Giralt J, et al: Radio-
therapy plus cetuximab for squamous-cell car-
cinoma of the head and neck. N Engl J Med
354:567–578, 2006

82. Enzinger PC, Yock T, Suh W, et al: Phase II cis-
platin, irinotecan, cetuximab and concurrent
radiation therapy followed by surgery for locally
advanced esophageal cancer. J Clin Oncol
24(suppl 18):2006 (abstr 4064)

83. Suntharalingam M, Dipetrillo T, Akerman P, et
al: Cetuximab, paclitaxel, carboplatin and radi-
ation for esophageal and gastric cancer. J Clin
Oncol 24(suppl 18):2006 (abstr 4029)

84. Safran H, Suntharalingam M, Dipetrillo T, et al:
Cetuximab with concurrent chemoradiation for
esophagogastric cancer: Assessment of toxicity.
Int J Radiat Oncol Biol Phys 70:391–395, 2008

85. Araujo CM, Souhami L, Gil RA, et al: A random-
ized trial comparing radiation therapy versus
concomitant radiation therapy and chemother-
apy in carcinoma of the thoracic esophagus.
Cancer 67:2258–2261, 1991

86. Slabber CF, Nel JS, Schoeman L, et al: A ran-
domized study of radiotherapy alone versus
radiotherapy plus 5-fluorouracil and platinum
in patients with inoperable, locally advanced
squamous cancer of the esophagus. Am J Clin
Oncol 21:462–465, 1998

87. Smith TJ, Ryan LM, Douglass HO Jr, et al: Com-
bined chemoradiotherapy vs. radiotherapy

Volume 3 • Issue 2Gastrointestinal Cancer Research64



Chemoradiotherapy for Esophageal Cancer

65March/April 2009 www.myGCRonline.org

alone for early stage squamous cell carcinoma
of the esophagus: A study of the Eastern
Cooperative Oncology Group. Int J Radiat Oncol
Biol Phys 42:269–276, 1998

88. Wobbes T, Baron B, Paillot B, et al: Prospective
randomised study of split-course radiotherapy
versus cisplatin plus split-course radiotherapy
in inoperable squamous cell carcinoma of the
oesophagus. European Journal of Cancer
37:470–477, 2001

89. Zupanc D, Roth A, Kolaric K, et al: A random-
ized clinical study of chemoradiotherapy versus
radiotherapy in locoregional advanced unre-
sectable esophageal cancer. J Clin Oncol 25

(suppl 18):2007 (abstr 4565)

90. Le Prise E, Etienne PL, Meunier B, et al: A ran-
domized study of chemotherapy, radiation ther-
apy, and surgery versus surgery for localized
squamous cell carcinoma of the esophagus.
Cancer 73:1779–1784, 1994

91. Bosset J, Gignoux M, Triboulet J, et al: Chemo-
radiotherapy followed by surgery compared with
surgery alone in squamous-cell cancer of the
esophagus. N Engl J Med 337: 161–167, 1997

92. Urba SG, Orringer MB, Turrisi A, et al: Ran-
domized trial of preoperative chemoradiation
versus surgery alone in patients with locore-

gional esophageal carcinoma. J Clin Oncol
19:305–313, 2001

93. Lee JL, Park SI, Kim SB, et al: A single institu-
tional phase III trial of preoperative chemother-
apy with hyperfractionation radiotherapy plus
surgery versus surgery alone for resectable
esophageal squamous cell carcinoma. Ann
Oncol 15:947–954, 2004

94. Burmeister BH, Smithers BM, Gebski V, et al:
Surgery alone versus chemoradiotherapy fol-
lowed by surgery for resectable cancer of the
oesophagus: A randomised controlled phase III
trial. Lancet Oncol 6:659–668, 2005

Disclosures of Potential Conflicts of Interest

Dr. Suntharalingam holds a research grant from Bristol-Myers Squibb.


