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Abstract

Purpose Due to improved survival of esophageal cancer patients, long-term quality of life (QoL) is increasingly gaining
importance. The aim of this study is to compare QoL outcomes between open Ivor Lewis esophagectomy (Open-E) and
a hybrid approach including laparotomy and a robot-assisted thoracic phase (hRob-E). Additionally, a standard group of
healthy individuals serves as reference.

Methods With a median follow-up of 36 months after hRob-E (n=28) and 40 months after Open-E (n=43), patients’ QoL
was assessed using the European Organization for Research and Treatment of Cancer (EORTC) QoL Questionnaire Core
30 (QLQ-C30) and the EORTC Esophagus specific QoL questionnaire 18 (QLQ-OES18).

Results Patients showed similar clinical-pathological characteristics, but hRob-E patients had significantly higher ASA scores
at surgery (p <0.001). Patients and healthy controls reported similar global health status and emotional and cognitive func-
tions. However, physical functioning of Open-E patients was significantly reduced compared to healthy controls (p =0.019).
Operated patients reported reduced role and social functioning, fatigue, nausea and vomiting, dyspnea, and diarrhea. A trend
towards a better pain score after hRob-E compared to Open-E emerged (p=0.063). Regarding QLQ-OES18, hRob-E- and
Open-E-treated patients similarly reported eating problems, reflux, and troubles swallowing saliva.

Conclusions The global health status is not impaired after esophagectomy. Despite higher ASA scores, QoL of hRob-E
patients is similar to that of patients operated with Open-E. Moreover, patients after hRob-E appear to have a better score
regarding physical functioning and a better pain profile than patients after Open-E, indicating a benefit of minimally invasive
surgery.

Keywords Esophageal cancer - Hybrid robot-assisted esophagectomy - Quality of life - Postoperative pain after
esophagectomy

Introduction

Esophageal cancer is the 8th most common cancer world-
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have evolved, and include open esophagectomy with lap-
arotomy and thoracotomy, and fully minimally invasive
procedures with laparoscopy and thoracoscopy, as well as
robot-assisted esophagectomies, or combinations of these
techniques [7].

Recurrence-free and overall survival of patients with
esophageal cancer are generally poor [8]. However, survival
rates have considerably improved throughout the past years,
due to the evolution of treatment options and earlier diagno-
sis [9, 10]. Hence, more patients benefit from curative resec-
tions and a longer survival [11]. Therefore, long-term quality
of life (QoL) is increasingly gaining importance.

The European Organization for Research and Treatment
of Cancer (EORTC) Quality of Life Questionnaire Core 30
(QLQ-C30) is one of the most frequently applied tools for
an objective measurement and validation of QoL in patients
with cancer [12]. In addition, the EORTC Esophagus spe-
cific Quality of Life questionnaire 18 (QLQ-OES18) explic-
itly addresses QoL of patients after esophagectomy [11].

Systematic reviews regarding QoL of patients oper-
ated for esophageal cancer have been published in the past
[13—17]. The reported results regarding postoperative quality
of life vary from similar outcomes for the different surgical
approaches, to beneficial results after a minimally invasive
approach or a time-dependent difference [15-17]. How-
ever, they included patients treated with a large variety of
techniques in a number of different institutions. Therefore,
authors warned that their results should be considered cau-
tiously, due to possible publication and selection bias [14].
Instead, data from single institutions are ideally suited for
the analysis of clinical outcomes following operations per-
formed with different surgical techniques.

During the past 20 years, our group has accumulated a
profound experience in the treatment of esophageal cancer
[18, 19]. Initially, open Ivor Lewis esophagectomy (Open-
E) was performed [18]. Over time, a hybrid robotic-assisted
Ivor Lewis esophagectomy (hRob-E) with laparotomy and
thoracoscopy was adopted [19, 20]. In previous studies, we
reported that similar complication rates and early oncologi-
cal outcomes were observed in patients after hRob-E and
Open-E surgery, although increasing numbers of patients
with higher American Society of Anesthesiology (ASA)
grades were treated with hRob-E [19].

Recently, QoL of patients operated with fully robotic
or open Ivor-Lewis esophagectomy in a single institution
was comparatively evaluated [21-24]. In this study, we are
demonstrating the comparison between a hybrid minimally
invasive approach, including a robot-assisted thoracic phase
and an open abdominal phase, and a fully open approach.
Accordingly, only the thoracic phase of the surgery was per-
formed in a different manner.

The aim of our study is to compare the QoL of patients
after hRob-E and Open-E as well as a healthy reference
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group, using the EORTC QLQ-C30 and EORTC QLQ-
OES18 questionnaires.

Patients and methods
Patients

All patients with esophageal cancer who underwent poten-
tially curative hRob-E in our clinic from October 2015 to
September 2020 irrespective of neoadjuvant treatment were
included in the analysis. Patients alive and without signs of
tumor recurrence according to our clinic’s follow-up data-
base were initially contacted by phone and then, following
written informed consent, asked to compile the EORTC
QLQ-C30 and esophagus-specific QLQ-OES18 modules.
Data were analyzed in comparison with those from similarly
selected patients treated with open Open-E in our institution
between January 1999 and December 2010 [18] and with a
standard reference group of healthy individuals [25]. The
study was approved by the local ethics committee (project-
ID 2021-00948).

