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Abstract

The principal aim of this thesis was to address factors that may affect survival after esophageal cancer
surgery. Surgical resection remains the only established potentially curative treatment for patients with
resectable esophageal cancer. It is an extensive surgical procedure that often combines surgery of the abdo-
men, chest, and neck and is associated with a considerable risk of major postoperative complications and
in-hospital mortality. Moreover, even after successful esophageal resection, only a minority of the patients
are cured.

In this research project, we have conducted nationwide, population-based studies to evaluate the short-
term and long-term postoperative outcomes in relation to possible effects of calendar period, neoadjuvant
therapy, hospital volume, and surgeon volume. In studies I-III we identified all residents in Sweden diag-
nosed with primary esophageal cancer and treated with esophageal resection during the period January 1,
1987 through December 31, 2000 by means of data from the Cancer Register and In-patient Register. Data
regarding tumor characteristics and preoperative treatment were collected retrospectively through manual
reviews of histopathological records. The patients were followed up with respect to death or emigration
through population registers. In study IV, details regarding tumor and patient characteristics, and surgical
procedures were collected prospectively during the period April 2, 2001 to December 31, 2005, by using
the Swedish Esophageal and Cardia Cancer Register, where most surgically treated esophageal cancer pa-
tients in Sweden are registered. The patients were followed up in the Total Population Register until April
2,2006.

According to study I, the long-term and short-term survival after esophageal cancer surgery has improved
substantially in Sweden since 1987. The short-term mortality has been significantly reduced and is current-
ly lower than 5%. The 5-year survival improved from 20% during the period 1987-1991 to 31% during the
period 1997-2000, an improvement that was not explained by changes in patient or tumor characteristics.

In study 11, the overall postoperative survival was found to be similar in patients with and without neoadju-
vant therapy (HR 0.99, 95% CI 0.86-1.16). Only patients with a complete histopathological response after
neoadjuvant treatment (27% of all patients in the neoadjuvant group) had an improved prognosis (HR 0.71,
95% CI 0.53-0.94).

The impact of hospital volume on long-term survival after esophageal cancer surgery was addressed in
study III. After adjustment for several confounders, including tumor stage and comorbidity, no difference
in long-term survival was found between patients operated on at high-volume and low-volume hospitals
(HR 0.99, 95% CI 0.84-1.18).

In study IV, the short-term prognosis after esophageal cancer surgery seemed to be more favorable in
patients operated on by higher-volume surgeons compared to those operated on by low-volume surgeons
(30-day mortality OR 0.39, 95% CI 0.09-1.70, 90-day mortality 0.42, 95% CI 0.10-1.80). There was no
tendency, however, to further survival improvement with increasing surgical workload among the experi-
enced esophageal cancer surgeons.

In conclusion, the chance of cure after surgery for localized esophageal cancer has increased during recent
years. Since neoadjuvant treatment and hospital volume seem to have no or only limited influence, the rea-
sons for the improved prognosis remain to be identified. Patients operated on at high-volume hospitals by
experienced esophageal cancer surgeons have a better short-term prognosis.
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Cancers arising from the esophagus, including
the gastroesophageal junction (gastric cardia),
are relatively uncommon in the western world,
but worldwide esophageal cancer is the eighth
most common form of cancer 2 and the sixth
leading cause of death from cancer. In Sweden,
the incidence of esophageal and cardia cancer
is low, with approximately 600 new cases re-
ported per year.’ Since esophageal and cardia
carcinomas share most characteristics and treat-
ment options, these tumors will be considered
in combination within the concept esophageal
cancer for the remainder of this thesis. Esopha-
geal cancer is an aggressive disease with overall
long-term survival rates below 15% in western
countries. ** In the absence of medical contra-
indications to surgery, resection is the mainstay
of treatment for patients with localized esopha-
geal cancer. "¢ Esophagectomy is, however, one
of the most demanding and traumatic surgical
procedures undertaken in elective general sur-
gery, often involving surgery of the abdomen,

chest, and neck, and the postoperative in-hos-
pital mortality is considerable. “''" However,
advances in non-invasive imaging, preoperative
staging, anesthesia, and postoperative pain con-
trol combined, with refinements in the surgical
technique and pre- and postoperative care, have
contributed to the reduction of operative mor-
tality rates to below 5% in experienced centers.
1214 Unfortunately, esophageal cancer rarely
causes early symptoms, which means that most
of the patients have unresectable or metastatic
disease at the time of presentation and only a
minority of the patients are eligible for cura-
tively intended treatment. '*> Moreover, even af-
ter apparently successful esophageal resection,
fewer than 40% of the patients are cured. !¢

Esophageal cancer surgery is still a major chal-
lenge for the surgical team. This thesis, based
on four original articles, addresses and aims at
shedding light on different factors that may be
involved in the outcome after such surgery.
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Esophageal cancer

Incidence and geographical distribution

Esophageal cancer is the eighth most common
cancer worldwide and the sixth most common
cause of cancer death. ' '¢ In the year 2002,
462 000 new cases were diagnosed, and 386
000 deaths were reported. '° There are striking
variations in the geographical distribution of
esophageal cancer. The parts of the world with
the highest risk are in central Asia, China,
southeastern Africa, and eastern South America,
with estimated incidence rates as high as
200 per 100 000. > 7 Further characteristic
findings are the major differences in incidence
between ethnic groups within the same country
and within the same ethnic group residing in
different countries. '"** In Sweden, about 400
new cases of esophageal cancer, and about 200
cases of gastric cardia cancer, are diagnosed
every year. *

More than 90% of esophageal cancers are either
squamous cell carcinomas or adenocarcinomas.
21 On rare occasions, other tumors may develop
in the esophagus in addition, e.g., small cell car-
cinoma, gastrointestinal stroma cell tumor, mel-
anoma, leiomyosarcoma, carcinoid, and lym-
phoma. In a global perspective, squamous cell
carcinoma is the dominating histological sub-
type. ' However, during the past two decades
and for still uncertain reasons, an epidemiologi-
cal shift has occurred and adenocarcinoma has
surpassed squamous cell carcinoma as the most
common histological type of esophageal can-
cer both in the USA and in several countries in
western Europe. '*22 An increasing incidence
of adenocarcinoma of the esophagus is a strik-

ing feature of the industrialized world and this
increase is more rapid than that of any other
solid tumor in some populations. The same pat-
tern, but in a more moderate grade, has also
been observed in Sweden (Fig 1).

Risk factors

The etiology of esophageal cancer is multi-
factorial, and differences in exposure to a range
of environmental risk factors are believed
to account to a large extent for the striking
variations in the incidence rates of this disease
observed over time and between populations. '
22.24.26 In general the incidence of esophageal
cancer rises with increasing age, with most
patients diagnosed between the ages of 55 and
85, 17 and the disease is characterized by a male
predominance.

Esophageal squamous cell carcinoma

In a global perspective, males of all ages are
more affected by esophageal squamous cell
carcinoma than are females, with a male/female
sex ratio of about 3 to 1.

Tobacco smoking and substantial alcohol in-
take, especially in combination, greatly in-
crease the risk of squamous cell carcinoma, and
may account for more than 90% of all cases
of this type of carcinoma in the industrialized
world and may explain the male predominance.
2829 The risk of developing squamous cell car-
cinoma is directly correlated with the number
of cigarettes smoked per day and the duration

of smoking. 23 Other established risk factors
include socioeconomic deprivation *' and low
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Figure 1. Incidence of esophageal squamous cell carcinoma (a) and esophageal
adenocarcinoma (b) in Sweden between 1970 and 2004. 3



consumption of fruit and vegetables. 3>

Generally, factors that cause chronic irritation
or inflammation of the esophageal mucosa ap-
pear to increase the risk of developing squamous
cell carcinoma. Some conditions that can give
rise to such chronic irritation and consequently
increase the risk for the disease include acha-
lasia, 3* % frequent consumption of extremely
hot beverages, 3% 37 and caustic injury of the
esophagus. 3% %

Furthermore, although it was found that heredity
seemed to play a limited role in a population-
based prospective study, *° the rare condition
of Plummer-Vinson syndrome * and also
genetic factors seen in familial clustering such
as Tylosis, *** have been reported to be linked
with an increased incidence of esophageal
squamous cell carcinoma.

Esophageal adenocarcinoma

As already mentioned, the increasing incidence
of adenocarcinoma has been a striking feature
in many parts of the industrialized world during
the last few decades. '* %26 There is a strong
and unexplained male predominance of this
form of esophageal carcinoma of about 6-8:1 in
most Western societies. '® 2® A hypothesis that
sex hormones are an explanatory factor for this
gender difference has been tested, but the results
have been conflicting. 4

Barrett’s esophagus, a columnar metaplasia
replacing the normal squamous cell epithelium
in the distal esophagus, associated with gas-
troesophageal reflux, * is the strongest known
risk factor for development of adenocarcinoma
of the esophagus. ¥ The occurrence of Barrett’s
esophagus has been found to be associated with
an at least 60-90-fold increase in the risk of
esophageal adenocarcinoma. **° Gastroesoph-
ageal reflux, one of the most prevalent condi-
tions in the Western world, * is per se a strong
and independent risk factor for esophageal ad-
enocarcinoma. 3 Use of medications that re-

Background 17

lax the lower esophageal sphincter might be
linked with a risk of tumor development, but
the results of different studies of this issue have
been contradictory. 343

High body mass index (BMI) is a strong
and independent risk factor for esophageal
adenocarcinoma, with risk increases varying
between 2- and 8-fold among overweight (BMI
25-30) and 3- and 16-fold among obese persons
(BMI>30). *2%°7 Tobacco smoking moderately
increases the risk of disease development, 23!
while no positive association has been identified
with alcohol consumption. >3

Low dietary intake of fruits, vegetables,
and antioxidants and a low socioeconomic
status seem to be associated with esophageal
adenocarcinoma. %% Non-steroid  anti-
inflammatory drugs (NSAID) may decrease the
risk of developing this disease °'. Infection with
Helicobacter pylori seems to reduce the risk of
esophageal adenocarcinoma. >3

Diagnosis

Clinical presentation

As mentioned in the introduction, esophageal
cancer rarely causes early symptoms, and most
of the patients therefore have advanced disease
at the time of symptom presentation and only a
minority of the patients are eligible for treatment
with a curative intent. !> Dysphagia is the most
common first symptom (80-90%), followed by
odynophagia, i.e., pain on swallowing food and
liquids (20-50%).%'Upto 70% ofthepatientshave
experienced anorexia and weight loss. Dyspnea,
cough, hoarseness, and pain (retrosternal, back,
or right upper abdominal) occur less often but
may indicate the presence of advanced disease.
! Physical examination usually shows nothing
remarkable. Lymphadenopathy, particularly
in the left supraclavicular fossa (Virchow’s
node), pleural effusion, and hepatomegaly are
indicators of metastatic disease.
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Diagnostic studies, staging

Nowadays, upper endoscopy is the primary
mode of investigation in patients presenting
symptoms of esophageal malignancy. Flexible
endoscopy allows a macroscopic and through
biopsies, a histological diagnosis. Barium-
swallow examination is no longer commonly
used for investigation of patients with suspected
esophageal cancer. Once the diagnosis is
confirmed, further investigations are performed
with the aim of determining the tumor stage,
i.e., the depth of wall invasion of the primary
tumor (T), the occurrence of any lymph node
metastasis (N), and the occurrence, if any, of
distant metastasis (M) (Table 1). ®* Accurate
tumor staging is decisive for selection of the
optimal mode of treatment for the individual
patient.

Computerized tomography (CT scan) of the
chest, abdomen, and pelvis with intravenous
contrast medium is important for evaluating
the presence of any distant metastasis. In the
absence of distant metastasis further investiga-
tion with endoscopic ultrasonography (EUS)
is beneficial for more accurate evaluation of lo-
coregional spread of the tumor, i.e., the depth of
primary tumor invasion, regional lymph node
involvement, and possible overgrowth on adja-
cent organs. % Furthermore, EUS enables ultra-
sonographically guided fine-needle aspiration of
suspicious lymph nodes, which has a diagnostic
accuracy of more than 90%. % Positron emis-
sion tomography (PET), often in combination
with CT, is being increasingly used in assess-
ment of early distant spread of the tumor that
cannot be detected by CT or EUS. ¢7- 8

Bronchoscopy may be of value when tracheal
overgrowth is suspected. Moreover, thoraco-
scopic or laparoscopic staging is highly ac-
curate for detection of metastases, ® but these
procedures have the disadvantage of being in-
vasive and are therefore less commonly used
nowadays. CT-PET might obviate such proce-
dures in the future.

Treatment and prognosis

The overall prognosis in esophageal cancer
is poor, with a 5-year survival below 15% in
western countries, including Sweden. *7° The
long-term prognosis and treatment options are
highly dependent on the tumor stage. The tumor
stage also determines whether the therapeutic
intention is for cure or palliation.

Surgery

To date, radical surgical resection remains the
only established potentially curative treatment
for patients with resectable esophageal cancer.
1.6 More than 50% of patients have unresectable
or metastatic disease at the time of presentation.
Among patients with resectable tumors, more
than 50% have stage I1I disease. 7!

Esophagectomy is en extensive surgical proce-
dure that usually combines surgery of the abdo-
men and chest, and sometimes also of the neck,
and is associated with a considerable risk of ma-
jor postoperative complications and in-hospital
mortality. *!'" Moreover, even after successful
esophageal resection, fewer than 40% of the
patients are cured. ® ' However, advances in
non-invasive imaging, preoperative staging, an-
esthesia, and postoperative pain control, com-
bined with refinements in the surgical technique
and pre- and postoperative care, have enabled
experienced centers to reduce short-term post-
operative mortality below 5%, > and also to
improve long-term survival. &0

After radical surgical resection of the tumor,
the 5-year survival rate exceeds 95% for stage
0 disease, and is 50-80% for stage I disease, 30-
40% for stage IIA, 10-30% for stage IIB, and
10-15% for stage III disease. "7 Patients with
metastatic (stage V) disease, who are treated
with palliative measures only, have a median
survival of less than one year.

