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Objective: To identify the most prevalent symptoms and those with greatest

impact upon health-related quality of life (HRQOL) among esophageal cancer

survivors.

Background: Long-term symptom burden after esophagectomy, and asso-
ciations with HRQOL, are poorly understood.
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Patients and Methods: Between 2010 and 2016, patients from 20 European

Centers who underwent esophageal cancer surgery, and were disease-free at least

1 year postoperatively were asked to complete LASER, EORTC-QLQ-C30, and

QLQ-OG25 questionnaires. Specific symptom questionnaire items that were asso-

ciated with poor HRQOL as identified by EORTC QLQ-C30 and QLQ-OG25 were

identified by multivariable regression analysis and combined to form a tool.

Results: A total of 876 of 1081 invited patients responded to the question-

naire, giving a response rate of 81%. Of these, 66.9% stated in the last

6 months they had symptoms associated with their esophagectomy. Ongoing

weight loss was reported by 10.4% of patients, and only 13.8% returned to

work with the same activities.

Three LASER symptoms were correlated with poor HRQOL on multivariable

analysis; pain on scars on chest (odds ratio (OR) 1.27; 95% CI 0.97–1.65), low

mood (OR 1.42; 95% CI 1.15–1.77) and reduced energy or activity tolerance

(OR 1.37; 95% CI 1.18–1.59). The areas under the curves for the development

and validation datasets were 0.81� 0.02 and 0.82� 0.09 respectively.

Conclusion: Two-thirds of patients experience significant symptoms more

than 1 year after surgery. The 3 key symptoms associated with poor HRQOL

identified in this study should be further validated, and could be used in

clinical practice to identify patients who require increased support.

Keywords: esophageal cancer, quality of life, survivorship, symptoms

(Ann Surg 2020;xx:xxx–xxx)

G lobally, esophageal cancer is the 12th most common cancer type
and the 7th most common cause of cancer-related death.1–3

Multimodality approach to treatment, along with centralization of
esophageal cancer surgery to high-volume centers and the introduction
of minimally invasive approaches to surgery, have been associated with
major recent improvements in short-term and oncological outcomes and
survival.4–7 With improvements in survival, the assessment of patient-
reported outcome measures including health-related quality of life
(HRQOL) has become increasingly important. However, current data
regarding the long-term symptom burden following potentially curative
esophagectomy are extremely limited, and therefore evidence-based
interventions are lacking. One retrospective population-based cohort
study suggested around 40% of patients seek medical attention for long-
term symptoms, associated with increased depression and anxiety.8

The European Organisation for Research and Treatment of
Cancer (EORTC) have developed questionnaires for the assessment

9,10
of HRQOL during treatment for esophageal cancer. These tools
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have been used in a research setting to assess the impact on HRQOL
of multimodality treatment, variations in surgical technique and
complications.11,12 However, the EORTC-QLQC30 and OG25 mod-
ules are often considered too long and cumbersome to be used in
clinical practice. Furthermore, these questionnaires are not designed
for use in disease-free survivorship, when the nature of symptoms
and their HRQOL impact may be significantly different, compared
with the context of diagnosis and treatment.

The overall aim of this multicenter European study was to
identify the most prevalent symptoms and those with the greatest
impact upon HRQOL in patients surviving more than 1 year after
esophagectomy for cancer, and combine these into a clinically
relevant symptom-based tool to measure HRQOL.
To achieve this aim the specific objectives were to:
�

es

2

C

Quantify the proportion of patients with lasting symptoms more
than 1 year after esophagectomy, as well as symptom frequency

and severity of these symptoms.
�
 Evaluate how these symptoms have been investigated and treated.
� Correlate the most frequent symptoms with HRQOL as measured

using existing EORTC tools (QLQ-C30 and QLQ-OG25).

METHODS

LASER Questionnaire Development
The development of the LASER questionnaire was performed

in 4 sequential steps.
Firstly, a systematic literature search was undertaken to

identify symptoms experienced by patients and affecting quality
of life following esophagectomy (Appendix A, http://links.lww.com/
SLA/C129).