Surgical techniques

Open-E-treated patients were operated by three surgeons
with an open abdominal and an open thoracic phase. Recon-
struction was performed with a gastric conduit and an
intrathoracic esophagogastric anastomosis. hRob-E-treated
patients were operated with an open abdominal and a robot-
assisted thoracic phase. Reconstruction was also performed
with a gastric conduit and an intrathoracic esophagogastric
anastomosis. All operations were performed by the same
two surgeons. In summary, only the thoracic phase was con-
ducted in a different manner, whereas the abdominal phase
was conducted in the same manner in both cohorts, allowing
a focused evaluation of the impact of the different approach
during the thoracic phase. A comparative analysis of perio-
perative outcomes, including complication rates and 30-day
mortality, has previously been reported [19].

Quality of life assessment

QoL of eligible patients was evaluated using the German
versions of the EORTC QLQ-C30, and of the esophagus
specific QLQ-OES18 questionnaires. Both are commonly
used for QoL assessment following esophagectomy for
esophageal cancer [11].

The EORTC QLQ-C30 quantifies QoL of patients with
malignant diseases. It includes a global health/QoL scale
and five functional scales analyzing physical, role, cognitive,
emotional, and social function. In addition, three symptom
scales evaluate fatigue, pain, and nausea/vomiting and six
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single items address dyspnea, insomnia, appetite loss, con-
stipation, diarrhea, and financial problems.

The esophagus-specific QLQ-OES18 questionnaire
includes four symptom scales regarding dysphagia, eat-
ing, reflux, and pain and six single items addressing trouble
swallowing saliva, choking, dry mouth, taste, coughing, and
speaking.

All answers are linearly transformed in a 0-100 range.
High scores in the functional scales reflect higher and thus
better functional levels, whereas higher scores in a symptom
or a single item scale are associated with worse QoL.

Reference population

Data related to healthy reference populations were derived
from EORTC for the EORTC QLQ-C30 questionnaire [12],
and from a specific database for the QLQ-OES18 question-
naire [25].

Study endpoints

The endpoint of this study is quality of life, represented by
the categories, symptoms scales, and single items emerg-
ing from the responses to the EORTC QLQ-C30 and QLQ-
OES|18 questionnaires. Primarily, the data was compared for
hRob-E- versus Open-E-treated patients. Secondarily, the
results from patients with esophageal cancer who underwent
either hRob-E or Open-E were compared to a standard popu-
lation by using the same questionnaires [12, 25].

Statistical analysis

Statistical analyses were performed using R Project for Sta-
tistical Computing (v4.1.1). Missing data consisted of 2 out
of 3618 data points (< 0.001%) in the EORTC QLQ-C30
and QLQ-OES18 and was imputed with the MICE (multiple
imputation by chained equation) package (v3.9.0) (https://
www.rdocumentation.org.).

Fig. 1 Flow diagram of patient
recruitment and selection

Eligible for questioning

Robot-assisted
esophagectomy due to
esophageal cancer 74
01.10.2015 - 01.09.2020

QoL results obtained from both EORTC questionnaires
were linearly transformed into scores ranging between 0 and
100 according to the EORTC scoring manual, and healthy
population values were used as a reference [12, 25]. QoL
data are presented as mean values with standard deviations.
We used the Shapiro—Wilk test and Levene’s assumption test
to test data for normality. One-sample 7-tests were conducted
to compare the EORTC QLQ-C30 and QLQ-OES18 results
of the hRob-E and Open-E study groups with the healthy
reference population. To compare the results of hRob-E and
Open-E groups, we conducted two-sample #-tests for inde-
pendent samples.

Results

Patients’ selection and clinical-pathological
characteristics

Between October 1st 2015 and September 1st 2020, a total
of 74 patients underwent hybrid robot-assisted esophagec-
tomy (hRob-E). At the initiation of this study, 1 year after
the last performed surgery, 33 patients (45%) either had a
tumor recurrence or had deceased. In addition, 6 patients
(8%) were lost to follow-up. Therefore, a total of 35 patients
(47%) were eligible for questioning. However, 7 of them
did not complete or return all questionnaires. Thus, a total
of 28 patients, which fully completed and returned all ques-
tionnaires, were included in this study. The flow diagram of
patient selection is shown in Fig. 1. Eligible patients after
Open-E (n=43) were selected according to similar criteria,
as previously reported [18].

Clinical-pathological characteristics of patients which
underwent hRob-E or Open-E are reported in Table 1. The
median age at the time of surgery was 68 years in the robot-
assisted cohort and 69 years in the open-E cohort (p=0.616).
In both cohorts, most patients were male—86% in hRob-
E and 70% in Open-E (p =0.263). In the hRob-E cohort,
the majority (75%) of patients had an American Society of

R 0 In-hospital mortality

o~

35 33 6

Lost to follow-up

1 Deceased/recurrence

Included patients

28 7

Did not answer questionnaire

@ Springer


https://www.rdocumentation.org
https://www.rdocumentation.org

118 Page 4 of 10

Langenbeck's Archives of Surgery ~ (2024) 409:118

Table 1 Clinical-pathological

- hRob-E (n=28) Open-E (n=43) p-value
characteristics

Age at surgery 68 years (61; 73) 69 years (47; 88) 0.616

Sex
Female 4 (14%) 13 (30%) 0.263
Male 24 (86%) 30 (70%)

ASA score
1 0 (0%) 7 (16%) <0.001
2 7 (25%) 22 (51%)
3 21 (75%) 13 (30%)
4or5 0 (0%) 0(0%)
Unknown 12%) 0 (0%)

