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Background: The aim of the study was to compare the longitudinal quality of life (QoL) between chemoradiation

with or without surgery in patients with locally advanced squamous resectable esophageal cancer included in

a randomized multicenter phase III trial (FFCD 9102).

Materials and methods: All patients with locally advanced resectable (T3–4 N0–1 M0) epidermoid or glandular

esophageal cancer (n = 451) received induction chemoradiation. Responders (n = 259) were randomized between

surgery (arm A) and continuation of chemoradiation (arm B). The Spitzer QoL Index was scored (0–10) at inclusion and

at each follow-up, every 3 months during 2 years. QoL at baseline and longitudinal changes were respectively compared

with univariate ANOVA and mixed-model analysis of variance for repeated measurements. The time interval between

the follow-up was assessed and the same analyses were performed among survivors with 2 years of follow-up.

Results: The squamous histology was predominant in both arms. The mean QoL score decreased between baseline

and the first follow-up and between the first and the second follow-ups. QoL scores at the first follow-up were

comparatively worse in arm A than in arm B (7.52 versus 8.45, P < 0.01), whereas the longitudinal QoL study showed

no difference between treatments (adjusted P = 0.26). Furthermore, the longitudinal QoL was not different (adjusted

P = 0.23) among survivors with 2 years of follow-up.

Conclusions: Among patients responding to induction chemoradiation, surgery and continuation of chemoradiation

had the same impact on QoL in patients with locally advanced, resectable esophageal cancer although a significantly

greater decrease in the Spitzer Index was observed in the postoperative period.
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introduction

Esophageal cancer is a malignancy with a particularly low 5-year
survival rate. The optimal management of patients with
esophageal cancer and the role of surgery remain controversial
[1, 2]. Until the present, surgery has been the mainstay of
curative treatment in thoracic oesophageal cancer [1]. This
treatment has been associated with subsequent mortality, high
complication rates and quality of life deterioration [3–5].

Four non-randomized studies comparing either exclusive
chemoradiation and preoperative chemoradiation [6, 7] or
chemoradiation alone and surgery [8, 9] showed the same
survival rates between strategies with or without surgery.
These results based on non-randomized trials cannot be
considered as definitive. Furthermore they were influenced by
tumor histology [10]. This prompted the Fédération
Francophone de Cancérologie Digestive (FFCD) to set up
a randomized multicenter phase III trial comparing
chemoradiation (CRT) with or without surgery in locally
advanced, resectable esophageal cancer. The trial was initially
designed to compare overall survival and showed no survival
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difference between these two arms [11]. Health-related quality
of life (QoL) was a secondary end point.

Treatment selection should be based on an overall assessment
of the patient’s general health. From this viewpoint the QoL is
now considered an important outcome in clinical cancer trials,
particularly if the treatment does not result in overall survival
differences [12–14]. It provides complementary and valuable
information on the patient’s health perception about treatment
impact [15, 16]. The FDA (Food and Drug Administration) has
reported that QoL is the main outcome to judge efficacy of
treatment modalities when no overall survival differences are
demonstrated [14, 17, 18].

Few randomized studies have prospectively assessed and
compared QoL between esophageal cancer treatment modalities
[4, 19, 20]. The aim of this study was to compare the
longitudinal QoL between chemoradiation with or without
surgery in locally advanced, resectable esophageal cancer
within the framework of the randomized multicentric
FFCD 9102 phase III trial.

materials and methods

eligibility criteria
Patients were eligible according to the following criteria: a locally

advanced epidermoid or adenocarcinoma of the thoracic esophagus

(T3–4/ N0–1/ M0); a WHO performance status of 0 to 2; eligibility for

surgery (i.e. no contraindication); or a tumor judged resectable. Patients

were not included if they had tracheo-bronchial involvement, if they had

lost more than 15% of their body weight, or if they presented with

evolutive coronary heart disease, decompensated cirrhosis or respiratory

insufficiency.

