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Abstract
Background: We aimed to assess whether high-dose preoperative chemoradiotherapy (CRT) improves outcome in 
esophageal cancer patients compared to surgery alone and to define possible prognostic factors for overall survival.

Methods: Hundred-and-seven patients with disease stage IIA - III were treated with either surgery alone (n = 45) or 
high-dose preoperative CRT (n = 62). The data were collected retrospectively. Sixty-seven patients had 
adenocarcinomas, 39 squamous cell carcinomas and one undifferentiated carcinoma. CRT was given as three intensive 
chemotherapy courses by cisplatin 100 mg/m2 on day 1 and 5-fluorouracil 1000 mg/m2/day, from day 1 through day 5 
as continuous infusion. One course was given every 21 days. The last two courses were given concurrent with high-
dose radiotherapy, 2 Gy/fraction and a median dose of 66 Gy. Kaplan-Meier survival analysis with log rank test was used 
to obtain survival data and Cox Regression multivariate analysis was used to define prognostic factors for overall 
survival.

Results: Toxicity grade 3 of CRT occurred in 30 (48.4%) patients and grade 4 in 24 (38.7%) patients of 62 patients. One 
patient died of neutropenic infection (grade 5). Fifty percent (31 patients) in the CRT group did undergo the planned 
surgery. Postoperative mortality rate was 9% and 10% in the surgery alone and CRT+ surgery groups, respectively (p = 
1.0). Median overall survival was 11.1 and 31.4 months in the surgery alone and CRT+ surgery groups, respectively (log 
rank test, p = 0.042). In the surgery alone group one, 3 and 5 year survival rates were 44%, 24% and 16%, respectively 
and in the CRT+ surgery group they were 68%, 44% and 29%, respectively. By multivariate analysis we found that age of 
patient, performance status, alcoholism and > = 4 pathological positive lymph nodes in resected specimen were 
significantly associated with overall survival, whereas high-dose preoperative CRT was not.

Conclusion: We found no significant survival advantage in esophageal cancer stage IIA-III following preoperative high-
dose CRT compared to surgery alone. Patient's age, performance status, alcohol abuse and number of positive lymph 
nodes were prognostic factors for overall survival.

Introduction
Patients with esophageal cancer continue to have a poor
prognosis with a 5 year survival rate less than 20%. Sev-
eral factors contribute to this poor outcome, of which the
most important is that the vast majority of patients dem-
onstrate either locally advanced or metastatic disease at
the time of diagnosis. Surgery has been relatively unsuc-
cessful in controlling loco-regionally-advanced tumors
and preoperative concomitant chemotherapy with radio-

therapy (RT) followed by resection has become a treat-
ment option. Several studies [1-3] have shown that the
prognosis for esophageal cancer patients undergoing sur-
gery might be improved due to the effect of preoperative
concomitant chemoradiotherapy (CRT), whereas others
have not found any survival benefit by preoperative CRT
over surgery alone [4-8]. However, local recurrence and
distant metastases remain an issue both after surgery
alone and after CRT followed by surgery. In an attempt to
improve survival rates, high-dose preoperative CRT was
implemented in our hospital from 1996. The applied che-
motherapy regimen was originally introduced for the
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treatment of advanced squamous cell carcinoma of the
head and neck, the so-called "Wayne State Regimen" [9].
Improved complete response and survival rates were
reported with this regimen which applied cisplatin 100
mg/m2 day 1 and 5-Fluorouracil 1000 mg/m2/day, day 1-5
as continuous infusion. Some studies have also suggested
a possible positive effect on local tumor control by
increasing the RT dose [10-12]. We therefore applied
high-dose RT concomitant with intensive chemotherapy
(Wayne State Regimen) in an attempt to improve out-
come.

The purpose of this study was to investigate the effect
of dose intensification of preoperative CRT on overall
survival compared to the outcome of surgery alone and
possibly also to identify prognostic factors that might
influence overall survival.

Patients and Methods
Two-hundred and one esophageal cancer patients were
entered into the database at Haukeland University Hospi-
tal, Bergen, Norway during the period 1996 to 2007. In
this study we excluded 94 patients due to disease stage 0,
I and IV (n = 54), only RT ± surgery (n = 17), definitive
CRT due to medical contraindication of surgery (n = 17),
only chemotherapy preoperatively (n = 2), different his-
tology than carcinomas (n = 2), sequential chemotherapy
and RT preoperatively (n = 1), and gastric cancer during
autopsy (n = 1).

The remaining 107 patients were treated with surgery
alone (45) or preoperative concomitant high-dose CRT
(62). The patients were assigned to surgery alone or CRT
followed by surgery according to physician and patient
preferences, mainly because survival benefits from pre-
operative CRT in this study period was considered con-
troversial. Forty-six of 62 patients receiving CRT were
deemed resectable before starting CRT and 16 of 62 with
T4 tumors deemed resectable pending response to CRT
and shrinkage.