Centralization of esophageal cancer surgery
has become general praxis nowadays since
it has been established that this reduces the
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Table 1. 2002 American Joint Committee on Cancer (AJCC) Staging System for Esophageal

Carcinoma

Definition of TNM
Primary tumor (T)

TX Primary tumor cannot be assessed

TO No evidence of primary tumor

Tis Carcinoma in situ

T1 Tumor invades lamina propria or submucosa

T2 Tumor invades muscularis propria

T3 Tumor invades adventitia

T4 Tumor invades nearby structures

Regional lymph nodes (N)

NX Regional lymph nodes cannot be assessed
NO No regional lymph node metastasis
N1 Regional lymph node metastasis

Distant metastasis (M)

MZX Distant metastasis cannot be assessed

MO No distant metastasis

M1 Distant metastasis

Tumors of the lower thoracic esophagus:
MIla Metastasis in celiac lymph nodes
M1b Other distant metastasis

Tumors of the midthoracic esophagus:

M1la Not applicable

M1b Nonregional lymph nodes and/or other distant metastasis
Tumors of the upper thoracic esophagus:

M1a Metastasis in cervical nodes

M1b Other distant metastasis

STAGE GROUPIN
Stage 0
Stage |

Stage IIA

Stage IIB

Stage llI

Stage IV

Stage IVA
Stage IVB

Tis
T
T2
T3
T
T2
T3
T4
Any T
Any T
Any T

NO
NO
NO
NO
N1
N1
N1
Any N
Any N
Any N
Any N

MO
MO
MO
MO
MO
MO
MO
MO
M1
M1a
M1b

Greene FL, AJCC, American Cancer Society. AJCC cancer staging manual. 6th ed. New York: Springer-
Verlag, 2002:93-4. Reprinted with kind permission of Springer Science and Business Media.
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risk of short-term mortality and morbidity.
Previous studies have repeatedly demonstrated
an inverse correlation between hospital volume
and postoperative mortality, expressed either
as in-hospital mortality or as 30-day mortality,
after surgery for esophageal cancer. % This
beneficial association has also been confirmed
in a meta-analysis. 3 Correspondingly, there is
an inverse association between annual surgeon
workload and early postoperative outcome,
expressed either as postoperative mortality or
complications after surgery. ' *- However,
only two studies have addressed the association
between hospital volume and long-term
prognosis after esophageal cancer surgery, and
their results have been conflicting. -

Transthoracic and transhiatal
esophagectomy

A number of approaches to esophageal resection
have been described. Each has its supporters
and opponents. The two most commonly
used are transthoracic (TTE) and transhiatal
esophagectomy (THE).

The transthoracic approach, described by Ivor
Lewis in 1946, °' is performed through an upper
abdominal incision and a right posterolateral
thoracotomy with an esophagogastric anasto-
mosis in the upper thorax (Fig 2). Its supporters
point out the excellent visualization and pos-
sibilities for thorough dissection of perigastric
and peri-esophageal nodal tissue and thoracic
esophagus, thereby ensuring complete tumor
removal and minimizing the risk of tumor spill-
age. Transhiatal esophagectomy, advocated
by Orringer, ** is accomplished through upper
abdominal and cervical incisions, i.e., without
thoracotomy (Fig 3). The esophagus is bluntly
dissected from both above and below and a cer-
vical anastomosis is performed.

Proponents of THE claim that it is oncologi-
cally equivalent to TTE, minimizes respiratory
complications of thoracotomy, reduces the le-
thal complications of mediastinitis caused by
intrathoracic anastomotic leakage, and shortens
the duration of the operation. However, the re-
sults of both retrospective and prospective trials
regarding differences in number of complica-

tions, operative mortality, and survival rates,
have been conflicting. 3%

Irrespective of whether TTE or THE is
performed, the most commonly used substitute
for the removed esophagus is the stomach,
constructed as a tube, but in some cases the
small bowel or the colon is used.

Extent of surgery

An additional area of controversy has been the
extent of the lymph node dissection necessary
to provide the best long-term outcome. °”*% Ex-
tended lymphadenectomy, including the cervi-
cal region, is widely practiced in Japan. Advan-
tages of this method are that it allows better tu-
mor staging and reduces the risk of locoregional
recurrence of the disease. *'°" However, tests
for any potential long-term survival benefit has
been made in two randomized trials and the
results have been conflicting. > % Moreover,
more extended surgery is associated with an in-
creased risk of morbidity and adverse effects on
the long-term quality of life, 103104

Minimally invasive esophagectomy

During the last decade, several centers have
begun to explore the role of minimally invasive
esophagectomy with the hope of obtaining an
equivalent long-term outcome while reducing
morbidity and short-term mortality. Currently,
techniques have been developed for both a
laparoscopic and a combined thoracoscopic/
laparoscopic approach. ' These techniques have
been proven safe and effective in a large series
of patients, %1% but numerous issues remain
unsolved regarding their clinical usefulness.

Oncological treatment

Given the poor outcome after surgery, despite
the improved results in recent years, different
therapeutic strategies have been investigated
as a means of enhancing local control and
improving survival among patients with
localized esophageal cancer. In these trials,
oncological modalities have played a central
role.
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Figure 2. Ivor-Lewis esophagectomy. (a) Laparotomy where the stomach has been
mobilized. (b) Right posterolateral thoracotomy where the lower third of the esophagus
and the stomach are demonstrated, and the gastric tube is to be constructed.
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Figure 3. Transhiatal dissection of the lower esophagus through the diaphragmatic hiatus. The
fingers are closely applied to the esophagus during the dissection. Mobilization of the upper
thoracic esophagus is achieved similarly through a limited cervical incision. ** Reprinted with
permission from the American Association for Thoracic Surgery.

Radiotherapy and chemoradiotherapy
without surgery

The use of primary radiotherapy as an alterna-
tive to surgery has been investigated, but with
disappointing results. ' 1 Thus, use of ra-
diation alone is not recommended for curative
treatment of esophageal cancer.

Combinations of radiotherapy and concurrent
chemotherapy have shown results superior to
those of radiotherapy alone, and equivalent to
those of surgery alone in some studies. % !
However, the risk of persistent or recurrent local
disease was high (40%). Nevertheless, large
randomizedtrials comparing chemoradiotherapy
and surgery as monotherapy are warranted.

Neoadjuvant treatment

The use of neoadjuvant treatment, i.e., use of any
kind of oncological modality prior to surgery,
has been evaluated extensively in recent years.

Neoadjuvant radiotherapy

Five randomized trials of neoadjuvant radiation
compared to surgery alone have been published.
1216 With the exception of one study, ' no
improvement in survival was demonstrated.
These negative findings were also confirmed in
a meta-analysis. 7

Neoadjuvant chemotherapy

In seven randomized prospective trials neo-
adjuvant chemotherapy has been compared
with surgery alone. ' 12 QOnly in one of
them !# was a survival advantage found among
patients treated with neoadjuvant chemotherapy,
but there has been some criticism regarding the
preoperative staging and surgical technique
in this trial. Thus, any possible beneficial
effect of preoperative chemotherapy remains
questionable.



Neoadjuvant chemoradiotherapy

Several randomized studies have been conducted
to address the potential benefit of neoadjuvant
chemoradiotherapy compared to surgery alone
in patients with resectable esophageal cancer.
124129 Only one study showed that preoperative
chemoradiotherapy offered a statistically
significant survival benefit compared with
surgery alone. ' However, this study has
been criticized for its suboptimal preoperative
staging and an extremely poor outcome in the
surgery alone group (6% 3-year survival). Thus,
no firm conclusions can be reached regarding
neoadjuvant chemoradiotherapy. Large multi-
institutional trials are required to resolve these
conflicting results.

A consistent finding among the trials addressing
the potential value of preoperative chemoradio-
therapy is that about 25% of the patients show
a complete pathological response to the onco-
logical treatment, i.e., with no residual tumor in
the resected specimen. This group of patients
seems to have a significant survival benefit. ©
However, there are doubts as to whether surgery
after such a complete response further improves
the chance of cure for this particular group of
patients or whether esophagectomy should be
conducted only among patients with residual
tumor.
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Postoperative adjuvant therapy

Only in few randomized studies has surgery
alone been compared with surgery combined
with postoperative adjuvant radiotherapy, che-
motherapy, or chemoradiotherapy, and none of
them has documented any difference in survival
in the absence of residual disease. 31

Palliative treatment

At least 50% of the patients with esophageal
cancer have an unresectable tumor or metastatic
disease at the time of presentation. ! For this
large number of patients a wide variety of
palliative treatments are available. °* '3 The most
important goal of such treatment is to preserve
the patient’s overall quality of life. '** Some of
the principal aims of palliation are to rapidly
relieve dysphagia, maintain the swallowing
ability, and avoid complications of invasive
treatment options. Generally fit patients with
dysphagia and a resectable tumor could possibly
benefit from a palliative surgical resection. '
On the other hand, patients with unresectable
disease can be palliated by less invasive
treatment options, e.g., a self-expandable
metallic stent, laser therapy, intraluminal or
external radiation, or chemotherapy. '3
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Aims of the Studies

The overall aim of this research was to identify and investigate factors that might have an
impact on long-term and short-term survival after surgery for resectable esophageal cancer in

large, population-based cohort studies with complete follow-up.

The specific aims were:

= To determine whether the short-term or long-term survival after surgery for esophageal
cancer has improved since 1987 in Sweden, using a population-based design with
complete follow-up and access to all relevant potentially confounding factors (Study I,

Paper I).

= To evaluate the influence of neoadjuvant treatment for resectable esophageal cancer on

the long-term postoperative survival in a population-based setting (Study II, Paper II).

= To assess the population-based effect of hospital volume on the long-term survival
after curatively intended surgery for esophageal cancer, taking into account potential

confounding by tumor or patient characteristics (Study III, Paper III).

= To examine the association between surgeon volume and early postoperative mortality
after esophagectomy for cancer and to address the question whether postoperative
mortality rates differ between individual experienced surgeons depending on their

annual surgical workload (Study IV, Paper IV).
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Materials and Methods

Design

The studies described in this thesis were
conducted to address factors that may influence
the long-term and short-term survival after
surgery for resectable esophageal cancer. The
limited incidence of this cancer in Sweden
makes clinical research at individual hospital
units difficult and a risk of selection bias in
combination with poor statistical power is a
methodological threat. For these reasons, we
adopted nationwide, population-based designs
in all the studies included in this thesis. In Table
2, an overview of the materials and methods
used in the four studies is presented.

Cohort, studies I-lll

All Swedish residents who had undergone
resection alone for primary esophageal cancer
during the period January 1, 1987 through Dec
31, 2000, were included in study I. Eligible for
studies IT and IIT were all the patients who during
the same time period had been treated with
esophagectomy, with or without neoadjuvant
therapy.

Cohort, study IV

All Swedish residents diagnosed with primary
esophageal or cardia cancer and treated with
esophagectomy during the period April 2, 2001
through December 31, 2005, were eligible for
inclusion.

Follow-up, studies I-IV

Acomplete follow-up ofall patients wasachieved
through linkage to the nationwide, complete
registers of Death and Emigration by use of the
patient’s national registration number, a unique
identification number assigned to every resident
in Sweden. It was necessary to get information

about emigration, since information on death
in the population registers is not available for
cohort members who emigrate. For further
validation of these linkages, the cohort was also
linked to the Total Population Register, which
rapidly and continuously records the vital status
and addresses of all Swedish citizens who are
living in Sweden. The patients were followed up
from the date of surgery to death, emigration, or
the end of the study (October 18, 2004 [studies
I-1IT], April 2, 2006 [study IV]), whichever
occurred first.

Data collection

Studies I-III were based on data from the
Swedish Cancer Register and the Swedish In-
patient Register, i.e., two large nationwide,
population-based registers, and on review of
histopathological records. Study IV was based
on data from the Swedish Esophageal and
Cardia Cancer (SECC) Register.

Studies I-lll

The Swedish Cancer Register

The Swedish Cancer Register was established
in 1958 and since that time both physicians and
pathologists in Sweden have been obligated to
report all newly detected cancer cases to the
register. The register has been estimated to be
at least 98% complete. '** During the past 20
years about 100% of all cases of esophageal
cancer notified to the register have been verified
histologically. 3% 37 Through all the years the
7™ version of the International Classification of
Diseases (ICD) has been used in the register.
Furthermore, during the period 1987-1992,
the 9" version (ICD-9; codes 150.0-150.9) has



28 Ioannis Rouvelas

been used, and during the period 1993-2000 the
10" version (ICD-10; codes C153-C159). Only
patients with primary esophageal cancer of the
histological type adenocarcinoma or squamous
cell carcinoma were included in the study.
Patients with other, rare esophageal tumors were
excluded, since such tumors are not comparable
with esophageal cancer in terms of treatment or
survival.

The Swedish In-patient Register

The Swedish In-patient Register contains data on
allin-hospital care, including codes for diagnoses
and surgical procedures, throughout Sweden.
Data regarding esophageal cancer surgery, i.e.,
type and date of surgery, and hospital in which

the procedure took place, were collected from
this register. The In-Patient register has had
complete nationwide coverage since January
1, 1987, and this date was therefore chosen as
the starting date for our study. The 6" edition
of the Swedish version of the Classification of
Surgical Procedures was used for identification
of esophageal resections (codes 2820, 2821,
2822, 2829) during the period 1987-1996 and
the 7" version was used during the period 1997-
2000 (codes JCCOO0, JCCI10, JCCI11, JCC20,
JCC30, JCCY6, and JCCI7). *¥ In the register
up to eight discharge diagnoses are documented
for each occasion of in-hospital care. Thus, we
were also able to collect data regarding diseases
that represented comorbidity diagnoses recorded
prior to surgery.

Table 2. Overview of the four studies included in this thesis.

Studies I-111

Study 1V

Register/Other
data sources

Swedish Cancer Register, Swedish In-patient

Register, histopathological records

Swedish Esophageal and Cardia Cancer Register

Prospective population-based
cohort study

Design Retrospective, nationwide population-based cohort
study
Cohort Study I: All residents in Sweden diagnosed with

Data collection,
time period

Follow-up
Outcomes

Adjustments

Statistical
analyses

esophageal cancer and treated only with
surgery.

Study II: All residents in Sweden diagnosed with
esophageal cancer and treated with
surgery or combination of neoadjuvant
treatment and surgery.

Study I1I: All residents in Sweden diagnosed with

esophageal cancer and treated with
surgery.

Jan 1, 1987 - Dec 31, 2000

Jan 1, 1987 - Oct 18, 2004, via register linkages
Short-term and long-term survival

Study I: age, sex, comorbidity, tumor stage, tumor

location, tumor histology.

Study II: age, sex, comorbidity, tumor location,
tumor histology, hospital volume, and
calendar period.

Study I1I: age sex, comorbidity, tumor stage, tumor

location, tumor histology, and calendar

period.

Kaplan-Meier, log-rank test, Cox proportional
hazards regression model, hazard ratios.

All Swedish residents diagnosed with esophageal
or cardia cancer and treated with surgery.

April 2,2001 — Dec 31, 2005

April 2,2001 — Apr 2, 2006, via register linkages
30- and 90-day mortality

Age, sex, comorbidity, tumor stage, tumor
location, tumor histology, preoperative oncological

treatment, and curative intention

Unconditional logistic regression, odds ratios,
Spearman test, Fisher’s exact test




Histopathological records

All departments of pathology in Sweden were
asked to send a copy of the histopathological re-
cord to the study secretariat for record review of
every patient in the study cohort. We received
this report for 94.7% of all patients. From these
records, data regarding tumor characteristics,
i.e., stage (studies I and III), location, and his-
tology, were collected. The tumor stage was de-
fined according to the TNM classification of the
Union Internationale Contre le Cancer (UICC),
6" edition. ** Moreover, through scrutiny of
these records combined with information on
the referral notes we were able to collect data
regarding the occurrence and type of any neo-
adjuvant treatment, i.e., radiotherapy, chemo-
therapy, or chemoradiotherapy, given prior to
surgery. If such treatment was given, the tumor
response to that preoperative therapy was as-
sessed. A complete histopathological response
was defined as no residual tumor identifiable in
the resected specimen. Information regarding
tumor stage prior to neoadjuvant therapy was
not available.