Secondly, this list of symptoms was sent to a cohort of expert
esophageal surgeons across Europe (identified through the European
Society for Diseases of the Esophagus) and refined based on their
feedback through 3 rounds of a Delphi consensus process. Once this list
of symptoms was established it was translated to a patient question-
naire format written in English. The questionnaire was circulated to the
expert panel who were asked to state whether each question should be
included, excluded, or modified. Free text comments were encouraged
to justify each decision during this Delphi process.

Thirdly, 2 patient workshops were conducted in Imperial College
London, London, United Kingdom and Karolinska Institutet, Stock-
holm, Sweden, to specifically receive patient feedback in the design of
the LASER questionnaire. Responses were collated and the question-
naire was refined based on the feedback. A revised questionnaire was
sent back to the expert group with a call for further comments.

Finally, after further refinement the questionnaire was piloted
in 40 patients from 4 centers across Europe (Imperial College
London, Veneto Institute of Oncology, Karolinska Institutet, and
Claude Huriez Lille). Patients completed the questionnaire with a
member of the research group and responses were returned in paper
format to the study group for analysis of patient acceptability and
understanding of the LASER questions. Alongside the pilot study,
the questionnaire was shared with a patient involvement group to
comment on individual questions and wording.

After the pilot phase the LASER group met to interpret the
results and review feedback from the patient groups. A further
refinement process was undertaken and the final version of the LASER
questionnaire was created. Participating centers then translated the
questionnaire into their respective languages using 2-way translation.

Patient Selection
Disease-free patients who underwent esophagectomy for
ophageal or junctional (Siewert I and II) cancer with a curative

| www.annalsofsurgery.com
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intent between January 1, 2010 and June 30, 2016 were screened for
inclusion. Only patients who were at least 12 months post completion
of treatment, either surgery or adjuvant oncologic therapy, were
considered eligible, and those who underwent salvage esophagec-
tomy following failed primary endoscopic or oncologic treatment
were included.

Exclusion criteria were as follows: Endoscopic therapy or
definitive oncological treatment as sole therapy for esophageal
cancer, known cancer recurrence, ongoing surgical complications
(eg, tracheostomy, persistent fistula), nonoral nutrition (eg, jejunos-
tomy catheter still used). Patients requiring anastomotic stricture
dilatations or with postoperative diaphragmatic hernia (>90 d after
surgery) were included. Postoperative follow-up was variable across
centers; however, the majority of centers (18 out of 20) performed a
CT scan at 1 year to establish disease-free status.

Data Collection
Existing institutional databases were screened to identify

patients who met the selection criteria at participating centers across
Europe (Appendix B, http://links.lww.com/SLA/C130), which were
invited to take part in this study. Invitation was given to patients,
either face-to-face (in outpatient clinic), by telephone or by letter.
Patients were provided with either an email link to the questionnaires
with direct registration of responses into the database or a paper
format of the questionnaire, which was returned to the participating
center and entered manually into the database, to avoid potential
biases associated with supervised questionnaire completion. Centers
were asked to record the number of invitations accepted and the
number of questionnaires returned to provide an overall response rate
for the survey (Appendix B, http://links.lww.com/SLA/C130).
Patients were asked to complete 3 questionnaires; LASER question-
naire (Appendix C, http://links.lww.com/SLA/C131), the EORTC
QLQ-C30, and the QLQ-OG25.9,10 Clinicians at the participating
center were asked to provide additional clinical, pathologic, and
demographic metadata (Appendix D, http://links.lww.com/SLA/
C132). Anonymous data were uploaded electronically to a secure
online web-based platform for data collection (www.laserstudy.org).
Local Institutional Review Board and ethical approvals were gained
by each participating center.

Data Validation and Quality
Each center was requested to return 20% of the paper ques-

tionnaires randomly selected, to the central site. The data entered on
the website were compared to the source document, and any incon-
sistencies queried with the participating center. Overall the accuracy
of data entered on the website was 96.2% when compared with the
paper questionnaires. Missing data in HRQOL was handled accord-
ing to EORTC protocol for individual questionnaires.

Statistical Analysis
Each HROQL symptom item comprised 4 categories on a

Likert scale: 1, not at all; 2, a little; 3, quite a bit; 4, very much. Linear
transformation of Likert scores for answers in each conceptual area
was performed as per EORTC recommendations.13,14 Symptom
scores hence comprise a numeric value from 0 to 100, with higher
scores indicating more pervasive symptoms.

