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Abstract

Patients with ESCC (squamous cell carcinoma of the
esophagus) are most commonly diagnosed with locally
advanced tumor stages. Early metastatic disease and
late diagnosis are common reasons responsible for this
tumot's poor clinical outcome. The prognosis of
esophageal cancer is very poor because patients usual-
ly do not have symptoms in early discase stages. Squa-
mous cell carcinoma of the esophagus frequently
complicates patients with multiple co-morbidities and
these patients often require interdisciplinary diagnosis
and treatment procedures. At present time, neoadju-
vant radiation therapy and chemotherapy followed by
surgery are regarded as the international standard of
care. Meta-analyses have confirmed that this approach
provides the patient with better local tumor control
and an increased overall survival rate. It is recom-
mended that patients with positive tumor response to
neoadjuvant therapy and who are poor surgical candi-
dates should consider definitive radiochemotherapy
without surgery as a treatment option. In future,
EGFR antibodies may also be administered to patients
during therapy to improve the current treatment effec-
tiveness. Positron-emission tomography proves to be
an early response-imaging tool used to evaluate the ef-
fect of the neoadjuvant therapy and could be used as a
predictive factor for the survival rate in ESCC. The
percentage proportions of residual tumor cells in the
histopathological analyses represent a gold standard
for evaluating the response rate to radiochemotherapy.
In the future, catly response evaluation and molecular
biological tests could be important diagnostic tools in
influencing the treatment decisions of ESCC patients.

INTRODUCTION

In industrialized countries, squamous cell carcinoma
of the esophagus has been shown to be frequently re-
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lated to the abuse of alcohol and nicotine. This
particular cancer is ranked as the sixth leading cause
of all malignant tumors in the male population [1].
This may be due to the late diagnoses of the tumor
and the tendency for eatly lymphatic spread. Un-
fortunately, the majority of these patients with
esophageal carcinoma are diagnosed at an advanced
tumor stage for ESCC (esophageal squamous cell
carcinoma) as a consequence of less significant
symptoms in early disease stages. ESCC is recognized
as having a unique clinical behavior compared to
adenocarcinoma of the esophagus [AEG type 2,
Siewert classification] [2]. There are many key con-
trasting differences between these two types of tu-
mors which are related to the tumor localization,
pathogenesis, tumor biology and clinical outcome
of the patient [3, 4]. Single treatment modalities such
as surgery or radiation therapy alone have been re-
ported to have a poor prognosis for the patient and
decreased overall survival. Furthermore, only one
third of ESCC patients are surgically resectable after
the primary staging results. Unfortunately, in the
last thirty years, the clinical outcome and overall sur-
vival rate of these patients has demonstrated no im-
provement despite numerous trials performed to
study the effectiveness of combination chemotherapy,
radiation therapy and surgery. Studies which com-
pared neoadjuvant multimodal treatment options
with surgery alone had resulted in poor outcomes
causing this approach to be considered controversial
for many years [5]. In these studies, the approach
was to compare treatment arm A with another treat-
ment arm B. However, this approach had limited ac-
curacy, and the results should be considered carefully
[6]. After many published studies of patients with
ESCC, it has been found that using a non-stratified
mixture of patients consisting of various tumor
stages, tumor locations and histological results will
cause significant bias and may lead to incorrect re-
sults. This may be the reason for the inconsistent con-
clusions in older clinical studies. Today there has been
a change of paradigms in the treatment of ESCC pa-
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Fig. 1a-¢. Treatment plan and dose distribution for 3-D conformal radiation therapy.

Fig. 2. PET-CT with a clear circular wall thickening in the middle section of the esophagus and increased glucose uptake (SUV >
max. 14,2). Prestenotic dilatation and bone metatasis (thoracic vertebrae 3 and 12).
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tients from the surgical resection to a multimodal
treatment approach.

We want to address the different aspects of preop-
erative radio chemotherapy in ESCC patients and dis-
cuss this critically against the background of recent
published studies.

