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Objectives. Baseline health-related quality of life (HRQoL) scores predict survival, which has already been demonstrated in various
studies. However, we were interested in whether changes in baseline scores during treatment are also significant predictors of
survival. Methods and Materials. We analysed the data of 400 consecutive cancer patients receiving radiochemotherapy. Leading
diagnoses were head and neck cancer (34.5%), rectal cancer (24.5%), and lung cancer (13%). HRQoL was studied at baseline, six
weeks after therapy and after each completed year after the start of therapy until drop out of the study using the EORTC QLQ-
C30 questionnaire. The change score was calculated as the baseline score subtracted from the score after therapy. Statistics
included Kaplan-Meier estimates and Cox regression. Results. High global health status (p = 0:005) and low pain scores
(p = 0:040) at baseline were related to favourable overall survival. Change scores of role functioning (p = 0:027), global health
status ( p < 0:018), and pain (p < 0:001) were predictive of overall survival. Pain was the superior predictor of survival (p = 0:001
) among all variables and QoL scores studied by multivariate analysis. A deterioration in pain was associated with a 2.8 times
higher chance of survival (HR 0.36). Conclusions. Deterioration of HRQoL baseline pain score by cancer treatment is a
favourable and superior prognostic factor for survival.

1. Introduction

Great scientific progress has been achieved in the fields of
medicine, hygiene, and health care in recent decades, result-
ing in prolonged survival times for patients [1]. However,
the number of cancer patients will further increase due to
demographic change [2]. Both aspects together have already
resulted in a dramatically increased number of long-term
survivors of cancer and it will continue to rise [3, 4]. Another
factor influencing this is increasingly specialized therapy
options [5, 6].

Statistics from the USA prove that cancer plays an impor-
tant role; in 2016, cancer was the second most frequent cause
of death in the United States and one in four deaths could be
attributed to cancer [7]. Important influencing and risk fac-
tors in recent decades such as smoking have also led to cancer
cases becoming more frequent and therapy becoming
increasingly important. In the last several years, scientists

have discovered that successful therapy and survival are
closely related to quality of life.

Cancer patients experience a wide variety of symptoms
and reach their limits when trying to manage them. Their
symptoms directly influence their quality of life. Therefore,
symptom management improves QoL [8, 9]. Although more
research has been done in recent years regarding these
topics, this is not yet sufficient. As the number of cancer sur-
vivors continues to rise, not only the pure survival time but
also the late effects of radiochemotherapy and the health-
related quality of life (HRQoL) are crucial for patients.
Radiochemotherapy in particular has a major influence on
HRQoL [10]. HRQoL is highly relevant for patient care; it
directly influences therapy, satisfaction, and compliance.
Since patients themselves are the best source for measuring
HRQoL, various questionnaires are used in clinical trials
worldwide. HRQoL is important for making treatment deci-
sions; especially, the questionnaire QLQ-C30 of the EORTC
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is recommended as a measuring instrument [11]. In particu-
lar, there is too little research on whether a poor HRQoL
consequently means shorter survival time.

Some studies already indicated that the baseline score
predicts overall survival (OS), both for a heterogeneous
group of cancer types [12–16] and for certain tumour types,
e.g., for lung cancer [17–21], head and neck cancer [22–24]
and colorectal cancer [25, 26]. In addition, it has been sug-
gested that older patients are less affected by radioche-
motherapeutic treatment than younger patients [27].

However, it is important to know whether one can
deduce survival from a certain factor. Furthermore, only
few studies have addressed whether a change in HRQoL
between before and after therapy is decisive for survival [21,
25, 28]. The general assumption is that patients who tolerate
therapy better or recover faster will survive longer. But is this
the case? For this reason, our aim was to investigate how
HRQoL before therapy, after therapy, and the changes in
between those two points in time affect survival.

2. Patients and Methods

2.1. Study Population. This clinical trial included 400 consec-
utive patients who met the inclusion criteria. These were a
clinically diagnosed cancer treated with radiochemotherapy
in our clinic and the ability to understand and complete the
EORTC QLQ-C30 questionnaire. Patients were surveyed in
their first week of in-patient therapy at the time of inclusion.
The sex of the 400 patients was male in 272 (68%) patients
and female in 128 (32%) patients. Furthermore, 162
(40.5%) patients were under 60 years of age and 238
(59.5%) were over 60 years of age (Table 1). The largest diag-
nostic groups include 138 (34.5%) patients with head and
neck cancer, 98 (24.5%) patients with rectal cancer, and 52
(13.0%) patients with lung cancer. For further information
on diagnostic groups and TNM staging, see Table 1.

