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Introduction

Esophageal cancer is the 7th most common cause of 
cancer-related death worldwide (1). The prognosis is 
poor, as 5-year overall survival remains below 20% (2). 

Esophagectomy provides the best opportunity for a cure in 
regional esophageal carcinoma although it involves a high 
operative risk (3). Surgical techniques have improved over 
the decades, but mortality rates after surgery are still 7% at 
90 days and 25% at one year after surgery (4). 
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Esophagectomy is  usual ly performed by either 
transthoracic resection, divided into Ivor-Lewis (laparotomy, 
right thoracotomy, and intrathoracic anastomosis) and 
McKeown (laparotomy, thoracotomy, cervicotomy and 
cervical anastomosis) esophagectomy, or transhiatal 
esophagectomy, including laparotomy and anastomosis 
through cervical incision (5). The benefit of transthoracic 
approach is increased lymph node yield and possibly 
improved prognosis, compared to transhiatal approach (6). 
Ivor Lewis technique might decrease the risk of pulmonary 
complications, recurrent laryngeal nerve injury, strictures 
and anastomotic leaks, compared to McKeown approach 
(7-9) and anastomotic leak rates compared to transhiatal 
approach (5). Minimally invasive esophagectomy (MIE) 
and hybrid MIE (hMIE) techniques have gained popularity 
with the aim of reducing postoperative morbidity (10,11). 
Although MIE is associated with longer learning curve, 
MIE could be associated with a better long-term survival 
compared to open esophagectomy (4,12-14). Four 
randomized controlled trials have compared MIE and 
open esophagectomy, suggesting reduced pulmonary 
complications and vocal cord paralysis, and improved 
quality of life with MIE without compromising long term 
oncological outcomes (15-18). Multimodality treatment has 
significantly improved survival and has become a standard 
of care for resectable locally advanced esophageal or 
esophagogastric junctional cancer (19).

Recently, the international benchmark for esophagectomy 
was published to monitor performance in surgery. The 
aim of this study was to review the evolution of esophageal 
cancer treatment in Northern Finland, with special interest 
in any differences in results, complications and survival 
between different techniques used through the years. 
Currently used guideline-based treatment is compared with 
international benchmark values.

We present the following article in accordance with the 
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/jtd-21-520).

Methods

Study design

This study was a retrospective cohort study from a single 
tertiary care hospital, between years 1987 and 2020, 
including all elective esophagectomies for cancer and 
dysplasia. The patients who underwent esophagectomy due 
to a benign or emergency indication were excluded. Follow-

up ended December 31, 2019 in patients operated between 
years 1987 and 2016. In the last period 2017–2020 due to 
the short median follow-up time, end of follow-up was set 
at 1 year after surgery, or February 28, 2021 in patients 
operated after March 1, 2020.

Patients

Clinical data was collected from patient records. The study 
was conducted according to the guidelines of the Declaration 
of Helsinki (as revised in 2013) and was approved by the 
hospital district. The data collection was approved by the 
Oulu University Hospital Ethics Committee (EETTMK: 
81/2008). The need for written informed consents was 
waived by National Authority for Medicolegal Affairs 
(VALVIRA) due to its retrospective nature.

Co-morbidity data was collected according to Royal 
College of Surgeons Charlson Score excluding esophageal 
cancer (20). Clinical preoperative staging and postoperative 
staging was performed according to the American Joint 
Committee on Cancer (AJCC)/Union for International 
Cancer Control (UICC), 8th edition (21). Neoadjuvant- 
and adjuvant therapy data for each patient and type of 
treatment were obtained.

Positive resection margin, the number of examined 
lymph nodes and readmission rate were reported as in a 
previous study (22). R0 resection was defined as complete 
resection with at least 1 mm resection margin.