Tumor location
Upper/middle esophagus 2 (7T%) 5(12%) 0.242
Distal esophagus 16 (57%) 29 (67%)
Siewert IT 10 (36%) 9 (21%)

Histological type of cancer
Adenocarcinoma 28 (100%) 32 (74%) 0.070
Squamous cell carcinoma 0 (0%) 11 (26%)

Preoperative UICC stage
I 10 (36%) 11 (26%) 0.741
I 8 (29%) 15 (35%)
111 10 (36%) 14 (33%)
Unknown 0 (0%) 3(7%)

Neoadjuvant treatment 19 (68%) 23 (53%) 0.313

Median follow-up

36 months (25; 44) 40 months (21; 135)

ASA American society of Anesthesiologists, UICC Union Internationale Contre le Cancer

Age and median follow-up are shown as median (lower and upper quartile). Remaining data are shown as

counts (percentages)

Anesthesiologists (ASA) score of 3, whereas in the Open-E
cohort most patients (51%) had a 2 ASA score (p <0.001).
Regarding tumor characteristics, adenocarcinoma was more
common in both groups (100% vs. 74%, p=0.070) and
tumors were mostly located in the distal esophagus (57%
vs. 67%, p=0.242). In the hRob-E cohort, most patients had
a Union Internationale Contre le Cancer (UICC) stage of I
or III, while patients in the Open-E cohort most frequently
had a UICC stage of II (p=0.741). Neoadjuvant treatment
was administered to 19 patients (68%) prior to hRob-E and
to 23 patients (53%) prior to Open-E (p=0.313).

Short-term postoperative outcomes

Among the 28 patients included in this study, the most fre-
quent postoperative morbidity was, as commonly described
in the literature [7], pneumonia (28.6%). There was one case
of anastomotic insufficiency which was treated with stenting.
The overall rate of morbidity was 50%. Similar complica-
tion rates were also observed among Open-E-treated patients
[19].
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Assessment of general health-related quality of life

The European Organization for Research and Treatment of
Cancer Quality of Life Questionnaire Core 30 EORTC QLQ-
C30 assesses the quality of life (QoL) of cancer patients,
regardless of the specific existing malignancy. The mean
score of the global health status was similar in the hRob-E
(73.96), the Open-E (74.61), and the healthy control popula-
tion (71.20) (Fig. 2, upper graph).

Considering physical functioning, patients which under-
went a thoracotomy during Open-E had a significantly
reduced mean score when compared to the healthy popula-
tion (p =0.019), whereas the mean score of hRob-E-treated
patients was not significantly reduced (p =0.175). However,
the comparison of the mean score of both surgically treated
groups revealed no significant difference (p =0.540).

Regarding role functioning, the mean score was sig-
nificantly reduced in both surgically treated groups with
a mean of 72.62 in hRob-E and 74.03 in Open-E when
compared to the general population (84.70), resulting in
a p-value of 0.048 and 0.028, respectively. Direct com-
parison of hRob-E- and Open-E-treated patients’ scores
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Fig.2 Bar graphs illustrating the results of the European Organization for Research and Treatment of Cancer (EORTC) Quality of Life Core 30

QOL-C30 questionnaire

revealed no significant difference. Similar results were
observed regarding social functioning, with significantly
reduced scores in hRob-E and Open-E patients when com-
pared to the healthy population (»p =0.017 and p=0.012,
respectively), yet no significant difference when compared
to one another (p=0.671).

In contrast, regarding emotional and cognitive function-
ing, mean scores were similar in all three groups, revealing
no significant differences.

Besides the global health status and the five function-
ing scales, the EORTC QLQ-C30 also includes a total of
nine symptom and single item scales (Fig. 2, lower graph).

When compared to the healthy control group, the QoL
questionnaire revealed worse scores for both hRob-E
and Open-E regarding fatigue (p =0.032 and p <0.001),
nausea and vomiting (p =0.019 and p <0.001), dyspnea
(p=0.015, and p=0.005), and diarrhea (p =0.006, and
p=0.001).
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Patients after hRob-E experienced more appetite loss
(p=0.007) and Open-E-treated patients more frequently had
difficulties with constipation (p =0.039) when compared to
the healthy population. For these items, no statistically sig-
nificant difference could be shown when directly comparing
hRob-E with Open-E.

Regarding insomnia, financial difficulties, and pain, the
mean scores of all three groups were similar. However, a
trend towards a lower pain score after hRobE, as compared
to Open-E-treated patients, clearly emerged.

The assessed categories (upper panel) and symptom
scales (lower panel) are marked on the x-axis, while mean
scores are represented on the y-axis. Red bars refer to data
from the hRob-E cohort, green bars to those from the Open-
E cohort, and blue bars to those from the healthy control
population.

Specific assessment of QoL of patients
with esophageal cancer

Responses to the EORTC QLQ-OES18, which was specifi-
cally designed to analyze troubles of patients with esopha-
geal malignancies were also evaluated in detail (Fig. 3).
Patients treated for esophageal cancer with hRob-E or
Open-E both had worse scores regarding eating problems
(p <0.001 for both groups), reflux (p <0.001 for both

“worse” 100

80

p=.913
*

60

p=57

40

QLQ-OES18 mean score

p=01

20

“better” 0

p=.182
—

groups), and trouble swallowing saliva (p =0.002 for both
groups) when compared to the healthy control population.

Regarding pain, patients of both surgically treated
groups also had a worse score compared to the healthy
control group (p =0.016 and p <0.001, respectively). The
mean score of patients after hRob-E was slightly, however
not significantly, lower and thus better than that of patients
after Open-E.