The QLQ-C30 contains questions grouped into 5 functional
and 9 symptom scales and the QLQ-OG25 contains questions
grouped into 1 functional and 15 symptom scales. Patients were
defined as having poor HRQOL if they indicated problems with
functioning as well with as symptoms. They indicated problems
related to functioning and symptoms by answering ‘‘Quite a Bit’’ or’’
Very Much’’ to any of the questions related to functioning and

symptoms (QLQ-C30 and QLQ-OG25), respectively. Patients who
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did not answer ‘‘Quite a Bit’’/’’Very Much’’ were considered as
having good HRQOL. Each symptom from the LASER question-
naire was graded according to impact upon quality of life and
frequency of the symptom, with a composite score from 0 to 5
(Appendix E, http://links.lww.com/SLA/C133). The statistical meth-
odology for the development of the prediction model for poor
HRQOL is described in Appendix F, http://links.lww.com/SLA/
C134. The area under the receiver operating characteristics curve
(AUC) was utilized as a measure of overall accuracy of the prediction
model, for test and validation cohorts generated by random cohort
allocation from the entire dataset. The potential associations between
patient, treatment, and postoperative outcome factors upon key long-
term symptoms and HRQOL factors were also evaluated through
multivariate regression models (Appendixes G, http://links.lww.com/
SLA/C135 and H, http://links.lww.com/SLA/C136). All statistical
analyses were conducted by an experienced biostatistician (A.J.)
using SAS 9.4 (SAS institute Inc, Cary, NC).

RESULTS

Across 20 participating European centers, 876 of 1081
patients who met the inclusion criteria responded to the question-
naires. The mean response rate to the questionnaire was 81%
(Appendix B, http://links.lww.com/SLA/C130). These responses
from 876 patients were included in the LASER and EORTC analysis.
Ninety-five (11%) out of 876 patients did not have available clinical
and treatment data, and were removed from the clinical factor
analysis and remaining 781 patients were included. Patient, tumor,
and treatment demographics are presented in Table 1. The median
length of time patients were following surgery was 4.3 years (inter-
quartile range 3.1 to 5.8 yrs).

LASER Questionnaire Results

LASER Symptoms
From the 876 patients who responded to the LASER ques-

tionnaire, 66.9% stated in the last 6 months they had experienced
symptoms associated with their esophagectomy. Of these patients the
5 most prevalent symptoms were; early feeling of fullness after
eating (78.5%), reduced energy or activity tolerance (73.4%), tired-
ness (70.5%), heartburn (70.4%), and bloating or cramping after
eating (60%) (Fig. 1A). The most common symptoms affecting
patients daily or multiple times per day were: early feeling of fullness
(33.3%), reduced energy or activity tolerance (30%), and tiredness
(27.6%) (Fig. 1B). The most common symptoms to have a substantial
impact upon HRQOL were: reduced energy or activity tolerance
(26.2%), tiredness (24.8%), and heartburn (18.7%) (Fig. 1C).

Investigation and Treatment of Symptoms
In the past 6 months, 52.4% of patients had sought medical

treatment for their symptoms, and of these, 51.7%, 37.4%, and 29.5%
were investigated with blood tests, radiological investigation, or
endoscopy for study of their postoperative symptoms, respectively.
The most commonly used postoperative medication was proton
pump inhibitor therapy in 75.2% followed by sodium alginate
preparations (eg, Gaviscon) in 25.1% of patients. Interestingly
17.9% of patients reported using regular (daily or multiple times
per day) analgesia more than 1 year following esophageal cancer
treatment. Patients using regular analgesia had more problems with
physical (odds ratio [OR] ¼ 3.30, 95% confidence interval [CI]
2.10–5.19), role (OR ¼ 3.19, 95% CI 1.91–5.33), emotional (OR ¼
1.93, 95% CI 1.19–3.13), cognitive (OR¼ 2.00, 95% CI 1.18–3.40),
and social (OR¼ 2.72, 95% CI 1.62–4.56) functioning measured by

EORTC QLQ-C30, on univariate analysis.