The complications were collected according to 
International consensus on standardization of data collection 
for complications associated with esophagectomy (23,24). 
Benchmark values were obtained from the study by Schmidt 
et al. in which complication rates were examined from a 
selected low-comorbidity group of 332 patients in 13 different 
high volume centers around the globe (24). Complications 
were categorized according to the Clavien-Dindo  
classification (25) divided into minor (Clavien-Dindo grade 
1–2) and major complications (Clavien-Dindo grade ≥ IIIa). 

Mortality data was confirmed from the nationwide 
and obligatory Cause of Death registry held by Statistics 
Finland, which has 100% coverage for dates of death in 
Finland, and combined to the patient records using the 
immutable personal identification number assigned to all 
residents in Finland. 

Operative approach

Open esophagectomy included pyloromyotomy and 
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jejunostomy feeding tube insertion. Cervical anastomosis 
was handsewn, whereas intrathoracic anastomosis technique 
varied according to surgeon preference, most often side-to-
end anastomosis with a circular stapler. The MIE technique 
included wrapping of omental flap around the anastomosis, 
endoscopic pyloric dilatation and selective nasojejunal 
feeding tube placement. Intrathoracic anastomosis 
was preferred over cervical anastomosis. Side-to-end 
anastomosis with a circular stapler was usually performed. 

Statistical analysis

The changes and results of esophageal cancer treatment 
over time with introduction of MIE in our center. 
Treatment strategies are compared to current guidelines 
including staging and use of neoadjuvant therapy, and 
benchmark values including postoperative morbidity, 
hospital stay, readmissions and 90-day mortality (24), and 
long-term survival was compared to previous national 
studies (4,26). Survival was studied using the life table 
method and plotted using Kaplan-Maier curves. Chi 
square test was used when comparing categorical variables. 
Continuous variables were compared by t-test and Mann-
Whitney U test as appropriate. Numeric values are 
presented and mean (standard deviation) and median 
(interquartile range). Statistical analyses were performed 
using IBM SPSS version 27 (Armonk, NY, USA). 

Results

Patients

A total of 341 patients underwent esophagectomy for 
cancer in Oulu University Hospital during 1987–2020 
(Table 1, Figure 1). The median age of patients was 
65.0 years (IQR, 59–72 years) of which 257 (75.4%) 
were male (Table 1,  Figure 1A) .  The majority had 
WHO performance status of Grade 0 (n=211, 61.9%), 
American Society of Anesthesiologists (ASA) class II 
(n=173, 50.7%), and 182 (53.4%) patients had Charlson 
comorbidity score 0 (Table 1, Figure 1B).

A total of 211 (63.0%) patients had adenocarcinoma 
and 98 (29.3%) squamous cell carcinoma (Table 1,  
Figure 2). Temporal changes in histology are presented 
in Figure 2A. Most of the tumors were located in the 
lower third of esophagus (77.4%) (Table 1). The dominant 
pathological UICC stage was IIIb (n=74, 22.8%) (Table 1, 
Figure 2B). Changes over time in clinical and pathological 

stage distribution are shown in Figures 1C and 2B.

Preoperative staging

The most common clinical T-stage was T3 (46.5%) and 
suspected positive lymph nodes were seen in 16.2% of 
patients in preoperative imaging. The percentages of 
clinical stage are shown in Figure 1C. A total of 238 (70.2%) 
patients had a clinically locally advanced disease and 4 
(1.2%) advanced disease. Use of PET-CT was introduced 
in 2006, since then PET-CT was performed to 50 (14.7%) 
patients. Endoscopic ultrasound was first performed in 
2003, and since then EUS was used selectively in 9 (2.6%) 
patients EUS.

Upstaging in the yp/pTNM compared to cTNM 
occurred in 22.3% (n=72) of the patients. Over time, 
upstaging occurred as follows: 11.9%, 0.0%, 9.1%, 21.7%, 
12.9%, 28%, 36.7%, 26.1%, 21.8% in years 1987–1995, 
1996–1998, 1999–2000, 2002–2004, 2005–2007, 2008–
2010, 2011–2013, 2014–2016, 2017–2020.

