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SUMM ARY. Introduction: Both cervical (McKeown) and intrathoracic (Ivor Lewis) anastomosis of transthoracic
esophagectomy are surgical procedures that can be performed for distal esophageal or gastro-esophageal junction
(GEJ) cancer. The purpose of this study was to investigate the long-term health-related quality of life (HR-QoL)
after McKeown and Ivor Lewis esophagectomy in a tertiary referral center. Methods: Disease-free patients >1 year
following a McKeown or an Ivor Lewis esophagectomy with a two-field lymphadenectomy for a distal or GEJ
carcinoma visiting the outpatient clinic between 2014 and 2018 were asked to complete the EORTC QLQ-C30
and EORTC QLQ-OG2S5 questionnaires. HR-QoL was investigated in both groups. Results: A total of 89 patients
were included after McKeown and 115 after Ivor Lewis esophagectomy. Median follow-up was 2.4 years (IQR
1.7-3.6). Patients after McKeown esophagectomy reported more problems with ‘eating with others’ compared to
patients after Ivor Lewis esophagectomy (mean scores: 49.9 vs. 38.8). This difference was both clinically relevant and
significant after correction for multiple testing (8 = 11.1, 95% CI 3.105-19.127, P = 0.042). Patients in both groups
reported a poorer HR-QoL (>10 points) than the general population with respect to nausea and vomiting, dyspnea,
appetite loss, financial difficulties, problems with eating, reflux, eating with others, choked when swallowing, trouble
with coughing, and weight loss. Conclusion: Long-term HR-QoL of disease-free patients following a McKeown
or Ivor Lewis esophagectomy for a distal or GEJ carcinoma is largely comparable. Irrespective of the surgical
technique, patients’ HR-QoL following esophagectomy is compromised. When given the choice, patients should be
informed that after a McKeown esophagectomy more problems while eating with others can occur.
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INTRODUCTION

Treatment of esophageal cancer usually consists of
surgery with neoadjuvant or perioperative chemo
(radio)therapy. In most cases, a transthoracic
esophagectomy with gastric tube reconstruction is
performed with either an intrathoracic (Ivor Lewis)
or cervical anastomosis (McKeown).! Whether a
cervical or intrathoracic anastomosis is performed
mainly depends on the surgeon’s experience, since in
the Netherlands, both operations are still standard
of care for patients with a distal esophageal or

gastro-esophageal junction (GEJ) carcinoma. Both
procedures are associated with considerable post-
operative morbidity and an impairment in health-
related quality of life (HR-QoL) with symptoms
of reflux, dysphagia, and fatigue.”* Whether HR-
QoL differs between a McKeown and Ivor Lewis
esophagectomy is not well studied. A recent sys-
tematic review found significantly more anastomotic
leakages following a McKeown esophagectomy,
which may be due to the longer gastric tube with
likely a more impaired perfusion at the tip of the
gastric tube than in the shorter gastric tube after
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Ivor Lewis.” Such postoperative morbidity could
have an adverse effect on long-term HR-QoL.°
However, this meta-analysis included mainly small
retrospective cohort studies that employed different
definitions of outcome parameters. Moreover, during
a McKeown esophagectomy the recurrent laryngeal
nerve in the cervical region may be damaged,
leading to hoarseness and swallowing problems.” The
consequences of recurrent laryngeal nerve injury will
likely negatively impact QoL, however, this has not
yet been investigated. Studies comparing Ivor Lewis
and McKeown with regard to HR-QoL did not find
significant differences between the two procedures,**
except for one study where significantly more pain
and obstipation after Ivor Lewis esophagectomy was
observed.’

The aim of this study was to investigate the long-
term HR-QoL in disease-free patients having under-
gone either a transthoracic esophagectomy with gas-
tric tube reconstruction with a cervical anastomosis
(McKeown) or an intrathoracic anastomosis (Ivor
Lewis) for a distal esophageal or GEJ carcinoma in
a tertiary referral center.

METHODS

Study design, patient population, and clinical data

A prospective cohort study was performed in the
Amsterdam UMC (location AMC). All patients
attending the outpatient clinic >1 year after a
McKeown or an Ivor Lewis esophagectomy for a
distal esophageal or GEJ carcinoma, in the period
between 2014 and 2018, were eligible. After giving oral
informed consent, patients were asked to complete
quality-of-life questionnaires. Exclusion criteria were
a mid- or proximal esophageal tumor, cervical lymph
node metastases, salvage esophagectomy, jejunal or
colonic interposition, or recurrence or death during
follow-up. In these patients with a distal or GEJ
tumor, technically both a McKeown and an Ivor
Lewis esophagectomy are possible.