Staging of the tumors was performed according to
UICC classification (2002) [13] by endoscopic ultra-
sonography (EUS) and computed tomography (CT) scans
of the chest and abdomen. Bronchoscopy was performed
in proximally located tumors. Physiological assessment
included routine hematological and biochemical assays.
Adequate renal and liver functions were required before
treatment.

The CRT protocol included three intensive chemother-
apy courses concurrent with high-dose RT (66 Gy). Each
chemotherapy course consisted of cisplatin 100 mg/m2,
intravenous infusion over four hours on day 1, and 5-Flu-
orouracil 1000 mg/m2/day as intravenous continuous
infusion, on day 1 through day 5. The chemotherapy
course was repeated on day 22 and 43. RT was given con-
comitantly with the second and third chemotherapy

courses and was applied as 2 Gy per fraction, 5 fractions
per week, 33 fractions in 6.5 weeks to a total dose of 66
Gy. RT was given as CT-based conformal 4 fields' treat-
ment in two phases. Phase 1 RT was given with two ante-
rior-posterior parallel-opposed fields and two lateral
oblique fields giving 50 Gy, taking into account the nor-
mal tissue tolerance of the spinal cord, heart and lungs.
The additional 16 Gy were given using the same four
fields, but with different angles for the lateral oblique
fields. The gross tumor volume (GTV) was drawn
directly onto the axial planning CT images using outlines
of the defined primary tumor and nodal disease obtained
from the EUS and CT scans. The delineated GTV was the
macroscopic tumor including possible macroscopic path-
ological lymph nodes. The cranial and caudal margins
were 3 cm from the GTV and the radial margin was 1.5
cm in the first phase of treatment (50 Gy). After treat-
ment with 50 Gy the radial, cranial and caudal margins
were reduced to 1 cm and additional 16 Gy to a total dose
of 66 Gy were given. There was no time interval between
the two RT phases. About one month following the com-
pletion of CRT, a chest and abdomen CT scan and EUS
were performed to evaluate treatment outcome.

Toxicities were evaluated and graded according to the
National Cancer Institute (NCI) Common Terminology
Criteria, version 3.0 [14].

The patients were operated with a right-sided transtho-
racic or a transhiatal total esophagectomy. All patients
had a two-field lymph node resection and left-sided cer-
vical anastomosis, hand-sewn or stapled as of the deci-
sion of the surgeon. Most patients had a feeding catheter
jejunostomy and feeding was started the day after the
operation and continued for 7 - 12 days. All patients had a
clinical follow up and underwent radiological and/or
endoscopic surveillance when indicated.

Statistical Analysis
Statistical comparisons between the surgery alone and
CRT groups were done with exact chi-square tests and
independent samples t tests for nominal and continuous
variables, respectively. Exact Mann-Whitney U test was
used for comparing ordinal as well as unevenly distrib-
uted continuous variables. Univariate assessments of cat-
egorical prognostic factors for survival and survival
analysis were performed using the Kaplan-Meier method
with log-rank tests, while continuous risk factors for sur-
vival were analyzed by Cox regression survival analysis.

Variables tested for possible influence on survival in
univariate analysis were age, gender, smoking, alcohol-
ism, heart disease, lung disease, diabetes mellitus, perfor-
mance status, hemoglobin level, histology, histological
differentiation, tumor (T)-stage at diagnosis, lymph node
(N)-stage at diagnosis, disease stage at diagnosis, tumor
length, tumor location in esophagus, preoperative CRT,
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operation method (transthoracic versus transhiatal resec-
tion), number of lymph nodes with metastases in
resected specimen (no lymph node metastasis, 1-3 nodes
with metastasis or 4 or more nodes with metastasis).

Factors found to be significant at univariate analyses
were included in multivariate Cox regression survival
analysis.

The survival time was calculated from start of treat-
ment (CRT or surgery) to the date of death or to censor-
ing in May 1st 2009.

All p-values are from 2-sided tests, p value ≤ 0.05 was
considered statistically significant. All statistical analyses
were performed by SPSS 15.0 (SPSS Inc., Chicago, IL,
USA). The study was approved by The Regional Commit-
tee for Research Ethics in Western Norway.

Results
Of the 107 patients included in the study there were 94
men and 13 women (median age 65 years, range 39-83).
Thirty-nine had squamous cell carcinomas, 67 adenocar-
cinomas and one had undifferentiated carcinoma. Gen-
eral pretreatment characteristics are shown in Table 1.

There were more smokers in the CRT group than in the
surgery alone group (55% versus 34%, p = 0.048) whereas
comorbidities (heart disease, lung disease, and diabetes
mellitus) and alcoholism were similar in both groups.

Forty-nine patients (79%) received the planned 66 Gy,
nine patients (14.5%) received from 60-64 Gy, whereas
four patients (6.4%) received between 47.5 and 56 Gy.
The mean and median delivered dose-intensities of cispl-
atin were 84% and 90% of the planned dose, respectively,
while mean and median doses of 5-fluorouracil were 86%
and 90%, respectively. All chemotherapy dose reductions
were due to toxicity.