� 2020 Wolters Kluwer Health, Inc. All rights reserved.
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Weight Loss and Nutrition
At more than 1 year following esophageal cancer treatment,

10.4% of patients reported they were still losing weight, 32.4% that
they were struggling to maintain their body weight, and 18.8% that
they required supplemental oral nutrition. Esophageal cancer surgery
had a substantial effect on patients’ eating habits. A majority (74.2%)
of patients reported their eating habits to be different than that before
they were diagnosed with cancer. Further, more than half of the
patients (50.8%) found that their changed eating habits affected their
social life.

Occupational and Functional Status
Before being diagnosed with cancer 54.7% of patients were in

employment. Of these patients, 21% retired following cancer treat-
ment, and of those not retired 42.2% had returned to employment
with the same activities as before (Fig. 2A). When patients were
asked to grade their functional status over the past 6 months, only
38.2% of patients felt they were fully active and able to carry out all
predisease performance without restriction (Fig. 2B).

99.3% of patients were happy they survived cancer and 98.6%
were satisfied with their cancer treatment.

Correlation of LASER with EORTC QLQ-C30 and
QLQ-OG25 and Creation of a Symptom Tool

Each symptom from the LASER questionnaire was graded
according to impact upon quality of life and frequency of the
symptom, with a composite score from 0 to 5 (Appendix E,
http://links.lww.com/SLA/C133). Each symptom composite score
was then correlated with poor HRQOL as measured by the EORTC
QLQ-C30 and OG25 to identify the symptoms that had the greatest
correlation with poor HRQOL. Three LASER symptoms in multi-
variate analysis (Appendix F, http://links.lww.com/SLA/C134) were
associated with poor HRQOL as measured by the EORTC QLQ-C30
and the QLQ-OG25; pain on scars on chest (OR ¼ 1.27; 95% CI
1.07–1.65), low mood (OR¼ 1.42; 95% CI 1.15–1.77), and reduced
energy or activity tolerance (OR ¼ 1.37, 95% CI 1.18–1.59). Mean
difference analysis between patients with poor and good LASER tool
scoring showed marked differences in physical, role, emotional,
cognitive, and social functioning as measured by EORTC QLQ-
C30 (Fig. 3A), and in body image as measured by the QLQ-OG25
(Fig. 3B).

The collected data were divided into 70% for model develop-
ment and 30% for model validation. The area under the curve for the
development dataset was 0.81� 0.02 and for the validation dataset
was 0.82� 0.09 in the model validation (Fig. 4).

Analysis of Clinical Factors Associated With Key
LASER Symptoms and HRQOL Measures
(Appendixes G, http://links.lww.com/SLA/C135 and
H, http://links.lww.com/SLA/C136)

Increasing age and totally minimally invasive esophagectomy
were associated with decrease in pain from scars on the chest.
Increasing age, hybrid minimally invasive esophagectomy, and
pathological stage 0 were associated with a decrease in low mood.
No neoadjuvant therapy was also associated with an increase in low
mood. The absence of 30-day complications was associated with
increased physical, role and social functioning, and global health
status. Country where treatment was performed was also seen to be
associated with some HRQOL outcomes. Specifically surgery in
Spain was associated with increased chest wall pain (Appendix G,
http://links.lww.com/SLA/C135), Italy was associated with
improved role, emotional and social functioning, Netherlands was

associated with improved emotional and social functioning and

www.annalsofsurgery.com | 3

authorized reproduction of this article is prohibited.

http://links.lww.com/SLA/C133
http://links.lww.com/SLA/C134
http://links.lww.com/SLA/C134
http://links.lww.com/SLA/C135
http://links.lww.com/SLA/C135
http://links.lww.com/SLA/C136
http://links.lww.com/SLA/C130
http://links.lww.com/SLA/C133
http://links.lww.com/SLA/C134
http://links.lww.com/SLA/C135
http://links.lww.com/SLA/C136
http://links.lww.com/SLA/C135


CE: D.C.; ANNSURG-D-19-02277; Total nos of Pages: 9;

ANNSURG-D-19-02277

TABLE 1. Patient Demographics of LASER Questionnaire Respondents

Patient Demographic Number (Percentage) Test Validation

Age (median [interquartile range]) 65 (58–70) 64 (58–70) 65 (60–71)
Sex

Male 559 (77.1) 384 (76.0) 175 (79.6)
Female 166 (22.9) 121 (24.0) 45 (20.5)
Missing 56 42 14