These records were reviewed objectively and in
detail by one investigator (the author, IR), who
was kept blinded to the patient’s survival time.
In addition, two other investigators checked a
random sample (n=100) of this classification
and found it to be highly valid (i.e., >90%
concordance).

Study IV

The Swedish Esophageal and Cardia Cancer
(SECC) Register

The SECC Register is based on a nationwide,
all-encompassing Swedish network of hospital
departments and clinicians involved in the
diagnosisortreatmentofpatients withesophageal
cancer. The network was initially developed for a
population-based case-control study concerning
risk factors for esophageal cancer. ** The SECC
Register was initiated on April 2, 2001 with the
aims of being a resource for clinical research
and improving the quality of the surgical
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treatment of the esophageal cancer patients
in Sweden. Out of 179 hospital departments,
representing general surgery, thoracic surgery,
otorhinolaryngology, oncology, and pathology,
174 (97%) participated in this register and
at each participating department there was a
contact physician and often another contact
person. Each contact physician was responsible
for the local registration in the register. This
register makes it possible to rapidly identify
and register newly diagnosed cases throughout
Sweden. The SECC register is coordinated by a
central administrator who is a key person in the
registration and data collection (Eja Fridsta).
This coordinator received the histopathology
report from the pathology department when a
new case of esophageal cancer was confirmed.
Thereafter, the coordinator reminded the contact
physician about the registration of the patient
and the collection of data required. Informed
consent was obtained from each living patient
prior to inclusion in the register. The register
also collaborated with all six Swedish regional
tumor registries to ensure optimal completeness
of the registration.

In the SECC register detailed data are collected
regarding patient characteristics, i.e., age, sex,
and comorbidity, as well as tumor characteristics,
i.e., tumor stage, location, and histology,
neoadjuvant/adjuvant oncological treatments,
hospital, surgical procedures, radicality of the
surgical treatment, and occurrence and type
of postoperative complications. The Siewert
classification was used for the definition
of the site of adenocarcinomas near the
gastroesophageal junction. '*! The tumor stage
was classified according to the UICC system. '*
All this information was collected and validated
through manual scrutiny of each individual case
record as part of the register routine. The high
national coverage, the detailed and prospective
data collection, and the objective manual review
of each case record, including evaluation of
internal validity, ensure good quality and
validity of the register.
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Statistical analyses

Studies I-lll

Survival rates were estimated by the Kaplan-
Meier method and for comparison the log-rank
test was used. Short-term survival was defined
as survival up to 30 days after surgery, and long-
term survival was defined as survival up to 1, 3,
and 5 years after surgery. The 30-day definition
of short-term survival was preferred to in-
hospital mortality, since it was considered less
susceptible to different discharge policies and
inequalities regarding the availability of suitable
intermediate care facilities in our population-
based design. Differences in survival between
different patient groups were also determined
by using different Cox proportional hazards
regression models with various adjustments.
Thus, hazard ratios (HRs) with 95% confidence
intervals (CI) were estimated. The possible
confounders for which our different models
were adjusted , were categorized as follows:
age (<55 years, 55-65 years, 66-75 years, and
>75 years), concurrent diseases (none, one, two
or more, and missing data), tumor stage (0-I,
ITA-IIB, III, IVA-IVB, and undefined), tumor
location (upper, middle, and lower esophagus,
and not defined), histological type (squamous
cell carcinoma, adenocarcinoma, and uncertain
distinction between these two types), and time
of surgery (1987-1991, 1992-1996, and 1997-
2000).

In study I, observed survival rates in relation to
tumor stage were analyzed by age, sex, comor-
bidity, tumor location, histological type, and
time of surgery. Two models were adopted to
evaluate differences in survival after surgery be-
tween the calendar periods: (1) a “basic model”
with adjustments for age, sex, and tumor stage,
and (2) a “fully adjusted model” including addi-
tional adjustments for comorbidity, tumor loca-
tion, and tumor histology. The earliest period of
surgery was used as a reference category in the
regression analyses.

In study II, observed survival rates were
analyzed separately for patients who were
treated with surgery alone and for those treated
with a combination of neoadjuvant therapy
and surgery. In addition, we estimated short-
term and long-term survival stratified into two
groups according to the response to neoadjuvant
treatment: (1) patients with a complete
histopathological response and (2) patients
without a complete histopathological response.
We also stratified the type of neoadjuvant
treatment into two groups: (1) radiotherapy
and (2) chemoradiotherapy. The group that
received preoperative chemotherapy only was
too small to evaluate separately. We used two
models for comparisons in these analyses: a
“basic model” with adjustment for age and sex,
and a “multivariable model” with additional
adjustments for comorbidity, tumor location,
tumor histology, hospital volume (<5, 6-10, and
>10 operations annually), and calendar period.
The group of patients treated with surgery alone
was used as a reference category.

In study III, the hospitals performing surgery
for esophageal cancer were divided into two
predefined categories based on annual number of
esophagectomies conducted there. Low-volume
hospitals (LVH) were defined as hospitals that
performed fewer than 10 esophageal resections
annually during the 14-year study period 1987-
2000, and high-volume hospitals (HVH) were
those performing 10 or more resections per year
during that period. Short-term and long-term
survival rates among patients operated on in
hospitals of these two categories were assessed.
Moreover, we measured the tumor stage-
specific survival rates among the patients treated
with esophagectomy without preoperative
oncological therapy in the two hospital
volume categories. Two models were adopted
to estimate differences in survival between
patients operated on in HVH and those operated



on in LVH. In the “basic model” included
adjustments for age and sex, while the “adjusted
model” adjustments were made for age, sex,
comorbidity, tumor location, histological type,
preoperative oncological treatment (yes or no),
and calendar period.

Study IV

To evaluate effects of surgeon volume, prior to
the analyses we used the same cut-offlevel as has
been applied in previous research. % That is the
participating surgeons were divided into three
categories on the basis of their average annual
workload as recorded in the SECC register:
Low-volume surgeons (LVS) performed <2
esophagectomies, medium-volume surgeons
(MVS) performed 2-6 esophagectomies, and
high-volume surgeons (HVS) performed >6
esophagectomies  annually.  Unconditional
logistic regression was used to examine
associations between surgeon volume and 30-
and 90-day mortality, expressed in odds ratios
(OR) with 95% CI. We used a “basic model”
with adjustments forage (<55 years, 55-65 years,
66-75 years, and >75 years), sex, and tumor
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stage (0, I, 11, III, IV), and a “full multivariable
model” in which we adjusted the results for the
above covariates and several others, including
occurrence of preoperative comorbidity (none,
1-2, and >2), tumor location (upper esophagus,
middle esophagus, lower esophagus, and
cardia), histological type ( squamous cell
carcinoma of the esophagus, adenocarcinoma of
the esophagus, adenocarcinoma of the cardia),
preoperative oncological treatment (no or yes),
and surgical intent (curative or palliative). We
had also intended to adjust the surgeon volume
results for hospital volume, but the Spearman
test showed too strong a correlation between
surgeon volume and hospital volume to allow
valid analysis. Thus, this covariate was excluded
from the final model.

Furthermore, to assess the hypothesis that the
outcome would improve further with increasing
workload among HVS, we compared the
individual results of each HVS with those for
the surgeon with the highest volume by using
Fisher’s exact test. In addition, a nonparametric
test for trend was conducted.
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Results

Patient and tumor characteristics

An overview of the patient characteristics of the patients included in the four studies, and of the
tumors is presented in Table 3.

Table 3. Overview of patient and tumor characteristics in studies I-IV.

Study I Study II Study IIT ~ Study IV
Total number of patients 764 1155 1199 607
Median age, years 66 65 66 66
Sex, no (%)
Male 558 (73) 831 (72) 862 (72) 489 (81)
Female 206 (27) 324 (28) 337 (28) 118 (19)
Concurrent diseases, no (%)
None 504 (66) 801 (69) 835 (70) 190 (31)
One/ (One or two, study IV) 199 (26) 183 (16) 189 (16) 359 (59)
Two or more/(three or more, study IV) 61 (8) 140 (12) 144 (12) 58 (10)
Missing data - 31 (3) 31 (2) -
Tumor stage, no (%) *
Stage 0 - - - 25 4)
Stage I 117 (15) - 117 (15) 90 (15)
Stage 11 292 (38) - 292 (38) 179 (29)
Stage 11T 254 (33) - 254 (33) 245 (41)
Stage IV 87 (11) - 87 (11) 68 (11)
Missing data 14 (2) 1155 (100) 14 (2) -
Tumor location, no (%)
Upper esophagus 26 (3) 59 (5) 59 (5) 17 (3)
Middle esophagus 163 (21) 265 (23) 265 (22) 80 (13)
Lower esophagus 568 (74) 813 (70) 815 (68) 231(38)
Cardia (Siewert II/Siewert III) - - - 279 (46)
Missing data - 18 (2) 60 (5) -
Tumor histology, no (%)
Squamous cell carcinoma of esophagus 447 (59) 736 (64) 737 (61) 149 (24)
Adenocarcinoma of esophagus 291 (38) 337 (29) 338 (28) 171 (28)
Adenocarcinoma of cardia - - - 278 (46)
Dysplasia - - - 9(1)
Not defined 26 (3) 82 (7) 124 (11) -

* The tumor stage could be assessed only in patients treated with surgery alone (n=764, study I)
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Study |

From the cancer register, we identified 4904
patients who were diagnosed with primary
esophageal cancer between 1987 and 2000.
Every fourth of these patients, i.e., 1199/4904
(24%) had undergone esophagectomy. After
exclusion of 391 (33%) patients who had
received neoadjuvant treatment and 44 (4%)
patients with missing data, 764 (64%) patients
who had undergone esophageal resection alone
remained for final analysis. As shown in Table
3, most patients had stage II or stage I1I tumors.
The lower third of the esophagus was the most
common tumor location, and squamous cell
carcinoma was the most common histological

type.

In Table 4, selected observed short-term and
long-term survival rates are presented by age,
comorbidity, tumor stage, and calendar period.
Worse short-term survival was associated with
increasing age and occurrence of comorbidity,
while long-term survival was highly dependent

on tumor stage at diagnosis. Furthermore,
the overall survival after surgery improved
significantly during the study period (1992-
1996, p=0.0062, and 1997-2000, p<0.0001,
compared to 1987-1991; Table 4 and Fig 4). In
the last study calendar period, the observed 30-
day mortality decreased to below 5% (4.9%),
while the 5-year survival increased from 20%
in 1987-1991 to 25% in 1992-1996, and to 31%
in 1997-2000. Women had an overall better
prognosis than men, whereas the survival did
not differ with tumor location or histological

type.

Regarding hazard ratios for death in relation to
time period of surgery, we found that the risk
of death decreased significantly during 1997-
2000 compared with 1987-1991 (Table 5). This
statistically significant difference was observed
both in the “basic” and the “fully adjusted”
model and implied a 43% decrease in the risk
of mortality in patients operated onin the last
calendar period (HR 0.57, 95% CI 0.45-0.71).

100% -

90% &
80% |\
70% |,
60% | '}

——1987-1991
- ——-1992-1996

1997-2000

50% -
40% +
30% +
20% -
10% -
0% ‘

Survival rate

0 5 10

Years

15 20

Figure 4. Observed survival after esophagectomy in patients with esophageal cancer in
Sweden during three calendar periods: 1987-1991, 1992-1996, and 1997-2000.
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Table 4. Observed short-term and long-term survival in 764 patients with esophageal cancer in
Sweden treated with surgery alone in 1987-2000 in relation to age, comorbidity, tumor stage, and

calendar period.
Number of patients (Survival rate in %)

Number of 30d 1 3 5

patients (%) ays year years years
Total 764 (100) 708 (93) 427 (56) 245 (32) 194 (25)
Age (years)
<55 104 (14) 103 (99) 63 (61) 37 (36) 29 (27)
55-65 218 (29) 205 (94) 121 (55) 71 (33) 57 (26)
66-75 302 (40) 276 (91) 170 (56) 96 (32) 76 (25)
>75 140 (18) 124 (89) 67 (52) 41 (29) 32 (23)
Concurrent diseases
None 504 (66) 475 (94) 298 (59) 179 (35) 145 (29)
One 61 (8) 51 (84) 28 (46) 16 (26) 12 (20)
Two or more 61 (8) 51 (84) 28 (46) 16 (26) 12 (20)
Tumor stage
Stage 0-1 117 (15) 112 (96) 100 (86) 83 (71) 74 (63)
Stage 11 292 (38) 269 (92) 187 (64) 112 (38) 86 (29)
Stage 111 254 (33) 238 (94) 107 (42) 36 (14) 22 (8)
Stage [V 87 (11) 79 (91) 29 (33) 13 (15) 11 (13)
Unknown stage 14 (2) 10 (71) 4 (29) 1(71) 1(71)
Calendar period
1987-1991 228 (30) 205 (90) 106 (46) 55 (24) 45 (20)
1992-1996 293 (38) 272 (93) 171 (58) 93 (32) 73 (25)
1997-2000 243 (32) 231 (95) 150 (62) 97 (40) 76 (31)

Table 5. Adjusted hazard ratio (HR) of mortality after esophagectomy in relation to calendar
period, with 95% confidence intervals (CI) and p values.

Calendar period
1987-1991

1992-1996
1997-2000

Basic HR (95% CI) * pvalue Adjusted HR (95% CI)" p value
1.00 (reference) 1.00 (reference)

0.83 (0.69-1.01) 0.0637 0.76 (0.62-0.92) 0.0062
0.67 (0.54-0.82) 0.0002 0.57 (0.45-0.71) <0.0001

* The basic model included adjustments for age, sex, and tumor stage
T The full model included adjustments for age, sex, comorbidity, tumor stage, tumor location, and tumor histology
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Study Il

From the Swedish cancer register we identified,
1155 patients with esophageal cancer who had
undergone esophageal resection with or without
neoadjuvant therapy. There were 764 patients
(66%) in the surgery only group and 391 (34%)
in the neoadjuvant group. The distribution of
treatment was similar during the study period. Of
those patients who received preoperative onco-
logical therapy, 28% (n=108/391) displayed
a complete histopathological response to the
treatment. Such a complete response became
more common during the more recent calendar
periods.

The observed short-term and long-term survival
rates indicated no overall survival advantage for

patients treated with neoadjuvant therapy com-
pared to those who had undergone surgical re-
section alone (p=0.95; Table 6, Fig 5). This lack
of association between preoperative oncologi-
cal treatment and survival benefit was also con-
firmed in both our “basic” and “multivariable”
models (Table 7). However, patients with a com-
plete histopathological response to neoadjuvant
treatment showed an overall improvement in
survival compared to the surgery only group
(Table 6). The “multivariable” model (Table 7)
indicated a statistically significantly 29% lower
overall mortality risk among patients with a
complete histopathological response compared
to those treated with surgery alone (HR 0.71,
95% CI1 0.53-0.94).

