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ABSTRACT

BACKGROUND AND PURPOSE
Neoadjuvant chemoradiation (nCRT) followed by esophagectomy is a treatment with cu-

rative intent for resectable esophageal cancer. The aim of this study was to measure ac-

tivities of daily living (ADL) and quality of life (QoL), and to examine correlates of chang-

es in ADL and QoL.

METHODS
A prospective study was performed with three time points (baseline, one week after 

the end of nCRT, 3-months post-surgery) together with a cross-sectional post-treatment 

study. ADL was measured with the Amsterdam Linear Disability Score (ALDS), and QoL 

with the EORTC QLQ-C30 and the OES-18. Regression analysis was performed to identi-

fy factors associated with changes in ADL and QoL.

RESULTS 
76 patients were included in the prospective study, 79 in the cross-sectional study. Af-

ter nCRT, ALDS decreased from 90-88 (p<0.01) and remained stable after surgery. Global 

QoL decreased from 75-61 (p<0.01); no significant changes were observed after surgery. 

Only timing of the measurement of ALDS was negatively associated with non-maximum 

ALDS (n=155, based on both studies) and QoL (n=76) (p<0.01).

CONCLUSION
Patients who undergo nCRT plus surgery should be prepared to experience a short-term 

decline in ADL and QoL. The findings of this study can support patients and healthcare 

workers to guide expectations. 
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INTRODUCTION

Esophageal cancer is the eighth most common cancer and ranks sixth on the list of can-

cer mortality causes.[1] Moreover, incidence has increased in the last 20 years. The medi-

an age of patients with esophageal cancer is 67 years and 30% is aged ≥75 years.[2] Mul-

timodality treatment including chemo(radio)therapy and surgery is the preferred treat-

ment for esophageal cancer if a patient is fit for surgery and the tumor is resectable with-

out evidence of distant metastases. With this regimen a 5-year overall survival of almost 

50% can be achieved.[3] 

An important aim of esophageal cancer treatment is to preserve or recover the patient’s 

functional status. Functional status refers to routine activities of daily living (ADL) such as 

self-care, housekeeping and outdoor activities.[4] Decline of functional status is associat-

ed with mortality in older hospitalized patients (aged > 65 years).[5] Furthermore, almost 

75% of elderly with serious diseases including cancer, reported that they would rather die 

than experience functional decline.[6] 

Besides functional outcome, other domains of quality of life (QoL) are important in can-

cer patients. Even when patients can be treated with curative intent, they may consid-

er QoL of primary importance and report that this may outweigh survival when deciding 

on treatment options.[7] Esophagectomy is associated with a deterioration of social func-

tioning and the onset of symptoms such as fatigue, pain, reflux, dyspnea and cough.[8-10] 

Data on QoL after multimodality treatment showed a temporary negative effect on most 

aspects of QoL, but normalized or even improved 1-2 years after surgery.[11-14]

To date, ADL have not been well explored during and after treatment of esophageal can-

cer. Therefore, this study aims to 1) measure ADL and QoL during the course of treatment 

for esophageal cancer with curative intent, and 2) examine factors associated with chang-

es in ADL and QoL in a prospective and cross-sectional study.
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MATERIAL AND METHODS

PROSPECTIVE STUDY
Participants
Consecutive patients with resectable esophageal cancer were recruited from the Aca-

demic Medical Center, a tertiary center for esophageal cancer treatment in the Neth-

erlands. Inclusion criteria were patients with resectable, histologically proven esopha-

geal cancer requiring treatment with neoadjuvant chemoradiation (nCRT). Exclusion cri-

teria were inability to answer a questionnaire in Dutch. In accordance with national regu-

lations, formal ethics approval for researching human data was not needed.[15, 16] All pa-

tients provided written informed consent.

Treatment
Patients were planned for treatment with weekly carboplatin area under the curve (AUC) 

2 and paclitaxel 50 mg/m2 during 5 weeks. Concomitant with chemotherapy, radiother-

apy was administered in 23 fractions of 1.8 Gy in five daily fractions per week to reach a 

total radiation dose of 41.4 Gy. 

All patients were treated with intensity-modulated radiation therapy. Open as well as 

minimally invasive transthoracic or transhiatal surgery was performed 4-10 weeks after 

completion of nCRT. Tumors of the gastro-esophageal junction underwent transhiatal re-

section with abdominal (1 field) lymphadenectomy. In case of thoracic suspected lymph 

nodes, and in patients with lower third esophageal carcinoma or higher, a 2-field (thorac-

ic and abdominal) lymphadenectomy was performed if the patient was considered fit to 

undergo open or minimally invasive transthoracic surgery. Details on the surgical proce-

dures are published.[17, 18] 

Procedures
Demographic data (age, gender) and clinical data (disease stage, tumor length) were ob-

tained from the medical records. ADL and QoL were assessed i) within 2 weeks before 

the start of nCRT (baseline), ii) 1 week after the end of nCRT, and iii) 3 months after sur-

gery. A trained medical student and a medical oncologist in training performed the ADL 

assessment by telephone. QoL questionnaires were self-completed by patients at the 

same time points. Patients were reminded by telephone if follow-up questionnaires were 

not returned within 2 weeks. 