2.2. Design. At the beginning of the therapy, the patients who
fulfilled the inclusion criteria were informed about the study
in a personal conversation and gave their written consent.
The Ethics Review Committee of the University Hospital
Erlangen approved the study including the use of patients’
individual data. Thus, the questionnaires could be completed
directly on site and remaining questions of the patients were
clarified. For the first time, the patients were interviewed dur-
ing their first in-patient stay; these values determine the base-
line score. For the following questionnaires, the patients were
either interviewed personally at follow-up appointments or
the questionnaire was sent to them by mail. They were then
interviewed after six weeks, i.e., after completion of therapy,
and then after each completed year after the start of therapy
up to a maximum of six years or until their drop out from the
study for any reason.

2.3. EORTC QLQ-C30 Questionnaire. The first version of the
EORTC QLQ-C30 questionnaire was first published in 1987
and has been updated ever since, until the current version 3.0
was released in 1997. Since then, the questionnaire has been
used in various studies around the world, giving a whole

new meaning to quality of life in cancer therapy. The QLQ-
C30 consists of 30 questions divided into functional scales,
symptom scales, and global health status/quality of life. Func-
tional scales are 5 multi-item scales containing physical func-
tioning, role functioning, emotional functioning, cognitive
functioning, and social functioning. Higher scores represent
better quality of life. Symptom scales are 3 multi-item scales,
namely, fatigue, pain, nausea and vomiting, and 6 single
items such as dyspnoea, appetite loss, insomnia, constipa-
tion, diarrhoea, and financial issues. Higher scores stand for
higher symptom burden causing poorer quality of life. Func-
tional and symptom scales include the first 28 questions;
answer options on a four-point scale are from 1 (not at all)
to 4 (very much). The last two questions offer answer options
from 1 (very poor) to 7 (excellent), resulting in the global
health status and the quality of life. This questionnaire has
been extensively tested for reliability and validity, making it
an important instrument for measuring HRQoL of cancer
patients in clinical research [29–32].

2.4. Statistics. The analysis was divided into three parts. First,
the relationship between baseline HRQoL and OS was stud-
ied for all patients who had valid baseline values. In the sec-
ond step, the relationship between HRQoL scores after
therapy and OS was assessed for the same patient cohort.
The third step included assessing the relationship between
the change in HRQoL scores from baseline to after therapy
and OS. These so-called change scores were calculated by

Table 1: Patient demographics.

n (%)

Gender

Male 272 (68)

Female 128 (32)

Age (yrs)

<60 162 (40.5)

>60 238 (59.5)

Diagnostic group

Head and neck 138 (34.5)

Rectal 98 (24.5)

Lung 52 (13)

Gastrointestinal 34 (8.5)

Gynaecological 21 (5.3)

Others 57 (14.2)

TNM staging

T 0 16 (4.0)

1 51 (12.7)

2 92 (23.0)

3 136 (34.0)

4 105 (26.3)

N 0 147 (36.7)

1 253 (63.3)

M 0 322 (80.5)

1 78 (19.5)
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subtracting the baseline score from the corresponding score
after therapy.

The outcome variable was OS, calculated using the
Kaplan-Meier method and calculated from the day of inclu-
sion in the study until the date of death due to any cause.
Univariate cox proportional hazards models (CPHM) were
used to evaluate the prognostic significance of sociodemo-
graphic, clinical, and HRQoL variables [33]. In the following
step, all variables that were univariate and prognostically sig-
nificant were examined bymultivariate CPHM for their com-
mon prognostic significance. p values < 0.05 were considered
significant. “The minimum clinically meaningful important
difference on the QLQ-C30 scales is at least 10 points” as
described by Osoba et al. [34]. CPHM was used with a min-
imum of 10 events per variable (EPV) to increase accuracy
and precision of regression coefficients and their tests of sta-
tistical significance [35, 36]. Microsoft Excel and IBM SPSS
Statistics 25 were used for all calculations.

