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Background: The aim of this study was to investigate the perioperative outcomes and 3-year overall
survival (OS) of 2 approaches including Sweet and open Ivor Lewis esophagectomy in the surgical treatment
of middle and lower third esophageal squamous cell carcinoma.

Methods: The medical records of 1,746 consecutive patients who underwent esophagectomy for middle
and lower esophageal cancer between January 2009 and September 2015 at the First Department of Thoracic
Oncologic Surgery of Cancer Hospital, Chinese Academy of Medical Sciences and Peking Union Medical
College were retrospectively reviewed. The clinical variables and 3-year survival were compared between
Sweet (n=1,701) and open Ivor Lewis (n=45) approaches in unmatched and propensity score matching
analysis.

Results: Patients who received esophagectomy by Sweet approach had shorter duration of surgery
(mean 212 vs. 390 min; P<0.001), more lymph nodes removed (mean 24 vs. 19; P=0.005), lower overall
complications rate (24.4% vs. 11.7%; P=0.009), lower total hospital cost (¥77,200 vs. 106,000; P=0.045)
compared with patients who received open Ivor Lewis approach. After propensity score matching analysis,
Sweet approach was still associated with decreased duration of surgery (mean 210 vs. 390 min; P<0.001),
more lymph nodes removed (mean 24 vs. 19; P=0.050), and lower total hospital cost (¥86,800 vs. 106,000
P=0.045) compared with Ivor Lewis approach. However, there were no significant differences in overall
complication rates (24.4% vs. 24.4%; P=1.000) between two approaches. There was no significant difference
in 3-year OS between Sweet and open Ivor Lewis approaches (59.9% vs. 61.4%; P=0.637) in unmatched
analysis and in matched analysis (77.8% vs. 61.4%; P=0.264).

Conclusions: In this cohort, for middle and lower third esophageal squamous cell carcinoma patients,

both Sweet and open Ivor Lewis approaches are feasible in terms of perioperative outcomes and 3-year OS.
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Introduction

It is estimated that 455,800 new esophageal cancer cases
and 400,200 deaths occurred in 2012 worldwide (1).
According to the annual report of National Cancer
Center of China, 291,238 new esophageal cancer cases
and 218,957 deaths occurred in China during 2011 (2).
Therefore, esophageal cancer is a detrimental disease to
worldwide, especially to China.

Currently, surgery remains the mainstay for resectable
esophageal cancer (3). McKeown approach is the main
approach for upper and middle third esophageal cancer (4).
While there were two main approaches for middle and
lower third esophageal cancer: Ivor Lewis and Sweet
approaches. An international survey on esophageal cancer
showed that Ivor Lewis was the most common approach
used in western countries (5). Ivor Lewis approach is
more convenient in improving visualization of mediastinal
structures, decreasing frequency of recurrent laryngeal
nerve injuries. Moreover, it is reported that a comprehensive
thoracic lymph node harvest and the creation of a tension-
free anastomosis between the remnant oesophagus and
the gastric conduit are achieved easier with Ivor Lewis (6).
However, in Asia, especially in China, the Sweet was
the most common approach and it had many advantages
including adequate exposure of the stomach and excellent
access to the short and left gastric arteries through the
opening in the left hemidiaphragm (7). In addition, rapid
and simple wound opening and closing, reduced operative
times in Sweet approach, implicate for the value of its use in
the surgical treatment of middle or lower third esophageal
cancer. Therefore, both the Sweet and the Ivor Lewis
approaches may be suitable for surgical treatment of middle
or lower third esophageal cancer (8).

There are conflicting results regarding the effectiveness of
Sweet versus Ivor Lewis approach (9-11). Fu ez 4/. reported
that it is easier to perform systemic lymphadenectomy via
right thoracic approach than left approach and the local
recurrence is reduced and long-term survival improved (9).
On the contrary, Ma J and Ma Q reported that Sweet
approach was associated with reduced duration of operation,
decreased complication rate, similar long term survival in
esophageal cancer patients (7,10). A meta-analysis including
15 studies demonstrated that two approaches had similar
long term effect (8). A recent randomized controlled trial
comparing left and right approaches concluded that Ivor-
Lewis and Sweet esophagectomies are both safe procedures
with low operative mortalities (11). However, no long-term
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survival was reported in that study.