ADL
ADLs were measured with the Amsterdam Linear Disability Score (ALDS). The ALDS 

quantifies functional status in terms of the ability to do basic and complex ADL and in-

strumental ADL. The ALDS consists of a generic calibrated item bank. With a limited 

number of items, precise scores of ADL can be obtained and the validity of the ALDS is 
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well established.[19-21] ALDS scores range from 0-90 points, with a lower score represent-

ing more disability. (Appendix 1)

QoL
QoL was assessed with the European Organization for Research and Treatment of Cancer 

(EORTC) core questionnaire (QLQ-C30) version 3.0 [22], and the esophageal site-specif-

ic module (OES-18).[23] This questionnaire includes nine multi-items scales: five function-

al scales (physical, role, cognitive, emotional and social), three symptom scales (fatigue, 

pain, and nausea/vomiting), a global health QoL scale, and six single items (dyspnea, in-

somnia, appetite loss, constipation, diarrhea and financial difficulties). The OES-18 con-

tains 4 symptom scales (dysphagia, eating, reflux and pain) and 6 single items (trouble 

with saliva, choking, dry mouth, taste, cough and speech). Scores range from 0-100. A 

higher score for functional and global health/QoL represents higher levels of function-

ing and higher QoL. A high score on the symptom scale represents a high level of symp-

toms. Differences of at least 10 points (on a 0-100 scale) were classified as the minimum 

clinically meaningful change in the mean value of a QoL outcome.[24]

CROSS-SECTIONAL STUDY
Participants 
To obtain data on ADL in a larger patient population and for a longer time interval since 

surgery, we also performed a cross-sectional study. Patients were eligible when they were 

treated with nCRT followed by surgery, in five hospitals performing esophagectomy in 

the Netherlands. Patients were asked to participate when the resection was performed 

at least 1 month previously and, at most, 2 years previously. 

Procedures 
Demographic and clinical data were obtained in the same way as for the prospective study. 

A trained medical student performed the ADL assessment after surgery by telephone. 

STATISTICAL ANALYSIS
In both the prospective and cross-sectional study, categorical patient characteristics 

are reported using the number and percentage observed, the continuous normally dis-

tributed characteristics using means and standard deviations (SD), and the continuous 

non-normally distributed characteristics using medians and interquartile ranges (IQR). 

Patients’ scores for the ALDS item bank were calculated using published item measures.
[19] The original ALDS logits were used in all analyses, but only the linearly transformed 

ALDS scores are presented. Because the ALDS scores were not normally distributed, 

they were dichotomized into maximum ALDS scores (90 points) and non-maximum ALDS 
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scores (≤ 90 points). Since 74% of all patients (n=56) had a maximum ALDS at baseline, 

we considered a categorization of patients into maximum versus a non-maximum ALDS 

as clinically relevant. The McNemar test was used to assess changes in ALDS 1 week af-

ter finishing nCRT compared to baseline, and ALDS 1 week after finishing nCRT com-

pared to 3 months after surgery. Factors associated with dichotomized ALDS were ana-

lyzed using mixed effect logistic regression analysis with unstructured covariance matri-

ces to account for repeated measurements. Timing of measurement of ALDS was includ-

ed as a categorical fixed effect in all models (baseline, 1 week after nCRT, 3 months af-

ter surgery). 

First, we performed univariable analysis by including timing of measurement of ALDS, 

age, gender, creatinine at baseline, weight at baseline, WHO performance score at base-

line, tumor stage and tumor length. Variables with a p-value <0.20 were included in the 

multivariable analysis. This procedure allowed to decrease the total number of factors 

and/or covariates in the multivariate model, and stay within the guidelines for the mini-

mum number of events (ALDS score ≤ 90) and non-events (ALDS score of 90) required for 

logistic regression.[25] Tests to exclude collinearity were performed. Data were analyzed 

using the Statistical Package for the Social Sciences (SPSS version 22). Because of multi-

ple testing p < 0.01 was considered statistically significant.

Furthermore, linear regression analyses were performed to explore the association of the 

same factors as the dichotomized ALDS with changes in the Global QoL scale and in an 

identical manner. In the cross-sectional study, because there was only one observation of 

ALDS per patient, factors associated with non-maximum ALDS were explored using ordi-

nary logistic regression. The same variables as used in the prospective study were used 

again, except that the timing of measurement of ALDS was changed into a dichotomized 

variable: i.e. the timing of ALDS longer or shorter than 3 months after surgery.