All clinical data (baseline patient, tumor, treat-
ment characteristics, and postoperative morbidity
variables) for this study were obtained from a
prospectively maintained database of all surgical
patients with esophageal or gastric cancer from the
Amsterdam UMC (location AMC). Age, gender,
tumor location, comorbidities (cardiovascular, pul-
monal, or metabolic), ASA classification, neoad-
juvant therapy (chemotherapy/chemoradiotherapy),
surgical approach (open/minimally invasive), cTNM
stage, adjuvant therapy (chemotherapy/chemoradio-
therapy), histologic tumor type (adenocarcinoma,
squamous cell carcinoma, or other), (y)pTNM stage,
radicality of surgery, (positive) lymph node yield,
and tumor response after neoadjuvant therapy were
recorded. Anastomotic leakage, pneumonia, atrial

fibrillation, recurrent nerve palsy, other complica-
tions, and Clavien-Dindo grade were also recorded
according to the ECCG criteria.'?

The need for ethical approval was waived by the
Institutional Review Board of the Amsterdam UMC
(location AMC) and therefore written informed con-
sent was not needed. To strengthen the reporting of
results and composition of this article, the Strength-
ening the Reporting of Observational Studies in Epi-
demiology (STROBE) checklist was used.'!

Surgery and (neo)adjuvant therapy

All patients were discussed during the weekly Mul-
tidisciplinary Team meeting at the Gastrointestinal
Oncology Centre Amsterdam (GIOCA). Operations
were minimally invasive or open depending on tumor
characteristics (open in case of close relation to
trachea or bulky paratracheal lymph nodes), patient
characteristics (open in case of previous open surgery
or gastric surgery), and time period (before and
after implementation of minimally invasive surgery
in 2009). A two-field lymphadenectomy (lymph node
stations 2 on indication, 4, 7, 8, 9, 15-20 according
to the 8th edition of the AJCC) was performed
with a gastric tube reconstruction and a cervical
or intrathoracic anastomosis. The location of the
anastomosis mainly depended on the time period that
patients were operated. Before 2013, a McKeown
procedure was the preferred operation—also for
distal and GEJ cancer. In 2013, the (minimally inva-
sive) Ivor Lewis procedure was adopted and became
the standard approach for distal and GEJ cancer.
Chemoradiotherapy was administered according to
the CROSS schedule if indicated (>cT2N0-3 MO or
cTIN+)."2 If tumor involvement in the stomach was
>2 cm, perioperative chemotherapy was generally
administered.

Follow-up

All patients completed the questionnaires during
postoperative out-patient clinic visits, varying from
1 to 6 years postoperatively. During these visits,
a medical history and physical examination were
performed with additional imaging only in case of
complaints or if disease recurrence was suspected (in
accordance with the Dutch guideline'?).

Endpoints: HR-QoL

For the evaluation of HR-QoL, the EORTC QLQ-
C30, and EORTC QLQ-OG25 questionnaires were
used.'* The EORTC QLQ-C30 is validated for
cancer patients. It consists of 28 questions employing
response categories ranging from 1 (not at all) to 4
(very much) and two questions with response options
ranging from 1 (very poor) to 7 (excellent). Fifteen
HR-QoL domain scores are calculated from this
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questionnaire. The EORTC QLQ-OG2S5 is designed
and validated for GEJ cancer patients and consists
of 25 questions of which 16 HR-QoL domains are
calculated.

The EORTC scoring system was used.'>~!7 All
answers were linearly transformed to scores ranging
from 0 to 100. Mean values of HR-QoL domains were
calculated for each surgical approach separately. A
higher mean score in ‘global health’ and functioning
domains represent better QoL and functioning. A
higher mean symptom score represents higher level of
symptoms.

Statistical analysis

Background (baseline and postoperative morbidity)
characteristics were analyzed with Chi square or Fis-
cher’s exact tests when appropriate in case of cat-
egorical variables. In case of continuous variables,
Student‘s z-test or Mann—Whitney U test was used
for, respectively, normally distributed or not normally
distributed variables.