The aim of this study was to investigate the short-term
outcomes and long term survival comparing Sweet and open
Ivor Lewis esophagectomies in the surgical treatment of middle
and lower third esophageal cancer using propensity score
matching analysis method in a high-volume cancer center.

Methods

This study was a single-center retrospective study and was
approved by the Institutional Review Board of Cancer
Hospital (ethics number NCC2013SF-10), Chinese
Academy of Medical Science and Peking Union Medical
College. The medical records of 1,746 consecutive patients
who underwent open esophagectomy for middle and lower
esophageal cancer between January 2009 and September
2015 in the First Department of Thoracic Oncologic
Surgery of Cancer Hospital, Chinese Academy of Medical
Sciences and Peking Union Medical College were
retrospectively reviewed. The clinical variables included
age, sex, age-adjusted Charlson score, use of neoadjuvant
therapy, tumor location, duration of surgery, estimated
intraoperative blood loss, number of harvested lymph
nodes, postoperative morbidity rate, mortality rate, hospital
length of stay (LOS), and 3-year survival were compared
between Sweet and open Ivor Lewis approaches. All patients
were diagnosed as squamous cell carcinoma in postoperative
pathology. Hospital expense was also recorded.

Age-adjusted Charlson score was carried out according
to the definition of Koppie et #/. (12). Esophageal
cancer staging was assessed according to American Joint
Committee on Cancer (AJCC) 2010 cancer staging (13).
Postoperative complications were recorded based on
international consensus on standardization of data collection
for complications associated with esophagectomy (14).
There were nine categories of complications including
pulmonary, cardiac, gastrointestinal, urologic, thromboembolic,
neurologic/psychiatric, infection, wound/diaphragm and
other. The major and minor complication data were scored
with Clavien-Dindo classification (15).

Surgical technique

The choice of surgical approach for middle and lower
third esophageal cancer was mainly based on the
preference of surgeons. Before 2009, Sweet approach was
the predominant approach. And since 2009, open Ivor
Lewis esophagectomy were undertaken by some surgeons
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Table 1 Preoperative features of patients underwent esophagectomy

Mu et al. Operative approaches and outcomes of esophageal cancer

Clinical variables Sweet (n=1,701) Open Ivor Lewis (n=45) P value
Age (years) 59.9+8.5 58.9+7.6 0.427
Male (%) 1,408 (82.8) 33 (73.3) 0.111
Body mass index (kg/m?) 23.3+2.7 22.4+1.5 0.335
Age-adjusted Charlson score 1.7£1.1 1.7£1.1 0.895
Location (%) <0.001

Middle third 1,652 (97.1) 35 (77.8)

Lower third 49 (2.9) 10 (22.2)
Neoadjuvant therapy (%) 50 (2.9) 2 (4.4 0.391
AJCC staging (%) 0.416

Stage | 255 (15.0) 9 (20.0)

Stage Il 801 (47.1) 17 (37.8)

Stage IlI 645 (37.9) 19 (42.2)

AJCC, American Joint Committee on Cancer.

to dissect malignant lesions of middle and lower third
esophagus. The details of three approaches have been
elaborated in our previous studies (16,17).

Statistics

The SPSS software package 16.0 for Windows was used
for statistical analysis. Data were presented as mean value
standard deviation for continuous variables, and percentages
for dichotomous variables. Continuous variables were
analyzed using #-test or nonparametric test, and categorical
variables were analyzed using Fisher test. Survivals were
estimated using Kaplan-Meier methods and log-rank
tests were used to analyze differences between curves. We
made propensity score matching analysis according to
Austin PC (18). For propensity score matching analysis,
we first made the logistic regression model that calculated
propensity scores matching using approach (Sweet or
Ivor Lewis approach) as outcome with age, sex, BMI,
age-adjusted Charlson score, tumor location, AJCC staging
and neoadjuvant therapy and/or chemotherapy. The
significant level was set as a P value less than 0.05.