Sensitivity analysis for missing data
To evaluate the impact of missing data on outcomes, a sensitivity analysis was performed. 

Imputation was used to characterize the potential effect of missing data. Where data on 

functional and symptom scores of QoL were missing due to administrative reasons (e.g. 

the patient did not answer a single question, or did not answer the entire back page of 

the questionnaire), average QoL scores for that patient were imputed, assuming that 

these data were missing at random. Data missing in functional scores of QoL because 

of patient refusal or illness, or missing without explanation, were imputed as a reduction 

in global QoL of 10 points from the mean. Where data in functional scales of QoL were 

missing because of death, we imputed a QoL of 0. 
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RESULTS

PROSPECTIVE STUDY
Patient characteristics
Between November 2012 and March 2014, 76 of the 113 eligible patients, (67%) were in-

cluded (Figure 1). Baseline characteristics are presented in Table 1; mean age was 63 (SD 

9) years, and the majority were men.

PROSPECTIVE CROSS-SECTIONAL

N=76 N = 79

Age

 Mean (years) (SD) 63 (9) 63 (10)

 Range (years) 45-83 38-81

Gender 

 Male n(%) (78) 61 (77)

Tumor length (cm)

 Mean 6 6

 SD 3 2

Tumor stage

 IB n (%) 0 7 (9)

 IIA n (%) 11 (15) 1 (1)

 IIB n (%) 11 (15) 11 (14)

 IIIA n (%) 24 (32) 34 (43)

 IIIB n (%) 16 (21) 12 (15)

 IIIC n (%) 2 (3) 10 (13)

 Unknown* 12 (16) 4 (5)

WHO Performance score

 Median (IQR) 1 1

 Missing n 1 0

Weight 

 Mean (kg) (SD) 82 (15) 78 (16)

 Missing n (%) 1 (1) 1 (1)

Creatinine 

 Mean (micromol/l) (SD) 80 (16) 77 (17)

 Missing n (%) 1 (1) 3 (4)

TABLE 1 Patient characteristics prospective at baseline and cross-sectional study

Tumor stage TNM classification edition 7 
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PROSPECTIVE CROSS-SECTIONAL

N=76 N = 79

Range

 Albumin 45-124 41-132

 Mean (U/l) (SD) 43 (3) 44 (3)

 Missing n (%) 55 (72) 55 (70)

Type of resection

 transhiatal n (%) 7 (9)

 transthoracal n (%) 57 (74)

 no resection 13 (17)

Complications

 No 26 (41)

 Yes 38 (59)

TABLE 1 CONTINUED Patient characteristics prospective at baseline and cross-sectional study

Tumor stage TNM classification edition 7 

* stenotic tumor

Abbreviations:

WHO= World Health Organisation 

cm=centimeter

kg= kilogram

SD= standard deviation
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 n=113 patients

n=6 not willing to participate

n=31 could not be reached

Baseline n= 76 patients

ALDS  76/76=100%

QoL  71/75=95%

n=1 stops treatment

After nCRT n= 75 patients

ALDS  73/75=95%

QoL  71/75=95%

n=8 not operated

n=5 died

After surgery n=62 patients

ALDS  60/62=97%

QoL  56/62=90%

FIGURE 1 Flow chart study population prospective study

Abbreviations

nCRT= neoadjuvant chemoradiotherapy

ALDS= Academic Medical Center Linear Disability score

QoL=Quality of life

ADL
Median ALDS at baseline showed a maximum score for the level of ADL (ALDS=90, 

IQR=89-90). One week after the end of nCRT a significant decrease in ALDS scores was 

observed (ALDS=88, IQR=80-90; McNemar p<0.01). Three months after surgery the 

ALDS scores remained at this level and did not restore to baseline values (ALDS=89 

IQR=82-90). The change in ALDS scores between the time points after nCRT and after 

surgery was not significant (McNemar p=0.146). During the study period only 16% of all 

patients were able to maintain maximum functional status. 
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QoL
Mean QoL scores at baseline are presented in Table 2. Compared to baseline, global 

QoL decreased after nCRT with a mean of 14 (SD 21) points, then improved 3 months af-

ter surgery, but did not restore to baseline levels. Of all patients, 35% showed a clinical-

ly significant decline in global QoL (≥ 10 points) between baseline and the completion of 

nCRT, and 45% showed a clinically significant decrease in global QoL score at 3 months 

after surgery compared to baseline. 