Table 6. Observed survival rates among esophageal cancer patients treated with surgery only and
with neoadjuvant therapy combined with surgery. Data are given for groups with and without a

complete response to neoadjuvant therapy.

Number of patients (Survival rate in %)

Treatment 30 days 1 year 3 years 5 years

Surgery only 708 (93) 426 (56) 244 (32) 193 (25)

Any neoadjuvant treatment and surgery 370 (95) 230 (59) 135 (35) 107 (27)
Not complete histopathological response 266 (94) 150 (53) 78 (28) 56 (20)
Complete histopathological response 103 (96) 79 (73) 56 (52) 49 (46)
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Figure 5. Survival curves for esophageal cancer patients treated with surgery
only and with neoadjuvant therapy combined with surgery.

Table 7. HR with 95% CI of mortality among esophageal cancer patients treated with surgery
only and surgery combined with neoadjuvant therapies. Data for groups with a complete respon-
se to neoadjuvant therapy are given.

Overall mortality

. Multivariable HR p
Treatment Basic HR (95% CI)"  p value .
(95% CI)+ value
Surgery only 1.00 (reference) 1.00 (reference)
Any neoadjuvant
1.00 (0.88-1.15) 0.95 0.99 (0.86-1.16) 0.96
treatment and surgery
Complete response 0.68 (0.53-0.86) 0.002* 0.71 (0.53-0.94) 0.017*

* p value < 0.05, i.e., statistically significant HR,  Adjusted for age and sex, { Adjusted for age, sex, co-morbidity,
tumor location, tumor histology, hospital volume and calendar period.
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Study Il

During the study period 1987-2000, we iden-
tified 1199 patients diagnosed with primary
esophageal cancer and treated with esophagec-
tomy. Among 53 hospitals that contributed with
these esophagectomies, only two hospitals were
classified as HVH. The majority of the patients
(n=731, 61%) underwent surgery at an LVH.
The patient and tumor characteristics were sim-
ilarly distributed between the two groups.

The observed 30-day mortality was more than
twice as high at LVH (9%) as at HVH (4%),
but this difference did not reach the level of
statistical significance. The overall observed
postoperative survival was slightly better
among the patients operated on at HVH (Table

8, Figure 6). The basic hazard ratios, adjusted
for age and sex only, showed a statistically
significant decrease in overall mortality by 22%
among patients operated on at HVH (HR 0.88,
95% 0.77-0.99), but after additional adjustments
for other covariates, but without adjustment
for tumor stage, this difference was attenuated
and no longer statistical significant (HR 0.90,
95% CI 0.79-1.04). Furthermore, when our
calculations were restricted to patients without
preoperative oncological therapy, for whom
data on tumor stage were therefore available,
the adjusted hazard ratio showed no difference
between LVH and HVH (HR 0.99, 95% CI
0.84-1.18) (Table 9).

Table 8. Short-term and long-term survival among all 1199 patients who under-
went esophageal cancer resection, by hospital volume category.

Number of patients (Survival rate in %)

Hospital category 30 days 1 year 3 years 5 years
Low-volume hospital
667 (91) 402 (55) 221 (30) 174 (24)
(n=1731)
High-volume hospital
(n =468) 448 (96) 272 (58) 163 (35) 128 (27)
p value 0.085 0.459 0.150 0.101
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Figure 6. Observed survival in all 1199 study patients with esophageal
cancer treated with esophagectomy, in relation to hospital volume.

Table 9. Basic and adjusted HR of mortality after esophagectomy by hospital volume with

95% CI and p values.

All patients (n = 1199)

Patients without preoperative
oncological therapy (n = 764)

Basic HR (95% CI) *

Basic HR (95% CI) *

Hospital category . p value . . pvalue
Adjusted HR (95% CI)f Adjusted HR (95% CI)*
Low—volume hospital 1.00 (reference) 1.00 (reference)
. i 0.88 (0.77-0.99) 0.047 0.91 (0.77-1.07) 0.258
High-volume hospital
0.90 (0.79-1.04) 0.157 0.99 (0.84-1.18) 0.987

* The basic models included adjustments for age and sex. T The adjusted model included adjustments for
age, sex, comorbidity, tumor location, tumor histology, preoperative oncological treatment, and calendar
period, I The adjusted model included adjustments for age, sex, comorbidity, tumor stage, tumor loca-

tion, tumor histology, and calendar period.
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Study IV

From the SECC register, we identified 607
patients who were operated on for esophageal
cancer. The majority (58.8%) were operated
on by HVS. In Table 10, selected surgical
details regarding the esophagectomy procedure
are presented in relation to surgeon volume
category. As shown in the table, LVS performed
abdominal procedures with an intra-abdominal
anastomosis more frequently than did HVS.
Furthermore, HVSS performed longer operations
but with lower peroperative blood loss compared
to LVS.

The overall 30-day mortality was 3%, while the
corresponding 90-day mortality rate was 7.9%
(Table 11). The basic odds ratios for 30-day
mortality indicated a 72% and 67% lower risk of
death among patients operated on by MVS and
HVS, respectively, compared to those treated by
LVS, but these differences were not statistically

significant. After further adjustments in our
“multivariable” model, the differences became
more attenuated (Table 11). The odds ratio
indicated a 52% statistically non-significant
decrease in the risk of death within 90 days after
the operation in patients operated on by MVS
compared to LVS, but only a corresponding
14% decrease in patients operated on by HVS
(Table 11).

Eight surgeons were defined as HVS in our
study (Fig 7). We compared the observed
30- and 90-day mortality rates among these
individual surgeons and found considerable
individual differences, particularly regarding
90-day mortality. Moreover, there was no trend
of improved results with increasing annual
workload among the individual HVS (p value
for trend; 0.84 and 0.80 for 30- and 90-day
mortality, respectively).

Table 10. Surgical details of 607 esophagectomies for esophageal or cardia cancer performed
during the period April 2, 2001 through December 31, 2005, by surgeon volume category.

Number of patients (%)

Surgical details of

Low-volume

Medium-volume  High-volume

. Total
esophagectomies Surgeon Surgeon Surgeon
Approach
Transthoracic 499 (82.2) 48 (68.6) 153 (81.8) 298 (85.1)
Abdominal 108 (17.8) 22 (31.4) 34 (18.2) 52 (14.9)
Location of anastomosis
Cervical 56 (9.2) 1(1.4) 12 (6.4) 43 (12.3)
Intrathoracic 460 (75.8) 50 (71.4) 142 (75.9) 268 (76.6)
Intra-abdominal 91 (27.1) 19 (27.1) 33 (17.6) 39 (11.1)
Operation time
5 hours 131 (22.1) 20 (31.2) 36 (19.3) 75 (21.8)
5-9 hours 378 (63.6) 43 (67.2) 137 (73.7) 198 (57.6)
> 9 hours 85 (14.3) 1(1.6) 13 (7.0) 71 (20.6)
Peroperative bleeding
500 ml 157 (26.6) 12 (19.1) 41 (22.4) 104 (30.1)
500-1000 ml 216 (36.5) 23 (36.5) 69 (37.7) 124 (35.9)
1000 ml 218 (36.9) 28 (44.4) 73 (39.9) 117 (33.9)
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Figure 7. Number of surgeons (registered in the SEEC Register) performing
esophagectomies, by annual surgical workload.

Table 11. Risk of mortality within 30 days and 90 days after esophagectomy for esophageal and
cardia cancer among 607 patients, expressed as OR with 95% CI, by surgeon volume category.

Low-volume Medium-volume High-volume
Surgeon Surgeon Surgeon
Total Basic OR Basic OR Basic OR
No. No. No.
No. (95% CI) * (95% CI) * (95% CI) *
. (%) of - (%) of o (%) of o
Mortality (%) of . Multivariable OR . Multivariable . Multivariable OR
5 patients patients patients
patients (95% CI)’ OR (95% CI) ' (95% CI)
All patients
=607
(n ) 0.28 (0.07-1.13) 0.33 (0.09-1.26)
30 days 18 (3.0) 5(7.1) 1.00 (reference) 4(2.1) 9 (2.6)
0.39 (0.09-1.70) 0.42 (0.10-1.80)
0.41 (0.15-1.11) 0.77 (0.28-2.15)
90 days 48 (7.9) 8(11.4)  1.00 (reference) 9(4.8) 31(8..9)
0.48 (0.16-1.38) 0.86 (0.31-2.38)

* The basic model included adjustments for age, sex, and tumor stage, ¥ The multivariable model included adjust-
ments for age, sex, co-morbidity, tumor stage, tumor location, tumor histology, preoperative oncological treatment,
and curative intention.
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Methodological considerations

Study design

Epidemiology is defined as a study of the
distribution and determinants of disease in
human populations. *> There are two types
of epidemiological studies, experimental and
observational. In theory, the best empirical
evidence regarding disease causation should
come from randomized trials in humans. '*
However, this can sometimes be unethical if the
exposure is harmful, or it can be impractical or
impossible for the reason that the incidence of
most diseases is low and their latencies long.
A decreased risk of confounding and bias in
experimental studies distinguish them from
observational type. Thus, an important limitation
of the present investigation is the general use of
observational study designs. To establish new
treatment strategies, large randomized trials
would be the preferable method.

The problem with randomized trials is the
inability to address several specific hypotheses
simultaneously. Two-armed randomized studies
can mainly focus on one single surgical factor.
The limited scientific literature available consists
mainly of clearly under-powered case series
from single hospital departments. This fact
makes it impossible, or at least very difficult, to
identify a single surgical factor that can attract
a sufficiently large number of surgical units
in the joint effort that is needed for a focused,
well-designed clinical trial. The observational
design, on the other hand, makes it possible to
analyze various surgical variables at the same
time. An important objective of this research
was to identify factors that seem to contribute to

an improved surgical outcome with results that
are convincing enough to lay the foundation
for clinical trials. Moreover, Sweden can offer
virtually unique opportunities to conduct
observational research in a population-based
nationwide setting with a limited risk that bias
or chance will affect the results. In addition,
the large differences in the surgical treatment
between hospital departments in Sweden further
facilitate observational research (and complicate
randomized studies).

One of the main types of epidemiological
analytical studies is the cohort study. This is
defined as a group of designated individuals who
are followed up or traced over time regarding
the occurrence of a disease. '** It can be either
prospective or retrospective. A prospective
cohort study is one in which the exposure
information is recorded at the beginning of the
follow-up and where the period of time at risk for
disease occurs during the conduct of the study.
In contrast, in a retrospective cohort study the
cohorts are identified from recorded information
and the time during which they were at risk for
disease occurred before the study began. As a
retrospective cohort study has to rely on existing
records, important information may be missing
or may be unavailable. Nevertheless, when a
retrospective cohort study is feasible, it offers
the advantage of providing information that is
usually much less costly than that obtained from
a prospective one, and it may produce results
much sooner or with a longer follow-up, as
there is no need to wait for the event to occur.
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In any cohort study, the acquisition of outcome
data involves tracing or following up all study
participants from the point of a defined exposure
over a period of time, to determine whether
they develop the disease of interest. Failure to
obtain such outcome information, i.e., loss to
follow-up, is the major source of bias in most
cohort studies. Thus, in view of the often large
number of participants in cohort studies, follow-
up represents the major challenge in terms of
validity and consumption of time and money.

In Sweden, the national registration numbers
in combination with nationwide and virtually
complete registers, i.e., Cancer Register, In-
patient Register, Death Register, Emigration
Register, and Total Population Register, provide
a unique opportunity to conduct large and valid
cohort studies, with complete follow-up, at a
reasonable speed and cost.

In studies I-II we used a retrospective,
nationwide population-based cohort design
where the data were collected from the Swedish
cancer register and In-Patient register, whereby
the members of the exposed cohort were defined.
Our aims in these three studies were to test the
hypothesis that survival after esophageal cancer
surgery has improved during the years and to
further assess the possibility that preoperative
oncological therapy has a beneficial effect on
long-term survival after esophagectomy in case
of preoperative oncological therapy; also, to
examine the relation of this survival to hospital
volume. Advantages of this design include
complete, nationwide recruitment of patients
which has the important effects of counteracting
selection bias, allowing good statistical power
and ensuring generalizability of the findings,
factors that often constitute serious obstacles
for single hospital and institutional-studies.
Furthermore, completeness and length of
follow-up are other strengths of our setting that
were made possible through linkages to the
nationwide and updated registers named above.

Instudy I'Vwe adopted a prospective, nationwide
population-based cohort design with collection

of the data from the SECC Register. The same
advantages as mentioned above for the study
setting of studies I-11I are also applicable to this
design. Moreover, the prospective data collection
offered us the advantage of minimizing the risk
of information bias and further reduced the risk
of selection bias. 2

Sources of error

The primary concern in the design of any
research study should not be generalizability,
but validity. Determining the validity of a
study involves consideration of alternative
explanations for an observed association before
claiming the existence of a true relationship.
Two sources of error afflict epidemiological
studies and need to be investigated: systematic
error and random error. Not until the validity
has been assessed can the generalizability of the
results be considered.

Systematic error

Systematic error, i.e., bias, is an error that cannot
be reduced by increasing the sample size of the
study; it can further be classified into selection
bias, information bias, and confounding.

Selection bias

Selectionbiasinastudystemsfromtheprocedures
used to select subjects and from factors that
influence study participation. ' Such error is
a most cumbersome problem in observational
clinical research and this is particularly evident
in the area of surgical research and even more so
regarding the relatively infrequent esophageal
cancer surgery. The population-based approach
with the high participation rates strongly reduces
the risk of selection bias in the current project,
however. All studies included in this thesis have
had a nationwide, population-based design,
which is a clear advantage compared to single
hospital and institutional studies. In studies I-
II1, selection should be of no major concern,
since active participation of the patients was
not a requirement. All patients who had ever
undergone esophageal cancer resection in a
Swedish hospital during the study period were
included without exception. However, in study



II, one of the main problems was the lack of
information regarding tumor stage prior to
neoadjuvant treatment, which introduced a risk
of imbalance regarding tumor stage between
the treatment groups and thus an obvious risk
of selection bias, since neoadjuvant therapy is
administered mostly for advanced esophageal
cancer (stages III and IV). The lack of
preoperative tumor staging did not allow any
valid subgroup analyses, since we did not know
how the tumor stage contributed to selection for
treatment.