Results
Demographics

A total of 1,746 consecutive patients with middle and
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lower esophageal squamous cell carcinoma underwent
esophagectomy from January 2009 to September 2015 at
the First Department of Thoracic Oncologic Surgery of
Cancer Hospital, Chinese Academy of Medical Sciences
and Peking Union Medical College. Of these 1746 patients,
1,701 patients received esophagectomy by Sweet approach,
45 patients by open Ivor Lewis approach.

In this cohort, the mean age was 59.9 years in the
Sweet group, which is higher than 58.9 years in the open
Ivor Lewis group. More patients in the Sweet group had
middle esophageal cancer than patients in the open Ivor
Lewis group (97.1% vs. 77.8%; P<0.001). There were no
significant differences in age-adjusted Charlson score,
body mass index, and rate of receiving neoadjuvant therapy
between Sweet and open Ivor Lewis groups (Tible 1).

Surgical outcomes

As shown in Table 2, patients who received esophagectomy
by Sweet approach had shorter duration of surgery
compared with patients received open Ivor Lewis approach
(mean 212 vs. 390 min; P<0.001). Patients who received
esophagectomy by Sweet approach had more lymph nodes
compared with patients by open Ivor Lewis approach (mean
24 vs. 19; P=0.005). And overall complications rate was
higher in Ivor Lewis group than in Sweet group 24.4% us.
11.7%; P=0.009). There was no significant difference in
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Table 2 Perioperative features of patients who underwent esophagectomy
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Clinical variables Sweet (n=1,701) Open lvor Lewis (n=45) P value
Duration of surgery (min) 212148 390+117 <0.001
Estimated blood loss (mL) 241+£219 239+113 0.903
Number of lymph nodes harvested 24+10 19+12 0.005
Total complications (%) 199 (11.7) 11 (24.4) 0.009

Major 122 (7.2) 5 (11.1) 0.315

Minor 77 (4.5) 6 (13.3) 0.006
Pulmonary complications (%) 70 (4.1) 1(2.2) 0.526
Cardiac complications (%) 12(0.7) 3(6.7) <0.001
Gastrointestinal complications (%) 68 (4.0 4 (8.9) 0.103

Anastomotic leak 51 (3.0 3(6.7) 0.161
Thromboembolic complications (%) 1(0.1) 0 0.871
Neurologic/psychiatric complications (%) 1(0.1) 0 0.871
Infection (%) 18 (1.1) 0 0.488
Wound/diaphragm complications (%) 54 (3.2) 3(6.7) 0.193
Other complications (%) 12 (0.7) 1.2 0.243
In hospital mortality (%) 4(0.2) 0 0.745
Hospital length of stay (d) 21+12 19+8 0.300
Hospital expenses ( ¥) 77,200+26,660 106,000+15,728 <0.001

estimated intraoperative blood loss between Sweet and open
Ivor Lewis approach (mean 241 vs. 239 mL; P=0.903).

In order to balance preoperative variables, we made
propensity score matching analysis. Preoperative variables
of two groups are displayed in 7able 3. After matching,
Sweet approach was associated with decreased duration of
surgery (mean 210 vs. 390 min; P<0.001), and more lymph
nodes (mean 24 vs. 19; P=0.050) compared with Ivor Lewis
approach (7iable 4). There were no significant differences
in overall complication rates (24.4% vs. 24.4%; P=1.000)
between two approaches.