Weight (median [interquartile range]) (kg) 78 (68–88) 78 (68–88) 79 (68–87)
Surgical technique:

Ivor-Lewis 450 (57.6) 314 (57.4) 136 (58.1)
Left thoraco-abdominal 48 (6.2) 33 (6.0) 15 (6.4)
McKeown 175 (22.4) 127 (23.2) 48 (20.5)
Transhiatal 108 (13.8) 73 (13.4) 35 (15.0)

Surgical access
Open 392 (54.3) 275 (54.7) 117 (53.4)
Hybrid minimally invasive

�
134 (18.6) 100 (19.9) 34 (15.5)

Totally minimally invasive 196 (27.2) 128 (25.5) 68 (31.1)
Missing 59 44 15

Anastomosis site
Cervical 283 (39.2) 197 (39.2) 86 (39.1)
Thoracic 439 (60.8) 305 (60.8) 134 (60.9)
Missing 59 45 14

Anastomosis orientation
End-end 200 (28) 143 (28.8) 57 (26.2)
End-side 464 (64.9) 318 (64.0) 146 (67.0)
Side-side 51 (7.1) 36 (7.2) 15 (6.9)
Missing 66 50 16

Pyloric drainage
Drainage procedure 236 (33) 169 (33.9) 67 (31.0)
No drainage 479 (67) 330 (66.1) 149 (69.0)
Missing 66 48 18

Postoperative feeding jejunostomy
No 160 (23.3) 116 (24.2) 44 (21.3)
Yes 527 (76.7) 364 (75.8) 163 (78.7)
Missing 94 67 27

Neoadjuvant therapy
No 148 (20.7) 100 (20.0) 48 (22.2)
Yes 567 (79.3) 399 (80.0) 168 (77.8)
Missing 66 48 18

Adjuvant therapy
No 532 (84) 373 (85.2) 159 (81.5)
Yes 101 (16) 65 (14.8) 36 (18.5)
Missing 148 109 39

Pathological stage
Stage 0 138 (20) 106 (21.7) 32 (15.9)
Stage I 225 (32.7) 152 (31.2) 73 (36.3)
Stage II 174 (25.3) 123 (25.2) 51 (25.4)
Stage III/IV 152 (22.1) 107 (21.9) 45 (22.4)
Missing 92 59 33

30-d postoperative complication
No 311 (42.9) 212 (42.0) 99 (45)
Yes 414 (57.1) 293 (58.0) 121 (55)
Missing 56 42 14

Clavien-Dindo grade
I 42 (10.5) 31 (11.0) 11 (9.3)
II 187 (46.8) 128 (45.4) 59 (50.0)
III 125 (31.3) 89 (31.6) 36 (30.5)
IV 46 (11.5) 34 (12.1) 12 (10.2)

Long-term complications (>90 d after surgery)
Anastomotic stricture 87 (11.1) 60 (11.0) 27 (11.5)
Diaphragmatic hernia 14 (1.8) 10 (1.8) 4 (1.7)
Incisional hernia 5 (0.6) 4 (0.7) 1 (0.4)
Delayed gastric emptying requiring dilatation 42 (5.4) 30 (5.5) 12 (5.1)

Country
Netherlands 223 (28.8) 151 (27.6) 73 (31.6)
UK 245 (31.5) 179 (32.7) 66 (28.6)
Sweden 74 (9.5) 50 (9.1) 24 (10.4)
France 33 (4.2) 26 (4.8) 7 (3.0)
Italy 93 (12) 64 (11.7) 29 (12.6)
Ireland 75 (9.6) 52 (9.5) 23 (10.0)
Spain 34 (4.4) 25 (4.6) 9 (3.9)
Missing 3 3

�Laparoscopic abdomen and open chest/open abdomen and thoracoscopic chest.
y
No statistically significant differences in factors examined were identified between test and validation cohorts.
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FIGURE 1. Symptom-related questionnaire. A, In the last 6 mo do you have any of the following symptoms? B, What proportion of
patients experience these symptoms daily or multiple times per day? C, What proportion of patients has a substantial impact upon
their HRQOL from these symptoms?.
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global health status (Appendix H, http://links.lww.com/SLA/C136).
Given the cross-sectional design of this study, the effect of years
since surgery was analyzed, and did not affect any of the key LASER
symptoms (Appendix G, http://links.lww.com/SLA/C135), or
HRQOL as measured by EORTC tools with the exception of an
improved in emotional functioning (Appendix H, http://links.