In study IV, the data were collected
prospectively, i.e., before the outcome was
established, a procedure that further reduces
the risk of selection bias. On the other hand,
non-participation in the SECC Register was
a greater source of bias in that study. During
the initial phase of registration in the SECC
Register, the registration frequency was less
complete. Furthermore, all hospital departments
that were involved in diagnosis and treatment of
esophageal cancer did not participate or some
departments might have chosen to register
patients with the best outcome. In addition,
some patients died prior to registration and some
patients did not wish to participate in the study.
Regardless of these potential sources of bias, the
relatively small number of esophagectomies can
be explained by the low frequency of resections
in Sweden (25% of all cases of esophageal
cancer according to unpublished data from
the SECC Register and in agreement with the
findings from paper I). The observed low overall
mortality might also indicate selection bias, but
on the other hand this idea is not supported by
the high frequency of complications among
the registered patients, reported from a recent
study by our group using the same register. !
Moreover, the 30-day mortality in the current
study was in line with that in other western
studies. &1

Information bias

Information bias can arise when information
collected about or from study subjects is
erroneous. > In study IV the prospective
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collection of data reduced the risk of information
bias, but in studies I-III the data were collected
retrospectively, entailing risk of such error.
Weaknesses of studies I-III include the lack of
dataregarding details of oncological and surgical
procedures; that is, we did not have access to
given doses or to information on completion of
given therapies, but on the other hand analyses
of such details were not the aim of our studies
and they were not included in the hypothesis.
Moreover, there was no access to information
on potential treatment given after the esophageal
resection. However, postoperative treatment
after esophageal cancer was rarely given in
Sweden during the study period, and this
lack of information should therefore not have
affected our findings. Finally, since coverage by
the In-Patient register was not complete until
1987, we did not have data for comorbidity that
necessitated admission to hospital or outpatient
visits before that time.

Regarding study II and to some extent study
111, the lack of data regarding tumor stage was a
potential source of differential misclassification
of disease, i.e., the misclassification is related
to the exposure. In study III, the availability of
information on tumor stage for a large subset of
patients made it possible to evaluate the influence
of this important prognostic variable and limited
the risk of such misclassification. However,
the risk of such error in study II is obvious
(risk for exaggeration or underestimation of
an association) and must be take into account
when interpreting the results.

In all four studies, the exposures and the
outcomes were assessed objectively. The
medical and histopathological records and the
operation notes were reviewed manually, in a
structured manner, on the basis of an extensive
study protocol. Moreover, uniform staging
of tumors according to modern standards was
performed. In addition, a random sample of
protocols was checked by two other investigators
and high accuracy was confirmed, a decisive
factor for the internal validity of the study.
Our ability to collect all relevant data from
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medical records covering most aspects of the
surgical procedure, complications, and tumor
and patient characteristics would have reduced
the risk of information bias from exposure
misclassification. Misclassification of surgical
variables was minimized by the thorough
review not only of operation records, but also in
study IV, of the operation charts and the records
from intensive care units after the operations.
Moreover, all histopathological records were re-
reviewed. We were able to assess the outcome
mortality with high quality. The short-term
and long-term survival was objectively and
reliably confirmed in two independent Swedish
population registers

Confounding

Confounding is a central issue for every
epidemiological study design. It is defined as
a mixing of effects. '** A confounder must be
associated with the disease and the exposure
and must not be an effect of the exposure, i.e.,
an intermediate step in the causal pathway from
exposure to disease.

In all the studies included in this thesis, we had
the possibility through our nationwide registers
and review of histopathological records to
collect a large amount of important data
regarding both patient characteristics (age, sex,
comorbidity) and tumor characteristics (stage,
location, histology). Furthermore, we had
access to data regarding preoperative treatment,
surgical details, postoperative complications,
the hospital where the operation took place, and
the surgeon who performed the procedure. This
extensive data collection enabled us to adjust
for a large number of potential confounders in
multivariable regression models. On the other
hand, the lack of a randomized design prohibited
adjustment for any unknown confounding
factors.

In study II and to some extent in study III it
was not possible to adjust for tumor stage, one
of the most important prognostic variables,
since this information was not available prior

to neoadjuvant treatment. However, in study
IIT we managed to overcome this limitation by
including tumor stage in the regression model
for the subset of the patients who had undergone
esophagectomy alone without preoperative
treatment, for whom information regarding
tumor stage was accessible.

Random error

Random error refers to the variability, or the
degree of precision, of any measurement,
and is related to the sample size of the study,
approaching zero as the sample size increases.

Type I error

A type I error occurs when an association
between exposure and disease appears to be
statistically significant when in fact no causal
relationship exists (chance). This is a major
threat to all studies that include several analyses,
i.e., multiple testing. In the studies described
in this thesis, no adjustments for multiple
comparisons were made. We already decided
in the planning stage of the studies, as part of
the study design, to avoid or reduce effects
of multiple testing. Thus, all hypotheses were
formulated before the initiation of the analyses
and the study protocols were thoroughly
written and followed. Furthermore, we limited
the number of study hypotheses to those we
considered to be of highest clinical relevance.
In addition, the categorization and the models
used were predefined.

Type II error

A type II error occurs when no statistical
association is found, but a causal relationship
does in fact exist. This kind of error may result
from flawed disease or exposure data, or from an
inappropriate study design. The most common
cause, however, is insufficient statistical power.
In studies I-III the size of the studies, owing
to the nationwide, population-based setting,
allowed good statistical power, an issue that has
been a serious problem in single-institutional
studies. However, in paper IV, although the
study was nationwide, the limited occurrence



of postoperative deaths and the decreasing
frequency of esophagectomies conducted in
Sweden lowered the statistical power. It was
therefore not possible to establish relative risk
estimates with statistical significance.

Findings and implications

Survival after surgery for esophageal
cancer over the years

The findings in study I indicates that both short-
term and long-term survival after surgery for
esophageal cancer in Sweden has improved
since 1987. Our results showed that the short-
term mortality has been decreased significantly
and is currently lower than 5%. Moreover,
the long-term survival after surgery improved
substantially over the last few years of the study,
an improvement that could not be explained by
any changes in patient or tumor characteristics.

The improved overall survival over time could
be explained by earlier detection of disease as
a consequence of advances in non-invasive
imaging and preoperative staging, allowing
surgery of less advanced tumors. However,
our results remained significant even after
adjustment for tumor stage, and we found no
evidence of a shift in tumor stage at diagnosis
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during the study period. But another explanation
of our findings could be misclassification of
tumor stage. Over the years surgeons might have
become more thorough and extensive regarding
lymph node dissection and pathologists might
have become more careful in examining the
specimens. Such changes in practice could have
biased our results and explain the positive trend
in our study despite the fact that our statistical
models were adjusted for tumor stage. Moreover,
better preoperative staging over the years might
have led to differences in the selection of cases
suitable for surgery or adjuvant treatment, i.e.,
in later periods patients chosen for adjuvant
treatment could have had more advanced
disease compared to those chosen for surgery
alone. However, the proportion of patients
who received adjuvant treatment did not
change over the calendar periods in our study.
Furthermore, we found no tendency over the
years indicating that patients who were more fit
and in better general health had a greater chance
of undergoing surgery.

Our data confirm previous results from non-
population-based studies, adding support to
indications of a true effect. %1% Advances in
preoperative staging and anesthesia combined
with refinements in the surgical technique and
postoperative care have probably contributed
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Figure 8. Number of hospitals in Sweden performing esophagectomies by calendar period
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to a reduction of operative mortality and con-
sequently to an improvement in short-term
survival. On the other hand, improvements in
the surgical technique alone might explain the
improved long-term outcomes. Such possible
surgical factors remain unidentified, but one ex-
planation might be the fact that fewer and more
specialized units have performed esophagecto-
mies during the recent years (Figure 8).

Neoadjuvant treatment and esophageal
cancer surgery

According to our findings in study II, the sur-
gical outcomes with and without neoadjuvant
therapy in patients with a resectable esopha-
geal cancer were similar. Only patients with a
complete histopathological response after neo-
adjuvant treatment had a significantly improved
prognosis.

These results are in agreement with previous
reports in the literature. Several randomized
studies have addressed the potential benefit of
neoadjuvant therapy in treatment of esophageal
cancer, but the main problem in those studies
was the difficulty in enrolling a sufficiently
large number of patients to provide satisfac-
tory statistical power. In five randomized stud-
ies preoperative radiotherapy was compared
with immediate surgery, "¢ and except in one
study, > no improved survival was demonstrat-
ed. Furthermore, a meta-analysis confirmed this
overall finding. ''7 Moreover, in seven random-
ized studies preoperative chemotherapy was
compared with surgery alone, "> %123 but only
one trial > showed a survival advantage associ-
ated with the use of neoadjuvant chemotherapy.
However, there has been some criticism regard-
ing several details in that study concerning lim-
ited preoperative staging (CT not required) and
accomplishment of a relatively small number of
complete surgical resections (54% of the sur-

gery alone group and 60% of the neoadjuvant
group). Furthermore, 17% of the patients in the
surgery alone group of that study left the oper-
ating room without a resection. Thus, the inter-
pretation of this study is difficult.

A combination of preoperative chemotherapy
and radiotherapy has been tested in several
randomized trials in the hope of improving the
outcome. 212 Only two of those studies had a
statistical power that enabled statistically mean-
ingful results, and neither of them showed an
advantage of neoadjuvant chemoradiotherapy.
125,129 A single-institutional study indicated bet-
ter survival among patients in the neoadjuvant
group, but many concerns have been raised re-
garding the reliability of the results of that trial.
128 Much of the concern has been focused on
the suboptimal preoperative staging and the ex-
tremely poor outcome in the surgery only group
(6% 3-year survival compared to 32% in the
neoadjuvant group). Thus, there is still no con-
vincing evidence that such a therapeutic strat-
egy offers any survival benefit.

In our study, however, we identified a
group of patients with a significantly better
prognosis, namely the group with a complete
histopathological response to neoadjuvant
treatment. In line with the previous literature, the
frequency of such a response was approximately
25%. &' This finding highlights the urgent
need to improve our ability to identify factors
that can predict or contribute to a complete
histopathological response to preoperative
oncological treatment. The higher frequency of
complete response in the more recent calendar
periods indicates a positive trend, probably as a
result of more effective oncological modalities.
However, there remain doubts as to whether
surgery further improves the chance of cure after
oncological therapy in this particular group.



The impact of hospital volume on
esophageal cancer surgery

The main hypothesis in study III was that hos-
pital volume influences the long-term outcome
after esophageal cancer surgery. Previous stud-
ies have repeatedly demonstrated an inverse
correlation between hospital volume and post-
operative morbidity and mortality. ' 72 These
findings are strengthened by the results of our
population-based study regarding 30-day mor-
tality, although they did not reach the level of
statistical significance.

To our knowledge, however, only two studies
have previously addressed the impact of hospital
volume on long-term survival after esophageal
cancer surgery, and the results have been
conflicting. % *° In a retrospective case-note
study in the West Midlands region of England,
no relation between increasing hospital volume
and improved long-term surgical outcome was
found. ® Problems of that study include failure
to retrieve all the hospital notes and a relatively
high 30-day mortality (10%) compared to that
reported from other western studies. & !> On
the other hand, a Swedish study indicated a 5-
year survival advantage among patient operated
on at HVH compared to LVH; but a major
weakness of that study is a lack on information
on potential significant confounders, including
comorbidity and tumor stage. *°

Our results, after adjustment for the most
plausible potential confounders, including
tumor stage, showed no relation between long-
term survival and hospital volume. This finding,
however, deserves cautious interpretation,
since several additional studies are needed to
establish this issue. If true, our finding indicates
that tumor biology seems to have a much
greater impact on the long-term outcome than
does surgical volume. However, it is important
to point out that specialized units with high
volume and great experience in these extensive
procedures should still be recommended, since
it is well documented that serious postoperative
complications and early postoperative mortality
decreases with increasing volume. ' 8!-82
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Impact of surgeon volume on
esophageal cancer surgery

In study IV, we tested the hypothesis that a
higher annual surgical workload is associated
with lower postoperative mortality after esoph-
ageal cancer surgery. The results indicated that
such an association exists. However, we found
no trend of improved results among the eight
experienced surgeons based on their individual
annual volume alone.

Several studies have shown improved postop-
erative outcomes, expressed either as 30-day
mortality, in-hospital mortality, or postopera-
tive complications in relation to increased sur-
gical volume. ' 88 To facilitate comparisons
with previous research with awareness of that
the reality in the United States might be differ-
ent from that in Europe, our cut-off for grouping
of surgeon volume was based on a large popu-
lation US study that had revealed a strikingly
decreased postoperative mortality after esopha-
gectomy when this was performed by HVS. 3
However, the study referred to differed consid-
erably from ours regarding postoperative mor-
tality (9.1% compared to 2.6% among patients
operated on by HVS). Furthermore, there was
a lack of data regarding tumor characteristics
and surgical details in the US study, variables
that are important for the interpretation of the
results. Nevertheless, our results regarding 30-
day mortality were well in agreement with the
overall results of that study.

The beneficial effect of HVS was more evident
regarding the 30-day than the 90-day mortality,
a trend that adds weight to our speculation that
tumor biology has a stronger impact on the
long-term outcome compared to surgery. On the
other hand, certain preoperative factors (tumor
location and histology) and surgical details
(approach) seemed to favor LVS and might
explain why our improved short-term survival
was not statistically significant. Another issue
that deserves attention is the definition of HVS.
The heterogeneity of the definition of surgeon
volume is apparent in the literature and it is
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difficult to identify minimum volume thresholds
at which satisfactory performance is achieved.
145 This fact further complicates the comparison
of findings in different studies.

Finally, we found no further improvement
in short-term mortality in association with
increasing annual surgical workload among the

eight experienced esophageal cancer surgeons.
This finding indicates that surgical volume is
not the only relevant surgical factor with regard
to short-term mortality. Certain individual skills
of the surgeon might also have an important
impact on the outcome, a possibility of which
the patient should be kept aware.
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Conclusions

= The short-term survival after esophageal cancer surgery is dependent on age and
comorbidity, while the long-term survival is dependent on tumor stage.

= The short-term and long-term survival after surgery for esophageal cancer has improved
significantly since 1987 in Sweden, probably as a result of improved surgery.

= The overall long-term survival after esophageal cancer surgery seems to be equivalent in
patients with and without neoadjuvant treatment.

= Only patients with a complete histopathological response to neoadjuvant therapy seem to
have a significant survival benefit after esophageal cancer surgery compared to patients
treated with surgery alone.

= Patients with resectable esophageal cancer and operated on at a high-volume hospital
seem to be at reduced risk of short-term mortality compared to those operated on at a
low-volume hospitals.

= No association was found between hospital volume and long-term outcome after
esophageal cancer surgery

= The short-term prognosis after esophageal cancer surgery seems to be better among
patients operated on by higher-volume surgeons than among those operated on by low-
volume surgeons.

= There was no tendency toward an improved surgical outcome with increasing annual

volume alone among individual experienced esophageal surgeons.
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Future Research

Several of the findings in these investigations,
and the persistently low chance of cure in pa-
tients diagnosed with esophageal cancer, high-
light the need of further research in this field.

Surgical factors that might have contributed to
the improved survival after esophageal cancer
surgery over the years should be clarified and
investigated in details. Large population-based
studies covering a long time period and with ac-
cess to detailed operative notes and histopatho-
logical records could possibly contribute to a
better understanding of this positive trend. Such
a design would enable us to identify differences
in surgical details and practice that might have
played a role in the better surgical outcomes
in recent years. The impact of different factors
such as surgical approach, extension of surgical
radicality, and type of substitute and anastomo-
sis should be investigated thoroughly and with
good statistical power. Such research is current-
ly being planned within our research unit.