Following hRob-E, patients had more problems with
choking when swallowing (p =0.031), troubles with
taste (p =0.020), and dry mouth (0.047) compared to the
healthy population. For these entities, patients after open
surgery also had worse scores compared to the control
population; however, the differences did not reach statisti-
cal significance.

The scores regarding trouble with coughing or talking
were similar in all groups and did not differ significantly.
Generally, for all items, there was no statistically sig-
nificant difference when directly comparing hRob-E and
Open-E (Fig. 3).

The assessed items are shown on the x-axis, whereas
mean scores are reported on the y-axis. Red bars refer to
data from the hRob-E cohort, green bars to those from the
Open-E cohort and blue bars to those from the healthy
control population.

hRob-E  Open-E  Healthy population

p=213

p=.125

Dysphagia Eating problems Reflux Pain

Trouble Choked when
swallowing saliva  swallowing taste

Trouble with Trouble with Trouble with
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Fig.3 Bar graph illustrating results of the European Organization for Research and Treatment of Cancer (EORTC) Quality of Life Oesophagus

specific QLQ-OES18 questionnaire
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Discussion

Treatment of esophageal cancer is multimodal and highly
challenging. During the past two decades, several impor-
tant advances, including earlier diagnosis, improved surgi-
cal techniques, enhanced neoadjuvant treatment regimens,
and, more recently, implementation of immunotherapy as
a treatment option, have significantly contributed to ame-
liorate prognosis [26]. In turn, improving prognosis and
survival has led to an increased focus on quality of life of
esophageal cancer patients.

An early systematic review of health-related QoL fol-
lowing esophagectomy, performed with a variety of differ-
ent techniques and comparing pre- and postoperative data,
showed that pooled scores for physical function, vitality,
general health perception, fatigue, dyspnea, and diarrhea
6 months after surgery were significantly worsened. Inter-
estingly, however, emotional function was reported to be
significantly improved half a year after esophagectomy
[13]. More recently, another systematic review, compar-
ing data from patients treated with minimally invasive
versus open surgery, showed that while specific symp-
toms such as dysphagia, eating problems, and trouble
swallowing saliva similarly declined after both surgical
approaches, global health, and social and emotional func-
tion, as well as physical and role functions, were more
frequently improved after a minimally invasive approach
[14]. Especially regarding short-term QoL, minimally
invasive esophagectomy has been suggested to be supe-
rior to the open approach [15, 21]. Consistently, decreased
pain and esophageal symptoms, and improved emotional
well-being following fully Rob-E compared to Open-E
upon a 2-year follow-up, have been reported [22]. A recent
multicentric study was able to show that different surgical
techniques, including Ivor Lewis, McKeown, or transhiatal
approaches, are associated with unique symptom profiles.
Yet, overall, minimally invasive approaches led to a lower
prevalence of reduced energy or activity tolerance [17]. In
contrast, other studies demonstrated missing differences
when comparing minimally invasive to open techniques—
for both single-center and multi-center settings [16, 24].

During the past decade, we have adopted hRob-E for
esophageal cancer treatment and were able to show that
it is at least as safe and effective as Open-E, even when
treating patients with higher ASA grades [19, 20]. Here
we comparatively analyzed QoL of patients treated with
hRob-E, Open-E, and healthy individuals.

Patients that received an esophagectomy for esophageal
cancer in our institution showed similar results regarding
the global health status when compared to healthy control
subjects—irrespective of the specific surgical approach.
These results are largely in agreement with those reported

in recent studies including patients treated with a variety
of surgical techniques [27, 28]. Furthermore, emotional
and cognitive functioning scores in both surgically treated
groups were similar compared to healthy individuals, sug-
gesting that the curative intention of the esophagectomy
might help patients to overcome the emotional impact of
their tumor diagnosis. Explanations for these encouraging
findings might include adaptive and coping mechanisms
associated with recovery, and, possibly, the relation of
other difficulties in comparison with the eminent matter
of successful tumor treatment. Furthermore, financial dif-
ficulties do not seem to affect esophageal cancer patients
after major surgery more than the healthy general popula-
tion, another reassuring aspect which may be attributed to
the Swiss social system. In addition, operated patients do
not appear to suffer from troubles with coughing or talking
any more than healthy controls, consistent, for the latter
score, with the integrity of the recurrent laryngeal nerve.

Notably, however, scores reflecting role and social func-
tioning were worse in both hRob-E- and Open-E-treated
patients compared to the healthy general population. This
emphasizes the fact that rehabilitation and recovery of these
issues must be improved in the future. Furthermore, regard-
ing specific symptoms, patients operated with either tech-
nique similarly reported fatigue, nausea and vomiting, dysp-
nea, and diarrhea. Most obviously, the role of the underlying,
malignant disease as a cause of these symptoms should
not be underestimated. Moreover, surgery, irrespective of
its technical approach, may also play a role. For instance,
nausea and vomiting may be caused by the reduced gastric
reservoir or by strictures of the conduit or pyloric stenosis
associated with conduit formation, while dyspnea might
reflect pulmonary complications frequently associated with
esophagectomy [7].