The differences in QoL (sub)domains between
McKeown and Ivor Lewis esophagectomies were
analyzed using univariable and multivariable linear
regression analysis. QoL (sub)domains with P < 0.10
in the univariable linear regression analysis were
entered in multivariable linear regression analysis.
Background variables showing a difference (P < 0.10)
between the surgical groups were tested for confound-
ing. If a variable caused a clinically relevant effect
(>10% change in regression coefficient), this variable
was considered a confounder and was added to the
multivariable model. The Bonferroni method was
used to correct for multiple testing after multivariable
linear regression analysis by multiplying the P-value
by the number of multivariable tests performed. The
HR-QoL of both groups was compared to the HR-
QoL of the general population using the EORTC
reference values manual.'®! Mean score differences
of >10 points were considered meaningful. Also, a
subgroup analysis was performed for patients with
no or minor postoperative complications (Clavien-
Dindo grade 0-2), to exclude the influence of severe
postoperative complications on HR-QoL. Two-sided
test was used and statistical significance was set at a
P-value <0.05. Again, a difference of >10 points in
mean scores of the HR-QoL domains was considered
clinically relevant according to EORTC guideline.”
SPSS Statistics version 24 was used for all statistical
analyses.

RESULTS

Patients

Baseline characteristics are displayed in Table 1. A
total of 204 of 335 patients were included (response

In the period of 2014 - 2018
335 eligible patients >1 year after an
esophagectomy visited the outpatient clinic

% 131 Declined to participate
\

204 included patients with distal esophagus or
gastroesophageal junction carcinoma

|
' '

McKeown esophagectomy
(n=89)

Ivor Lewis esophagectomy
(n=115)

Fig. 1 Study flow chart 104 x 82 mm (300 x 300 DPI).

rate 60.9%). Clinical information of patients who
declined participation was not recorded due to data
protection regulations. Eighty-nine patients were
treated with a McKeown esophagectomy and 115
with an Ivor Lewis esophagectomy (Fig. 1). Median
age was 65 years (interquartile range [IQR] 58-
71), the majority of patients were men (77.9%) and
had a distal esophageal adenocarcinoma (84.8%)
and an ASA classification of 2 (48.5%). Median
follow-up was 3.3 years (IQR 2.0-4.1) following
McKeown and 2.1 (IQR 1.5-2.9) following Ivor Lewis
(P <0.001). There was no significant difference in
comorbidities between the two groups. Significantly
more minimally invasive surgery was performed in
the Ivor Lewis group compared to McKeown group
(96.5 vs. 84.3%, P=0.002). Chemoradiotherapy was
the preferred neoadjuvant therapy in both groups
(P =0.649). Significantly more anastomotic leakages
(24.7 vs. 8.7%; P=0.002) and recurrent nerve palsy
(7.9 vs. 1.7%, P=0.043) occurred after a McKeown
esophagectomy. No significant difference was found
in the incidence of atrial fibrillation, pneumonia
or other complications, and Clavien-Dindo grade
between the two groups (Table 2).

Endpoints: HR-QoL domains

After univariable analysis of all HR-QoL function-
ing and symptom scores a P-value of <0.10 was
found in ‘financial difficulties’, ‘dysphagia’, ‘eating’,
‘odynophagia’, ‘anxiety’, and ‘eating with others’
domains. These HR-QoL domains were then entered
in the multivariable analysis and were corrected for
age, gender, neoadjuvant therapy (yes/no), surgical
approach (open/minimally invasive), adjuvant ther-
apy (yes/no), histologic tumor type (adenocarcinoma,
squamous cell carcinoma or other), lymph node yield,
anastomotic leakage, recurrent nerve palsy and/or
follow-up (Supplementary data Table S1). Patients
after McKeown esophagectomy reported significantly
more problems with eating with others compared
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to patients after Ivor Lewis esophagectomy (mean
scores: 49.9 vs. 38.8; P=0.042). This difference was
§§ §§§ clinically relevant as the difference between these
= Foos two scores was 11.1 points. No other domains had
significant mean score differences of >10 points
(Table 3 and Supplementary data Table S1).

When compared to the general population,
patients following McKeown or Ivor Lewis esophagec-
tomies reported a poorer HR-QoL with respect
to nausea and vomiting (mean difference is 10.5),
- dyspnea (mean difference is 15.0), appetite loss
Sue——amoRAET (mean difference is 10.4), financial difficulties (mean
difference is 17.6), problems with eating (mean
difference is 22.7), reflux (mean difference is 15.8),
eating with others (mean difference is 11.0), choked
when swallowing (mean difference is 10.7), trouble
with coughing (mean difference is 17.0) and weight
loss (mean difference is 17.1).