Moreover, as already mentioned in this thesis,
there is significant heterogeneity regarding the
definition of hospital volume and surgeon vol-
ume in the existing literature and it has been
difficult to identify minimum thresholds for
acceptable surgical outcomes. Further investi-
gation on this matter is warranted. Nowadays,
centralization of advanced surgical procedures,
including esophagectomy, has become praxis in
several countries, but the acceptable minimum
number of procedures performed annually by
a surgical team in such a specialized unit must
be better defined. Large cohort studies, and if
possible randomized studies, for comparing
such specialized units with different thresholds
would be of great value.

Although surgery remains the only estab-
lished treatment with a curative intent for
patients with resectable esophageal cancer, it
offers only a limited chance of cure. It is ap-
parent that the combination of surgery with
different oncological modalities needs to be
further investigated. A recently published
randomized trial in the U.K. revealed a sig-
nificant improvement in survival among pa-
tients who were treated with both preopera-
tive chemotherapy and surgery for resectable
gastroesophageal cancer compared to those
treated with surgery alone. '*¢ Unfortunately,
the number of patients with lower esopha-
geal cancer was too small to allow conclu-
sions for this group of patients. The only way
to overcome the conflicting results of studies
regarding the benefit of neoadjuvant thera-
py would be to design a large multi-institu-
tional study where neoadjuvant chemother-
apy, neoadjuvant chemoradiotherapy, with
surgery alone are compared. Accordingly,
large randomized trials comparing definitive
chemoradiotherapy to surgery alone are also
needed. Furthermore, it is important to iden-
tify factors that can predict or contribute to a
complete histopathological response to neo-
adjuvant therapy, since this group of patients
has the highest survival benefit.

Numerous issues remain unresolved
regarding the clinical usefulness of minimally
invasive esophagectomy. Further studies are
needed to address the optimum approach,
cost-effectiveness, applicability to general
surgeons, and proof of possible advantages
over open techniques.
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Sammanfattning pa Svenska
(Summary in Swedish)

Bakgrund Matstrupscancer (esofaguscancer)
ar den attonde vanligaste cancerformen globalt
sett. Den generella prognosen vid matsrupscan-
cer ar sdmre dn for de flesta tumdrssjukdomar
och detta giller de bada dominerande histolo-
giska huvudtyperna, skivepitelcancer och ade-
nocarcinom. Femarsoverlevnaden understiger
15 % i de flesta lander. Tumé&rstadium dr den vik-
tigaste prognostiska faktorn. Radikal kirurgisk
borttagning av tumoéren dr den enda etablerade
botande behandlingen, vilken dock &r forknip-
pad med en 40-60 % forekomst av betydande
postoperativa komplikationer och risk for tidig
dod. Utredningen infor beslut om kirurgi inleds
i de flesta fall med datortomografi av brostkor-
gen och buk for att identifiera eventuella fjarr-
metastaser, vilket dr avgorande for valet mellan
kurativ och palliativ behandling. I avsaknad av
fjdrrmetastaser kompletteras utredningen oftast
med endoskopiskt ultraljud for att béttre kart-
lagga det lokala och regionala tumdrstadiet samt
avgora eventuell tumordvervixt pd intilliggan-
de organ. Det finns tva olika kirurgiska huvud-
principer for dissektion av matstrupstumdren,
den transtorakala (via brostkorgen) och den
transhiatala (via buken och halsen), utan ndgon
dokumenterad skillnad betrdffande langtidso-
verlevnad. Tidiga komplikationer efter kirurgin
paverkar starkast patientens livskvalitet &ven pa
sikt. Aktuell forskning pekar pd att morbiditet
och mortalitet kan minskas av en koncentration
av kirurgin till hogvolymscentra. I vrigt rader
brist pé etablerad kunskap om hur den kirurgis-
ka behandlingen av matstrupscancer ska utforas
med bésta mojliga resultat avseende bade lang-
siktig 6verlevnad (bot) och korttidsoverlevnad.
Denna brist pa evidens gor att kirurgin varie-
rar starkt mellan olika centra. Dessa variationer

ger bra underlag for virdefulla observationella
studier av hur olika kirurgiska faktorer paverkar
ovan nimnda resultat. Min avhandling fokuse-
rar pa faktorer som paverkar 6verlevnaden efter
kurativt syftande matstrupsscancerkirurgi och
baseras pa nationsomfattande svenska observa-
tionella studier.

Metoder Avhandlingen dr uppbyggd kring fyra
delarbeten. I delarbete I-II1 kunde alla patienter
som behandlats med kirurgi for matstrupscan-
cer i hela Sverige under perioden 1 januari 1987
till 31 december 2000 identifieras med hjilp av
lankning mellan de nationellt heltdckande Can-
cerregistret och Patientregistret. Dessa patienter
kunde foljas upp fram till 18 oktober 2004 avse-
ende &verlevnad och utflyttning ur landet genom
ytterligare lankning till det nationellt tickande
dodsorsaksregistret, totala befolkningsregist-
ret och emigrationsregistret. Bland totalt 4904
patienter med matstrupscancer diagnosiserade
under studieperioden hade 1199 patienter (24.4
%) genomgatt kirurgi. Information betréffande
tumor- och patientegenskaper, preoperativ be-
handling samt sjukhus kunde insamlas genom
manuell granskning av journalkopior i form av
histopatologiska utlatanden fran operationspre-
parat (PAD-utlatanden). Via Patientregistret er-
holls dessutom information om annan sjuklig-
het.

1 delarbete IV, samlades data in via Svenska
Esofagus- och CardiaCancerregistret (SECC-
registret). I SECC-registret insamlades fortl6-
pande (prospektivt) uppgifter om patient- och
tumoregenskaper, operationer, sjukhus, operato-
rer och komplikationer sedan den 2 april 2001.
Medicinska journaler, inklusive operationsbe-
rittelser, histopatologiska utlatanden, och inten-
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sivvardsjournaler granskades av registrets med-
lemmar. Insamlingen av data avslutades den 31
december 2005 och patienterna foljdes upp till
och med den 2 april 2006.

Delarbete I pédvisade en markant forbattrad
overlevnad efter kirurgi for matstrupscancer se-
dan 1987 i Sverige. 30-dagarsdodligheten efter
kirurgi minskade fran 10.1% under perioden
1987-1991 till 4.9 % under perioden 1997-2000.
Under perioden 1987-1991 var &verlevnaden
46.5 % 1 ar efter kirurgi, 24.1 % 3 ar efter kirur-
gioch 19.7 % 5 ar efter kirurgi. De motsvarande
siffrorna under perioden 1997-2000 var 61.7 %,
39.9 % samt 30.7 %. Forbéttringen kunde ej
forklaras av skillnader i patient- eller tumdre-
genskaper, vilket talar for att forbattringen be-
ror av bittre kirurgi.

Delarbete II analyserade om onkologisk be-
handling inf6r matstrupscancerkirurgi forlanger
Overlevnaden. Den totala dverlevnaden i grup-
perna med och utan onkologisk behandling var
lika efter justering for potentiella storfaktorer
(HR 0.99, 95 % C1 0.86-1.16). De 108 patienter
(27.6 %) 1 den grupp som behandlades onko-
logiskt infor operation och hade komplett tu-
morrespons histopatologiskt, dvs det fanns inga
tecken till kvarvarande tumér i samband med
operation, hade dock en battre prognos én pa-
tienter som enbart behandlats med kirurgi (HR
0.71, 95 % CI 0.53-0.94). Saledes verkar den
preoperativa onkologiska behandlingen inte
paverka den totala dverlevnaden hos patienter
med resektabel matstrupscancer, men den be-
griansade grupp patienter som far komplett re-
spons efter onkologisk behandling har en bittre
prognos.

Delarbete III undersokte relationen mellan
sjukhusvolym och langtidsoverlevnad efter ki-
rurgi for matstrupscancer. Studien visade ingen
bittre langtidsprognos bland patienterna som
genomgick operation vid hdgvolymcentra (>10
matsrupscanceroperationer/ar) jamfért med
sjukhus med ldgre operationsvolym (<10 mat-
srupscanceroperationer/ar). HR var statistiskt
icke-signifikant 10 % légre vid "hogvolymsjuk-
hus” justerat for alla storfaktorer utom tumor-
stadium (HR 0.90, 95 % CI 0.79-1.04). I kohor-
ten begréansad till de 764 patienter (64 %) som
behandlats enbart med kirurgi fanns dven valida
data om tumorstadium och justerat dven for tu-
morstadium, pavisades ingen skillnad i dverlev-
nad mellan ’hdg- och lagvolumsjukhus” (HR
0.99, 95 % CI1 0.84-1.18).

Delarbete IV delade in de kirurger som ge-
nomfor matstrupscancerskirurgi i tre grupper,
beroende pa antalet genomforda operationer r-
ligen, for att studera eventuella samband mellan
operatorens kirurgiska volym och korttidsdver-
levnad. Patienterna som opererades av hogvo-
lymkirurger” hade en lagre 30-dagarsdodlighet
jamfort med patienterna som opererades av
“lagvolymkirurger” (2.6 % jamfort med 7.1 %).
Denna effekt var dock mindre uttalad avseende
90-dagarsoverlevnad (8.9 % respektive 11.4
%). Nar vi vidare jamforde resultaten bland de
8 mest erfarna esofaguscancer kirurgerna kunde
vi inte identifiera nagot samband mellan ytter-
ligare 6kande kirurgisk volym och 6verlevnad,
utan hér verkar dven andra faktorer vara av be-
tydelse.



Acknowledgements 57

Acknowledgements

1 would like to express my sincere gratitude to all those who have helped me to complete this
thesis, and especially to:

Jesper Lagergren, my incredible principle supervisor and friend, for your excellent supervision
and for your constant enthusiasm, support, and inspiration. You are a person to count on
whenever a problem arises. [ am grateful for your unfailing, extremely rapid and highly
qualitative support whichever the day in the week, or the hour in the day or night both in
research and in the clinic.

Mats Lindblad, my invaluable co-supervisor and friend, for excellent guidance both in my
research and clinical career, for all your wise comments and for the uncountable hours in the
operating theater “fishing” for bile duct stones.

Weimin Ye, my co-supervisor and excellent epidemiologist and biostatistician, for all support
in the exciting world of epidemiology, and for fruitful discussions and valuable advice on the
statistical parts of my study.

Bertil Hamberger, senior professor of the Department of Molecular Medicine and Surgery, for
sharing your experience and wide knowledge of science, and being a source of inspiration.

Lars-Ove Farnebo, chairman of the Department of Molecular Medicine and Surgery, for support
and for establishing a well-functioning research department.

Martin Béickdahl, head of the Department of Surgery, Karolinska University Hospital in Solna,
for creating a friendly and stimulating working atmosphere.

Stig Ramel, Gunnar Ahlberg, John Blomberg, and other friends and colleagues in the upper GI
division, for all your support in my clinical career and the invaluable guidance in the operating
theaters.

All my present colleagues at Karolinska, for the good spirit you create during every working

day.

All the staff of surgical wards E14, A24a, A23a, and the outpatient clinic, for your never
ending support.



58 Ioannis Rouvelas

All my former colleagues at the Department of Surgery, Norrtélje Hospital, Bo Hellstrom,
Lars Eriksson, Ashok Gadré, Nils Lundqvist, Urs Wenger, Krister Lind, Kjell Persson. Patrik
Conradi, and Mats Falk, for introducing me to the world of surgery and creating an incredible
working atmosphere.

Eja Fridsta, excellent coordinator of the SECC Register, for your dedication to the register, and
for fruitful discussions in our research room.

Margrete Gellervik, project administrator in the research group, for all invaluable support and
enjoyable discussions in our research room.

Evangelos Chandanos, Konstatinos Charonis, Terese Djiirv, Catarina Jansson, Lena Martin,
Magnus Nilsson, Helena Nordenstedt, Jenny Oddsberg, Martin Rutegard, Tomas Sjoberg,
Krister Sjodahl, and Pernilla Viklund, my fellow doctoral students, research colleagues and co-
authors in the research group ESOGAR, for fruitful meetings, discussions, and collaboration.

Chonggqi Jia, Junxia Lu, and Wenyi Zeng, my friends, excellent biostatisticians, and co-authors,
for invaluable support, advice and discussions on epidemiological and statistical issues, and for
all the uncountable hours of collaboration at the rooms of MEB.

Maud Marsden, for excellent linguistic improvements of my papers and this thesis.

My childhood friends, Panagos, Yiannis, Kyriakos, Sergios, and Nikos, for all the adventures,
laughs, “sport forums”, and joyful moments in every possible stadium in Greece.

William, my Ghanaian brother, for everything we have experienced together from our first
moments in Sweden. My other very close friends Shahram, Houman, and Shahriar, for all

the philosophical discussions about life, where answers are still not found. Kristian, my loyal
training partner, Mdrten, my never tiring “data and file” supplier, and Ola, my Swedish alter-ego,
for making life more cheerful.

All my other dear friends, Georgi, Cassandra, Asa, Soo, Gazal, Josef, Anna, Ramin, Mahyar,
Savas, Despoina, Eleni, Kostas, Arvin, Deli, Ramtin, Roxana, and Azin for all the fun we have.

My beloved uncle, Kostas, for taking me to Sweden and introducing me to the next stage of my
life.

My “family-in-law”, Shahin-joon and Ali, for their never-failing support, love, and
encouragement through all the years. Our aunt, Shahla-joon, for her love and limitless food
supplies. Amir, Mazdak, and Mani, our brothers, for spicing up our lives.

My beloved parents, Maria and Areistidis, for their unfailing love, support, and guidance
through life. Thank you for always being around, for all sacrifices and for making my life so
easy. Noroula, my sister, for being the best, most understanding and most supportive sister in the
world. My grandmother, yioyidt Nopa., for raising me and making me into what I am today.

Shirin, my life partner and the woman in my life, for endless love, support, and understanding,
for cheering me up and reminding me of what life is really about. Thank you for growing
together.



References 59

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

Enzinger PC, Mayer RJ. Esophageal cancer. N Engl J Med. Dec 4 2003;349(23):2241-
2252.

Parkin DM. Global cancer statistics in the year 2000. Lancet Oncol. Sep 2001;2(9):533-
543.

The National Board of Health and Welfare. Cancer incidence in Sweden 2003, 2004.
Berrino F, Gatta G, Chessa E, Valente F, Capocaccia R. Introduction: the EUROCARE II
Study. Eur J Cancer. Dec 1998;34(14 Spec No):2139-2153.

Jemal A, Murray T, Samuels A, Ghafoor A, Ward E, Thun MJ. Cancer statistics, 2003. CA
Cancer J Clin. Jan-Feb 2003;53(1):5-26.

Wu PC, Posner MC. The role of surgery in the management of oesophageal cancer.
Lancet Oncol. Aug 2003;4(8):481-488.