Median time from end of preoperative CRT to surgical
resection was 9 weeks (range 4 to 23 weeks) for patients
who were operated on.

CRT toxicity
CRT toxicity grade 3 occurred in 30 of 62 patients (48.4%)
and grade 4 in 24 of 62 patients (38.7%). Toxicity grade 5
(death) occurred in one patient. This patient had grade 5
leucopenia, grade 5 neutropenia, grade 5 thrombocy-
topenia and died of neutropenic infection after com-
pleted CRT.

The following CRT toxicities occurred as both grade 3
and 4: Leucopenia (37 patients), neutropenia (34
patients), neutropenic infection (13 patients), thrombo-
cytopenia (20 patients) and reduced performance status
(20 patients).

CRT toxicities that occurred as grade 3 only were
esophagitis (35 patients), stomatitis (12 patients),
anorexia (23 patients), nausea (22 patients), vomiting (5

patients) and anemia in one patient. Each patient might
have several types of toxicity.

Resectability
Fifty percent (31 patients) in the CRT group did not
undergo the planned surgery. The reason for this was still
T4 tumor after response to CRT (8), reduced perfor-
mance status after CRT (8), cerebrovascular accident dur-
ing the CRT (1), esophageal fistula and technical
difficulties (1) and progression of disease with inoperabil-
ity (13).

In the surgery alone group 25 patients (55.6%) were
operated by transthoracic esophagectomy (TTE) and 20
(44.4%) by transhiatal esophagectomy (THE), whereas in
the CRT group 29 patients (46.8%) were operated by
TTE, 31 (50%) were not operated, one underwent a by-
pass operation due to fistula and one underwent abdomi-
nal exploration only due to peritoneal carcinomatosis.

In the surgery alone group, 38 of 45 patients (84.4%)
had a curative resection defined as no macroscopic and
microscopic residual tumors and negative resection mar-
gins (R0), six patients (13.3%) had microscopic positive
margin in the resected specimen (R1) and one (2.2%) had
macroscopic residual disease (R2 resection) with infiltra-
tion in the trachea.

Among the 31 operated patients in the CRT group 26
(84% of 31 patients) had R0 resections, three (10%) had
R1 resections and two patients (6.4%) had R2 resections.

Response to CRT
Comparison of stage of disease before and after treatment
in 31 operated CRT patients demonstrated down-staging
in 58%, no change in 23% and up-staging in 19% of the
patients (Figure 1 and Table 2).

Histopathological evaluation of the 31 operated CRT
patients demonstrated that 10 patients (32.2%) had path-
ological complete response (pCR) and 3 patients demon-
strated a T0 tumor with 1 or 2 lymph nodes with residual
metastasis.

Patients having CRT and not undergoing surgery (31)
could only be evaluated clinically. In these patients we
found complete response in two (6.4% of 31), partial
response in 14 (45.2%) and stable disease in one (3.2%).
Progression of the disease was seen in 13 patients (42%)
whereof nine had distant metastasis. One patient was not
evaluated by CT/EUS after CRT, but had no clinical signs
of progressive disease.

In the surgery alone group there was a perfect concor-
dance between preoperative clinical staging and the post-
operative pathological staging (Figure 1).

Postoperative mortality and morbidity
Postoperative mortality and morbidities occurred during
30 days after operation or during the same hospital stay
are listed in Table 3. We found no significant differences
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in morbidity and mortality between the two treatment
groups.

Survival
At time of analysis, 89 of 107 patients had died; follow up
time was median 13.6 months for all 107 patients. Dead
patients were followed up until death and the alive
patients had a median follow-up of 95 months (range 21 -
137 months).

Survival rates for surgery alone (n = 45) and CRT fol-
lowed by surgery (n = 31) are listed in Table 4. Median
overall survival was 11.1 and 31.4 months in the surgery
alone and the CRT+ surgery groups, respectively.

By univariate analysis we found that a favorable overall
survival was associated with preoperative CRT (p = 0.042,
Figure 2), younger age (p = 0.017), better performance
status (p < 0.001), no alcoholism (p = 0.028) and TTE (p =
0.048). In addition, ≥ 4 pathologically positive lymph
nodes in resected specimens were a negative prognostic
factor for survival (p < 0.001, Figure 3). We found no
effect on survival of age, gender, smoking, alcoholism,
heart disease, lung disease, diabetes mellitus, perfor-
mance status, hemoglobin level, histology, histological

differentiation, T-stage at diagnosis, N-stage at diagnosis,
disease stage at diagnosis, tumor length and tumor loca-
tion in esophagus.

Multivariate analysis showed, however, that age, perfor-
mance status, alcohol abuse and number of lymph nodes
with metastases in operation specimen were significantly
associated with overall survival (Table 5).

Comparing the incidence and type of disease recur-
rence in the two treatment groups showed a higher rate of
distant metastases in surgery alone group (Table 6).