Written informed consent was obtained from all patients. The protocol

was approved by the Regional Ethics Committee (CCPPRB de

Bourgogne, France).

study design and randomization
The trial was constructed with a two-step design. After confirming the

eligibility criteria, all registered patients received similar treatment with two

cycles of chemoradiation. At the end of this first step, a pre-randomization

evaluation was performed. The patient was not randomized if: there was

any contraindication to surgery, with the type of treatment left at the

investigator’s individual discretion; or a partial response was not observed

and there was no improvement in dysphagia or chemoradiation was not

tolerated.

Clinical response was evaluated by oesophagogram, abdominal

ultrasonography, chest X-ray and, if possible, endoscopic ultrasonography.

A clinical complete response was defined by the absence of dysphagia and

of visible tumor on oesophagogram. A partial response corresponded to

a decrease of more than 30% of the tumor length on oesophagogram,

which corresponds to the WHO definition of partial response for

unidimensionally measurable lesions [21] and improvement of dysphagia.

Dysphagia evaluation was part of the follow-up until death: post

therapeutic period then every 3 months for 2 years and every 6 months

thereafter.

Patients were randomized through a minimization program in arm A

(surgery) or in arm B (continuation of chemoradiation). Stratification was

carried-out according to sex, histology (epidermoid versus

adenocarcinoma), differentiation (well or moderately differentiated versus

poorly differentiated or undifferentiated) and response to induction

treatment (complete versus partial response).

QoL
QoL was evaluated by the Spitzer QoL Index [22, 23], which is

a cancer-specific QoL measurement. A score of 0 (worst) to 10 (best) was

calculated after answering the five items in the areas of activity, daily life,

health perceptions, social support and behavior. Each area was assessed

with one item, rated on a Likert three-point scale. The Spitzer Index is

a validated tool adapted to French sociological conditions and using

a clinician proxy assessment [12, 23]. Due to cancer progression and/or

poor health status, patients could not complete QoL questionnaires.

Although self-completion was required [15, 24, 25], the Spitzer Index

offered a valid QoL assessment to prevent missing data [23, 26–30].

timing of QoL assessments
The Spitzer QoL Index was scored by the clinician prior to induction

chemoradiation (baseline), at the final work-up after chemoradiation

CRT (arm B) or at the first post-surgical follow-up (arm A) and then at

each follow-up, every 3 months during 2 years (arms A and B).

statistical analysis
All P values are two-sided and analyses were performed with BMDP

software. According to the first objective of this study, arm A was considered

equivalent to arm B if the 2-year survival rate difference was <10%. To reject

this hypothesis, with a bilateral 5% type I error and a power of 80%, 360

randomized patients were required. The recruitment was stopped after the

enrollment of 451 patients (259 randomized), based on the advice of an

independent data monitoring committee.

Analyses were performed according to the intent-to-treat principle. The

baseline characteristics of the two treatment groups were compared with

a one way analysis of variance or a Student’s t-test for continuous variables

and a Pearson chi-squared test for categorical variables. Two patient

subgroups according to the observed length of follow-up and survival were

defined: death or drop-out <2 years versus death or drop out ‡2 years.

Depending on the treatment arm and the 2-year follow-up subgroups

at each of the first five follow-ups: (1) the Spitzer Index compliance rates

were described; (2) the Spitzer QoL Index and the time interval between

each follow-up (in months) were described with mean, standard deviation

(SD), median and range; (3) the ceiling and floor effect were evaluated

with frequency [31]; and (4) univariate QoL analysis of variance was

performed at baseline and at the first follow-up.