Lerut T, Coosemans W, Decker G, et al. Surgical techniques. J Surg Oncol. Dec 1
2005;92(3):218-229.

DeMeester SR. Adenocarcinoma of the esophagus and cardia: a review of the disease and
its treatment. Ann Surg Oncol. Jan 2006;13(1):12-30.

Bartels H, Stein HJ, Siewert JR. Preoperative risk analysis and postoperative mortality of
oesophagectomy for resectable oesophageal cancer. Br J Surg. Jun 1998;85(6):840-844.
Jamieson GG, Mathew G, Ludemann R, Wayman J, Myers JC, Devitt PG. Postoperative
mortality following oesophagectomy and problems in reporting its rate. Br J Surg. Aug
2004;91(8):943-947.

Viklund P, Lindblad M, Lu M, Ye W, Johansson J, Lagergren J. Risk factors for
complications after esophageal cancer resection: a prospective population-based study in
Sweden. Ann Surg. Feb 2006;243(2):204-211.

Whooley BP, Law S, Murthy SC, Alexandrou A, Wong J. Analysis of reduced death and
complication rates after esophageal resection. Ann Surg. Mar 2001;233(3):338-344.

Karl RC, Schreiber R, Boulware D, Baker S, Coppola D. Factors affecting morbidity,
mortality, and survival in patients undergoing Ivor Lewis esophagogastrectomy. Ann
Surg. May 2000;231(5):635-643.

Orringer MB, Marshall B, Iannettoni MD. Transhiatal esophagectomy: clinical
experience and refinements. Ann Surg. Sep 1999;230(3):392-400; discussion 400-393.
De Vita F, Di Martino N, Orditura M, et al. Preoperative chemoradiotherapy for
squamous cell carcinoma and adenocarcinoma of the esophagus: a phase II study. Chest.
Oct 2002;122(4):1302-1308.

Parkin DM, Bray F, Ferlay J, Pisani P. Global cancer statistics, 2002. CA Cancer J Clin.
Mar-Apr 2005;55(2):74-108.

Corley DA, Buffler PA. Oesophageal and gastric cardia adenocarcinomas: analysis

of regional variation using the Cancer Incidence in Five Continents database. Int J
Epidemiol. Dec 2001;30(6):1415-1425.

Devesa SS, Blot WJ, Fraumeni JF, Jr. Changing patterns in the incidence of esophageal
and gastric carcinoma in the United States. Cancer. Nov 15 1998;83(10):2049-2053.



60 Ioannis Rouvelas

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

3s.

36.

37.

Kubo A, Corley DA. Marked regional variation in adenocarcinomas of the esophagus and
the gastric cardia in the United States. Cancer. Nov 15 2002;95(10):2096-2102.

Kubo A, Corley DA. Marked multi-ethnic variation of esophageal and gastric cardia
carcinomas within the United States. Am J Gastroenterol. Apr 2004;99(4):582-588.

Daly JM, Fry WA, Little AG, et al. Esophageal cancer: results of an American College
of Surgeons Patient Care Evaluation Study. J Am Coll Surg. May 2000;190(5):562-572;
discussion 572-563.

Wong A, Fitzgerald RC. Epidemiologic risk factors for Barrett’s esophagus and
associated adenocarcinoma. Clin Gastroenterol Hepatol. Jan 2005;3(1):1-10.

Yang PC, Davis S. Incidence of cancer of the esophagus in the US by histologic type.
Cancer. Feb 1 1988;61(3):612-617.

Bollschweiler E, Wolfgarten E, Gutschow C, Holscher AH. Demographic variations

in the rising incidence of esophageal adenocarcinoma in white males. Cancer. Aug 1
2001;92(3):549-555.

Pohl H, Welch HG. The role of overdiagnosis and reclassification in the marked increase
of esophageal adenocarcinoma incidence. J Natl Cancer Inst. Jan 19 2005;97(2):142-146.
Hansson LE, Sparen P, Nyren O. Increasing incidence of both major histological types
of esophageal carcinomas among men in Sweden. Int J Cancer. May 28 1993;54(3):402-
407.

Crew KD, Neugut Al. Epidemiology of upper gastrointestinal malignancies. Semin
Oncol. Aug 2004;31(4):450-464.

Wu AH, Wan P, Bernstein L. A multiethnic population-based study of smoking, alcohol
and body size and risk of adenocarcinomas of the stomach and esophagus (United States).
Cancer Causes Control. Oct 2001;12(8):721-732.

Brown LM, Hoover R, Silverman D, et al. Excess incidence of squamous cell esophageal
cancer among US Black men: role of social class and other risk factors. Am J Epidemiol.
Jan 15 2001;153(2):114-122.

Lagergren J, Bergstrom R, Lindgren A, Nyren O. The role of tobacco, snuff and alcohol
use in the aetiology of cancer of the oesophagus and gastric cardia. /nt J Cancer. Feb 1
2000;85(3):340-346.

Gammon MD, Schoenberg JB, Ahsan H, et al. Tobacco, alcohol, and socioeconomic
status and adenocarcinomas of the esophagus and gastric cardia. J Nat/ Cancer Inst. Sep
31997;89(17):1277-1284.

Sharp L, Chilvers CE, Cheng KK, et al. Risk factors for squamous cell carcinoma of the
oesophagus in women: a case-control study. Br J Cancer. Nov 30 2001;85(11):1667-
1670.

Terry P, Lagergren J, Hansen H, Wolk A, Nyren O. Fruit and vegetable consumption

in the prevention of oesophageal and cardia cancers. Eur J Cancer Prev. Aug
2001;10(4):365-369.

Meijssen MA, Tilanus HW, van Blankenstein M, Hop WC, Ong GL. Achalasia
complicated by oesophageal squamous cell carcinoma: a prospective study in 195
patients. Gut. Feb 1992;33(2):155-158.

Sandler RS, Nyren O, Ekbom A, Eisen GM, Yuen J, Josefsson S. The risk of

esophageal cancer in patients with achalasia. A population-based study. Jama. Nov 1
1995;274(17):1359-1362.

Garidou A, Tzonou A, Lipworth L, Signorello LB, Kalapothaki V, Trichopoulos D. Life-
style factors and medical conditions in relation to esophageal cancer by histologic type in
a low-risk population. Int J Cancer. Nov 4 1996;68(3):295-299.

Ghavamzadeh A, Moussavi A, Jahani M, Rastegarpanah M, Iravani M. Esophageal
cancer in Iran. Semin Oncol. Apr 2001;28(2):153-157.



38.

39.

40.

41.

42.

43.

44.

45.

46.

47.
48.

49.

50.

51.

52.

53.

54.

5sS.

56.

57.

58.

References 61

Appelqvist P, Salmo M. Lye corrosion carcinoma of the esophagus: a review of 63 cases.
Cancer. May 15 1980;45(10):2655-2658.

Csikos M, Horvath O, Petri A, Petri I, Imre J. Late malignant transformation of chronic
corrosive oesophageal strictures. Langenbecks Arch Chir. 1985;365(4):231-238.
Lagergren J, Ye W, Lindgren A, Nyren O. Heredity and risk of cancer of the esophagus
and gastric cardia. Cancer Epidemiol Biomarkers Prev. Jul 2000;9(7):757-760.

Larsson LG, Sandstrom A, Westling P. Relationship of Plummer-Vinson disease to cancer
of the upper alimentary tract in Sweden. Cancer Res. Nov 1975;35(11 Pt. 2):3308-3316.
Harper PS, Harper RM, Howel-Evans AW. Carcinoma of the oesophagus with tylosis. Q
J Med. Jul 1970;39(155):317-333.

Marger RS, Marger D. Carcinoma of the esophagus and tylosis. A lethal genetic
combination. Cancer. Jul 1 1993;72(1):17-19.

Cheng KK, Sharp L, McKinney PA, et al. A case-control study of oesophageal
adenocarcinoma in women: a preventable disease. Br J Cancer. Jul 2000;83(1):127-132.
Lagergren J, Nyren O. Do sex hormones play a role in the etiology of esophageal
adenocarcinoma? A new hypothesis tested in a population-based cohort of prostate cancer
patients. Cancer Epidemiol Biomarkers Prev. Oct 1998;7(10):913-915.

Shaheen N, Ransohoff DF. Gastroesophageal reflux, Barrett esophagus, and esophageal
cancer: clinical applications. Jama. Apr 17 2002;287(15):1982-1986.

Spechler SJ, Goyal RK. Barrett’s esophagus. N Engl J Med. Aug 7 1986;315(6):362-371.
Spechler SJ, Robbins AH, Rubins HB, et al. Adenocarcinoma and Barrett’s esophagus.
An overrated risk? Gastroenterology. Oct 1984;87(4):927-933.

Cameron AJ, Ott BJ, Payne WS. The incidence of adenocarcinoma in columnar-lined
(Barrett’s) esophagus. N Engl J Med. Oct 3 1985;313(14):857-859.

Nilsson M, Johnsen R, Ye W, Hveem K, Lagergren J. Prevalence of gastro-oesophageal
reflux symptoms and the influence of age and sex. Scand J Gastroenterol. Nov
2004;39(11):1040-1045.

Chow WH, Finkle WD, McLaughlin JK, Frankl H, Ziel HK, Fraumeni JF, Jr. The relation
of gastroesophageal reflux disease and its treatment to adenocarcinomas of the esophagus
and gastric cardia. Jama. Aug 9 1995;274(6):474-477.

Wu AH, Tseng CC, Bernstein L. Hiatal hernia, reflux symptoms, body size, and risk of
esophageal and gastric adenocarcinoma. Cancer. Sep 1 2003;98(5):940-948.

Ye W, Chow WH, Lagergren J, Yin L, Nyren O. Risk of adenocarcinomas of the
esophagus and gastric cardia in patients with gastroesophageal reflux diseases and after
antireflux surgery. Gastroenterology. Dec 2001;121(6):1286-1293.

Lagergren J, Bergstrom R, Adami HO, Nyren O. Association between medications that
relax the lower esophageal sphincter and risk for esophageal adenocarcinoma. Ann Intern
Med. Aug 12000;133(3):165-175.

Vaughan TL, Farrow DC, Hansten PD, et al. Risk of esophageal and gastric
adenocarcinomas in relation to use of calcium channel blockers, asthma drugs, and other
medications that promote gastroesophageal reflux. Cancer Epidemiol Biomarkers Prev.
Sep 1998;7(9):749-756.

Chow WH, Blot WJ, Vaughan TL, et al. Body mass index and risk of adenocarcinomas of
the esophagus and gastric cardia. J Natl Cancer Inst. Jan 21 1998;90(2):150-155.
Lagergren J, Bergstrom R, Nyren O. Association between body mass and
adenocarcinoma of the esophagus and gastric cardia. Ann Intern Med. Jun 1
1999;130(11):883-890.

Jansson C, Johansson AL, Nyren O, Lagergren J. Socioeconomic factors and risk of
esophageal adenocarcinoma: a nationwide Swedish case-control study. Cancer Epidemiol
Biomarkers Prev. Jul 2005;14(7):1754-1761.



62 Ioannis Rouvelas

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Brown LM, Swanson CA, Gridley G, et al. Adenocarcinoma of the esophagus: role of
obesity and diet. J Nat/ Cancer Inst. Jan 18 1995;87(2):104-109.

Terry P, Lagergren J, Ye W, Nyren O, Wolk A. Antioxidants and cancers of the esophagus
and gastric cardia. Int J Cancer. Sep 1 2000;87(5):750-754.

Corley DA, Kerlikowske K, Verma R, Buffler P. Protective association of
aspirin/NSAIDs and esophageal cancer: a systematic review and meta-analysis.
Gastroenterology. Jan 2003;124(1):47-56.

Weston AP, Badr AS, Topalovski M, Cherian R, Dixon A, Hassanein RS. Prospective
evaluation of the prevalence of gastric Helicobacter pylori infection in patients with
GERD, Barrett’s esophagus, Barrett’s dysplasia, and Barrett’s adenocarcinoma. Am J
Gastroenterol. Feb 2000;95(2):387-394.

Wu AH, Crabtree JE, Bernstein L, et al. Role of Helicobacter pylori CagA+ strains

and risk of adenocarcinoma of the stomach and esophagus. /nt J Cancer. Mar 1
2003;103(6):815-821.

Greene FL. American Joint Committee on Cancer, American Cancer Society. AJCC
cancer staging manual. 6th edition New York: Springer. 2002:93-94.

Van Dam J. Endosonographic evaluation of the patient with esophageal cancer. Chest.
Oct 1997;112(4 Suppl):184S-190S.

Vazquez-Sequeiros E, Norton ID, Clain JE, et al. Impact of EUS-guided fine-needle
aspiration on lymph node staging in patients with esophageal carcinoma. Gastrointest
Endosc. Jun 2001;53(7):751-757.

Flamen P, Lerut A, Van Cutsem E, et al. Utility of positron emission tomography for the
staging of patients with potentially operable esophageal carcinoma. J Clin Oncol. Sep 15
2000;18(18):3202-3210.

Downey RJ, Akhurst T, Ilson D, et al. Whole body 18FDG-PET and the response of
esophageal cancer to induction therapy: results of a prospective trial. J Clin Oncol. Feb 1
2003;21(3):428-432.

Krasna MJ, Flowers JL, Attar S, McLaughlin J. Combined thoracoscopic/laparoscopic
staging of esophageal cancer. J Thorac Cardiovasc Surg. Apr 1996;111(4):800-806;
discussion 806-807.

Sundelof M, Ye W, Dickman PW, Lagergren J. Improved survival in both histologic types
of oesophageal cancer in Sweden. Int J Cancer. Jun 10 2002;99(5):751-754.

Siewert JR, Stein HJ, Feith M, Bruecher BL, Bartels H, Fink U. Histologic tumor type

is an independent prognostic parameter in esophageal cancer: lessons from more than
1,000 consecutive resections at a single center in the Western world. 4nn Surg. Sep
2001;234(3):360-367; discussion 368-369.

Collard JM, Otte JB, Fiasse R, et al. Skeletonizing en bloc esophagectomy for cancer.
Ann Surg. Jul 2001;234(1):25-32.

Pera M, Trastek VF, Carpenter HA, Allen MS, Deschamps C, Pairolero PC. Barrett’s
esophagus with high-grade dysplasia: an indication for esophagectomy? Ann Thorac
Surg. Aug 1992;54(2):199-204.

Headrick JR, Nichols FC, 3rd, Miller DL, et al. High-grade esophageal dysplasia:
long-term survival and quality of life after esophagectomy. Ann Thorac Surg. Jun
2002;73(6):1697-1702; discussion 1702-1693.

Reed CE. Surgical management of esophageal carcinoma. Oncologist. 1999;4(2):95-105.
Enzinger PC, Ilson DH, Kelsen DP. Chemotherapy in esophageal cancer. Semin Oncol.
Oct 1999;26(5 Suppl 15):12-20.

Patti MG, Corvera CU, Glasgow RE, Way LW. A hospital’s annual rate of esophagectomy
influences the operative mortality rate. J Gastrointest Surg. Mar-Apr 1998;2(2):186-192.