Preoperative therapy

One hundred and eight patients received neoadjuvant 
therapy (31.8%) of which 61 (56.5%) was chemotherapy 
and 48 (44.4%) chemoradiotherapy (Table 2). However, the 
use of neoadjuvant treatment was originally introduced in 
1999 mainly in squamous cell carcinoma, and guideline-
based regular use followed in 2017–2020 where 41 (83.7%) 
patients with locally advanced or advanced esophageal 
carcinoma received recommended neoadjuvant therapy 
(Figure 1D).

Surgical approach

Transhiatal resection was performed in 167 (49.3%) 
patients, while transthoracic Ivor Lewis (IL) in 129 (38.1%) 
patients and transthoracic McKeown in 42 (12.4%) patients 
(Table 2, Figure 2C). MIE was performed on 49 (14.5%) 
patients of which three were converted to hybrid procedures 
(laparoscopy and thoracotomy). The median duration 
of surgery was 327 min (IQR, 249–405 min). Blood was 
transferred to 15.7% patients during surgery and to 19.7% 
postoperatively. Colon was used as a substitute in 8 patients. 
The median number of lymph nodes examined was 12 (IQR, 
4–20) (Table 1). Lymph node yield in transhiatal operations 
were 6 (IQR, 1–14) and in transthoracic operations 17 (IQR, 
10–25). The number of examined lymph nodes increased 
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Table 1 Patient profile and tumor profile

Variable Value

Age (years), median [IQR] 65.0 [59–72]

BMI (kg/m2), median [IQR] 25.2 [22–29]

Male, n (%) 257 (75.4)

WHO performance status, n (%)

Grade 0 211 (61.9)

Grade I 121 (35.5)

Grade II 7 (2.1)

Grade III 1 (0.3)

Grade IV 1 (0.3)

ASA status, n (%)

Grade I 34 (10.0)

Grade II 173 (50.7)

Grade III 127 (37.2)

Grade IV 7 (2.1)

Charlson comorbidity score, n (%)

0 182 (53.4)

1 106 (31.1)

≥2 53 (15.6)

Histology, n (%)

Adenocarcinoma 211 (63.0)

Squamous cell cancer 98 (29.3)

Other carcinoma 15 (4.5)

High-grade dysplasia 9 (2.7)

Low-grade dysplasia 2 (0.6)

Tumor location, n (%)

Upper 1/3 3 (0.9)

Middle 1/3 70 (21.8)

Lower 1/3 263 (77.4)

Table 1 (continued)

Table 1 (continued)

Variable Value

Pathological UICC stage, n (%)

0 9 (2.8)

IA 6 (1.9)

IB 45 (13.9)

IC 14 (4.3)

IIA 35 (10.8)

IIB 67 (20.7)

II 1 (0.3)

IIIA 18 (5.6)

IIIB 74 (22.8)

IIIC 1 (0.3)

IVA 41 (12.7)

IVB 1 (0.3)

Benign (T0) 12 (3.7)

Lymph node yield, median [IQR] 12 [4–20]

R0 resections, n (%) 281 (84.4)

from 1987 to 2016, but decreased after introduction of MIE 
(Figure 2D). Positive resection margin was observed in 7.5% 
(Table 1), which was the highest after transhiatal resection 
(9.3%) the lowest after McKeown (2.6%). Over time R0 
resections were observed as follows: 81.8%, 71.4%, 95.5%, 
91.7%, 71.9%, 74.5%, 88.0%, 84.8% and 93.0% (1987–
1995, 1996–1998, 1999–2001, 2002–2004, 2005–2007, 

2008–2010, 2011–2013, 2014–2016, 2017–2020).