QOL DIMENSION N=76

N MEAN SD RANGE

Functioning scales

 Global health status 70 75 17 33-100

 Physical function 70 91 13 40-100

 Role function 71 88 19 33-100

 Emotional function 70 78 17 25-100

 Cognitive function 70 91 12 67-100

 Social function 70 90 17 33-100

Symptom scales

 Fatigue 71 19 22 0-78

 Nausea/vomiting 71 9 15 0-50

 Dysnpoea 71 0 0 0-67

 Appetite loss 71 18 26 0-67

 Constipation 71 11 20 0-100

 Diarrhoea 70 0 0 0-33

 Financial problems 70 0 0 0-67

 Dysphagia 69 23 27 0-100

 Problems eating 70 31 26 0-83

 Reflux 71 0 0 0-50

 Pain 71 22 22 0-89

 Trouble swallowing saliva 70 0 0 0-100

 Choked when swallowing 71 0 0 0-33

 Dry mouth 70 0 0 0-100

TABLE 2 Summary of EORTC QLQ-C30 and OES 18 functionality and symptom dimensions of HRQoL at base-

line
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QOL DIMENSION N=76

N MEAN SD RANGE

 Trouble with taste 71 12 25 0-100

 Trouble with talking 71 0 0 0-33

TABLE 2 CONTINUED Summary of EORTC QLQ-C30 and OES 18 functionality and symptom dimensions of 

HRQoL at baseline 

Abbreviations:

EORTC QLQ-C30 and OES 18, 

European Organisation for Research and Treatment of Cancer Core Quality of Life Questionnaire

QoL=quality of life

After nCRT there was a deterioration in both role functioning (-27 points) and social func-

tioning (-15 points), which showed no significant improvement after surgery. In contrast, 

emotional functioning remained stable after nCRT and showed a significant improve-

ment after surgery compared to baseline (Figure 2, supplementary Table 1). 

The symptom scales fatigue and trouble with taste worsened by ≥ 20 points after nCRT 

compared to baseline. Also, dyspnea and appetite loss worsened ≥ 10 points. Three 

months after surgery, fatigue was still worse compared to baseline. In contrast, dyspha-

gia and pain were restored 3 months after surgery compared to start of treatment (Fig-

ure 3, supplementary Table 1) and, 3 months after surgery, reflux was significantly worse 

compared with baseline.

10

 5

 0

- 5

-10

-15

-20

-25

-30

C
ha

ng
e 

fo
rm

 b
as

el
in

e

A
ft

er
 n

C
R

T

Global

health

Physical

functioning

Role

functioning

Emotional

functioning
Cognitive

functioning

Social

functioning

A
ft

er
 s

ur
g

er
y

A
ft

er
 s

ur
g

er
y

A
ft

er
 s

ur
g

er
y

A
ft

er
 s

ur
g

er
y

A
ft

er
 s

ur
g

er
y

A
ft

er
 s

ur
g

er
y

A
ft

er
 n

C
R

T

A
ft

er
 n

C
R

T

A
ft

er
 n

C
R

T

A
ft

er
 n

C
R

T

A
ft

er
 n

C
R

T

FIGURE 2 Change from baseline for EORTC QLQ-C30 functional scales

Abbreviations:

nCRT=neoadjuvant chemoradiation
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Factors associated with ADL
In univariable regression analyses, female gender, higher creatinine at baseline, higher 

WHO performance score and timing of the measurement of ALDS were all significant-

ly associated with non-maximum ALDS. Type of resection (transhiatal versus transthorac-

ic) and postoperative complications were not associated with non-maximum ALDS (sup-

plementary Table 2).

In the multivariable analysis, the timing of the measurement of ALDS (1 week after the 

end of nCRT) [odds ratio (OR) 7.52 95% CI 3.44-16.43], and the timing of the measure-

ment of ALDS (3 months after surgery) (OR 6.85 95% CI 3.02-15.73] were associated with 

a non-maximum ALDS. No multicollinearity was found between the variables in the mul-

tivariate analysis (the variance inflation factor (VIF) was maximal 1.62).

Factors associated with QoL
Linear regression for global QoL was carried out using the variables age, gender, weight, 

WHO performance status at baseline, creatinine at baseline, tumor length, tumor stage, 

and timing of measurement of ALDS (Supplementary Table 3).

FIGURE 3 Change from baseline for EORTC QLQ-C30 symptom scales

Abbreviations:

nCRT=neoadjuvant chemoradiation

EORTC QLQ-C30=European Organisation for Research and Treatment of Cancer Core Quality of Life Questionnaire 
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Pain Trouble

swallow

saliva

Univariable analysis for QoL showed that higher WHO performance score, female gen-

der, higher creatinine at baseline and timing of measurement of ALDS met the criteria 

of p<0.2 for inclusion in the multivariable analysis. In the multivariable analysis timing of 

measurement of ALDS remained significant. No multicollinearity was found between the 

variables in the multivariate analysis (VIF was maximal 1.27).

Impact of missing data and sensitivity analysis
At baseline, 5 patients had missing data due to logistical reasons. Imputation of miss-

ing values did not alter the outcomes. After nCRT, 7 patients had missing data, also due 

to logistical reasons. Imputation of missing values did not change our findings. Three 

months after surgery, 20 patients had missing data: 4 due to logistical reasons, 8 because 

of illness or death, and 8 patients because esophagectomy was not performed. Imputa-

tion of missing values did not significantly alter the outcomes of the functioning scales. 