78.

79.

80.

81.

82.

83.

84.

85.

86.

87.
88.

89.

90.

91.

92.

93.

94.

9s.

96.

References 63

Begg CB, Cramer LD, Hoskins WJ, Brennan MF. Impact of hospital volume on operative
mortality for major cancer surgery. Jama. Nov 25 1998;280(20):1747-1751.

Swisher SG, Deford L, Merriman KW, et al. Effect of operative volume on morbidity,
mortality, and hospital use after esophagectomy for cancer. J Thorac Cardiovasc Surg.
Jun 2000;119(6):1126-1132.

van Lanschot JJ, Hulscher JB, Buskens CJ, Tilanus HW, ten Kate FJ, Obertop H. Hospital
volume and hospital mortality for esophagectomy. Cancer. Apr 15 2001;91(8):1574-
1578.

Birkmeyer JD, Siewers AE, Finlayson EV, et al. Hospital volume and surgical mortality
in the United States. N Engl J Med. Apr 11 2002;346(15):1128-1137.

Finlayson EV, Goodney PP, Birkmeyer JD. Hospital volume and operative mortality in
cancer surgery: a national study. Arch Surg. Jul 2003;138(7):721-725; discussion 726.
Dimick JB, Pronovost PJ, Cowan JA, Lipsett PA. Surgical volume and quality of care for
esophageal resection: do high-volume hospitals have fewer complications? Ann Thorac
Surg. Feb 2003;75(2):337-341.

Metzger R, Bollschweiler E, Vallbohmer D, Maish M, DeMeester TR, Holscher AH.
High volume centers for esophagectomy: what is the number needed to achieve low
postoperative mortality? Dis Esophagus. 2004;17(4):310-314.

Junemann-Ramirez M, Awan MY, Khan ZM, Rahamim JS. Anastomotic leakage post-
esophagogastrectomy for esophageal carcinoma: retrospective analysis of predictive
factors, management and influence on longterm survival in a high volume centre. Eur J
Cardiothorac Surg. Jan 2005;27(1):3-7.

Miller JD, Jain MK, de Gara CJ, Morgan D, Urschel JD. Effect of surgical experience on
results of esophagectomy for esophageal carcinoma. J Surg Oncol. May 1997;65(1):20-
21.

Wright CD. Esophageal cancer surgery in 2005. Minerva Chir. Dec 2005;60(6):431-444.
Birkmeyer JD, Stukel TA, Siewers AE, Goodney PP, Wennberg DE, Lucas FL.

Surgeon volume and operative mortality in the United States. N Engl J Med. Nov 27
2003;349(22):2117-2127.

Gillison EW, Powell J, McConkey CC, Spychal RT. Surgical workload and outcome after
resection for carcinoma of the oesophagus and cardia. Br J Surg. Mar 2002;89(3):344-
348.

Wenner J, Zilling T, Bladstrom A, Alvegard TA. The influence of surgical volume on
hospital mortality and 5-year survival for carcinoma of the oesophagus and gastric cardia.
Anticancer Res. Jan-Feb 2005;25(1B):419-424.

Lewis I. Surgical treatment of carcinoma of the oesophagus: with special reference to a
new operation growth of the middle third. Br J Surg. 1946;34(18).

Orringer MB, Sloan H. Esophagectomy without thoracotomy. J Thorac Cardiovasc Surg.
Nov 1978;76(5):643-654.

Hulscher JB, van Sandick JW, de Boer AG, et al. Extended transthoracic resection
compared with limited transhiatal resection for adenocarcinoma of the esophagus. N Engl/
J Med. Nov 21 2002;347(21):1662-16609.

Pommier RF, Vetto JT, Ferris BL, Wilmarth TJ. Relationships between operative
approaches and outcomes in esophageal cancer. Am J Surg. May 1998;175(5):422-425.
Goldminc M, Maddern G, Le Prise E, Meunier B, Campion JP, Launois B.
Oesophagectomy by a transhiatal approach or thoracotomy: a prospective randomized
trial. Br J Surg. Mar 1993;80(3):367-370.

Law S, Wong J. Therapeutic options for esophageal cancer. J Gastroenterol Hepatol. Jan
2004;19(1):4-12.



64 Ioannis Rouvelas

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

Law S, Wong J. Does lymphadenectomy add anything to the treatment of esophageal
cancer? Adv Surg. 1999;33:311-327.

Law S, Fok M, Chu KM, Wong J. Thoracoscopic esophagectomy for esophageal cancer.
Surgery. Jul 1997;122(1):8-14.

Akiyama H, Tsurumaru M, Udagawa H, Kajiyama Y. Radical lymph node dissection for
cancer of the thoracic esophagus. Ann Surg. Sep 1994;220(3):364-372; discussion 372-
363.

Altorki NK, Skinner DB. Occult cervical nodal metastasis in esophageal cancer:
preliminary results of three-field lymphadenectomy. J Thorac Cardiovasc Surg. Mar
1997;113(3):540-544.

Lerut T, Coosemans W, De Leyn P, et al. Reflections on three field lymphadenectomy

in carcinoma of the esophagus and gastroesophageal junction. Hepatogastroenterology.
Mar-Apr 1999;46(26):717-725.

Kato H, Watanabe H, Tachimori Y, lizuka T. Evaluation of neck lymph node dissection
for thoracic esophageal carcinoma. Ann Thorac Surg. Jun 1991;51(6):931-935.

Nishihira T, Hirayama K, Mori S. A prospective randomized trial of extended cervical
and superior mediastinal lymphadenectomy for carcinoma of the thoracic esophagus. Am
J Surg. Jan 1998;175(1):47-51.

Baba M, Aikou T, Natsugoe S, et al. Quality of life following esophagectomy with three-
field lymphadenectomy for carcinoma, focusing on its relationship to vocal cord palsy.
Dis Esophagus. Jan 1998;11(1):28-34.

Luketich JD, Alvelo-Rivera M, Buenaventura PO, et al. Minimally invasive
esophagectomy: outcomes in 222 patients. Ann Surg. Oct 2003;238(4):486-494;
discussion 494-485.

Swanstrom LL, Hansen P. Laparoscopic total esophagectomy. Arch Surg. Sep
1997;132(9):943-947; discussion 947-949.

Law S, Wong J. Use of minimally invasive oesophagectomy for cancer of the
oesophagus. Lancet Oncol. Apr 2002;3(4):215-222.

Newaishy GA, Read GA, Duncan W, Kerr GR. Results of radical radiotherapy of
squamous cell carcinoma of the oesophagus. Clin Radiol. May 3 1982;33(3):347-352.
Beatty JD, DeBoer G, Rider WD. Carcinoma of the esophagus: pretreatment assessment,
correlation of radiation treatment parameters with survival, and identification and
management of radiation treatment failure. Cancer. Jun 1979;43(6):2254-2267.
Herskovic A, Martz K, al-Sarraf M, et al. Combined chemotherapy and radiotherapy
compared with radiotherapy alone in patients with cancer of the esophagus. N Engl J
Med. Jun 11 1992;326(24):1593-1598.

Cooper JS, Guo MD, Herskovic A, et al. Chemoradiotherapy of locally advanced
esophageal cancer: long-term follow-up of a prospective randomized trial (RTOG 85-01).
Radiation Therapy Oncology Group. Jama. May 5 1999;281(17):1623-1627.

Nygaard K, Hagen S, Hansen HS, et al. Pre-operative radiotherapy prolongs survival

in operable esophageal carcinoma: a randomized, multicenter study of pre-operative
radiotherapy and chemotherapy. The second Scandinavian trial in esophageal cancer.
World J Surg. Nov-Dec 1992;16(6):1104-1109; discussion 1110.

Gignoux M, Roussel A, Paillot B, et al. The value of preoperative radiotherapy

in esophageal cancer: results of a study of the E.O.R.T.C. World J Surg. Aug
1987;11(4):426-432.

Wang M, Gu XZ, Yin WB, Huang GJ, Wang LJ, Zhang DW. Randomized clinical trial
on the combination of preoperative irradiation and surgery in the treatment of esophageal
carcinoma: report on 206 patients. Int J Radiat Oncol Biol Phys. Feb 1989;16(2):325-
327.



115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

References 65

Launois B, Delarue D, Campion JP, Kerbaol M. Preoperative radiotherapy for carcinoma
of the esophagus. Surg Gynecol Obstet. Nov 1981;153(5):690-692.

Arnott SJ, Duncan W, Kerr GR, et al. Low dose preoperative radiotherapy for carcinoma
of the oesophagus: results of a randomized clinical trial. Radiother Oncol. Jun
1992;24(2):108-113.

Arnott SJ, Duncan W, Gignoux M, et al. Preoperative radiotherapy in esophageal
carcinoma: a meta-analysis using individual patient data (Oesophageal Cancer
Collaborative Group). Int J Radiat Oncol Biol Phys. Jun 1 1998;41(3):579-583.

Roth JA, Pass HI, Flanagan MM, Graeber GM, Rosenberg JC, Steinberg S. Randomized
clinical trial of preoperative and postoperative adjuvant chemotherapy with cisplatin,
vindesine, and bleomycin for carcinoma of the esophagus. J Thorac Cardiovasc Surg.
Aug 1988;96(2):242-248.

Law S, Fok M, Chow S, Chu KM, Wong J. Preoperative chemotherapy versus surgical
therapy alone for squamous cell carcinoma of the esophagus: a prospective randomized
trial. J Thorac Cardiovasc Surg. Aug 1997;114(2):210-217.

Schlag PM. Randomized trial of preoperative chemotherapy for squamous cell cancer
of the esophagus. The Chirurgische Arbeitsgemeinschaft Fuer Onkologie der Deutschen
Gesellschaft Fuer Chirurgie Study Group. Arch Surg. Dec 1992;127(12):1446-1450.
Kelsen DP, Ginsberg R, Pajak TF, et al. Chemotherapy followed by surgery

compared with surgery alone for localized esophageal cancer. N Engl J Med. Dec 31
1998;339(27):1979-1984.

Ancona E, Ruol A, Santi S, et al. Only pathologic complete response to neoadjuvant
chemotherapy improves significantly the long term survival of patients with resectable
esophageal squamous cell carcinoma: final report of a randomized, controlled trial of
preoperative chemotherapy versus surgery alone. Cancer. Jun 1 2001;91(11):2165-2174.
Medical Research Council Oesophageal Cancer Working Group. Surgical resection with
or without preoperative chemotherapy in oesophageal cancer: a randomised controlled
trial. Lancet. May 18 2002;359(9319):1727-1733.

Urba SG, Orringer MB, Turrisi A, lannettoni M, Forastiere A, Strawderman M.
Randomized trial of preoperative chemoradiation versus surgery alone in patients with
locoregional esophageal carcinoma. J Clin Oncol. Jan 15 2001;19(2):305-313.

Bosset JF, Gignoux M, Triboulet JP, et al. Chemoradiotherapy followed by surgery
compared with surgery alone in squamous-cell cancer of the esophagus. N Engl J Med.
Jul 17 1997;337(3):161-167.

Le Prise E, Etienne PL, Meunier B, et al. A randomized study of chemotherapy, radiation
therapy, and surgery versus surgery for localized squamous cell carcinoma of the
esophagus. Cancer. Apr 1 1994;73(7):1779-1784.

Apinop C, Puttisak P, Preecha N. A prospective study of combined therapy in esophageal
cancer. Hepatogastroenterology. Aug 1994;41(4):391-393.

Walsh TN, Noonan N, Hollywood D, Kelly A, Keeling N, Hennessy TP. A comparison of
multimodal therapy and surgery for esophageal adenocarcinoma. N Engl J Med. Aug 15
1996;335(7):462-467.

Burmeister BH, Smithers BM, Gebski V, et al. Surgery alone versus chemoradiotherapy
followed by surgery for resectable cancer of the oesophagus: a randomised controlled
phase I1I trial. Lancet Oncol. Sep 2005;6(9):659-668.

Ando N, lizuka T, Kakegawa T, et al. A randomized trial of surgery with and without
chemotherapy for localized squamous carcinoma of the thoracic esophagus: the Japan
Clinical Oncology Group Study. J Thorac Cardiovasc Surg. Aug 1997;114(2):205-209.



66 loannis Rouvelas

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.
144.

145.

146.

Teniere P, Hay JM, Fingerhut A, Fagniez PL. Postoperative radiation therapy does not
increase survival after curative resection for squamous cell carcinoma of the middle

and lower esophagus as shown by a multicenter controlled trial. French University
Association for Surgical Research. Surg Gynecol Obstet. Aug 1991;173(2):123-130.

Fok M, Sham JS, Choy D, Cheng SW, Wong J. Postoperative radiotherapy for
carcinoma of the esophagus: a prospective, randomized controlled study. Surgery. Feb
1993;113(2):138-147.

Homs MY, Kuipers EJ, Siersema PD. Palliative therapy. J Surg Oncol. Dec 1
2005;92(3):246-256.

Blazeby JM, Vickery CW. Quality of life in patients with cancers of the upper
gastrointestinal tract. Expert Rev Anticancer Ther. Aug 2001;1(2):269-276.

Mattson B WA. Completeness of the Swedish Cancer Registry. Non-notified cancer cases
recorded on death certificates in 1978. Acta Radiol. 1984;23:305-313.

National Board of Health and Welfare. Cancer incidence in Sweden 1985. Stockholm
Centre for Epidemiology, National Board of Health and Welfare, 1988.

National Board of Health and Welfare. Cancer incidence in Sweden 1995. Stockholm
Centre for Epidemiology, National Board of Health and Welfare. 1997.

National Board of Health and Welfare. Classification of Surgical Procedures, National
Board of Health and Welfare, 1997.

Greene FL, Sobin LH. The TNM system: our language for cancer care. J Surg Oncol. Jul
2002;80(3):119-120.

Lagergren J, Bergstrom R, Lindgren A, Nyren O. Symptomatic gastroesophageal reflux
as a risk factor for esophageal adenocarcinoma. N Engl J Med. Mar 18 1999;340(11):825-
831.

Siewert JR, Stein HJ. Classification of adenocarcinoma of the oesophagogastric junction.
Br J Surg. Nov 1998;85(11):1457-1459.

Rothman K. Epidemiology. An introduction. New York: Oxford University Press; 2002.
Alison M. The Cancer Handbook. In: John Wiley & Sons; 2005.

Frechette E, Buck DA, Kaplan BJ, et al. Esophageal cancer: outcomes of surgery,
neoadjuvant chemotherapy, and three-dimension conformal radiotherapy. J Surg Oncol.
Aug 1 2004;87(2):68-74.

Christian CK, Gustafson ML, Betensky RA, Daley J, Zinner MJ. The Leapfrog volume
criteria may fall short in identifying high-quality surgical centers. Ann Surg. Oct
2003;238(4):447-455; discussion 455-447.

Cunningham D, Allum WH, Stenning SP, et al. Perioperative chemotherapy

versus surgery alone for resectable gastroesophageal cancer. N Engl J Med. Jul 6
2006;355(1):11-20.