Discussion
In this study, the high-dose preoperative CRT did not
demonstrate a significant survival benefit compared to
surgery alone by multivariate analysis, although CRT+
surgery patients had longer survival. Several randomized
studies have also failed to show a survival advantage fol-
lowing neoadjuvant CRT [4,5,7] and our results are con-
sistent with them although we applied high-dose CRT.

Furthermore, we found that age, performance status,
alcoholism and number of positive lymph nodes were sig-
nificantly associated with overall survival.

Table 1: Pretreatment characteristics in 107 esophageal cancer patients.

Surgery alone
n = 45

#CRT ± surgery
n = 62

p Surgery alone
n = 45

CRT+ surgery
n = 31

p

Male/Female 41/4 53/9 0.55 41/4 27/4 0.71

Age median (range), yr 69 (39-83) 63 (46-79) 0.22 69 (39-83) 58 (46-79) 0.032

† PS WHO 0 9 (20) 16 (25.8) 0.60 9 (20) 10 (32.3) 0.08

PS WHO 1 31 (68.9) 42 (67.7) 31 (68.9) 21 (67.7)

PS WHO 2 5 (11.1) 4 (6.5) 5 (11.1) 0

Tumor length median 
(range) cm

5 (1-11.5) 6 (1-12) 0.033 5 (1-11.5) 6 (3-12) 0.035

Upper thoracic tumor 1 (2.2) 10 (16.1) <0.001 1 (2.2) 1 (3.2) 0.68

Middle thoracic tumor 6 (13.3) 24 (38.7) 6 (13.3) 7 (22.6)

Lower thoracic tumor 38 (84.4) 28 (45.2) 38 (84.4) 23 (74.2)

¶ SCC 7 (15.9) 32 (51.6) <0.001 7 (15.9) 10 (32.3) 0.16

Adenocarcinoma 37 (84.1) 30 (48.4) 37 (84.1) 21 (67.7)

Disease stage IIA 19 (42.2) 14 (22.6) 0.028 19 (42.2) 8 (25.8) 0.24

Disease stage IIB 6 (13.3) 8 (12.9) 6 (13.3) 6 (19.4)

Disease stage III 20 (44.4) 40 (64.5) 20 (44.4) 17 (54.8)

Clinical ‡ T1 0 (0) 2 (3.2) 0.072 0 (0) 1 (3.2) 0.84

Clinical T2 15 (33.3) 13 (21.0) 15 (33.3) 10 (32.3)

Clinical T3 26 (57.8) 31 (50.0) 26 (57.8) 17 (54.8)

Clinical T4 4 (8.9) 16 (25.8) 4 (8.9) 3 (9.7)

Clinical § N1 24 (53.3) 42 (73.7) 0.039 24 (53.3) 22 (71) 0.031

# Chemoradiotherapy. † Performance status. ¶ Squamous cell carcinoma ‡Tumor stage, §lymph node stage. One patient in surgery alone group 
had undifferentiated carcinoma. Percentages in parentheses if not other stated.
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However, the preoperative CRT in this study induced
response and down-staging of primary tumors, lymph
node metastases and combined TNM stages in both
operated and non-operated patients (Figure 1, Table 2).
This is consistent with report of Kesler et al [15] who
have shown that preoperative CRT causes down-staging
in esophageal cancer.

In addition, we found that lymph node status is a pre-
dictor of outcome where patients with ≥ 4 positive lymph
nodes have poorest survival (Figure 3). This is confirmed
by previous studies [15-18].

The preoperative CRT was strongly correlated with
lymph node stage in resected specimens; this simultane-
ously with limited number of patients in this study might
be factors that contributed to a non-significant p-value of

preoperative high-dose CRT when both CRT and num-
ber of positive lymph nodes were included in the multi-
variate Cox regression analysis.

Further, we found no difference in local tumor control
between the two treatment groups, and the median local
recurrence free survival (survival from treatment start
until disease recurrence in the field of radiotherapy and/
or field of surgery in the mediastinum) was not reached
in both groups (Table 4). The role of CRT and surgery in

Figure 1 Stage of disease at diagnosis and after operation; 45 sur-
gery alone and 31 chemoradiotherapy + surgery patients. CRT = 
chemoradiotherapy.

Table 2: Final histopathological stages of tumors and lymph nodes in resected specimens according to treatment group.

Surgery alone
(n = 45)

Chemoradiotherapy+ Surgery
(n = 31)#

p value

Pathologic † T0 (%) 0 13 ‡ (41.9) < 0.001

Pathologic T1 (%) 1 (2.2) 2 (6.5)

Pathologic T2 (%) 13 (29.0) 8 (25.8)

Pathologic T3 (%) 29 (64.4) 7 (22.6)

Pathologic T4 (%) 2 (4.4) 0

Pathologic § N0 (%) 13 (29) 18 (58) 0.027

Pathologic N1, 1-3 positive nodes (%) 19 (42) 9 (29)

Pathologic N1, ≥ 4 positive nodes (%) 13 (29) 3 (10)

Pathologic ¶ M1 (%) 0 2 (6.4)

# One patient in the chemoradiotherapy group who had peritoneal carcinomatosis during operation did not undergo esophagectomy (= 
TXNX). † Tumor stage. ‡ Three of these 13 patients had lymph node metastasis. § Lymph node stage.¶ Distant metastasis.