PRIMARY STAGING OF THE ESCC

Endoscopy plays a critical role in the diagnosis and
staging of ESCC with its ability to perform both biop-
sy and photo documentation. This diagnostic tool al-
lows the physician to precisely visualize the location of
the tumor. It is important for staging of the tumor
that the examiner is able to distinguish between a cer-
vical, supra bifurcal, or infra bifurcal location of the
tumor, as well as to report involvement of the upper
or inferior esophagus sphincter. In addition, it is es-
sential for the surgeon to be notified about informa-
tion regarding infiltration of the stomach, and regions
of the pylorus and duodenum.

Due to the frequent submucosal tumor spread of
ESCC, an endoluminal ultrasound (EUS) has been
proven to play a very important role in diagnosing tu-
mor size and stage. In addition to the tumor stage and
lymph node status involvement playing a significant
role in the diagnosis of the tumort, the location of the
tumor with regard to the bronchial system ESCC
is also a critical factor that should be considered.
Infiltration of the tracheo-bronchial system is an
important aspect to be considered in risk stratification
and thorough examination using a bronchoscope
with lavage or brush cytology is advised. Staging
of the tumor with a computer tomogram of the
thorax and abdomen is also advised. Some experts
suggest the performance of an 18-FDG-positron
emission computer tomography (PET-CT) to be ben-
eficial [7]. A Doppler ultrasound is another useful
imaging tool used for primary staging of the tumor to
inspect for infiltration of the liver, and if suspicious
findings are observed, a needle biopsy may then be
performed.

Unfortunately, approximately 70% of all ESCC pa-
tients also tend to have comorbidity with COPD and
nicotine. Of these patients with ESCC, 35% are com-
plicated by fatty liver disease or liver cirrhosis. Fur-
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thermore, malnutrition and a poor compliance are typ-
ical among these patients. This furthers the impor-
tance of discussing a safe and effective treatment for
these patients. The final discussion of treatment op-
tions should be done in a multi-disciplinary tumor
board where all clinical and laboratory results should
be considered before a treatment method is decided.
Only a multidisciplinary approach will provide a highly
professional treatment decision tailored to the patien-
t's individual clinical needs.

META ANALYSIS FOR PREOPERATIVE RADIO
CHEMOTHERAPY

Published in a large number of randomized studies,
including patients with squamous cell carcinoma, the
overall survival rate of patients with combined preop-
erative radiochemotherapy followed by surgery has
been shown to be significantly higher compared to
patients with surgery alone (Table 1). However, the
majority of the studies in the metaanalysis combined
local resectable tumor stages (T3/'T4) along with non-
resectable tumors. These studies also included
patients with tumors of various histology and may
provide invalid results as there have been significant
results proving that the tumor entity is responsible
for the clinical outcome. ESCC patients receiving
neoadjuvant therapy had a tumor mortality rate de-
creased by 27% (hazard ratio (HR) 0.84, p = 0.04)
over all studies and HR 0.75, p = 0.04 in studies with
radiochemotherapy simultanlously [13]. Patients
receiving preoperative radiotherapy for RO resections
were found to have an increased success rate
after therapy with an improvement of local tumor
control.

The ESCC patients showed an increased rate of
overall survival, although the postoperative mor-
tality rate in some studies revealed to be increased
by factor 2 (Table 1). Patients receiving neoadjuvant
therapy prior to surgical resection proved to be
at an advantage as the prognosis with surgical
resection alone is very poor [11]. As an implication
of the results of these studies, the current gold
standard for surgically resectable patients is to admin-
ister neoadjuvant radiochemotherapy followed by
surgery.

Table 1. Metaanalysis of neoadjuvant radiochemotherapy vs. single surgical resection of esophagus cancer.

Study Long time survival

Postoperative mortality rate

Urschel 2003 [8] HR 0.66 (0.47-0.92) p = 0.02

Fiorica 2004 [9] HR 0.53 (0.31-0.89) p = 0.03
Malthaner 2004 [10] HR 0.87 (0.80-0.96) p = 0.004
Stuschke 2004 [11] HR 0.63 (0.47-0.85) p = 0.002
Greer 2005 [12] HR 0.86 (0.74-1.01) p = 0.07