The longitudinal QoL was compared using a mixed-model analysis of

variance for repeated measurements (with first order autoregressive

covariance matrix) with the aim of assessing a treatment effect irrespective

of the follow-up or the time interval between follow-ups [32–35]. If the

follow-up effect was significant, a contrast analysis was carried out to

investigate the QoL changes between: baseline and the first follow-up; the

first and second follow-up; the second and third follow-up; the third and

fourth follow-up; the fourth and fifth follow-up. The time interval effect

was evaluated using a continuous variable representing the time (in

months) between two follow-up visits. The same analyses were performed

adjusted on to the 2-year follow-up variable [8] and were performed

among the 2-year follow-up subgroup as exploratory analyses.

results

patients

From February 1993 to December 2000, 451 patients were
registered and 444 were considered eligible. A total of 259
patients (58% of the eligible patients) were randomized: 129
were assigned to surgery and 130 to further chemoradiation
continuation. The main clinical results have been presented
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elsewhere [11]. The reasons for non-randomization were: no
objective response or dysphagia not improved (115 patients),
further chemoradiation contraindicated (32 patients who
experienced grade 3–4 toxicity), surgery contraindicated
(10 patients), patient’s refusal (14 patients), death (eight
patients) and no pre-randomization treatment (six patients).

The patient’s baseline characteristics did not differ between
both treatment groups (Table 1). The most common
histologic type was epidermoid with a well or moderately
differentiated carcinoma.

compliance with allocated arm

The compliance rate was 85% in arm A (surgery) and 97% in
arm B. In arm A, 16 patients received chemoradiation and
three did not receive any treatment. In arm B, one patient
had surgery and three had no treatment.

therapeutic mortality

During the first 3 months after registration, 12 patients died
in arm A (9.3%) and one (0.8%) in arm B (P = 0.002).
Six-month mortality rates were 15.5% in arm A and 6.2%
in arm B (P = 0.015).

survival

In 259 randomized patients, in arm A compared with arm B,
median survival was 17.7 versus 19.3 months and 2-year survival
rate was 33.6% versus 39.8%. The overall survival curves were
not significantly different (relative risk of death in arm B
compared with arm A = 0.88; P adjusted = 0.44) [11].

the entire study group

descriptive and univariate analyses. The Spitzer QoL Index
compliance rates were greater among the patients in arm B.
This varied respectively from 85% (baseline) to 66% (fifth
follow-up) in arm A and from 87% to 67% in arm B (Table 2).
At baseline, the QoL scores between arm A [8.44; 95%
confidence interval (CI) 8.15–8.74] and arm B (8.70; CI
8.46–8.93) did not significantly differ (P = 0.19) (Table 2). At
the first follow-up, the Spitzer QoL Index was significantly
worse in the surgery arm than in arm B (P < 0.01): 7.52 (95%
CI 6.94–8.10) versus 8.45 (95% CI 8.06–8.82). The mean
difference between arms was 9% of the theoretical range
score. For the entire period, the ceiling effect varied from 22%
to 52% in arm A and from 32% to 46% in arm B (Table 2). In
both arms, the QoL decreased between baseline and the first
follow-up and between the first and second follow-up then
increased until the fourth follow-up (Figure 1). Between the
fourth and fifth follow-up the Spitzer Index decreased in arm
B and increased in arm A (Figure 1).

Mean time interval between baseline and the first follow-up
was 5.98 months (range 2–17 months) in arm A and 6.26
months (range 2–18 months) in arm B (Table 2). Thereafter, the
mean time interval between the first and the second follow-up
decreased (Table 2). It increased in arm A until the fifth
follow-up. In arm B, it increased until the third follow-up
and then decreased (Table 2).
follow-up ‡2 years versus follow-up <2 years. While at baseline

the Spitzer Index compliance was better in the <2-year
follow-up subgroup; thereafter the response rates were globally

better among survivors with 2-year follow-up. It varied
respectively from 88% (baseline) to 76% (fifth follow-up) in the
2-year survivor subgroup and 98%–63% in the other patients.
As regards the 2-year follow-up subgroups, the Spitzer score
did not differ at baseline (Table 2). At the first follow-up, QoL
was significantly better among the 2-year subgroup (P < 0.01).
The mean difference was equal to 10% of the theoretical range
score. For the entire period, the ceiling effect varied from 31% to
59% in the 2-year and from 7% to 31% in the less than 2-year
follow-up subgroups (Table 2). The mean time interval between
follow-up varied from 6 to 4 months for the 2-year survivors
and from 6.3 to 3.3 months for the other patients.
longitudinal QoL analysis. The Spitzer QoL Index changed

significantly (P < 0.0001) during follow-up (Table 3); however,
the treatment modality (arm A or arm B) had no influence on
longitudinal QoL (P = 0.25). The contrast analysis between each
follow-up showed a significant decrease of the Spitzer Index
score between baseline and the first follow-up (P < 0.001) and
between the first and second follow-up (P < 0.01).