Table 3: Postoperative mortality and morbidities in 76 
esophageal cancer patients.

Complication Surgery 
alone, n = 45

‡CRT+ surgery, 
n = 31

P value

Postoperative 
complications

33 25 0.59

Respiratory failure 20 14 1.0

Pneumonia 19 14 0.82

Anastomosis leakage 5 2 0.69

Wound infection 5 4 1.0

Recurrent laryngeal 
nerve paralysis

6 5 0.75

Thromboembolism 2 1 1.0

Tracheal injury 0 1 0.41

Bleeding 2 1 1.0

Intraabdominal 
abscess

1 0 1.0

Chylothorax 0 1 0.41

Other complications 13 9 1.0

Postoperative 
mortality

4 (9%) 3 (10%) 1.0

‡ Chemoradiotherapy.
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achieving local tumor control has been disputed [19,20].
However, it should be noted that patients in the CRT
group had more lymph node metastases, more advanced
stage of disease and longer tumors at diagnosis compared
to the surgery alone group. According to this we might
expect that preoperative CRT had contributed to an
improved local tumor control. At the same time our find-
ings of residual tumors in resected specimens in a large
proportion of patients having R0-resections after CRT
indicate that esophagectomy is advisable after CRT if R0
resection is possible. Hence, we conclude that both pre-
operative CRT and radical surgery with extensive lymph

node dissection are essential to obtain a good local tumor
control.

Our study has, however, some limitations and the
results should be interpreted with caution. The study was
retrospective with limited number of patients and the
treatment groups included both adenocarcinomas and
squamous cell carcinomas. This is because at the time of
this study, from 1996, the treatment of both histologies
was almost the same and only last years the experts are
trying to treat them differently.

Another finding in our study was that the high-dose
preoperative CRT group had a much higher frequency of
serious toxicities compared to other studies applying

Table 4: Survival data in 76 esophageal cancer patients (time in months).

Surgery 95% CI † ‡ CRT + Surgery 95% CI p

No. of patients 45 31

Overall survival (median) 11.1 7.63 - 14.53 31.4 11.90-50.98 0.042

Disease-specific survival (median) 11.1 7.63 - 14.53 34.4 6.88-61.91 0.019

Progression free survival (median) 9.5 7.36 - 11.63 18.0 8.48 - 27.52 0.064

DMFS ¶ (median) 9.6 6.75 - 12.50 17.94 6.39 - 29.48 0.058

# LR free survival (median) X X 0.67

Patients free of LR after 3 years 69% 71%

Patients free of LR after 5 years 61% 71%

1 year overall survival rate 44% 68%

3 year overall survival rate 24% 44%

5 year overall survival rate 16% 29%

† Confidence interval. ‡ Chemoradiotherapy. ¶ Distant metastasis free survival. # Local recurrence. X = not reached. Local recurrence free 
survival stands for survival from treatment start until disease recurrence in the field of radiotherapy and/or field of surgery in the 
mediastinum.

Figure 2 Overall survival in esophageal cancer following surgery 
alone or chemoradiotherapy + surgery. CRT = chemoradiotherapy. 
Univariate analysis.

Figure 3 Survival versus number of lymph node metastasis in re-
sected specimens in 76 esophageal cancer patients.
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lower doses of concomitant cisplatin, 5-fluorouracil and
RT [21-25]. This should be taken into consideration in
further neoadjuvant regimens for esophageal cancer
patients.

The main reason for the inferior survival in esophageal
cancer patients generally is the early and frequent occur-
rence of distant metastases. This was also found in our
study, as we found a high proportion of distant metastasis
in both treatment groups, and highest in the surgery
alone group. It is obvious that refinements of chemother-
apy or new and more effective systemic treatments,
which are able to treat subclinical metastases, are
required for these patients.

The observed survival rate in the 31 CRT+ surgery
patients in our series was not superior to what is reported
in published series which applied lower doses of preoper-
ative CRT [2,5,6,8,15,19,22,26-30]. Due to different
patient populations in reported series comparisons
between various treatment regimens should be inter-

preted with caution. However, based on our study and
other reported series with pretreatment factors compara-
ble to ours using lower doses of cisplatin and 5-fluoroura-
cil concomitant with RT [2,5,8,15,19,27-30] it is evident
that higher doses of CRT is not superior to conventional
doses and also have increased toxicities. In consistence
with the RTOG 94-05 trial [23] which was published in
2002 we do not recommend high-dose preoperative CRT
outside clinical trails.