3. Results

The 400 participating patients were divided into two groups
for each score and each time of interview according to their
answers. These groups were created on the basis of the corre-
sponding median score of all patients: group favourable
HRQoL comprises the patients who in their answers reflected
the better QOL, i.e., higher values on functional scales and

lower values on symptom scales. The other group, also called
group adverse HRQoL, represents accordingly the lower
QOL, i.e., lower values on functional scales and higher values
on symptom scales. The groups differ in size for each score,
since one patient naturally does not receive good or bad
scores throughout and not every patient answered every
question (Table 2).

3.1. Scores prior to and after Therapy. In order to get an initial
overview of how the scores generally change in the course of
therapy, box plots were created. Only coherent data were
used, meaning data of patients with valid scores for both
the pretreatment and posttreatment interviews. This pro-
vides a more valid representation of the changes in quality
of life caused by the therapy. Role functioning and global
health status are given as examples of the functional scales
and pain as a representation of the symptom scales. In these
box plots, the scores on functional scales decrease in the
course (Figures 1(a) and 1(b)), while they increase on symp-
tom scales (Figure 1(c)), i.e., the quality of life deteriorates
overall during treatment. This applies to the median score
as well as to the first and third quartiles. The median score
of role functioning deteriorated from 66.7 prior to therapy
to 50 after therapy with p < 0:0001 (Figure 1(a)), and global
health status changed from 58 to 50 with p < 0:0001
(Figure 1(b)). Pain also deteriorated; the median score rose
from 16.7 to 33.3 with p = 0:0001 (Figure 1(c)). This trend
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Figure 1: (a–c) QoL scores prior to therapy and after therapy for (a) role functioning (n = 239), (b) global health status (n = 241), and (c) pain
(n = 244). (d–f) Baseline QoL scores and OS for (d) role functioning, (e) global health status, and (f) pain.
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was found for all scales analysed. For further examples, see
supplementary material, where physical functioning (supple-
mentary figure 4a), fatigue (supplementary figure 5a), and
appetite loss (supplementary figure 6a) are depicted.

3.2. Baseline HRQoL and Overall Survival (OS). The two
groups were then screened for their overall survival depend-
ing on their baseline score. It was observed that group favour-
able HRQoL survived longer than group adverse HRQoL
regarding various quality of life scores. Table 2, i-v provides
the results of this analysis. Role functioning showed no rele-
vant difference between the two groups (Figure 1(d)),
whereas favourable global health status was a significant pre-
dictor of longer survival time, p < 0:003 (Figure 1(e)). Minor
pain was also clearly associated with favourable survival, p
< 0:018 (Figure 1(f)). Substantial differences were also
observed in physical functioning (p < 0:001) and fatigue
(p < 0:0005) (supplementary figure 4b and 5b). A trend was
observed for emotional functioning, nausea and vomiting,
appetite loss, insomnia, and obstipation, meaning the p
value was below 0.2.

3.3. HRQoL Scores after Therapy and OS. Six weeks after
starting therapy, there were no significant differences
between the two groups, which were also separated according
to the median score (Figures 2(a)–2(c)). None of the selected
HRQoL scores after therapy were predictive of survival.
However, there is a trend for the adverse HRQoL group to
have a shorter overall survival compared to the favourable
HRQoL group. But these scores are not sufficient to make a
general statement. For this reason, the change scores were
further studied.

3.4. Change in HRQoL from Baseline and OS. The absolute
difference between before and after therapy was calculated,
and in a first step, two groups were formed based on the
median score. The score of each patient after therapy was
compared to his or her own pretreatment value. Table 2,
vi-x describes the analysis of change scores. Role functioning
(p = 0:027), global health status (p < 0:018), and pain (p <
0:0001) were predictive of survival (Figures 2(d)–2(f)).
Patients whose global health status and role functioning
scores after therapy were worse than prior to therapy or
who had more pain survived clearly longer than the other
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Figure 2: (a–c) QoL scores after therapy and OS for (a) role functioning, (b) global health status, and (c) pain. (d–f) Change scores and OS for
(d) role functioning, (e) global health status, and (f) pain.
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group. In the categories fatigue, appetite loss, and insomnia,
the adverse HRQoL groups tended to a better outcome (sup-
plementary Figures 5e, 6e).

In a second step, three groups were created: the “no
change” group contains patients whose scores did not change
in the course of therapy, “adverse” group contains those
patients whose scores after therapy were worse than before,
and “improved” group comprises patients whose scores
improved compared to prior to therapy (Figure 3). Regarding
role functioning, the adverse group survived clearly longer
than the other two groups, p = 0:031. Adverse global health
status and pain were also distinct predictors of improved sur-
vival with p = 0:044 and p < 0:0001, respectively.