The responses to the QLQ-OES18 questionnaire revealed
that eating problems, reflux, and trouble swallowing saliva
were similarly experienced by patients treated with either
surgical approach. These symptoms may largely be attrib-
uted to the removal of the esophagogastric junction and
subsequent loss of its function as a physiological barrier.
Moreover, trouble swallowing saliva may be related to dys-
motility of the gastric conduit and ablation of motile esopha-
gus. Considering that the reconstruction of intestinal con-
tinuity by forming a gastric conduit is performed similarly
in both surgeries irrespective of the technical approach, the
fact that the results of hRob-E- and Open-E-treated patients
are similar is as anticipated.

Nonetheless, when considering that both surgically
treated groups had similarly worse scores compared to
healthy controls, it has to be taken into account that hRob-E
patients had higher ASA scores than Open-E patients. And
still, their results were not worse, which indicates that the
benefit of a minimally invasive approach in hRob-E appears
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to balance the fact that baseline conditions of these patients
were worse to begin with.

Our data is in accord with a previous study indicating
that while the global health status after minimally invasive
esophagectomy is not impaired, single specific symptoms
such as dysphagia, reflux, eating problems, and appetite
and weight loss are still reported [29]. Thus, although these
symptoms appear to be controlled, since they do not influ-
ence overall QoL, their occurrence might suggest the impor-
tance and necessity of peri- and postoperative nutritional
advice and guidance, accompanied by exercise training and
specific health education [11, 28, 30-32].

Interestingly, regarding physical functioning, scores of
patients after hRob-E were only marginally reduced com-
pared to the healthy population, whereas those of patients
after Open-E were significantly reduced. This might high-
light the benefit of a hybrid minimally invasive approach,
which may help to overcome the impact of major surgery
on physical functioning. Since the abdominal phase was
conducted in the same manner in hRob-E and Open-E, this
difference may be ascribed to the avoidance of thoracotomy
during hRob-E.

In this context, pain certainly represents an important
parameter. In the QLQ-C30 analysis in which patients were
asked whether they generally had pain, hRob-E-treated
patients reported more favorable scores compared to Open-
E-treated patients, although the difference failed to reach
statistical significance (p =0.063). This difference might be
ascribed to the avoidance of a thoracotomy in hRob-E. How-
ever, in their responses to the QLQ-OES18 questionnaire,
in which patients were more specifically asked whether they
had pain while eating or chest pain, patients from both surgi-
cally treated cohorts similarly reported worse scores com-
pared to the general population, consistent with the nature of
the malignant disease and the necessity for surgery.

Further minor differences associated with different surgi-
cal approaches were observed. For instance, in comparison
to the healthy reference population, Open-E-treated patients
had significantly worse scores regarding constipation.
Instead, patients treated by hRob-E had significantly worse
scores regarding appetite loss. We have no obvious explana-
tion for these differential observations. Choking when swal-
lowing, dry mouth, and trouble with taste were also more
frequently reported by hRob-E-treated patients. The underly-
ing physio-pathological mechanisms remain unclear.

Limitations of our work should be acknowledged.
Firstly, relatively low numbers of patients were included
in the study. Secondly, they were treated over two decades,
which might imply, in addition to the updating of surgical
technology, more subtle changes in peri- and postoperative
management possibly impacting QoL. On the other hand,
a follow-up relatively prolonged for esophageal cancer,
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and the fact that these patients were treated in the same
institution, thereby limiting additional variables of poten-
tial relevance, represents important strengths of our study.

Conclusion

Taken together, our data from a single institution shows
that the global health status as well as emotional and cog-
nitive functioning are not impaired after hRob-E or Open-
E for esophageal cancer.

However, the scores reflecting role and social function-
ing as well as specific symptoms like fatigue, nausea and
vomiting, dyspnea, and diarrhea were worse in both sur-
gically treated groups. Even though these symptoms may
be attributed to the underlying malignant disease and are
partially controlled, our data identifies issues that need to
be addressed to improve QoL and emphasizes the impor-
tance and necessity of rehabilitation and recovery includ-
ing exercise, health education, and nutritional advice.

As anticipated, scores regarding the functionality of
the gastric conduit are similar after hRob-E and Open-E,
which is explained by the same technique of reconstruc-
tion of intestinal continuity, irrespective of the surgical
approach. However, regarding physical functioning and
pain, patients after hRob-E appear to have a better profile
than patients after Open-E. This might be attributed to
the avoidance of thoracotomy, seen as this is the most sig-
nificant technical difference between hRob-E and Open-E.

Furthermore, despite significantly higher ASA scores in
hRob-E compared to Open-E patients, their outcomes were
not worse. This indicates that the benefit of a minimally
invasive approach may balance the fact that baseline con-
ditions of these patients were worse to begin with.

Authors’ contributions All authors contributed to the article. Study
conception and design: LF, KIN, and MB. Acquisition of data and
the analysis and interpretation of data: AP, NG, SD, LF, and KJIN.
The first draft of the manuscript was written by KJN and LF and was
critically revised by FVA, IMK, BPMS, MB, and DCS. LF and KIN
contributed equally and share first authorship. DCS and MB contrib-
uted equally and share last authorship. All authors read and approved
the final manuscript.

Funding Open access funding provided by University of Basel. This
study is funded by institutional means.

Data availability The data that support the findings of this study are
available from the corresponding author upon reasonable request.

Declarations

Competing interests The authors declare no competing interests.