Conclusion
Our high-dose preoperative CRT did not show a signifi-
cant survival advantage over surgery alone and over what
is reported in previous studies applying cisplatin, 5-Fluo-
rouracil and RT in conventional doses. Development of
new cytotoxic regimens or other systemic therapies are
required in order to cure subclinical distant metastases
and significantly improve the prognosis. Age, perfor-
mance status, alcohol abuse and number of positive

Table 5: Prognostic factors for overall survival in 76 esophageal cancer patients (multivariate Cox regression analysis).

Factors † HR 95% CI ‡ p value

Age 1.04 1.00 1.07 0.029

Performance status WHO grad 0 1 0.001

WHO grad 1 1.71 0.83 3.51 0.14

WHO grad 2 11.96 3.40 42.12 <0.001

Alcoholism No 1

Yes 2.37 1.16 4.84 0.018

Type of esophagectomy Transthoracic 1

Transhiatal 1.20 0.57 2.55 0.63

Positive lymph nodes § 0 1 0.002

1-3 1.43 0.73 2.81 0.29

≥ 4 3.84 1.79 8.23 0.001

Treatment Surgery alone 1

Chemoradiotherapy + Surgery 1.02 0.50 2.07 0.95

† Hazard ratio. ‡ Confidence interval. § Number of lymph nodes with metastasis in the resected specimen.

Table 6: Site of first recurrence in 76 esophageal cancer patients.

Surgery alone, n = 45 Chemoradiotherapy + surgery, n = 31

† Locoregional failure 0 2 (6)

Distant metastasis 24 (53) 9 (29)

Local and distant simultaneously 3 (7) 3 (10)

No recurrence 11 (24) 12 (39)

R1 or R2 resections ‡ 7 (16) 5 (16)

† Locoregional failure stands for disease recurrence in the field of radiotherapy and/or field of surgery in the mediastinum. ‡ Remaining 
microscopic or macroscopic disease after surgery. Percentages are in parentheses.
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lymph nodes are significantly associated with overall sur-
vival.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions
ORM, MH, and AV assisted in the conception and design of the study. MH
assisted in the collection and assembly of the data. MH, TWL, AV and KØ
assisted in data analysis and interpretation. MH, AV, KØ, TWL, ORM and RS
assisted in writing the manuscript. All authors read and approved the final
manuscript.

Author Details
1Department of Oncology, Førde Central Hospital, N-6800 Førde, Norway, 
2Department of Surgery, Haukeland University Hospital, N-5021 Bergen, 
Norway, 3Centre for Clinical Research, Haukeland University Hospital, N-5021 
Bergen, Norway, 4Department of Surgical Sciences, University of Bergen, N-
5021 Bergen, Norway and 5Department of Oncology and Medical Physics, 
Haukeland University Hospital, N-5201 Bergen, Norway

References
1. Hofstetter W, Swisher SG, Correa AM, Hess K, Putnam JB Jr, Ajani JA, 

Dolormente M, Francisco R, Komaki RR, Lara A, Martin F, Rice DC, Sarabia 
AJ, Smythe WR, Vaporciyan AA, Walsh GL, Roth JA: Treatment outcomes 
of resected esophageal cancer.  Ann Surg 2002, 236:376-384. discussion 
384-375

2. Tepper J, Krasna MJ, Niedzwiecki D, Hollis D, Reed CE, Goldberg R, Kiel K, 
Willett C, Sugarbaker D, Mayer R: Phase III trial of trimodality therapy 
with cisplatin, fluorouracil, radiotherapy, and surgery compared with 
surgery alone for esophageal cancer: CALGB 9781.  J Clin Oncol 2008, 
26:1086-1092.

3. 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 1996, 335:462-467.

4. Urba SG, Orringer MB, Turrisi A, Iannettoni M, Forastiere A, Strawderman 
M: Randomized trial of preoperative chemoradiation versus surgery 
alone in patients with locoregional esophageal carcinoma.  J Clin Oncol 
2001, 19:305-313.

5. Burmeister BH, Smithers BM, Gebski V, Fitzgerald L, Simes RJ, Devitt P, 
Ackland S, Gotley DC, Joseph D, Millar J, North J, Walpole ET, Denham JW, 
Trans-Tasman Radiation Oncology Group; Australasian Gastro-Intestinal 
Trials Group: Surgery alone versus chemoradiotherapy followed by 
surgery for resectable cancer of the oesophagus: a randomised 
controlled phase III trial.  Lancet Oncol 2005, 6:659-668.

6. Natsugoe S, Okumura H, Matsumoto M, Uchikado Y, Setoyama T, 
Yokomakura N, Ishigami S, Owaki T, Aikou T: Randomized controlled 
study on preoperative chemoradiotherapy followed by surgery versus 
surgery alone for esophageal squamous cell cancer in a single 
institution.  Dis Esophagus 2006, 19:468-472.

7. Bosset JF, Gignoux M, Triboulet JP, Tiret E, Mantion G, Elias D, Lozach P, 
Ollier JC, Pavy JJ, Mercier M, Sahmoud T: Chemoradiotherapy followed 
by surgery compared with surgery alone in squamous-cell cancer of 
the esophagus.  N Engl J Med 1997, 337:161-167.