The time interval adjusted analysis showed the same results
(Table 3), i.e. there was a longitudinal change (P < 0.0001) and

Table 1. Demographic and clinical characteristics according to

therapeutic modalities

Arm A:

surgery

Arm B:

continuation

of radio-

chemotherapy v2*

N % N % P value

Gender 129 130

Male 93.0 93.8 0.79

Female 7.0 6.2

Response to

primary treatment

129 130

Complete 10.1 10.8 0.85

Partial 89.9 89.2

Histology 129 130

Epidermoid 89.1 88.5 0.86

Adenocarcinoma 10.9 11.5

Differentiation 129 130

Well or moderately 78.3 77.7 0.91

Poorly/undifferentiated 21.7 22.3

Dysphagia (Atkinson) 128 130

0/1 50.0 56.2 0.32

2/3/4 50.0 43.8

Follow-upa 129 130

<2 years 75.2 69.2 0.28

‡2 years 24.8 30.8

ANOVA

At baseline N Mean

(SD)

N Mean

(SD)

P value

Age (years) 129 55.80

(10.28)

130 57.74

(10.19)

0.13

Weight (kg) 127 67.85

(13.29)

130 70.08

(12.54)

0.17

v2*, Chi-squared Pearson test significant if P <0.05. ANOVA, one way

analysis of variance significant if P <0.05.
aDeath or drop-out.
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no treatment effect (P = 0.26). The time interval effect was
nearly significant (P = 0.06): a longer time interval between
follow-up was associated with a better QoL (Table 3).
The contrast analysis between each follow-up revealed
a significant decrease between baseline and the first follow-up

(P < 0.001) and between the first and second follow-up
(P < 0.05).

The 2-year follow-up status adjusted analysis confirmed
that the Spitzer QoL Index changed significantly during the
five follow-up visits (P < 0.0001) and that type of treatment
had no impact on longitudinal QoL (P = 0.40). However, the
2-year follow-up had a significant influence on the QoL
(P < 0.0001): whatever the treatment, at each follow-up survivor
patients with 2 years follow-up had a better QoL than the
patients who previously died or dropped-out. The contrast
analysis showed a significant decrease of the Spitzer score
between baseline and the first follow-up (P < 0.0001) and
between the first and second follow-up (P < 0.001).

The time interval between follow-up adjusted analysis showed
the same results (Table 3). The time interval effect was not
significant (P = 0.24). The Spitzer Index globally changed
during follow-up (P < 0.0001). The QoL was significantly
better among the 2-year follow-up subgroup (P < 0.0001).
The treatment arms had no influence on longitudinal QoL
(P = 0.40). The contrast analysis confirmed a decrease of the
Spitzer QoL Index between baseline and the first follow-up
(P < 0.01) and between the first and second follow-up
(P < 0.01).

Table 2. Spitzer QoL Index and time interval between follow-ups description and comparison according to treatments modalities and 2-years survival

ANOVA

P value

Arm A: surgery Arm B: continuation of radio-chemotherapy

N (%)a Mean (SD) Median Min (%) Max (%) N (%)a Mean (SD) Median Min (%) Max (%)

Spitzer QoL index

Baseline 0.19 110 (85.3) 8.44 (1.58) 9 1 (1.0) 10 (31.0) 113 (86.9) 8.70 (1.26) 9 4 (1.0) 10 (32.0)