lww.com/SLA/C136).
DISCUSSION

This large multicenter European study of over 800 disease-

free patients after esophageal cancer resection delivers several

� 2020 Wolters Kluwer Health, Inc. All rights reserved.
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important clinical findings. Firstly, approximately two-thirds of
patients experience symptoms related to their esophagectomy more
than 1 year after surgery. Secondly, one-half of patients sought
medical attention, with further invasive and noninvasive investiga-
tions and medical treatment frequently resulting. Thirdly, nutritional
challenges remain a major issue in these long-term survivors, with
more than 40% of patients losing or struggling to maintain their body
weight. Further, esophagectomy has a substantial effect on functional
status with overall only 14% of patients returning to employment at a
similar intensity to that prior to their diagnosis. Finally, arguably the
most important outcome from this study, was the identification of 3

key symptoms: low mood, pain from scars on chest, and reduced
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FIGURE 1. (Continued).
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energy or activity tolerance, that were associated with poor HRQOL
as measured by the established EORTC QLQ-C30 and QLQ-OG25
tools. These 3 symptoms when combined generated a reliable model
for identification of patients with a poor HRQOL, with an overall
diagnostic accuracy of over 80%.

When interpreting the results it is important to consider the
strengths and weakness of the study. In terms of strengths, the
methodology used for the design of the LASER questionnaire was
robust with systematic literature review, 3 rounds of a Delphi
consensus, 2 patient workshops and pilot of the study in 4 centers
to further refine the questionnaire. This study benefited from a large
sample size, from 7 European countries, and with the surgery
performed between 2010 and 2016, was representative of modern
treatment approaches to esophageal cancer, suggesting good gener-
alizability within Europe for the research findings. Patients were
asked to complete the LASER, EORTC QLQ-C30, and QLQ-OG25
questionnaires, at their own home, to avoid any bias that may be
introduced through direct involvement of the clinical team in data
collection. The response rate to the questionnaires was high, identi-
fying the importance of these research questions to patients, patient
acceptability of the questionnaire itself and methodologically con-
ferring internal validity of the study itself. The limitations of this
study include the cross-sectional design of the study, and therefore
the baseline symptoms and HRQOL of included patients are
unknown and further the longitudinal change in symptoms and
HRQOL over time was not studied. The study did not include
non-disease-free survivors, which is an important area for future
investigation, to understand the symptom burden load in this specific
cohort of patients. Further, patients were asked to recall symptoms
over the preceding 6 months immediately prior to the completion of
the questionnaire, which may have led to some recall bias within the
study. Identification of symptoms, 6 months before the administra-
tion of the questionnaire was chosen as the time-point following the
questionnaire development Delphi consensus process to identify
those key symptoms affecting HRQOL. However, in clinical imple-
mentation of this tool a short time-span for the assessment may be
chosen and validated to facilitate practical clinical pathway integra-
tion. This study developed a clinical symptom-based tool to identify

poor HRQOL in this large European cohort; however, there is a need
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for further external validation in a large prospectively cohort of
patients given the importance of country identified in several aspects
of HRQOL (Appendices F, http://links.lww.com/SLA/C134 and G,
http://links.lww.com/SLA/C135), and also in a non-European cohort
to evaluate the external validity of this tool.

In addition to the findings of this study, it provides a novel
approach in clinical practice by providing a clinically relevant
symptom-based tool that reflects HRQOL. This eliminates the need
for collecting 2 streams of data; clinical symptoms and HRQOL
information that is increasingly needed for patient-centered quality
of life information. This approach offers an immediate measurable
impact of symptoms on HRQOL during consultation. Assessment of
the clinical utility of this developed tool and its validity in clinical
practice is the next step in its development, including the integration
of the frequency and severity scoring system developed (Appendix E,
http://links.lww.com/SLA/C133). Further none of the participating
centers had dedicated cancer survivorship programs for symptom
evaluation and assessment of HRQOL more than 1 year after
esophagectomy. The integration of a symptom-based tool into the
long-term clinical pathway may have a high clinical utility and serve
to identify patients who will benefit most from future-tailored cancer
survivorship programs.