Perioperative complications and reoperations

Complication data is presented in Figure 3. The overall 
complication rate was 72.7% while major complication 
rate (Clavien-Dindo grade ≥ IIIa) was 39.1% (Figure 3A). 
Pneumonia was the most common complication (n=82, 
24.1%) and overall pulmonary complication rate was 40.6%. 
Incidence of pulmonary complications decreased over time 
(Figure 3B). The second most common complication was 
pleural effusion requiring additional drainage procedure 
18.8% (n=64) and occurred most frequently after McKeown 
technique 32.5% (n=13). Anastomotic leak was observed in 
12.3% and are shown periodically in Figure 3C and stratified 
by surgical technique in Figure 4. Anastomotic leak rate 
after handsewn and stapler assisted anastomosis was 14% 
(n=22) and 12.2% (n=20). Atrial dysrhythmia occurred in 
5.3% (n=18) of patients.

The median hospital stay was 11 (IQR, 9–15) days and 
median ICU stay was 1 (IQR 1–2) days. Postoperative ICU 
treatment was indicated in 74.3% (n=252) of patients, of 
which 52.8% (n=133) were transferred routinely to ICU 
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Figure 1 Preoperative information. Changes over time in median age of patients (A), Charlson Comorbidity Index (B), clinical stage (C) and 
the use of neoadjuvant therapy (D) between years 1987 and 2020.
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for one night. The changes in median hospital stay over 
time is shown in Figure 3D and changes sorted by surgical 
techniques in Figure 4. Reoperations were performed on  
65 (19.2%) patients during 90 days postoperatively. 

Readmissions and short-term mortality

Thirty-day readmission rate was 6.5%. Overall 90-day 
hospital readmission rate was 17.4% and occurred most 
frequently in earlier time periods, 23.3%, 8.3%, 12.5%, 
8.3%, 34.4%, 17.6%, 20%, 17.4%, 8.8% (1987–1995, 
1996–1998, 1999–2001, 2002–2004, 2005–2007, 2008–2010, 
2011–2013, 2014–2016, 2017–2020). Adjuvant treatment was 
given to 117 (36.1%) patients with no changes over time. 
The 30- and 90-day survival rates are shown in Figure 5.

Long term outcomes

The prevalence of strictures requiring endoscopic dilatation 

was 21.9% and repeat dilations defined as three dilatations 
or more was 6.8%. In neck anastomosis dilatation and 
repeated dilatations were needed in 28.8% and 9.6%, and 
in intrathoracic anastomosis 10.9%, 2.3%, respectively. 
Recurrent nerve palsy developed to 14.7% (n=50), with 
incidence of 23.0% after neck anastomosis, and 1.6% with 
intrathoracic anastomosis. The incidence of recurrent 
nerve palsy decreased after the transition from transhiatal 
to transthoracic approach, as shown in Figure 4. Median 
follow-up time was 21 months (IQR, 10–70 months) in the 
surviving patients. The 1-, 3- and 5-year survival rates are 
shown in Figure 5.

Introduction of MIE

The first MIE was performed in September 2017. Before 
starting the MIE programs a team of three surgeons 
trained in MIE techniques through visitations and 
fellowship programs in other centers performing MIE. 
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Figure 2 Histology and surgical approach. Changes over time in histology (A), pathological stage (B), resection type (C) and lymph node 
yield (D) between years 1987 and 2020.
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After the transition to MIE only three resections have been 
performed with open intention. MIE with intrathoracic 
anastomosis is now the most common technique in our 
center (Figure 2C). Conversion to thoracotomy occurred in 
6.3% (n=3) and to laparotomy in 0.0% (n=0).

The median duration of surgery was longer in MIE 
group compared to open esophagectomy (477 vs. 304 min). 
Clavien-Dindo grade 5 complications (death) has occurred 
in one patient in MIE group (2.0%), while in the open 
esophagectomy group 5.9% (n=17) died during postoperative 
period (Figure 3A). Overall pulmonary complications (40.8% 
vs. 40.1%) and anastomotic leak rates (12.2% vs. 12.1%) were 
similar. 

Discussion

The present study covers a 34-year period, providing 
comprehensive information on the development of 

esophagectomies and learning curve for each surgical 
technique at a medium volume center. Currently used 
guideline based treatment protocol has resulted with 
comparable outcomes to the international benchmark 
values, even though learning curve is included.