By imputation of the missing values of the symptom scales, the observed increase of nau-

sea and vomiting was significant (supplementary Table 4A, B).

FIGURE 3 CONTINUED Change from baseline for EORTC QLQ-C30 symptom scales

Abbreviations:

nCRT=neoadjuvant chemoradiation

EORTC QLQ-C30=European Organisation for Research and Treatment of Cancer Core Quality of Life Questionnaire 
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CROSS-SECTIONAL STUDY: MEASURING ALDS AFTER SURGERY
Patient characteristics
Between January 2012 and December 2012, of the 116 eligible patients, 79 (68%) were 

included (Figure 4) and pooled with patients from the prospective study, resulting in 155 

patients. The mean age at resection was 63 (SD 9) years and patients were predominant-

ly male. Median time of interview after the esophagectomy was 3 (IQR 3, range 1-11) 

months. 

ADL after surgery and associated factors
ALDS after surgery was maximum in 50% (n=23) of the patients in whom the timing of the 

interview was ≥ 3 months after surgery, compared to 27% (n=29) (p=0.039) in whom the 

ALDS was performed exactly 3 months after surgery.

Logistic regression was carried out using the same variables as used in the prospective 

study. Only time since diagnosis was altered to the dichotomized timing of ALDS: i.e. 

longer or shorter than 3 months after surgery. Associates for having a maximum ALDS 

after surgery are shown in supplementary Table 5. After adjusting for these variables in 

the multivariable analysis, only the timing of ALDS longer than 3 months after surgery re-

mained significant (OR 3.19 95% CI 1.33-7.62). 

FIGURE 4 Flow chart study population cross sectional study

• n=7 died

• n=5 not willing to participate

• n=3 not able to participate

• n=22 could not be reached

116 patients

79 patients
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 DISCUSSION 

This study is the first to provide data on ADL together with QoL in patients with esopha-

geal cancer. It was found that ADL and QoL deteriorated one week after the end of neo-

adjuvant chemoradiotherapy and showed no significant improvement 3 months after sur-

gery. In the cross-sectional study, an improvement in the ALDS was found after an inter-

val longer than 3 months post-surgery.

The decline in ADL is a unique finding as it differs from previous studies on ADL during 

cancer treatment. The observed decline, measured 1 week after the end of nCRT, corre-

sponds to the moment that patients are expected to experience maximum toxicity. In-

deed, one of the most common side-effects of chemoradiation is fatigue [26] which, in 

turn, is known to be a predictor for instrumental ADL.[27] In contrast, a previous cross-sec-

tional study in elderly patients receiving palliative chemotherapy, showed no effect on 

ADL. However, in that study, ADL was measured only before the start of the second cycle 

of chemotherapy when toxic effects of the first cycle are supposedly minimal.[28] In anoth-

er study on breast cancer patients aged ≥70 years, functional outcome during adjuvant 

chemotherapy did not deteriorate.[29] However, this latter study only reported on activi-

ties such as bathing, dressing and feeding, and no instrumental ADL (e.g. use of public 

transport, household tasks) were included.[30, 31] 

Female gender was associated with an almost four times higher risk for a decreased lev-

el of ADL. In a study including 118 hospitalized cancer patients, gender differences were 

also noted.[32] However, in that study, as a substantial part of the questionnaire explored 

instrumental ADL (comprising household tasks), it can be hypothesized that female pa-

tients showed a larger decline in ADL compared to male patients because of the tradi-

tional division of family roles. Our patient population (average age 63 years) may follow a 

traditional division of gender roles, whereby the feminine role is associated with house-

hold tasks.[33] Furthermore, female gender was also negatively associated with QoL. In 

QoL, gender differences have shown to be relevant [34-38] and may be related to females 

being more willing to report their symptoms.[39] 

In the present study, the timing of the interview showed the strongest association with a 

decline in ALDS. This was confirmed in the cross-sectional part of the study, which shows 

a three times higher chance of a maximal ALDS when measuring ALDS more than 3 

months after surgery versus exactly 3 months after surgery. 

Consistent with previous studies on resectable esophageal cancer, we observed a short-

term negative impact on most aspects of Qol and a subsequent gradual improvement of 

QoL.[11-14] However, emotional functioning showed a different pattern. This did not dete-

riorate during treatment and continued to improve 3 months after surgery. It may be hy-

pothesized that starting curative treatment may have had a positive impact on patients’ 

psychological wellbeing.[40] 

The main hypothesis for the effect of a longer time interval after surgery on improve-
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ment of ADL and QoL is the disappearance of side-effects as time elapses. In our rela-

tively short-follow-up (i.e. 3 months after surgery), the anticipated disappearance of the 

side-effects of treatment was not yet translated into an improvement of ADL and QoL. Of 

note, in studies showing similar patterns of QoL [11-14], the restored effect was found at 1 

year after surgery. For example, Van Meerten et al.[14] reported that fatigue recovered to 

baseline levels 9-12 months after surgery. As fatigue is a predictor for instrumental ADL 
[27], we hypothesize that ADL may also show improvement 1 year after surgery. 