The 3 symptoms from the LASER questionnaire that were
significantly associated with poor HRQOL as measured by the
validated EORTC QLQ-C30 and QLQ-OG25 tools were: low mood,
pain from scars on chest, and reduce energy or activity tolerance.
Reduced energy or activity tolerance may be primarily associated
with the reduced caloric intake following esophagectomy through
reduction in gastric reservoir size and nutrient absorption and
hormonally mediated reduction in appetite or alternatively the
physiological insult of major surgery with postoperative recovery
and further oncological therapy in the adjuvant or neoadjuvant
setting.15,16 Low mood was also significantly associated with poor
HRQOL, whether this represents a primary clinical problem or a
sequela of cancer and its treatment is difficult to determine. However,
the importance of psychological well-being after esophagectomy has
been established, with national cohort studies suggesting poorer
overall survival in patients diagnosed with depression after esoph-

17,18
agectomy. Multimodal rehabilitation protocols have shown
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FIGURE 2. Work and Functional status. A, Have you returned to work? B, How would you grade your functional status over the past
6 mo?.
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promise in this regard, with the RESTORE randomized controlled
trial utilizing a multidisciplinary program including exercise, nutri-
tional optimization, and counseling to improve cardiorespiratory
fitness among survivors following esophageal or gastric cancer
surgery.19

Pain from the scars on the chest was also significantly
associated with poor HRQOL, while almost 20% of patients required
ongoing analgesia in survivorship. The importance of this finding is
2-fold; firstly, this demonstrates the need for specifically tailored
physiotherapy for patients receiving thoracotomy. As thoracotomy
with division of the rib and division of the intercostal muscles can
result in the formation of substantial scar tissue, that may benefit
from intensive specific postoperative physiotherapy to improve long-

20,21
term chest wall pain and motion. Furthermore, the importance

� 2020 Wolters Kluwer Health, Inc. All rights reserved.
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assigned to pain from scars on the chest wall, observed in this study
may explain the improved QOL after minimally invasive esopha-
gectomy compared with open surgery.22 Multivariate analysis
showed totally minimally invasive esophagectomy was associated
with reduced chest-wall pain, thus providing a further rationale for
the widespread international adoption of minimally invasive esoph-
agectomy. Several aspects of HRQOL measured in these long-term
survivors were affected by 30-day complications, suggesting the
importance of seeking to reduce complications around the peri-
operative period.

In conclusion, the results of this large multicenter European
study have provided a benchmark for quantification and impact of the
lasting symptoms patients are left with following surgery for esoph-

ageal cancer. Two-thirds of patients had symptoms relating to their
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FIGURE 3. A, Mean score difference between poor and good HRQOL patients as defined by LASER tool for scales in QLQ-C30. B,
Mean score difference between poor and good HRQOL patients as defined by LASER tool for scales in OG25.
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FIGURE 4. A, Receiver operating characteristics curve for the
accuracy of the LASER tool (3 symptoms—pain from scars on
chest, low mood and reduced energy or activity tolerance) in
identifying patients with poor HRQOL (development data-
set)—area under the curve 0.81�0.02. B, Receiver operating
characteristics curve for the accuracy of the LASER tool (3
symptoms—pain from scars on chest, low mood, and reduced
energy or activity tolerance) in identifying patients with poor
HRQOL (validation dataset)—area under the curve 0.82�0.09.

Annals of Surgery � Volume XX, Number XX, Month 2020 LASER—European Multicenter Cross-sectional Study
esophagectomy and one-half sought medical investigation and treat-
ment more than 1 year after surgery. Three key symptoms were
identified that when combined in a single tool, were able to identify
patients with poor HRQOL with an accuracy of over 80%. Future

studies may aim to prospectively validate this tool, and to further

� 2020 Wolters Kluwer Health, Inc. All rights reserved.
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advance our mechanistic understanding of these long-term symp-
toms, to facilitate the development of targeted, evidence-based
interventions to improve HRQOL in this cohort.
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