Langenbeck's Archives of Surgery  (2024) 409:118

Page9of10 118

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Domper Arnal MJ, Ferrandez Arenas A, Lanas Arbeloa A
(2015) Esophageal cancer: risk factors, screening and endo-
scopic treatment in Western and Eastern countries. World J
Gastroenterol 21(26):7933-7943. https://doi.org/10.3748/wjg.
v21.i26.7933

2. Rubenstein JH, Shaheen NJ (2015) Epidemiology, diagnosis, and
management of esophageal adenocarcinoma. Gastroenterology
149(2):302-317.el. https://doi.org/10.1053/j.gastro.2015.04.053

3. XuQ-L, Li H, Zhu Y-J, Xu G (2020) The treatments and postop-
erative complications of esophageal cancer: a review. J Cardio-
thoracic Surg 15. https://doi.org/10.1186/s13019-020-01202-2

4. Eyck BM, van Lanschot JJB, Hulshof MCCM, van der Wilk
BJ, Shapiro J, van Hagen P, van Berge Henegouwen MI, Wijn-
hoven BPL, van Laarhoven HWM, Nieuwenhuijzen GAP, Hos-
pers GAP, Bonenkamp JJ, Cuesta MA, Blaisse RJB, Busch OR,
Creemers G-JM, Punt CJA, Plukker JTM, Verheul HMW, ...
CROSS Study Group (2021) Ten-year outcome of neoadjuvant
chemoradiotherapy plus surgery for esophageal cancer: the ran-
domized controlled CROSS Trial. J ClinOncol 39(18):1995—
2004. https://doi.org/10.1200/JC0O.20.03614

5. Shapiro J, van Lanschot JIB, Hulshof MCCM, van Hagen P,
van Berge Henegouwen MI, Wijnhoven BPL, van Laarhoven
HWM, Nieuwenhuijzen GAP, Hospers GAP, Bonenkamp JJ,
Cuesta MA, Blaisse RIB, Busch ORC, Ten Kate FIW, Creemers
G-JM, Punt CJA, Plukker JTM, Verheul HMW, Bilgen EJS, ...
CROSS study group (2015) Neoadjuvant chemoradiotherapy
plus surgery versus surgery alone for oesophageal or junctional
cancer (CROSS): Long-term results of a randomised controlled
trial. Lancet Oncol16(9):1090-1098. https://doi.org/10.1016/
S1470-2045(15)00040-6

6. van Heijl M, van Lanschot JIB, Koppert LB, van Berge
Henegouwen MI, Muller K, Steyerberg EW, van Dekken H,
Wijnhoven BPL, Tilanus HW, Richel DJ, Busch ORC, Bartels-
man JF, Koning CCE, Offerhaus GJ, van der Gaast A (2008)
Neoadjuvant chemoradiation followed by surgery versus surgery
alone for patients with adenocarcinoma or squamous cell carci-
noma of the esophagus (CROSS). BMC Surg 8:21. https://doi.
org/10.1186/1471-2482-8-21

7. Biere SS, Maas KW, Bonavina L, Garcia JR, van Berge Henegou-
wen M. I, Rosman C, Sosef MN, de Lange ES, Bonjer HJ, Cuesta
MA, van der Peet DL (2011) Traditional invasive vs. minimally
invasive esophagectomy: a multi-center, randomized trial (TIME-
trial). BMC Surg 11:2. https://doi.org/10.1186/1471-2482-11-2

8. Xi M, Yang Y, Zhang L, Yang H, Merrell KW, Hallemeier
CL, Shen RK, Haddock MG, Hofstetter WL, Maru DM, Ho L,
Wu CC, Liu M, Lin SH (2019) Multi-institutional analysis of
recurrence and survival after neoadjuvant chemoradiotherapy of
esophageal cancer: impact of histology on recurrence patterns

10.

11.

12.

13.

14.

15.

16.

17.

18.

19

20

and outcomes. Ann Surg 269(4):663—-670. https://doi.org/10.
1097/SLA.0000000000002670

He H, Chen N, Hou Y, Wang Z, Zhang Y, Zhang G, Fu J (2020)
Trends in the incidence and survival of patients with esophageal
cancer: a SEER database analysis. Thoracic Cancer 11(5):1121-
1128. https://doi.org/10.1111/1759-7714.13311

Slaman AE, Pirozzolo G, Eshuis WJ, Bergman JJGHM, Hulshof
MCCM, van Laarhoven HWM, Meijer SL, Gisbertz SS, van
Berge Henegouwen MI (2022) Improved clinical and survival
outcomes after esophagectomy for cancer over 25 years. Ann
Thorac Surg 114(4):1118-1126. https://doi.org/10.1016/j.athor
acsur.2022.02.085

Sanghera SS, Nurkin SJ, Demmy TL (2012) Quality of life
after an esophagectomy. Surg Clin North Am 92(5):1315-1335.
https://doi.org/10.1016/j.suc.2012.07.001

Scott NW, Fayers PM, Aaronson NK, Bottomley A, de Graeft A,
Gundy C, Koiler M, Petersen MA, Sprangers MA (2008) EORTC
QLQ-C30 Reference Values. https://www.eortc.org/app/uploads/
sites/2/2018/02/reference_values_manual2008.pdf

Scarpa M, Valente S, Alfieri R, Cagol M, Diamantis G, Ancona
E, Castoro C (2011) Systematic review of health-related quality
of life after esophagectomy for esophageal cancer. World J Gas-
troenterol 17(42):4660—4674. https://doi.org/10.3748/wjg.v17.142.
4660