Strengths and limitations
A strength of this study is the comprehensive and prospective assessment of functional 

outcome in patients with esophageal cancer; this reflects the situation in daily clinical prac-

tice. Also, the sensitivity analysis performed by the imputation of missing values only mar-

ginally changed the outcomes, indicating that the results are internally valid. 

The main limitation is the small sample size, limiting multivariable testing to a maximum of 

4 variables. Second, the short period of follow-up precludes investigating changes in func-

tional outcome and QoL 1 or 2 years after treatment, as reported in previous studies.[12-

14, 41] Additional prospective research is required to examine whether ADLs show a similar 

pattern to QoL (i.e. restoring to baseline levels) on the longer term. Third, another short-

coming is the lack of an evaluation shortly before surgery; this would have provided data 

on the expected restoration of ADL and Qol in the weeks after nCRT as well as a ‘base-

line’ for surgery. 

Finally, we pooled patients from the prospective study with patients from the cross-section-

al study to obtain data on ADL in a larger patient population and with a longer time interval 

since surgery. Since patients’ characteristics are similar and treatment was conducted after 

centralization of esophageal surgery, we believe that this approach is valid. However, when 

in interpreting the results it should be noted that the results of the pooled data are not in-

dependent from those of the prospective study. 

Implications
Unfortunately, because no studies have explored responsiveness of the ALDS in esoph-

ageal cancer, the clinical relevance of a statistically significant decrease of the ALDS re-

mains uncertain. However, the observed decline in ADL represents behavioral information 

on functional outcome, which can be added to information from the subjective appraisal 

of functioning, as provided by the EORTC QLQ questionnaire. Offering patients and their 

caregivers more concrete information in the consultation room may provide valuable input 

for appropriate intervention and extra support in the domain of ADL.
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CONCLUSION
This study underscores the intensity of treatment with curative intent for esophageal can-

cer. Therefore, patients should be prepared to experience a short-term deterioration of 

both ADL and QoL.
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SUPPLEMENTARY

CHANGE FROM 
BASELINE

N AVAILABLE 
VOOR HRQOL

SE DIFFERENCE

Global health After nCRT 69 2.570 -14*

After surgery 51 2.834 -6*

Physical functioning After nCRT 70 2.194 -10*

After surgery 52 2.511 -9*

Role functioning After nCRT 71 3.776 -27*

After surgery 53 4.144 -21*

Emotional functioning After nCRT 69 2.139 1

After surgery 52 2.350 8*

Cognitive functioning After nCRT 69 2.159 -8*

After surgery 52 2.371 -3

Social functioning After nCRT 69 3.066 -15*

After surgery 52 3.356 -12*

Fatigue After nCRT 71 3.177 29*

After surgery 53 3.502 15*

Nausea and vomiting After nCRT 71 3.352 8

After surgery 53 3.640 8

Dyspnea After nCRT 71 2.914 15*

After surgery 53 3.209 19*

Appetite loss After nCRT 71 4.540 18*

After surgery 53 4.973 15*

Constipation After nCRT 71 4.406 13*

After surgery 53 4.815 38*

Diarrhoea After nCRT 69 3.155 6

After surgery 52 3.405 18*

Financial problems After nCRT 69 2.042 2

After surgery 52 2.241 2

Dysphagia After nCRT 67 4.565 11*

After surgery 51 4.966 3

Problems eating After nCRT 68 3.880 6

After surgery 53 4.188 3

Reflux After nCRT 69 2.979 5

After surgery 53 3.220 11*

SUPPLEMENTARY TABLE 1 Summary of mixed model repeated measures analysis for change from baseline in 

EORTC QLQ-C30 and OES 18 and functional dimensions scores.
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CHANGE FROM 
BASELINE

N AVAILABLE 
VOOR HRQOL

SE DIFFERENCE

Pain After nCRT 69 3.166 1

After surgery 53 3.443 -13*

Trouble swallow saliva After nCRT 69 4.662 3

After surgery 53 4.989 6

Choked when swallowing After nCRT 68 3.316 3

After surgery 53 3.570 13*

Dry mouth After nCRT 69 4.363 14*

After surgery 53 4.719 10

Trouble with tase After nCRT 68 5.163 32*

After surgery 53 5.560 16*

Trouble with talking After nCRT 69 5.024 5

After surgery 53 13.265 13*

SUPPLEMENTARY TABLE 1 CONTINUED Summary of mixed model repeated measures analysis for change 

from baseline in EORTC QLQ-C30 and OES 18 and functional dimensions scores.