A strength of our study is the access to all patient records 
providing superior coverage compared to registry data. 
Long-term follow-up and survival information was acquired 
from Statistics Finland with no missing information. 
Our study had also some limitations. The retrospective 
study design prevented the inclusion of some minor 
complications, due to insufficient records, especially in 
older cases. However, at least all major complications have 
been recorded and included. The Oulu University Hospital 
is the only tertiary care center treating esophageal cancer in 
Northern Finland (approximately 50% of the geographical 
area of Finland), and captures >90% of the esophagectomies 
in the area during the study period. 
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We compared our data set to a benchmark data set to 
identify areas in need of improvement and tendencies 
in different time periods. There may be some reasons 
for differences between our center, and the benchmark 
study. The median age in our cohort was 65 years, while 
in the benchmark study by Schmidt et al. (24) it was 
58 years. The benchmark values were defined for low 
comorbidity patients in the benchmark study, while 
our study included all consecutive patients. Higher 
age is associated with increased risk for postoperative 
complications (27). Poorer performance status and 
ASA status is thought to be related to poorer prognosis 
(28,29). WHO performance status in the patients in our 
cohort was worse compared to the benchmark study and 
ASA status ≥3 included 37.2% of patients while in the 
benchmark study there were none. In our study 15.5% 
of patients had Charlson comorbidity score ≥2, which 

is significantly associated with poor prognosis (30).  
The most common pathological UICC stage was IIIb 
(22.8%) whereas in the benchmark study only 8.7% had 
stage IIIb tumors. 

According to the current guidelines EUS and PET-CT 
should carried out in candidates of esophagectomy (31) and 
previous studies have suggested the significance and benefit 
of PET-CT and EUS in preoperative staging of esophageal 
cancer and defining therapeutic strategy (32-35). However, 
in our study PET-CT was performed to 14.7% and EUS 
to 2.6% of all patients and in MIE group the respective 
proportions were 42.9% and 8.2% explaining high 
upstaging. The use of PET-CT is improving, and actions 
have been made to include PET-CT as a routine practice, 
instead of selective use. Between the years 2017 and 2020 
75.4% of our patients received neoadjuvant treatment which 
is in line with the suggested levels for neoadjuvant therapy 
(11,24). Some variation was seen in neoadjuvant treatment 
over time. During 1999–2004, where SCC was prevalent 
histology type, treatment was given according to early 
trials (36). However, neoadjuvant treatment rate decreased 
until MAGIC-trial (37) involving adenocarcinoma patients 
followed by CROSS-trial (38) (adenocarcinoma and SCC) 
when treatment gradually became the standard of care. The 
number of examined lymph nodes was lower than in the 
benchmark study. Lower lymph node yield in transhiatal 
approach is in line with previous reports (6). Previous 
studies have suggested that sample processing may affect the 
number of lymph nodes examined, systematic fat blocking 
and methylene blue staining is associated with a higher total 
and positive lymph node yield compared to manual nodal 
dissection which is limited to finding small lymph nodes 
(39-41). There may be some reasons for higher positive 
margins related to transhiatal approach. Due to the cervical 
anastomosis longer conduit was needed compared to 
intrathoracic anastomosis possibly affecting distal resection 
margin. Also at the time, frozen sections on resection 
margins were not routinely used and neoadjuvant treatment 
was rare (19,38).

The whole study period overall complication rate was 
higher compared to the benchmark study. Previously 
reported incidence rates of complications of any severity 
vary greatly (24,42-44) mostly due to information bias in 
observational studies, which is also likely present in the 
current study. Major complications (CD grade ≥ IIIa) 
occurred in 39.1% of patients which was more than in 
the benchmark study (≤30.8%), and explained by the high 
rate of pleural effusions requiring drainage (24). As in 

Table 2 Clinical profile

Clinical Value

Surgical approach, n (%)

McKeown 42 (12.4)

Ivor Lewis 129 (38.1)

Transhiatal 167 (49.3)