Gebski 2007 [13] HR 0.81 (0.70-0.93) p = 0.002

HR 1.72 (0.96-3.07) p = 0.07

HR 2.10 (1.18-3.73) p = 0.01

HR 1.80 (1.10-2.90) p = 0.02

HR Hazard Ratio (95% confidential interval)
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STANDARDS IN THE PREOPERATIVE RADIO
CHEMOTHERAPY

The standard protocol for the application of preoper-
ative radiochemotherapy is to administer a fractionat-
ed dose of 1.8 Gy daily to a total dose of 45 Gy . Fol-
lowing the last treatment of radiation, patients are
then advised to proceed with surgical resection after a
time interval of approximately 4-6 weeks. Induction
chemotherapy is considered the standard of care in
several cancer centers world-wide. The question that
should be addressed is: Which chemotherapy should
be given concurrently with radiation therapy? Many
cancer centers frequently administer cisplatin and 5-
fluoruracil in lower concentration. There is also an op-
tion not to administer 5-FU to patients as this type of
chemotherapy has been shown to increase the toxicity
rate. A good alternative for chemotherapy treatment is
to use a combination of cisplatin and taxan or irinote-
can [14].

RESPONSE EVALUATION

Several studies were performed to investigate the role
of radiochemotherapy in patients with squamous cell
carcinoma of the esophagus. The final results of these
trials revealed a positive tumor response to neoadju-
vant therapy signifying the importance of this treat-
ment and could become a prognostic factor for pa-
tients. In a trial performed by the German Study
Group of Esophageal Carcinoma it was reported that
a patient responding to a high dose of radiochemo-
therapy without surgery had a statistically equivalent
overall survival rate compared to patients receiving
preoperative radiochemotherapy followed by surgical
resection [15, 16]. This result demonstrated no differ-
ence in overall survival with or without surgical resec-
tion and is especially important for patients who are at
high risk for surgery and surgical resection is not rec-
ommended. Although the trial performed by the Ger-
man Study Group recognized a benefit for patients re-
ceiving neoadjuvant therapy, the benefit was not relat-
ed to patients that did not respond to neoadjuvant
therapy. In future trials, a better selection of these
non-responding patients may help to avoid ineffective
and expensive treatment options. Induction chemo-
therapy in a patient with no response to neoadjuvant
therapy may prove to be detrimental to a potential cu-
rative treatment by surgical resection. This study is es-
pecially important for patients who are good surgical
candidates, a distal tumor location, and a surgically re-
sectable tumor stage. The results of the German Study
Group was verified by and compared with a French
multi center study, in which 80% of patients with lo-
cally advanced squamous cell carcinoma of the esoph-
agus were included [17].

After initial treatment with radiochemotherapy, the
patients that responded to neoadjuvant treatment were
then randomized into two different treatment arms.
One treatment arm was administered surgery while the
other treatment arm was administered radiation thera-
py and chemotherapy alone for a total of 18.5 months.
The median survival rate for all responders in both
treatment arms was shown to be independent of the
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treatment given and the results proved to have identi-
cal survival curves. The French multi center study re-
ported that a patient with no response to neoadjuvant
therapy had a decreased survival rate compared to the
responders. The survival rate was statistically signifi-
cant showing a decrease of 11.5 months compared to
the responders (p< 0.002). This study documented
that 112 patients out of a total of 192 non-responder
patients (58%) received surgical resection even though
they had no regression of their tumor. These patients
were found to have a median survival rate of 17.5
months which was similar to the results found when
compared to the responders (p = 0.59). The median
survival for a non-responder without surgery was re-
ported to be less than ten months [17]. The German
and French study both reported an increased ability
for local tumor control, which was defined by the pa-
tient's ability to eat meals until the end of life, follow-
ing surgical resection of the tumor [15-17]. Some of
the non-reponder were successfully treated by surgery.
When a conservative approach of treatment with ra-
diochemotherapy without surgery was taken, the local
stenosis rate was 60% but with low morbidity. Without
surgery there are 20% more locoregional recurrences
which are responsible for dysphagia. At the same time
there is a risk factor for radiotherapy to develop non
malignant stenosis.

In the future, with the goal to improve local tumor
control, treatment may be optimized with radiation
therapy. This can be accomplished by increasing the
prescribed tumor dose along with the advanced tech-
nology of intensive modulated radiation therapy. Plan-
ning of the dose distribution may also be improved
with the application of PET-CT.