Hospital expense

The mean cost of Sweet group was ¥77,200, which was
significantly lower than ¥106,000 in open Ivor Lewis group
(P<0.001) in unmatched analysis, and total hospital in
Sweet and Ivor Lewis approach was ¥86,800 and ¥106,000
(P=0.045) respectively in matched analysis.
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Long term survival

All patients were followed for 1 to 73 months (mean
12.64 months). There was no significant difference in 3-year
overall survival (OS) between Sweet and open Ivor Lewis
approaches (59.9% vs. 61.4%; P=0.637) in unmatched
analysis as shown in Figure 1. After matching, the 3-year OS
in Sweet and Ivor Lewis approach was 77.8% and 61.4%
respectively (P=0.264).

Discussion

In this study, we found that there was no significant
difference in short term outcomes and 3-year OS of cancer
patients who received esophagectomy between Sweet and
open Ivor Lewis approaches. However, the Sweet approach
was associated with shorter duration of operation and
decreased hospital expenses compared with open Ivor Lewis

approach.
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Table 3 Preoperative features of patients underwent esophagectomy after propensity score matching

Clinical variables Sweet (n=45) Open Ivor Lewis (n=45) P value
Age (years) 59.6+7.4 58.9+7.6 0.654
Male (%) 33 (73.3) 33 (73.3) 1.000
Body mass index (kg/m?) 23.3+2.7 22.4+1.5 0.381
Age-adjusted Charlson score 1.7+1.1 1.7£1.1 0.845
Location (%) 1.000

Middle third 35 (77.8) 35 (77.8)

Lower third 10 (22.2) 10 (22.2)
Neoadjuvant therapy (%) 3(6.7) 2 (4.4) 0.645
AJCC staging (%) 0.659

Stage | 11 (24.4) 9(20.0)

Stage Il 13 (28.9) 17 (37.8)

Stage IlI 21 (46.7) 19 (42.2)

AJCC, American Joint Committee on Cancer.

Table 4 Perioperative features of patients who underwent esophagectomy after propensity score matching

Clinical variables Sweet (n=45) Open lvor Lewis (n=45) P value
Duration of surgery (min) 210451 390+117 <0.001
Estimated blood loss (mL) 224+170 239+113 0.631
Number of lymph nodes harvested 24+10 19+12 0.050
Total complications (%) 11 (24.4) 11 (24.4) 1.000
Major 9(20.0) 5(11.1) 0.384
Minor 2(4.4 6 (13.3) 0.266
Pulmonary complications (%) 4 (4.4 1(2.2) 1.000
Cardiac complications (%) 0(0) 3(6.7) 0.242
Gastrointestinal complications (%) 9 (20.0) 4(8.9) 0.230
Anastomotic leak 7 (15.6) 3(6.7) 0.315
Thromboembolic complications (%) 0 0 1.000
Neurologic/psychiatric complications (%) 0 0 1.000
Infection (%) 1.2 0 1.000
Wound/diaphragm complications (%) 2 4.9 3(6.7) 1.000
Other complications (%) 0 12.2) 1.000
In hospital mortality (%) 0 0 1.000
Hospital length of stay (d) 27+23 19+8 0.027
Hospital expenses (¥) 86,800+30,107 106,000+15,728 0.045
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Figure 1 Kaplan-Meier analysis of two approaches after esophagectomy. (A) There were no significant differences in 3-year overall survival

between Sweet and open Ivor Lewis approaches (59.9% vs. 61.4%; P=0.472) in unmatched analysis; (B) after propensity score matching

analysis, no significant difference in 3-year overall survival (77.8% vs. 61.4%; P=0.264) between two approaches.

Overall complication rate was higher in open Ivor
Lewis approach than in Sweet approach. However, only
minor complication was significantly higher in Ivor Lewis
group, and there was no significant difference in the major
morbidity rate between these two approaches. A recent
meta-analysis also demonstrated there were no significant
differences in major morbidities including pulmonary
complications and anastomotic leaks (8).