3.5. Univariate and Multivariate Analyses of Baseline Scores
and Prognostic Factors for OS. To rule out any potential con-
founding, baseline QoL scores were added to the univariate
and multivariate analyses. Well-known prognostic factors
such as TNM classification, age, or gender were compared
to different baseline QoL scores. The QoL scores were previ-
ously selected by significant Kaplan-Meier estimates. QoL
scores then included global health status, functional scores,
such as physical functioning and role functioning, and symp-

tom scores such as fatigue, pain, and appetite loss. Table 3
describes the univariate and multivariate analyses of the
baseline scores.

The univariate analysis reveals that M status and age were
significant predictors of survival. Pain was borderline signif-
icant (p = 0:054). Multivariate analysis indicates that high
global health status (p = 0:005) and mild pain (p = 0:04) were
favourable for survival. Young age andM0 category were also
beneficial. Patients with low global health status at baseline
have a 1.76 times higher risk of dying (HR = 1:758). More-
over, patients who experienced more pain prior to therapy
had a 1.5 times higher risk of dying (HR = 1:489).

3.6. Univariate and Multivariate Analyses of Change Scores
and Prognostic Factors for OS. Change scores were also sub-
jected to univariate and multivariate analyses in order to
account for confounding. Table 4 describes the changes in
QoL scores from baseline to after therapy. TNM staging,
age, and gender were compared to physical functioning, role
functioning, global health status, fatigue, pain, and appetite
loss. Regarding univariate analysis of all analysed QoL scores,
only mild pain was beneficial for survival (p = 0:002).
Another favourable predictor of survival was young patient
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Figure 3: (a–c) Change scores and OS for (a) role functioning, (b) global health status, and (c) pain regarding three groups.
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age, p = 0:023. Concerning multivariate analysis, pain
remained significant (p = 0:001). Further significant variables
were the patient age and M category with p = 0:009 and p =
0:029, respectively. Pain was the superior predictor of sur-
vival of all variables and QoL scores studied. A deterioration
in pain was associated with a 2.8 times higher change of lon-
ger survival (HR 0.36).

4. Discussion

It is generally assumed that patients whose quality of life
deteriorates in the course of cancer therapy compared to
the past have a worse outcome and thus a lower survival rate.
Our aim was to find out whether these patients really do sur-
vive less than patients whose quality of life either does not
change or even improves over the course of therapy. There-
fore, we analysed the scores prior to therapy, after therapy,

and the difference between these two points in time, creating
2 and 3 groups.

Our data confirm other studies that the baseline score is a
meaningful predictor of survival. We were able to demon-
strate prognostic relevance for physical functioning, global
health status, fatigue, and pain at baseline. In addition, the
change score is also appropriate to make a statement about
the survival of cancer patients. Various studies have already
shown that an improvement in HRQoL in the course of ther-
apy leads to longer survival [24, 37, 38]. We could prove
exactly the opposite, i.e., that patients who deteriorate in their
quality of life during the course of therapy survive longer
than those who showed self-reported improvement in quality
of life. We were able to demonstrate significant prognostic
relevance for the change scores of role functioning, pain,
and global health. These counterintuitive findings have also
been found in other clinical trials. Oskam et al. reported that

Table 4: Univariate and multivariate analyses according to Cox’s proportional hazards model for sociodemographic and clinical variables
and HRQoL change scores.

Univariate analysis Multivariate analysis
Hazard ratio 95% C.I. p Hazard ratio 95% C.I. p

T category (T1/T2 (n = 78] vs. T3/T4 (n = 138)) 1.144 0.629–2.081 0.660 — — —

N category (N0 (n = 77) vs. N+ (n = 139)) 1.290 0.694–2.397 0.421 — — —

M category (M0 (n = 183) vs. M+ (n = 33)) 1.745 0.956–3.187 0.070 1.895 1.069–3.359 0.029

Gender (male (n = 148) vs. female (n = 68)) 1.068 0.607–1.879 0.820 — — —

Age (<60 years (n = 93] vs. >60 years (n = 123)) 1.954 1.095–3.454 0.023 2.113 1.209–3.695 0.009