First follow-up 0.01 73 (65.8) 7.52 (2.50) 8 0 (4.0) 10 (22.0) 92 (74.8) 8.45 (1.85) 9 1 (1.1) 10 (37.0)

Second follow-up 63 (69.2) 7.44 (2.61) 8 0 (1.6) 10 (23.8) 78 (71.5) 7.68 (2.99) 9 0 (6.4) 10 (37.2)

Third follow-up 46 (61.3) 7.87 (2.43) 9 0 (2.2) 10 (30.4) 56 (65.9) 8.21 (2.34) 9 0 (1.8) 10 (39.3)

Fourth follow-up 31 (57.4) 8.26 (2.67) 10 0 (3.2) 10 (51.6) 41 (64.1) 8.44 (2.40) 9 0 (2.4) 10 (46.3)

Fifth follow-up 25 (65.8) 8.76 (2.02) 10 1 (4.0) 10 (52.0) 37 (77.1) 7.81 (2.57) 9 0 (2.7) 10 (32.4)

Time interval between follow-up (months)

0–1 0.40 111 5.98 (2.69) 5 2 17 123 6.26 (2.31) 6 2 18

1–2 91 4.11 (2.33) 4 1 11 109 3.76 (2.10) 3 0 11

2–3 75 4.21 (2.66) 3 1 15 85 4.37 (3.62) 3 0 26

3–4 54 4.67 (3.56) 3.5 0 19 64 4.26 (2.85) 3 0 12

4–5 38 5.02 (3.31) 4 1 17 48 4.29 (2.91) 3 1 14

ANOVA Follow-up ‡2 years Follow-up <2 years

P value N (%)a Mean (SD) Median Min (%) Max (%) N (%)a Mean (SD) Median Min (%) Max (%)

Spitzer QoL Index

Baseline 0.52 64 (88) 8.67 (1.51) 9 1 (1.6) 10 (31.3) 159 (98) 8.53 (1.39) 9 3 (0.6) 10 (31.4)

First follow-up 0.002 55 (76) 8.71 (1.60) 9 4 (1.8) 10 (40.0) 110 (68) 7.70 (2.39) 8 0 (2.7) 10 (25.5)

Second follow-up 59 (82) 8.85 (1.39) 9 5 (5.1) 10 (40.7) 82 (64) 6.66 (3.21) 8 0 (7.3) 10 (24.4)

Third follow-up 52 (72) 9.02 (1.45) 9 4 (1.9) 10 (48.1) 50 (57) 7.06 (2.73) 8 0 (4.0) 10 (22.0)

Fourth follow-up 49 (72) 9.22 (1.33) 10 4 (2.0) 10 (59.2) 23 (46) 6.52 (3.34) 7 0 (8.7) 10 (26.1)

Fifth follow-up 47 (76) 8.96 (1.76) 10 1 (2.1) 10 (51.1) 15 (63) 5.80 (2.60) 6 0 (6.7) 10 (6.7)

Time interval between follow-up (months)

0–1 0.64 72 6.01 (2.40) 6 3 18 162 6.20 (2.55) 6 2 17

1–2 72 4.42 (2.31) 4 1 11 128 3.64 (2.03) 3 0 11

2–3 72 5.42 (4.10) 4 1 26 88 3.37 (1.82) 3 0 11

3–4 68 5.26 (3.55) 4 1 19 50 3.34 (2.20) 3 0 10

4–5 62 5.35 (3.30) 4 2 17 24 2.71 (1.16) 3 1 5

Spitzer QoL Index varied from 0 (worse) to 10 (best). SD, standard deviation. One way analysis of variance significant if P <0.01.
aPercent of responder among patients with follow-up.