A subgroup analysis was performed for patients
with no or minor postoperative complications
(Clavien-Dindo grade 0-2) (Supplementary data
Tables S2 and S3). A total of 148 patients were
included: 67 after McKeown and 81 after Ivor Lewis
esophagectomy. After univariable analysis of all HR-
QoL functioning and symptom scores a P-value of
<0.10 was found in ‘global health’, ‘nausea and vom-
iting’, ‘appetite loss’, ‘financial difficulties’, ‘dyspha-
gia’, ‘eating’, ‘reflux’, ‘odynophagia’, ‘anxiety’, and
‘eating with others’ domains. After multivariable anal-
ysis and correction for multiple testing patients with
no or minor complications following a McKeown
esophagectomy reported significantly more problems
with eating with others compared to patients after an
Ivor Lewis esophagectomy (mean scores: 47.1 vs. 32.4;
P =0.030). This difference was also clinically relevant
with a mean score difference of 14.7 points.

P-value

18,19

Ivor Lewis

(21.3)
4.5)
(2.2)
0.9)
(100)

0

(17-31)
0-1)
(24.6)
(36.2)
(20.3)
(15.9)
(2.9

McKeown

19
4
2
1

89
0

23
0
17

25
14
11
2

(1.0)
(99.0)
(1.0)
(20-37)
0-1)
(26.5)
(27.6)
(24,7)
(17.6)
(3.5

Total
(22.1)
4.4)
4.9)

45
9
10
2
202
2
26
0
45
47
42
30
6

DISCUSSION

This study investigated the long-term HR-QoL in
disease-free patients after a McKeown or Ivor Lewis
esophagectomy with a two-field lymphadenectomy
for tumors where both procedures were technically
possible (distal or GEJ carcinoma without the
presence of cervical lymph node metastases). The
results show that after prolonged follow-up, both
surgical patient groups reported a highly comparable
HR-QoL. However, after a McKeown esophagec-
tomy, patients reported more problems with eating
with others compared to patients after an Ivor
Lewis esophagectomy. This difference remained after
exclusion of the influence of severe postoperative
complications. A subgroup of patients with no or
minor postoperative complications also indicated
to have trouble with eating with others following
a McKeown esophagectomy, a finding that was
not affected by major complications. Whereas the

cM1
RO
R1

— NN <t N

n (%) unless otherwise indicated; y, years; IQR, interquartile range. TNM staging classification (AJCC 8th edition). Bold values are significant.

Lymph node metastases (median (IQR))
Tumor response after neoadjuvant therapy

Lymph nodes (median (IQR))

Table 1 Continued

N1

N2

N3

c/pM
Radicality



6 Diseases of the Esophagus

i
I The ! LS f
|SDE (‘(,_ e International Society for

Diseases of the Esophagus

Table 2 Background characteristics: postoperative morbidity

McKeown (N =89) Ivor Lewis (N =115) P-value
Postoperative =~ No 41 (46.1) 64 (55.7) 0.174
complications  Yes 48 (53.9) 51 (44.3)
Anastomotic leakage 22 (24.7) 10 8.7) 0.002
Treatment with antibiotics 3 (13.6) 0 0
Percutaneous drainage 11 (50.0) 1 (10.0)
Endoscopic management 3 (13.6) 3 (30.0)
Reoperation with 4 (18.2) 6 (60.0)
preservation of anastomosis
Reoperation with resection 1 4.5) 0 0
of the anastomosis
Atrial fibrillation 17 (19.1) 24 (20.9) 0.731
Pneumonia 12 (13.5) 13 (11.3) 0.638
Recurrent nerve palsy 7 (7.9) 2 (1.7) 0.043
Other 19 (21.3) 22 (19.1) 0.695
Clavien-Dindo  Grade 0 39 (43.8) 59 (51.3) 0.139
classification Grade 1 4 4.5) 9 (7.8)
Grade 2 24 (27.0) 13 (11.3)
Grade 3A 11 (12.4) 16 (13.9)
Grade 3B 0 0 1 0.9)
Grade 4A 9 (10.1) 14 (12.2)
Grade 4B 2 2.2) 3 (2.6)

n (%) unless otherwise indicated. Bold values are significant.

results of this study on long-term HR-QoL will
not be decisive in choosing the type of surgery,
they are useful when informing patients about the
possible long-term consequences of these two surgical
techniques.