The number of lymph nodes harvested was higher
in Sweet group than in Ivor Lewis group whether in
unmatched and matched analysis. Learning curve may
partly explain the results. In our previous study, at least 12
cases are needed to master minimally invasive McKeown
esophagectomy (4). In this study, we attempted open Ivor
Lewis since January 2009. However, oncologic result was
not compromised in open Ivor Lewis approach, as there
was no significant difference in 3-year OS between 2
approaches. Greenstein et /. demonstrated that patients
who underwent esophagectomy should at least have 18
lymph nodes removed (19). The mean number of lymph
nodes dissected in Sweet and Ivor Lewis was 24 and
19 respectively in our study, which was higher than the
standard proposed by Greenstein.

Duration of surgery of patients who received
esophagectomy by Sweet approach in our study was 212 min,
which was significantly shorter than 390 min in open Ivor
Lewis approach. This result is consistent with the results
of Ma et al. and Li et al. (7,11). This phenomenon is easily
explained by more number of Sweet approaches than Ivor
Lewis approach in China.

Cost of Sweet approach was lower than that in open Ivor
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Lewis approach, which implies that for esophageal cancer
patients in China, a developing country with low level
medical coverage, Sweet approach maybe the first choice for
the surgical treatment of middle and lower third esophageal
cancer in most medical centers. However, in some large
medical center with advanced medical technique, minimal
invasive Ivor Lewis approach gained more popularity
owning to lessened postoperative inflammatory reaction
despite greater cost (20,21).

There was no difference in 3-year OS between
2 approaches in our study. Ma et al. reported that there
was no significant difference between Sweet and Ivor
Lewis approaches in terms of overall 5-year survival in
nonrandomized controlled study (6). Ma et 4/. demonstrated
that operation approach (left or right approach) was not
risk factor for long term survival by Cox regression analysis
in patients after esophagectomy, although univariable
analysis showed that operation approach was an unfavorable
prognostic factor for long term survival. While other
factors such as tumor staging and age were unfavorable
prognostic factors for long term survival in patients
after esophagectomy (10). Recently, Li er 4l conducted
a randomized controlled study comparing the difference
in postoperative complications between Sweet and Ivor
approached and concluded that both approaches are safe
procedures with low mortalities. However, no long-term
survival was followed in their study (11). Therefore, more
well-designed prospective studies are needed to clarify the
role of operation approach in the long-term survival of
patients who underwent esophagectomy.

There are some limitations in our study. Firstly,
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retrospective nature of this study, and relative small number
of patients in open Ivor Lewis group in this study may
preclude the generalization of the results of this study.
However, we make propensity score matching analysis
which comparing Sweet and Ivor Lewis approaches,
which overcome the limitations of retrospective study.
Secondly, the results of this study were achieved from
data of esophageal squamous cell carcinoma and no
esophageal adenocarcinoma was included, which imply that
the conclusion of this study may not applicable to other
countries or regions where esophageal adenocarcinomas
are prevalent. Thirdly, neoadjuvant therapy is now the
trend in combination therapy of squamous cell cancer, and
the number of patients who received neoadjuvant therapy was
relatively small. However, according to the recent guidelines
of esophageal cancer (22), that randomized trials comparing
surgery alone with preoperative chemoradiation followed
by surgery in patients with clinically resectable cancer have
shown contflicting results. Therefore, more studies are
needed to assess the outcomes comparing surgery alone
versus neoadjuvant therapy plus surgery. Lastly, Ivor Lewis
approach was used only ten cases per year in our study, and the
learning curve may weaken the results of this study. Therefore,
well designed prospective studies are needed to clarify the
effectiveness of Ivor Lewis vs. Sweet approach for the surgical
treatment of middle and lower esophageal cancer.

Conclusions

In this cohort, for middle and lower third esophageal
squamous cell carcinoma patients, both Sweet and open
Ivor Lewis approaches are feasible in terms of perioperative
outcomes and 3-year OS. The Sweet approach was associated
with decreased hospital expenses and shorter duration of
operation compared with open Ivor Lewis approach, which
imply that the Sweet approach may be the first choice in
developing countries from a cost-effective point of view.
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