0
1
2
3
4
5
6
7
8
9

10

0 1 32 4 5
Follow-Up

M
e
a
n

 
o

f
 
S

p
i
t
z
e
r
 
S

c
o

r
e

Arm A : Surgery
Arm B : Chemo-radiation

Figure 1. Mean Spitzer QoL Index at each follow-up in both arms on

the whole population. Spitzer QoL index varied from 0 (worse) to 10 (best).
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the 2-year follow-up subgroup

descriptive and univariate analysis. In the 2-year follow-up
subgroup (n = 68), the Spitzer QoL Index response rates were
better among the patients in arm B. It varied from 91%
(baseline) to 67% (fifth follow-up) in arm A and from 87% to
83% in arm B. The QoL at baseline did not differ between
arms A and B (Table 4). At the first follow-up, the Spitzer
score in arm B (9.21; 95% CI 8.84–9.58) was significantly
better than in arm A (7.95; 95% CI 7.08–8.82; P <0.01).
The mean difference between arms was 1.26 points, i.e.
approximately 13% of the theoretical range score.

According to baseline, the QoL decreased in arm A and
increased in arm B at the first follow-up (Figure 2). Then, it
increased in arm A until the fourth follow-up. The Spitzer Index
decreased in arm B at the second follow-up and then remained
constant (Figure 2). The time interval between baseline and
first follow-up did not differ between treatment modalities
(Table 4). In both arms, it was shorter between the first and
the second follow-up and longer afterwards (Table 4).
longitudinal QoL analysis. The mixed-model analysis of

variance for repeated measurements, whether or not adjusted
for the time interval between follow-ups (Table 3) revealed that
the longitudinal QoL did not differ between arms (P = 0.23).
The Spitzer Index score did not change significantly during the
follow-up (P = 0.70). The time interval between follow-ups had
no influence on the longitudinal QoL (P = 0.97).

discussion

Our study demonstrated that in patients responding to
induction chemoradiation and with a predominant squamous
histology, surgery or continuation of chemoradiation had the

same overall impact in locally advanced, resectable esophageal
cancer. There was no difference in the overall survival between
arms [11]. The longitudinal QoL measured by the Spitzer Index
did not differ between these treatment modalities. In the
chemoradiation arm, the 3-month mortality was lower, the
hospital stay was shorter than in the surgery arm, but there
was more frequent palliative procedures against dysphagia
(stent or dilatation) (P <0.0001) [11]. Nevertheless, this did
not appear to influence longitudinal QoL in patients,
particularly among long-term survivors.

As previously shown, the longitudinal QoL of the 2-year
survivors (without drop-out) was significantly better than
other patients in both arms [3, 20, 36]. Patients who die within
2 years often suffer from an irreversible degradation of QoL
whatever the treatment [3]. However, our study revealed that
among the latter survivors, QoL appeared to remain constant
during the trial and suggested an association between overall
survival and QoL level whatever the treatment [36, 37]. The
poor long-term survival also implied that few patients had
a long-term QoL follow-up, reducing the power of our
longitudinal study.

Despite these overall results, there was a greater QoL decrease
at the first follow-up in the surgery arm and a better QoL was
observed in the chemoradiation arm. Some studies showed
the same impact among the 2-year survivors [3, 20], whereas
another study had shown an unaltered global evaluation of QoL,
although physical symptoms increased at postoperative
assessment [38]. In our study, among survivors with at least
2 years of follow-up, the mean difference between arms
represented 13% of the Spitzer theoretical range score. This
difference was greater than 10% and was considered clinically
significant [12, 39]. In the entire population, the difference was

Table 3. Analysis of longitudinal Spitzer QoL Index using a mixed model analysis of variance for repeated measurements among the whole population

and the 2-year follow-up subgroup

Among the whole population (N = 234) Among 2-year follow-up subgroup (N = 68)