CLINICAL JUDGEMENTS OF THE THERAPEUTIC
RESPONSE

The National Cancer Institute and the European As-
sociation for Research and Treatment of Cancer de-
fined the clinical response of solid tumors using a one
dimensional method. This method defined a regres-
sion of the greatest tumor diameter of 30% to be
comparable to a spherical lesion with a regression of
50% [18].

It is important to recognize that when evaluating
for tumor response to neoadjuvant treatment with the
help of imaging and clinical procedures such as endo-
scopy, biopsy, endoluminal ultrasound, X-ray, and
MNR procedures, the results are often unreliable and
difficult to interpret. The ability to distinguish be-
tween a therapeutically induced scar tissue, fibrosis
and histological residual tumor cells may be difficult
[6]. Additional biopsies after multi-modal therapy ap-
proach are often not helpful due to the presence of re-
sponse heterogeneity in the treated area. This may lead
to false positive results and an incorrect report of pos-
itive tumor remission. It is possible for tumor cells to
be located in close proximity to the biopsy site. This
may be a result of different tumor reactions as well as
centripetal reductions of the tumor as well as centrifu-
gal tumor reaction with necrosis in the tumor center.
To prevent a clinical judgement error, a distinguished
point of view is advised. A radiology approach to
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down staging a reduction in a radio morphological tu-
mor volume is known as a radiological judgement. The
special effect of radiation therapy in a multi-modal ap-
proach is recognized by the direct effect on the tumor.
It is important to recognize that radiotherapy may lead
to swelling of the esophageal wall creating the appear-
ance of an objective increase in tumor volume. This
false interpretation visualized by computer tomogram
imaging may influence the physician's clinical judge-
ment. Therefore, it has been stated that an objective
evaluation of a reduction in preoperative tumor vol-
ume is only reliable with the application of
chemotherapy [19]. However, there are other research
groups who do not support this conclusion [20, 21]. A
perfusion computer tomogram may help to visualize
the tumor more accurately and improve the clinical
judgement made by the physician [22]. An additional
disadvantage to using computer tomogram for clinical
evaluation is the increased time interval which must be
followed for the test to be performed. Clinical evalua-
tion using computer tomogram is appropriate only af-
ter 4-6 weeks of treatment have been completed.

HISTOPATHOLOGICAL APPROACH

Only after the tumor resection has been completed the
histopathological regressions rate can be determined.
This is the gold standard due to fact that only the
pathologist can examine possible residual tumor infil-
trations that may be present under re-epitheliazed tis-
sue. Besides the evaluation of the ypTNM status after
UICC |23], it is possible to define the pathological re-
sponse rate according to the French pathologist Anne
Marie Mandard [24]. The so-called regression grade is
defined by a histopathological criteria, however, there
are various regression gradings [25, 26]. Becker et al.
defined the criteria for regression to be divided as com-
plete (0% vital tumor cell), partial (10-50% vital tumor
cells) and little remission (>50% vital tumor cells) [27].

Meanwhile more than 50 non-randomized studies
have been published with pathologic complete re-
sponses (pCR) ranging from 8 to 56%

An investigation including 311 ESCC patients treat-
ed with multi-modal radiochemotherapy followed by
esophageal resection demonstrated that the histo-
pathological response rate can be determined by a
simple and efficient method by using the application
limit of < 10% residual tumor cells [28]. It was report-
ed that a histopathological responder (<10 % residual
tumor cells) resulted in a significantly increased sur-
vival rate compared to a non responder (>10% resid-
ual tumor cells). Furthermore, these investigations
demonstrated that patients with a subtotal regression
(<10% residual tumor cells) had similar survival rates
when compared to patients with complete regression
(0% residual tumor cells).