Abbreviations:

EORTC QLQ-C30=European Organisation for Research and Treatment of Cancer Core Quality of Life Questionnaire

QoL= quality of life

SE= standard error  

* P<0.01

VARIABLE ODDS RATIO 95% CI

Increasing age (per year) 1.03 0.99-1.06

Female gender 3.50 1.69-7.25*

Creatinin at baseline (per 10 units) 0.98 0.96-0.99*

Weight at baseline 1.00 0.997-1.00

Tumor length (per cm) 0.97 0.88-1.08

Tumor stage

 Stage IIA 1.64 0.68-4.00

 Stage IIB 1.80 0.77-4.24

 Stage IIIA reference

 Stage IIIB 1.96 0.90-4.25

 Stage IIIC 0.67 0.11-3.60

SUPPLEMENTARY TABLE 2A Prospective study: univariate analysis regression analysis, factors associated with 

non maximum ALDS 
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VARIABLE ODDS RATIO 95% CI

WHO performance score

 0 reference

 1 1.97 1.13-3.45*

 2 2.76 0.24-31.47*

Resection

 transhiatal 0.77 0.16-3.86

 transthoracic reference

Complications after surgery

 No 0.73 0.28-0.45

 Yes reference

Time since diagnosis

 Baseline reference

 After neoadjuvant CRT 5.72 2.82-11.59*

 After surgery 4.93 2.35-10.34*

SUPPLEMENTARY TABLE 2A CONTINUED Prospective study: univariate analysis regression analysis, factors 

associated with non maximum ALDS 

* p<0.10

VARIABLE ODDS RATIO 95% CI

Female gender 3.40 1.69-7.25

Creatinin at baseline (per 10 units) 1.00 0.97-1.02

WHO performance score

 0 reference

 1 1.97 1.02-3.77 

 2 2.76 0.54-108.21

Time since diagnosis

 Baseline reference

 After neoadjuvant CRT 7.52 3.44-16.43*

 After surger 6.85 3.02-15.57*

SUPPLEMENTARY TABLE 2B Prospective study: multivariate regression analysis, factors associated with non 
maximum ALDS 

* p<0.01

Abbreviations:

WHO= World Health Organisation 

ALDS= Amsterdam linear disability score
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VARIABLE ESTIMATE 95% CI

Increasing age (per year) 0.17 -0.24-0.56

Male gender 6.44 -1.97-14.85*

Creatinin at baseline (per 10 units) 0.17 -0.04-0.37*

Weight at baseline (per kilo-gram) 0.11 -0.14-0.36

Tumor length (per cm) 0.56 -0.74-1.88

Tumor stage

 Stage IIA 0.20 -11.42-11.82

 Stage IIB -4.50 -15.77-6.76

 Stage IIIA reference

 Stage IIIB -6.64 -16.72-3.45

 Stage IIIC 8.49 -13.49-30.47*

WHO performance score

 0 reference

 1 -6.53 -13.37-0.31*

 2 -7.86 -32.29-16.57

ALDS (per unit) 7.14 5.40-8.88*

Time since diagnosis

 Baseline reference

 After neoadjuvant CRT -14.19 -19.28- -9.10*

 After surgery -5.72 -11.33- -0.11*

SUPPLEMENTARY TABLE 3 Prospective study: univariate linear regression analysis, factors associated with 

increase in Global Quality of Life

* p<0.20

Abbreviations:

WHO= World Health Organisation 

ALDS= Amsterdam linear disability score
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DOMAIN CHANGE FROM 
BASELINE

N AVAILABLE 
VOOR HRQOL

BASELINE DIFFERENCE

67

Global health After nCRT 74 -13*

After surgery 74 -10*

83

Physical 

functioning

After nCRT 74 -9*

After surgery 74 -14*

88

Role 

functioning

After nCRT 74 -26*

After surgery 74 -25*

78

Emotional 

functioning

After nCRT 74 +1

After surgery 74 +2

90

Social 

functioning

After nCRT 74 -14*

After surgery 74 -17*

100

Cognitive Func-

tioning

After nCRT 74 -7

After surgery 74 -7

SUPPLEMENTARY TABLE 4A Prospective study: sensitivity analysis, summary of mixed model repeated mea-

sures analysis for change from baseline in global health and functional dimensions scores.