Model 1 Model 2 Model 3 Model 4 Model 1 Model 2

ba P ba P ba P ba P ba P ba P

Constant 7.83 0.0000 7.56 0.0000 7.96 0.0000 7.79 0.0000 8.83 0.0000 8.83 0.0000

Follow-upsb 0.0000 0.0000 0.0000 0.0000 0.6747 0.6988

1 0.75 0.0002 1.01 0.0002 0.93 0.0001 1.09 0.0011 �0.19 �0.19

2 0.14 0.0017 �0.01 0.0309 0.29 0.0004 0.20 0.0053 �0.18 �0.19

3 �0.42 0.3690 �0.43 0.4171 �0.34 0.5973 �0.35 0.9614 �0.07 �0.07

4 �0.24 0.4912 �0.26 0.5550 �0.23 0.9209 �0.25 0.1032 0.10 0.10

5 �0.07 0.7527 �0.11 0.7896 �0.21 0.4009 �0.24 0.4223 0.25 0.25

Treatmentc �0.13 0.2533 �0.12 0.2642 �0.10 0.3573 �0.09 0.3660 �0.15 P = 0.23 �0.15 P = 0.23

Arm A versus B

Time interval between

follow-ups (in months)

0.07 0.0651 0.04 0.2413 0.001 0.9704

Drop-out or death:

<2 versus ‡2 years

�0.75 0.0000 �0.74 0.0000

AIC �1614 �1612 �1592 �1592 �556 �556

aRegressions terms.
bContrast analysis: 1, baseline versus first follow-up; 2, first versus second follow-up; 3, second versus third follow-up; 4, third versus fourth follow-up;

5, fourth versus fifth follow-up.
cTreatment: arm A (surgery) versus arm B (continuation of RCT).

AIC, Akaike’s information criterion.
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9% and the Spitzer score decreased at the first and second
follow-up in both arms. Regarding QoL, the surgery and the
post-surgery experience seemed initially to be poor while
there was no improvement of survival. Although the
longitudinal QoL did not differ between arms, these results
should be considered in therapeutic decision. We have not
explored the QoL of non-responder patients. As demonstrated
by a German study [40], response to induction chemotherapy
was identified as a single independent prognostic factor
(HR = 0.30; 95% CI 0.19–0.47). This study confirmed our
survival results in responder patients. Regarding our results
among responder patients, surgery should not be considered
as standard treatment. However, among non-responder
patients, surgery seemed to improve survival suggesting that
non-responder to induction chemoradiation could have
a potential benefit of curative surgery [40]. This hypothesis
should be proven by larger trials and/or meta-analyses.

In this study, an analysis was performed in the subgroup of
patients who lived longer than 2 years with follow-up. It was

carried-out with the aim of reducing the biases of missing
values and drop-out patterns [27, 41–43], the potential
confounding effect of recurrences and the time interval
variability between follow-ups [35]. This approach only
partially reduces these biases [41]. However, based on the
QoL study, it represented a more specific health and care
profile and it is reasonable to assume that the missing data
mechanism is homogeneous within this defined health state
trajectory and trial participation [3, 20, 44]. Nevertheless, the
results of the multivariate analysis of variance for repeated
measurements revealed some interesting points. In the entire
population, the time interval between follow-ups effect was
nearly significant: the longer the time interval, the better the
QoL. In contrast, the 2-year follow-up adjusted analysis showed
that the time interval did not influence the Spitzer Index score.
Therefore, the time interval between follow-ups could be
associated with the 2-year survival: it was consistently shorter
for those who died or dropped-out within 2 years. Among
survivors with 2-year follow-up, the time interval had no direct
influence on QoL assessment, whatever the treatment. As
sensitivity analyses, the time interval adjusted analyses
confirmed our results with robustness [44]. Further statistical
models and analysis taking into account this potential bias are
warranted, for example, time until definitive QoL deterioration
should be an alternative [45].

The Spitzer Index is a global QoL index and has been
assessed by clinicians so it could be considered as not relevant
to capture the perceived QoL [15, 25]. Physician or other
observer ratings of patient’s health-related QoL have previously
obtained a moderate correlation with self-appraised QoL [25].
Physicians seemed to underestimate QoL (by 10% on average)
and the severity of symptoms [12, 24]. In contrast, professionals
can also provide useful information particularly regarding the
more concrete, observable aspects of QoL [46–48]. Specific
instruments to assess esophageal cancer have been shown to
be more accurate and responsive to evaluate QoL [49–51].