Taioli E, Schwartz RM, Lieberman-Cribbin W, Moskowitz G, van
Gerwen M, Flores R (2017) Quality of life after open or minimally
invasive esophagectomy in patients with esophageal cancer-a sys-
tematic review. Semin Thorac Cardiovasc Surg 29(3):377-390.
https://doi.org/10.1053/j.semtcvs.2017.08.013

Kauppila JH, Xie S, Johar A, Markar SR, Lagergren P (2017)
Meta-analysis of health-related quality of life after minimally
invasive versus open oesophagectomy for oesophageal cancer. Br
J Surg 104(9):1131-1140. https://doi.org/10.1002/bjs.10577
Klevebro F, Kauppila JH, Markar S, Johar A, Lagergren P (2020)
Health-related quality of life following total minimally invasive,
hybrid minimally invasive or open oesophagectomy: a population-
based cohort study. BrJ Surg 108(6):702-708. https://doi.org/10.
1002/bjs.11998

Markar SR, Sounderajah V, Johar A, Zaninotto G, Castoro C,
Lagergren P, Elliott JA, Gisbertz SS, Mariette C, Alfieri R, Huddy
J, Pinto E, Scarpa M, Klevebro F, Sunde B, Murphy CF, Greene
C, Ravi N, Piessen G, Brenkman H, Ruurda J, van Hillegersberg
R, Lagarde SM, Wijnhoven BP, Pera M, Roigg J, Castro S, Mat-
thijsen R, Findlay J, Antonowicz S, Maynard N, McCormack O,
Ariyarathenam A, Sanders G, Cheong E, Jaunoo S, Allum W, van
Lanschot J, Nilsson M, Reynolds JV, van Berge Henegouwen MI,
Hanna GB (2021) Patient-reported outcomes after oesophagec-
tomy in the multicentre LASER study. Br J Surg 108(9):1090-
1096. https://doi.org/10.1093/bjs/znab124

Dister S, Soysal SD, Stoll L, Peterli R, von Fliile M, Ackermann C
(2014) Long-term quality of life after Ivor Lewis esophagectomy
for esophageal cancer. World J Surg 38(9):2345-2351. https://doi.
org/10.1007/s00268-014-2576-1

Angehrn FV, Neuschiitz KJ, Fourie L, Wilhelm A, Dister S, Ack-
ermann C, von Fliie M, Steinemann DC, Bolli M (2022) From
open Ivor Lewis esophagectomy to a hybrid robotic-assisted thora-
coscopic approach: a single-center experience over two decades.
Langenbecks Arch Surg. 407(4):1421-1430. https://doi.org/10.
1007/500423-022-02497-6

Angehrn FV, Neuschiitz KJ, Fourie L, Becker P, von Fliie M,
Steinemann DC, Bolli M (2022) Continuously sutured versus
linear-stapled anastomosis in robot-assisted hybrid Ivor Lewis
esophageal surgery following neoadjuvant chemoradiotherapy:
a single-center cohort study. Surg Endosc. 36(12):9435-9443.
https://doi.org/10.1007/s00464-022-09415-3

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3748/wjg.v21.i26.7933
https://doi.org/10.3748/wjg.v21.i26.7933
https://doi.org/10.1053/j.gastro.2015.04.053
https://doi.org/10.1186/s13019-020-01202-2
https://doi.org/10.1200/JCO.20.03614
https://doi.org/10.1016/S1470-2045(15)00040-6
https://doi.org/10.1016/S1470-2045(15)00040-6
https://doi.org/10.1186/1471-2482-8-21
https://doi.org/10.1186/1471-2482-8-21
https://doi.org/10.1186/1471-2482-11-2
https://doi.org/10.1097/SLA.0000000000002670
https://doi.org/10.1097/SLA.0000000000002670
https://doi.org/10.1111/1759-7714.13311
https://doi.org/10.1016/j.athoracsur.2022.02.085
https://doi.org/10.1016/j.athoracsur.2022.02.085
https://doi.org/10.1016/j.suc.2012.07.001
https://www.eortc.org/app/uploads/sites/2/2018/02/reference_values_manual2008.pdf
https://www.eortc.org/app/uploads/sites/2/2018/02/reference_values_manual2008.pdf
https://doi.org/10.3748/wjg.v17.i42.4660
https://doi.org/10.3748/wjg.v17.i42.4660
https://doi.org/10.1053/j.semtcvs.2017.08.013
https://doi.org/10.1002/bjs.10577
https://doi.org/10.1002/bjs.11998
https://doi.org/10.1002/bjs.11998
https://doi.org/10.1093/bjs/znab124
https://doi.org/10.1007/s00268-014-2576-1
https://doi.org/10.1007/s00268-014-2576-1
https://doi.org/10.1007/s00423-022-02497-6
https://doi.org/10.1007/s00423-022-02497-6
https://doi.org/10.1007/s00464-022-09415-3

18

Page 10 of 10

Langenbeck's Archives of Surgery ~ (2024) 409:118

21.

22.

23.

24.

25.