Physical functioning (above (n = 92) vs. below median (n = 124)) 1.742 0.904–3.355 0.097 1.487 0.832–2.657 0.180

Role functioning (below (n = 103) vs. above median (n = 113)) 0.712 0.391–1.297 0.267 0.61 0.359–1.039 0.069

Global health status (above (n = 113) vs. below median (n = 103)) 0.555 0.298–1.034 0.064 — — —

Fatigue (above (n = 100) vs. below median (n = 116)) 0.927 0.489–1.757 0.816 — — —

Pain (below (n= 119) vs. above median (n = 97)) 0.356 0.184–0.688 0.002 0.36 0.193–0.67 0.001

Appetite loss (below (n = 125) vs. above median (n = 91)) 0.783 0.431–1.424 0.423 — — —

Table 3: Univariate and multivariate analyses according to Cox’s proportional hazards model for sociodemographic and clinical variables
and HRQoL scores at baseline.

Univariate analysis Multivariate analysis
Hazard ratio 95% C.I. p Hazard ratio 95% C.I. p

T category (T1/T2 (n = 137) vs. T3/T4 (n = 223)) 1.141 0.743–1.753 0.547 — — —

N category (N0 (n = 131) vs. N+ (n = 229)) 1.351 0.857–2.13 0.195 1.415 0.918–2.182 0.116

M category (M0 (n = 303) vs. M+ (n = 57)) 2.334 1.471–3.703 0.0003 2.743 1.829–4.144 <0.0001
Gender (male (n = 249) vs. female (n = 111)) 1.096 0.724–1.661 0.665 — — —

Age (<60 years (n = 149) vs. >60 years (n = 211)) 1.887 1.248–2.853 0.003 2.059 1.379–3.072 0.0004

Physical functioning (above (n = 161) vs.
below median (n = 199)) 1.533 0.932–2.521 0.093 1.299 0.835–2.019 0.246

Role functioning (above (n = 125] vs.
below median (n = 235)) 0.774 0.497–1.206 0.258 — — —

Global health status/QoL (above (n = 176) vs.
below median (n = 184)) 1.481 0.947–2.315 0.085 1.758 1.184–2.613 0.005

Fatigue (below (n = 221) vs. above median (n = 139)) 1.091 0.676–1.762 0.722 — — —

Pain (below (n = 193) vs. above median (n = 167)) 1.518 0.993–2.323 0.054 1.489 1.018–2.178 0.040

Appetite loss (below (n = 205) vs. above median (n = 155)) 0.855 0.55–1.328 0.485 — — —
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a deterioration of global quality of life after treatment is a
predictor of survival in patients with oral or oropharyngeal
cancer [28]. Braun et al. showed that an improvement in
social function at 3 months is associated with worse survival
[25]. Ediebah et al. reported a higher risk of death for patients
with a self-reported improvement over time for functional
scales and global health status [21]. A deterioration of the
quality of life could be responsible for an increased response
to the therapy, especially in normal tissue. The cause could be
an increased sensitivity of the patients to radiation [39],
which leads to increased side effects and at the same time to
an enhanced effect on the tumour cells.

5. Conclusion

The general assumption that patients whose quality of life
and symptom burden worsens in the course of therapy ulti-
mately die earlier than patients whose quality of life remains
the same or improves must be reconsidered. The natural
resilience and coping strategies of patients with poorer qual-
ity of life appear to be underestimated. Not only the baseline
HRQoL is a predictor of survival but also the change due to
therapy, more specifically the worsening. The decisive factor
is not only the quality of life immediately after therapy but
also the change compared to before. This is a new prognostic
factor regarding the survival of patients receiving radioche-
motherapy. These results naturally raise new questions that
could decisively influence and change the therapy. For exam-
ple, it should be investigated whether patients with a worsen-
ing condition under therapy receive higher doses of
chemotherapy or more intensive radiation, or whether they
respond more intensively to the therapy individually and
thus take all side effects with them.

In conclusion, HRQoL should be recorded continuously
in the course of therapy and the results of the surveys
should be included in the therapy. It might be possible to
find out which type of therapy is related to changes in qual-
ity of life and how. In addition, early deterioration of
patients can be detected and interventions can be planned
that potentially improve both HRQoL and outcome. Never-
theless, distortive effects should be considered and excluded,
as change score analyses can be biased by floor and ceiling
effects at baseline [21].
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