Table 4. Description and comparison of Spitzer QoL Index and time interval between follow-ups according to treatment modalities among the 2-year

follow-up subgroup

ANOVA Arm A: surgery Arm B: continuation of radio-chemotherapy

P value N (%)a Mean (SD) Median Min (%) Max (%) N (%)a Mean (SD) Median Min (%) Max (%)

Spitzer QoL Index

Baseline 0.14 29 (91) 8.35 (2.00) 9 1 (3.4) 10 (34.5) 35 (87) 8.94 (0.87) 9 7 (5.7) 10 (28.6)

First follow-up 0.01 22 (69) 7.95 (1.93) 9 4 (4.5) 10 (27.3) 33 (82) 9.21 (1.05) 9 5 (3.0) 10 (48.5)

Second follow-up 25 (78) 8.68 (1.46) 9 5 (4.0) 10 (36.0) 34 (85) 8.97 (1.34) 9 5 (5.9) 10 (44.1)

Third follow-up 22 (69) 9.04 (1.59) 9.5 4 (4.5) 10 (50.0) 30 (75) 9.00 (1.36) 9 5 (6.7) 10 (46.7)

Fourth follow-up 19 (63) 9.26 (1.63) 10 4 (5.3) 10 (73.7) 30 (79) 9.20 (1.13) 9.5 5 (3.3) 10 (50.0)

Fifth follow-up 18 (67) 9.17 (2.12) 10 1 (5.6) 10 (66.7) 29 (83) 8.83 (1.51) 9 4 (3.4) 10 (41.4)

Time interval between follow-up (months)

0–1 0.66 32 5.87 (2.18) 5.5 3 11 40 6.12 (2.56) 6 3 18

1–2 32 4.53 (2.35) 4 1 11 40 4.32 (2.29) 3 1 11

2–3 32 5.12 (3.19) 4 1 15 40 5.65 (4.68) 4 1 26

3–4 30 6.20 (3.99) 6 2 19 38 4.53 (3.02) 3 1 12

4–5 27 5.85 (3.58) 5 2 17 35 4.97 (3.06) 3 2 14

Spitzer QoL Index varied from 0 (worse) to 10 (best). SD, standard deviation.

ANOVA, one way analysis of variance significant if P <0.01.
aPercent of responder among patients with follow-up.
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Figure 2. Mean Spitzer QoL Index at each follow-up according to

treatment modalities among the 2-year follow-up subgroup.
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However, a global QoL index remains relevant to compare
the global impact of treatment arms during times [12, 29, 30].
Furthermore, the use of a clinician proxy to assess QoL could
improve data collection when patients are unable to complete
a questionnaire [46–48]. We were not able to maintain
optimal compliance rates during the study. According to
non-random missing data, the QoL in both arms was probably
over estimated in the last follow-ups [42]. The acceptability
of QoL assessment should be specifically evaluated and
optimized in further FFCD trials to prevent missing data
[26, 27].

The longitudinal change may have been compromised by
ceiling effects. Therefore, the Spitzer Index cannot be used to
detect any specific difference in change between arms at
a higher level. These psychometric properties were one of the
principal limitations of our results concerning the positive
impact of the treatment modalities, particularly in the 2-year
follow-up subgroup. In contrast, agreement between patients
and proxies seemed to be greater when QoL is very poor or
very good, known respectively as the floor and ceiling effect
[24]. Therefore, the global positive or negative impact of the
treatment modalities on QoL was not compromised but could
be underestimated.

To our knowledge and despite other studies, no other
randomized study comparing chemoradiation with or without
surgery in locally advanced, resectable esophageal cancer has
investigated longitudinal QoL [1, 2, 40]. Considering the limits
of our study and the predominance of squamous histology,
surgery and exclusive concomitant chemoradiation had the
same impact on the longitudinal Spitzer QoL Index. Further
randomized studies among responder and non-responder
patients to induction chemoradiotherapy with
multidimensional and esophageal cancer specific QoL
instruments are warranted to confirm our results.
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