METABOLIC RESPONSE

At the present time, 18-FDG-PET (Fluor-18-Deoxy-
glucose positron emissions tomography) is discussed
as diagnostic tool and may be used as a predictive
imaging test showing similar correlation with the
histopathological response of ESCC patients [6]. The
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18-FDG-PET imaging study is measured by reporting
the standard uptake values (SUV) which is the mea-
surement of glucose uptake by the primary tumor.
The test is generally performed prior to and after the
beginning of a neoadjuvant therapy to safely show a
comparison of the SUV values and verify if a tumor is
responding to treatment [29, 30]. The sensitivity of
18-FDG-PET imaging may be increased by applica-
tion in combination with special markers like GLUT-1
[31]. Although using 18-FDG-PET testing has been
shown to be useful for the majority of solid tumors,
there are few solid tumors, for example those with ex-
tended lymphangiosis carcinomatosa, that do not me-
tabolize 18-FDG. As a result, such tumors will not
show increased uptake values and 18-FDG-PET
should not be used to monitor tumor activity in these
patients. In this context further studies are needed to
verify the validity of this method.

The aim for the future is a diagnostic tool to deter-
mine who should be operated and who should be con-
tinued with radiation therapy in the neoadjuvant set-
ting.

SURGICAL TREATMENT OF ESCC

The approach of surgical therapy in patients with
squamous cell carcinoma of the esophagus is influ-
enced by the location of the tumor, the extent of
metastatic spread, and the functional status of the pa-
tient. The treatment modality for a patient with ESCC
located in the cervical region is administration of
neoadjuvant radiochemotherapy followed by consecu-
tive partial esophagectomy with interposition of a free
jejunum transplant with a microvascular anastomosis
[32]. This is in contrast to patients with ESCC located
in the thoracic region which are surgically approached
by performing a transthoracic Ivor Lewis esophagec-
tomy or a transhiatal approach with an enlarged
esophageal resection [33]. A study comparing these
two surgical approaches, the transhiatal approach and
the transthoracic esophageal resection, revealed similar
survival rates with a positive trend towards a transtho-
racic resection [34]. A subgroup analysis regarding the
effectiveness of both surgical procedures reported a
difference regarding the lymph node involvement. The
patients with pNO lymph node status proved to have
similar survival rates using both surgical procedures,
whereas patients with pN1 lymph node status did not
demonstrate a benefit from transthoracal resections.
During surgery, dissection of the V. azygos is not nec-
essary due to only 8% of patients having metatastic
spread in this area [35].

VIEW FOR THE FUTURE

Even with optimal radiation and chemotherapy treat-
ment and consecutive surgical resection, only 40-60%
of all patients with advanced tumor stage are reported
to be cured. Furthermore this percentage varies with
tumor stage.

Due to the limited improvement of chemotherapeu-
tic agents, the responsibility for increased tumor con-
trol relies heavily on perfecting radiation techniques
and surgical procedures. To optimize treatment in the
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future, additional treatment with advanced application
of small molecules and administration of antibodies
(targeted therapies) should be tested. These new treat-
ment modalities are promising as shown by the effec-
tive inhibition of the epidermal growth factor receptor
(EGFR), which is found to be over-expressed in more
than 90% of patients with ESCC. Mutations of the
K-RAS-genes, which revealed to predict a therapy-fail-
ure in colorectal cancer, are only rarely observed in
squamous cell carcinoma of the esophagus [36]. EGFR
antibodies have been reported to work synergistically
in patients with ESCC and are commonly used to en-
hance the effect of radiochemotherapy [36]. Generally,
an early response determination should be achieved as
this would be beneficial for avoidance of treatment in-
duced morbidity in these patients. The aim should be
to achieve a molecular biological pre-therapeutic pre-
diction. Future clinical research should be focused on
determination of response prediction by biopsy test-
ing. This standard of care is most notably used in
breast cancer patients according to the results of trans-
lational research adopted for use in the clinical decision
[37]. There are multiple studies evaluating molecular
biological for markers such as p53, EGFR, ATM und
CHK2 or Cyclin D1 in ESCC patients, however, they
have limited relevance in everyday clinical care [38, 39].
Perioperative mortality represents a significant factor
for the long-term survival of patients with esophageal
carcinoma. Increased efforts and attention should be
focussed to improve surgical treatment of these pa-
tients with the goal to decrease perioperative mortality.
Proper patient selection by the physician under assis-
tance of an interdisciplinary tumor board is also ad-
vised. Furthermore, surgical procedures of the esopha-
gus should be limited to only highly qualified centers
that are certified in this speciality.
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