There are only a few studies that investigated the
difference in long-term HR-QoL between McKeown
and Ivor Lewis esophagectomy in patients with
esophageal carcinoma.*-®-° Overall, our findings are
different compared to the literature as we only found
one impaired HR-QoL domain after McKeown com-
pared to Ivor Lewis esophagectomy, even in patients
with no or minor postoperative complications. In
the study of Barbour et al differences in HR-QoL
results were observed after propensity score matching
such as more pain and constipation 24 months after
open Ivor Lewis esophagectomy compared to tho-
racoscopically assisted McKeown esophagectomy.’
Two other studies found no significant difference in
long-term HR-QoL between open Ivor Lewis and
open McKeown. Because the previous studies mainly
investigated HR-QoL after open procedures, they
do not reflect current practice in most countries.
Increasingly, most esophagectomies are performed
minimally invasively, since the results of the TIME
trial became available showing reduced postoperative
morbidity, less pain, and better HR-QoL following
a minimally invasive esophagectomy.’! In the current
study, a high rate of patients (91.2%) was operated
by a minimally invasive approach, thereby reflecting
current practice.

Postoperative complications occur in 59-65% of
the patients after esophagectomy and the most com-
mon complications are anastomotic leakage (11.4—
21%), pneumonia (14.6-21%), and atrial dysrhythmia

(14.5-15%).722* It has recently been shown that
complications have a negative impact not only on
HR-QoL but also on long-term survival.** Identifying
the surgical approach with the least perioperative
morbidity is therefore of great importance, as it
may lead to better survival and HR-QoL.® A recent
systematic review with a comprehensive meta-analysis
found similar cardiac arrhythmia incidence but
a higher incidence of pulmonary complications,
anastomotic leakage, and vocal cord injury after
minimally invasive McKeown compared to minimally
invasive Ivor Lewis esophagectomy.’ This systematic
review included patients with esophageal and GEJ
carcinoma following minimally invasive McKeown
and minimally invasive Ivor Lewis esophagectomies.
Likewise, in this current study, all patients had distal
or GEJ carcinoma and the majority of patients were
operated minimally invasively (91.2%). However, this
systematic review did not investigate long-term HR-
QoL.

A number of limitations should be addressed.
Since this was an observational, nonrandomized
study, some of the preoperative characteristics and
postoperative morbidity between the two groups
were different, including follow-up, age, gender,
(neo)adjuvant therapy, surgical approach, histologic
tumor type, lymph node yield, occurrence of anas-
tomotic leakage, and occurrence of recurrent nerve
palsy. A statistical correction for all of the possible
confounders was performed during multivariable
linear regression. The majority of the patients
(86.4%) following Ivor Lewis esophagectomy received
adjuvant chemotherapy because of their participation
in the SOX trial (NCT 02347904). Furthermore,
this study investigates HR-QoL only in disease-free
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patients, as patients who did not survive could not
have completed the questionnaires. The results of
this study are not applicable to patients with cervical
lymph node metastases, a more extended radiation
field and a more proximal tumor as in these patients
an Ivor Lewis esophagectomy could not have been
performed, and these patients were excluded from this
study. This study applies only to patients in whom
both procedures were possible. In addition, station
2 (according to the AJCC 8th edition®) was not
a part of the standard lymphadenectomy and was
only performed on indication. Unfortunately, it is not
possible to exclude selection bias as the reason for
patients to decline participation in this study and
clinical information of these patients (such as the
performed operation) was not recorded, following
good clinical practice guidelines, General Data
Protection Regulation, and the Medical Contract
Bill.?*?® Furthermore, because of the high number
of tested outcomes the chance of finding a significant
result by coincidence is high. Therefore, a Bonferroni
correction for multiple testing was performed.
Moreover, clinical relevance of the results was tested.
Strengths of the current study are that it has one of the
largest sample sizes and one of the longest follow-up
compared to other studies.

In conclusion, the present study investigating HR-
QoL after Ivor Lewis and McKeown esophagectomy
shows a highly comparable HR-QoL in patients
with a distal or GEJ carcinoma. Only one HR-QoL
domain—more problems in eating with others—was
found to be significantly poorer in the McKeown
compared to the Ivor Lewis group, even in patients
with no or minor postoperative complications.
These results apply to disease-free patients in whom
both procedures are possible from an oncologic
viewpoint. Additionally, irrespective of the surgical
technique, patients’ HR-QoL following esophagec-
tomy is compromised. Future studies should not
only investigate perioperative morbidity, pathol-
ogy results and survival, but also long-term HR-
QoL in these two procedures in a randomized
controlled setting. Currently, such a study is being
executed.”

SUPPLEMENTARY DATA

Supplementary data mentioned in the text are avail-
able to subscribers in DOTESO online.
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