Clavien-Dindo, n (%)

I 26 (7.6)

II 102 (30.0)

IIIa 30 (8.8)

IIIb 27 (7.9)

IV 58 (17.1)

V 18 (5.3)

Preoperative therapy, n (%)

None 232 (68.2)

Chemotherapy 61 (17.9)

Radiotherapy 0 (0.0)

Chemoradiotherapy 48 (14.1)

Adjuvant treatment, n (%)

None 208 (64.0)

Chemotherapy 77 (23.7)

Radiotherapy 7 (2.2)

Chemoradiotherapy 33 (10.2)
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Figure 3 Complications. Changes over time in Clavien-Dindo (A), pulmonary complications (B), anastomotic leak (C) and median hospital 
stay (D) between years 1987 and 2020.

Figure 4 Complications stratified by surgical techniques. MIE, minimally invasive esophagectomy.
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Figure 5 Kaplan-Meier survival curve stratified by different time periods.

previous studies (42,43), the most common complication 
in our patient cohort was pneumonia (24.1%). Transhiatal 
approach and cervical anastomosis has been associated with 
a higher frequency of recurrent laryngeal nerve trauma 
and anastomotic leak (45,46). Reported anastomosis leak 
rates were below suggested 20% Benchmark value, except 
2011–2013 20% (24,42,43). Although some studies have 
suggested that atrial dysrhythmia is a common complication 
[14.5–14.6% (21,42)] our data set showed an incidence of 
atrial dysrhythmia rate of 5.3%. The median hospital stay 
was shorter compared to benchmark study (11 vs. 12). The 
incidence of strictures requiring endoscopic dilatation was 
21.9% and repeat dilations defined as three dilatations or 
more was 6.8% while in a previous population-based study 
the respective numbers were 16.7% and 6.6% (47). With 
modern preoperative staging and treatment including PET-
CT, neoadjuvant treatment and MIE our 1-year survival 
rate (82.1%, between years 2017 and 2020) was slightly 
below the defined benchmark (85.5%) (24), which may be 
due to the learning curve (14). In our study, the incidence 
of pulmonary complications and positive resection margins 
were higher compared to the benchmark values, while the 
hospital readmission rate was lower. Low preoperative use 
of PET-CT may explain higher positive resection margins. 
Especially lower lymph node yield in MIE era could be 

explained with learning curve.
Complications of any severity, major complications, 

positive resection margins and hospital readmission rates 
have reduced with the transition to MIE approach although 
the data also includes learning curve. A previous Dutch 
study reported a learning curve of 119 cases of MIE when 
reaching the plateau of 8% anastomotic leakage (14). 
However, at the beginning of the learning curve in the 
Netherlands and Sweden the incidence of anastomotic 
leakage was higher than in our study (13,14). Length of 
the learning curve varies depending on the study from 25 
to 175 patients (44). Learning curve has taken place when 
changing primary approach from transhiatal to transthoracic 
procedure and when changing from open to minimally 
invasive approach. The learning curve has been included in 
the study and affects outcomes. This is visible in decreased 
lymph node yield, increased anastomosis leaks and hospital 
stay despite minor tissue trauma.

Systematically reviewing our results will help us find 
areas for improvement and implement continuous quality 
improvement particularly with the aim to evaluate complex 
and cost-intensive procedures. Our center has room for 
improvement in preoperative staging strategies, overall 
complication rates, major complications, the number of 
examined lymph nodes and positive resection margins. 
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Esophageal cancer surgery has evolved over the years 
with changes in patient and disease profile, oncological 
treatment and surgical techniques. Current practice in our 
center is mostly in line with current recommendations. 
Despite improvements in 1-year survival, some common 
complications have remained stable, such as anastomosis 
leaks. There is still room for new innovations in surgical 
technique of esophageal cancer surgery. 

We recommend that all centers go through their own 
material carefully so that potential areas for improvement 
are identified in order to improve treatment processes. 
Quality control can increase motivation to improve 
treatment strategies.
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