8. Lee JL, Park SI, Kim SB, Jung HY, Lee GH, Kim JH, Song HY, Cho KJ, Kim WK, 
Lee JS, Kim SH, Min YI: A single institutional phase III trial of 
preoperative chemotherapy with hyperfractionation radiotherapy plus 
surgery versus surgery alone for resectable esophageal squamous cell 
carcinoma.  Ann Oncol 2004, 15:947-954.

9. Rooney M, Kish J, Jacobs J, Kinzie J, Weaver A, Crissman J, Al-Sarraf M: 
Improved complete response rate and survival in advanced head and 
neck cancer after three-course induction therapy with 120-hour 5-FU 
infusion and cisplatin.  Cancer 1985, 55:1123-1128.

10. Levendag PC, Nowak PJ, van der Sangen MJ, Jansen PP, Eijkenboom WM, 
Planting AS, Meeuwis CA, van Putten WL: Local tumor control in 
radiation therapy of cancers in the head and neck.  Am J Clin Oncol 
1996, 19:469-477.

11. Thames HD Jr, Peters LJ, Spanos W Jr, Fletcher GF: Dose response of 
squamous cell carcinomas of the upper respiratory and digestive 
tracts.  Br J Cancer Suppl 1980, 4:35-38.

12. Bedford JL, Viviers L, Guzel Z, Childs PJ, Webb S, Tait DM: A quantitative 
treatment planning study evaluating the potential of dose escalation 
in conformal radiotherapy of the oesophagus.  Radiother Oncol 2000, 
57:183-193.

13. Sobin LH, Wittekind C, International Union Against Cancer: TNM: 
classification of malignant tumours 6th edition. New York: Wiley-Liss; 2002. 

14. National Cancer Institute: Common Terminology Criteria for Adverse Events 
v3.0 (CTCAE)  [http://ctep.cancer.gov/protocolDevelopment/
electronic_applications/docs/ctcaev3.pdf]. Accessed 26 May 2010

15. Kesler KA, Helft PR, Werner EA, Jain NP, Brooks JA, DeWitt JM, Leblanc JK, 
Fineberg NS, Einhorn LH, Brown JW: A retrospective analysis of locally 
advanced esophageal cancer patients treated with neoadjuvant 
chemoradiation therapy followed by surgery or surgery alone.  Ann 
Thorac Surg 2005, 79:1116-1121.

16. Peyre CG, Hagen JA, DeMeester SR, Altorki NK, Ancona E, Griffin SM, 
Hölscher A, Lerut T, Law S, Rice TW, Ruol A, van Lanschot JJ, Wong J, 
DeMeester TR: The number of lymph nodes removed predicts survival 
in esophageal cancer: an international study on the impact of extent of 
surgical resection.  Ann Surg 2008, 248:549-556.

17. Peyre CG, Hagen JA, DeMeester SR, Van Lanschot JJ, Hölscher A, Law S, 
Ruol A, Ancona E, Griffin SM, Altorki NK, Rice TW, Wong J, Lerut T, 
DeMeester TR: Predicting systemic disease in patients with esophageal 
cancer after esophagectomy: a multinational study on the significance 
of the number of involved lymph nodes.  Ann Surg 2008, 248:979-985.

18. Xiao ZF, Yang ZY, Miao YJ, Wang LH, Yin WB, Gu XZ, Zhang DC, Sun KL, 
Chen GY, He J: Influence of number of metastatic lymph nodes on 
survival of curative resected thoracic esophageal cancer patients and 
value of radiotherapy: report of 549 cases.  Int J Radiat Oncol Biol Phys 
2005, 62:82-90.

19. Liao Z, Zhang Z, Jin J, Ajani JA, Swisher SG, Stevens CW, Ho L, Smythe R, 
Vaporciyan AA, Putnam JB Jr, Walsh GL, Roth JA, Yao JC, Allen PK, Cox JD, 
Komaki R: Esophagectomy after concurrent chemoradiotherapy 
improves locoregional control in clinical stage II or III esophageal 
cancer patients.  Int J Radiat Oncol Biol Phys 2004, 60:1484-1493.

20. Urschel JD, Vasan H: A meta-analysis of randomized controlled trials 
that compared neoadjuvant chemoradiation and surgery to surgery 
alone for resectable esophageal cancer.  Am J Surg 2003, 185:538-543.

21. al-Sarraf M, Martz K, Herskovic A, Leichman L, Brindle JS, Vaitkevicius VK, 
Cooper J, Byhardt R, Davis L, Emami B: Progress report of combined 
chemoradiotherapy versus radiotherapy alone in patients with 
esophageal cancer: an intergroup study.  J Clin Oncol 1997, 15:277-284.

22. Bedenne L, Michel P, Bouché O, Milan C, Mariette C, Conroy T, Pezet D, 
Roullet B, Seitz JF, Herr JP, Paillot B, Arveux P, Bonnetain F, Binquet C: 
Chemoradiation followed by surgery compared with chemoradiation 
alone in squamous cancer of the esophagus: FFCD 9102.  J Clin Oncol 
2007, 25:1160-1168.