* P<0.01

Abbreviation: 

nCRT= neoadjuvant chemoradiation
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DOMAIN CHANGE FROM 
BASELINE

N AVAILABLE 
VOOR HRQOL

BASELINE DIFFERENCE

20

Fatigue After nCRT 74 +29*

After surgery 74 +18*

9

Nausea Vomiting After nCRT 74 +8

After surgery 74 +14*

6

Dyspnea After nCRT 74 +14*

After surgery 74 +25*

18

Appetite Loss After nCRT 74 +19*

After surgery 74 +20*

11

Constipation After nCRT 74 +13*

After surgery 74 +39*

3

Diarrhoea After nCRT 74 +6

After surgery 74 +23*

5

Financial Problems After nCRT 74 +1

After surgery 74 +8

23

Dysphagia After nCRT 74 +11

After surgery 74 +8

31

Problems Eating After nCRT 74 +7

After surgery 74 +5

5

Reflux After nCRT 74 +4

After surgery 74 +13*

SUPPLEMENTARY TABLE 4B Prospective study: sensitivity analysis, summary of mixed model repeated mea-

sures analysis for change from baseline in symptom scores.

* P<0.01



Chapter 370

DOMAIN CHANGE FROM 
BASELINE

N AVAILABLE 
VOOR HRQOL

BASELINE DIFFERENCE

22

Pain After nCRT 74 22

After surgery 74

10

Trouble swallowing 

saliva

After nCRT 74 10

After surgery 74

5

Chocked when 

swallowing

After nCRT 74 5

After surgery 74

11

Dry mouth After nCRT 74 11

After surgery 74

12

Trouble

with taste

After nCRT 74 12

After surgery 74

3

Trouble with 

talking

After nCRT 74 3

After surgery 74 22

SUPPLEMENTARY TABLE 4B CONTINUED Prospective study: sensitivity analysis, summary of mixed model 

repeated measures analysis for change from baseline in symptom scores.

* P<0.01

Abbreviation:

nCRT= neoadjuvant chemoradiation
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VARIABLE ODDS RATIO 95% CI

Timing ALDS>3 months after resection 2.14 1.03-4.42*

Female gender 0.31 0.12-0.83*

Increasing age (per year) 0.97 0.93-1.01 *

WHO performancescore at baseline

 0 reference reference

 1 0.83 0.41-1.69

 2 1.44 0.09-24.11

Tumor stage

 Stage IB 0.78 0.21-2.84

 Stage IIA 2.13 0.63-7.18

 Stage IIB 3.20 0.96-10.64*

 Stage IIIA reference reference

 Stage IIIB 1.37 0.49-3.87

 Stage IIIC 1.07 0.28-4.11

Weight at baseline 1.01 0.99-1.03 

Tumor length (per cm) 0.90 0.73-1.11

Creatinine at baseline (per 1 units) 1.02 0.99-1.05

SUPPLEMENTARY TABLE 5 Cross-sectional study: univariate logistic regression analysis, associates for 

non-maximum ALDS after surgery 

* P<0.2

Abbreviations:

WHO=World Health Organisation

CI= confidence interval

na=not applicable

cm=centimeter 
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Are you able to…

Ride a bike for at least 2 hours

Vacuum a flight of stairs

Carry a bag of shopping upstairs

Clean a bathroom

Vacuum a room and move light furniture

Fetch groceries for 3-4 days

Go for a walk in the woods

Travel by local bus or tram

Walk for more than 15 minutes

Carry a tray

Walk up a hill or high bridge

Go shopping for clothes

Cut your toenails

Fill in an official form

Go to a party

Stand for 10 minutes

Go to a restaurant

Sweep the floor

Hang and take in a load of washing

Vacuum without moving any furniture

Move a bed or table

Use a washing machine

Reach into a high cupboard

Walk up a flight up stairs

Go to the bank or post office

Walk down a flight of stairs

Go to the general practitioner

Use a dustpan and brush

Go for a short walk

Write a letter

Change the sheets on a bed

Cross the road

Open and close a window

Fetch a few things from the shop

Polish shoes

Have a shower and wash your hair

Fold up the washing

Dust

APPENDIX 1 77 ALDS ITEMS
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Put on/take off lace-up shoes

Clean a toilet

Make a bed

Cut your fingernails

Reach under the table

Heat tinned food

Reach into a low cupboard

Move between 2 low chairs

Pick something up from the floor

Clean a bathroom sink

Put the washing away

Read a newspaper

Get in and out a car

Make porridge

Clear the table after a meal

Peel and core an apple

Prepare breakfast or lunch

Clean the kitchen surfaces

Prepare breakfast or lunch

Put a chair up to the table

Eat a meal at the table

Wash up

Put on/take off socks and slip on shoes

Sit up (from lying) in bed

Get a book off the shelf

Answer the telephone

Hang clothes up in a cupboard

Make coffee or tea

Put long trousers on

Make a bowl of cereal

Sit on the edge of a bed from lying down

Move between 2 dining chairs

Wash and dry your lower body

Put on /take off a coat

Wash/dry your face and hands

Get out of bed into a chair

Go to the toilet

Wash your lower body (at the sink)

Put on and take off a Tshirt 