26.

van der Sluis PC, van der Horst S, May AM, Schippers C, Bros-
ens LAA, Joore HCA, Kroese CC, Haj Mohammad N, Mook S,
Vleggaar FP, Borel Rinkes IHM, Ruurda JP, van Hillegersberg
R (2019) Robot-assisted minimally invasive thoracolaparoscopic
esophagectomy versus open transthoracic esophagectomy for
resectable esophageal cancer: a randomized controlled trial. Ann
Surg 269(4):621-630. https://doi.org/10.1097/SLA.0000000000
003031

Vimolratana M, Sarkaria IS, Goldman DA, Rizk NP, Tan KS,
Bains MS, Adusumilli PS, Sihag S, Isbell JM, Huang J, Park BJ,
Molena D, Rusch VW, Jones DR, Bott MJ (2021) Two-year qual-
ity of life outcomes after robotic-assisted minimally invasive and
open esophagectomy. Ann Thorac Surg 112(3):880-889. https://
doi.org/10.1016/j.athoracsur.2020.09.027

Li Z, Cheng J, Zhang Y, Wen S, Lv H, Xu Y, Zhu Y, Zhang Z,
Mu D, Tian Z (2021) Comparison of up-front minimally invasive
esophagectomy versus open esophagectomy on quality of life for
esophageal squamous cell cancer. Curr Oncol. https://doi.org/10.
3390/curroncol28010068

Sundaram A, Geronimo JC, Willer BL, Hoshino M, Torgersen
Z, Juhasz A, Lee TH, Mittal SK (2012) Survival and quality of
life after minimally invasive esophagectomy: a single-surgeon
experience. Surg Endosc 26(1):168-176. https://doi.org/10.1007/
s00464-011-1850-7

Derogar M, Lagergren P (2012) Health-related quality of life
among 5-year survivors of esophageal cancer surgery: a prospec-
tive population-based study. J Clin Oncol 30(4):413—418. https://
doi.org/10.1200/JC0O.2011.38.9791

Lagergren J, Smyth E, Cunningham D, Lagergren P (2017)
Oesophageal cancer. Lancet 390(10110):2383-2396. https://doi.
org/10.1016/S0140-6736(17)31462-9

@ Springer

27.

28.

29.

30.

31.

32.

Mantoan S, Cavallin F, Pinto E, Saadeh LM, Alfieri R, Cagol M,
Bellissimo MC, Castoro C, Scarpa M (2018) Long-term quality
of life after esophagectomy with gastric pull-up. J Surg Oncol
117(5):970-976. https://doi.org/10.1002/js0.24995

Katz A, Nevo Y, RamirezGarcia Luna JL, Anchouche S, Tankel
J, Caminsky N, Mueller C, Spicer J, Cools-Lartigue J, Ferri L
(2023) Long-term quality of life after esophagectomy for esopha-
geal cancer. Ann Thorac Surg 115(1):200-208. https://doi.org/10.
1016/j.athoracsur.2022.07.029

Van Daele E, Stuer E, Vanommeslaeghe H, Ceelen W, Pattyn P,
Pape E (2022) Quality of life after minimally invasive esophagec-
tomy: a cross-sectional study. Dig Surg 39(4):153-161. https://doi.
org/10.1159/000526832

Chang Y-L, Tsai Y-F, Hsu C-L, Chao Y-K, Hsu C-C, Lin K-C
(2020) The effectiveness of a nurse-led exercise and health edu-
cation informatics program on exercise capacity and quality of
life among cancer survivors after esophagectomy: a randomized
controlled trial. Int J Nurs Stud 101:103418. https://doi.org/10.
1016/j.ijnurstu.2019.103418

Bonanno A, Dixon M, Binongo J, Force SD, Sancheti MS, Pickens
A, Kooby DA, Staley CA, Russell MC, Cardona K, Shah MM,
Gillespie TW, Fernandez F, Khullar O (2023) Recovery of patient-
reported quality of life after esophagectomy. Ann Thorac Surg
115(4):854-861. https://doi.org/10.1016/j.athoracsur.2022.12.015
Fernandez FG, Meyers BF (2004) Quality of life after esophagec-
tomy. Semin Thorac Cardiovasc Surg 16(2):152-159. https://doi.
org/10.1053/j.semtcvs.2004.03.008

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1097/SLA.0000000000003031
https://doi.org/10.1097/SLA.0000000000003031
https://doi.org/10.1016/j.athoracsur.2020.09.027
https://doi.org/10.1016/j.athoracsur.2020.09.027
https://doi.org/10.3390/curroncol28010068
https://doi.org/10.3390/curroncol28010068
https://doi.org/10.1007/s00464-011-1850-7
https://doi.org/10.1007/s00464-011-1850-7
https://doi.org/10.1200/JCO.2011.38.9791
https://doi.org/10.1200/JCO.2011.38.9791
https://doi.org/10.1016/S0140-6736(17)31462-9
https://doi.org/10.1016/S0140-6736(17)31462-9
https://doi.org/10.1002/jso.24995
https://doi.org/10.1016/j.athoracsur.2022.07.029
https://doi.org/10.1016/j.athoracsur.2022.07.029
https://doi.org/10.1159/000526832
https://doi.org/10.1159/000526832
https://doi.org/10.1016/j.ijnurstu.2019.103418
https://doi.org/10.1016/j.ijnurstu.2019.103418
https://doi.org/10.1016/j.athoracsur.2022.12.015
https://doi.org/10.1053/j.semtcvs.2004.03.008
https://doi.org/10.1053/j.semtcvs.2004.03.008

	Long-term quality of life after hybrid robot-assisted and open Ivor Lewis esophagectomy for esophageal cancer in a single center: a comparative analysis
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Patients and methods
	Patients
	Surgical techniques
	Quality of life assessment
	Reference population
	Study endpoints
	Statistical analysis

	Results
	Patients’ selection and clinical-pathological characteristics
	Short-term postoperative outcomes
	Assessment of general health-related quality of life
	Specific assessment of QoL of patients with esophageal cancer

	Discussion
	Conclusion
	References