23. Minsky BD, Pajak TF, Ginsberg RJ, Pisansky TM, Martenson J, Komaki R, 
Okawara G, Rosenthal SA, Kelsen DP: INT 0123 (Radiation Therapy 
Oncology Group 94-05) phase III trial of combined-modality therapy 
for esophageal cancer: high-dose versus standard-dose radiation 
therapy.  J Clin Oncol 2002, 20:1167-1174.

24. Sai H, Mitsumori M, Yamauchi C, Araki N, Okumura S, Nagata Y, Nishimura 
Y, Hiraoka M: Concurrent chemoradiotherapy for esophageal cancer: 
comparison between intermittent standard-dose cisplatin with 5-
fluorouracil and daily low-dose cisplatin with continuous infusion of 5-
fluorouracil.  Int J Clin Oncol 2004, 9:149-153.

25. Sasamoto R, Sakai K, Inakoshi H, Sueyama H, Saito M, Sugita T, Tsuchida E, 
Ito T, Matsumoto Y, Yamanoi T, Abe E, Yamana N, Sasai K: Long-term 
results of chemoradiotherapy for locally advanced esophageal cancer, 
using daily low-dose 5-fluorouracil and cis-diammine-dichloro-
platinum (CDDP).  Int J Clin Oncol 2007, 12:25-30.

26. Forastiere AA, Heitmiller RF, Lee DJ, Zahurak M, Abrams R, Kleinberg L, 
Watkins S, Yeo CJ, Lillemoe KD, Sitzmann JV, Sharfman W: Intensive 
chemoradiation followed by esophagectomy for squamous cell and 
adenocarcinoma of the esophagus.  Cancer J Sci Am 1997, 3:144-152.

27. Donington JS, Miller DL, Allen MS, Deschamps C, Nichols FC, Pairolero PC: 
Tumor response to induction chemoradiation: influence on survival 
after esophagectomy.  Eur J Cardiothorac Surg 2003, 24:631-636. 
discussion 636-637

Received: 2 March 2010 Accepted: 1 June 2010 
Published: 1 June 2010
This article is available from: http://www.wjso.com/content/8/1/46© 2010 Hurmuzlu et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.World Journal of Surgical Oncology 2010, 8:46

http://www.wjso.com/content/8/1/46
http://creativecommons.org/licenses/by/2.0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12192324
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18309943
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8672151
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11208820
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16129366
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17069590
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9219702
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15151953
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4038469
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8823474
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6775658
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11054522
http://ctep.cancer.gov/protocolDevelopment/electronic_applications/docs/ctcaev3.pdf
http://ctep.cancer.gov/protocolDevelopment/electronic_applications/docs/ctcaev3.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15797035
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18936567
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19092342
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15850906
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15590179
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12781882
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8996153
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17401004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11870157
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15221597
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17380437
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9161779
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14500086


Hurmuzlu et al. World Journal of Surgical Oncology 2010, 8:46
http://www.wjso.com/content/8/1/46

Page 9 of 9
28. Jin J, Liao Z, Zhang Z, Ajani J, Swisher S, Chang JY, Jeter M, Guerrero T, 
Stevens CW, Vaporciyan A, Putnam J Jr, Walsh G, Smythe R, Roth J, Yao J, 
Allen P, Cox JD, Komaki R: Induction chemotherapy improved outcomes 
of patients with resectable esophageal cancer who received 
chemoradiotherapy followed by surgery.  Int J Radiat Oncol Biol Phys 
2004, 60:427-436.

29. Donahue JM, Nichols FC, Li Z, Schomas DA, Allen MS, Cassivi SD, Jatoi A, 
Miller RC, Wigle DA, Shen KR, Deschamps C: Complete pathologic 
response after neoadjuvant chemoradiotherapy for esophageal cancer 
is associated with enhanced survival.  Ann Thorac Surg 2009, 87:392-398. 
discussion 398-399

30. Lew JI, Gooding WE, Ribeiro U Jr, Safatle-Ribeiro AV, Posner MC: Long-
term survival following induction chemoradiotherapy and 
esophagectomy for esophageal carcinoma.  Arch Surg 2001, 
136:737-742. discussion 743

doi: 10.1186/1477-7819-8-46
Cite this article as: Hurmuzlu et al., High-dose chemoradiotherapy followed 
by surgery versus surgery alone in esophageal cancer: a retrospective cohort 
study World Journal of Surgical Oncology 2010, 8:46

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15380576
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19161745
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11448381

	Abstract
	Background
	Methods
	Results
	Conclusion

	Introduction
	Patients and Methods
	Statistical Analysis

	Results
	CRT toxicity
	Resectability
	Response to CRT
	Postoperative mortality and morbidity
	Survival

	Discussion
	Conclusion
	Competing interests
	Authors' contributions
	Author Details

	References

