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ABSTRACT

Background. Health-related quality of life (HRQoL) has been
shown to be a prognostic factor for cancer survival in random-
ized clinical trials and observational “real-world” cohort stud-
ies; however, it remains unclear which HRQoL domains are
the best prognosticators. The primary aims of this population-
based, observational study were to (a) investigate the associa-
tion between the novel European Organisation for Research
and Treatment of Cancer Quality of Life Questionnaire-Core30
(QLQ-C30) summary score and all-cause mortality, adjusting
for the more traditional sociodemographic and clinical prog-
nostic factors; and (b) compare the prognostic value of the
QLQ-C30 summary score with the global quality of life (QoL)
and physical functioning scales of the QLQ-C30.
Materials and Methods. Between 2008 and 2015, patients
with cancer (12 tumor types) were invited to participate in PRO-
FILES disease-specific registry studies (response rate, 69%). In this
secondary analysis of 6,895 patients, multivariate Cox propor-
tional hazard regression models were used to investigate the
association between the QLQ-C30 scores and all-causemortality.

Results. In the overall Cox regression model including
sociodemographic and clinical variables, the QLQ-C30 summary
score was associated significantly with all-cause mortality (haz-
ard ratio [HR], 0.77; 99% confidence interval [CI], 0.71–0.82). In
stratified analyses, significant associations between the sum-
mary score and all-cause mortality were observed for colon,
rectal, and prostate cancer, non-Hodgkin lymphoma, chronic
lymphocytic leukemia, and multiple myeloma. The QLQ-C30
summary score had a stronger association with all-cause mor-
tality than the global QoL scale (HR, 0.82; 99% CI, 0.77–0.86)
or the physical functioning scale (HR, 0.81; 95% CI, 0.77–0.85).
Conclusion. In a real-world setting, the QLQ-C30 summary
score has a strong prognostic value for overall survival for a
number of populations of patients with cancer above and
beyond that provided by clinical and sociodemographic vari-
ables. The QLQ-C30 summary score appears to have more
prognostic value than the global QoL, physical functioning,
or any other scale within the QLQ-C30. The Oncologist
2020;25:e722–e732

Implications for Practice: The finding that health-related quality of life provides distinct prognostic information beyond
known sociodemographic and clinical measures, not only around cancer diagnosis (baseline) but also at follow-up, has impli-
cations for clinical practice. Implementation of cancer survivorship monitoring systems for ongoing surveillance may
improve post-treatment rehabilitation that leads to better outcomes.
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INTRODUCTION

Over the course of the last decades there has been a para-
digm shift in the measurement of clinical outcomes, with
an increasing focus placed on the patient perspective to
complement and augment health care professional reports
and laboratory and imaging data [1]. Patient-reported out-
comes (PROs) are defined as “any report coming directly
from the patient about how they feel and function, without
interpretation of the patient’s response by a health care
professional” [2]. Patients with cancer can provide a unique
perspective on their own symptom burden, functioning,
and health-related quality of life (HRQoL) [3]. In oncological
clinical trials and health care, PRO assessment has focused
primarily on the multidimensional concept of HRQoL [4]:
patients’ perception of the effect of their disease and treat-
ment on their physical, psychological, and social function-
ing [5].

PROs may provide health care professionals with additional
data on patients’ prognosis [6]. The prognostic value of PROs,
and particularly HRQoL, for cancer survival has been studied
extensively with clinical trial data [7–9]. For example, Quinten
et al. examined data of 11 different cancer types (10,108
patients) pooled from 30 clinical trials and found that, for each
cancer site, at least one HRQoL domain (e.g., physical function-
ing in lung cancer) provided prognostic information beyond
that provided by clinical (e.g., World Health Organization per-
formance status, distant metastases) and sociodemographic
characteristics (e.g., age, sex) [6]. However, although clinical
trial data are valuable in developing treatment guidelines and
can influence clinical practice, less than 3% of the cancer popu-
lation is represented in these studies, and thus these data do
not necessarily reflect the prognostic value of HRQoL data in
daily clinical practice [10]. “Real-world” data from large
population-based cohort studies among patients with a specific
cancer diagnosis as well as heterogeneous cancer diagnoses
have shown a consistent, independent association of patients’
ratings of their HRQoL with survival duration, with the relative
prognostic strength of different HRQoL scales varying across
cancer sites [11].

In clinical research it is often difficult to define the most
important prognostic HRQoL domain. Some researchers enter
all HRQoL domains simultaneously in survival analyses, without
exploring relationships among closely related domains. This
strategy increases the risk of multicollinearity and spurious
findings due to chance [8, 12]. Recently, the U.S. Food and
Drug Administration (FDA) recommended the use of three
well-defined concepts proximal to a treatments’ effect on the
patient: symptomatic adverse events, physical functioning and,
where appropriate, a measure of the key symptoms of the dis-
ease [4]. However, it remains unclear why physical functioning
is being recommended as the sole functional outcome to be
assessed, because this ignores the potential importance of
other functional domains such as emotional and social func-
tioning [13]. As it may be difficult to prespecify which HRQoL
domains are of most interest, some researchers rely on a one-
or two-item scale assessing overall or global quality of life
(QoL) [14, 15].

Recently, an overall HRQoL summary score for the core
HRQoL questionnaire of the European Organisation for

Research and Treatment of Cancer (EORTC) Quality of Life
Questionnaire (QLQ-C30) has been developed [14]. This
summary score encompasses all symptom (e.g., fatigue,
pain) and function domains (e.g., emotional and social func-
tioning) assessed by the QLQ-C30. A single, higher-order
HRQoL score is hypothesized to be a more meaningful and
reliable measure for oncological research [14, 15]. However,
data on its prognostic value are lacking.

The primary aims of the present population-based, obser-
vational study were to (a) investigate the association of the
novel QLQ-C30 summary score with all-cause mortality for
several cancer diagnoses; (b) determine the added prognostic
value of the summary score above and beyond that of more
traditional sociodemographic and clinical prognostic factors
[16]; and (c) compare the prognostic value of the QLQ-C30
summary score with the frequently used global QoL scale and
the recently advocated physical functioning scale. A secondary
aim was to compare the prognostic value of the QLQ-C30
summary score with all other scales of the QLQ-C30.

MATERIALS AND METHODS

Design and Setting
Since 2008, the PROFILES (Patient Reported Outcomes Fol-
lowing Initial treatment and Long-term Evaluation of Survi-
vorship) registry has collected PRO data from both short- and
long-term survivors of cancer in The Netherlands. The PRO-
FILES registry is a large, dynamic population-based cohort
used to study the physical and psychosocial impact of cancer
and its treatment [17]. To date, over 20,000 individuals with
16 different cancer diagnoses have been recruited, and data
collection is still ongoing. Complete and comprehensive sup-
plemental data on sociodemographics, clinical characteristics
(e.g., tumor and treatment characteristics), and survival are
available for the PROFILES cohort via The Netherlands Cancer
Registry (NCR) and via linkage with the Dutch municipal
records database. Data from the PROFILES registry were used
for the current secondary analysis.

Data Collection
A detailed description of the data collection method has
been reported previously [17]. In brief, all participants in
PROFILES were informed about the study via a letter by
their (ex-) attending medical specialist. This letter contained
either an informed consent form and a paper questionnaire
or a secure link to a web-based informed consent form and
online questionnaire.

Study Sample
The current analysis comprises 12 patient samples (colon,
rectal, melanoma, basal and squamous cell, endometrial,
ovarian, prostate, thyroid, Hodgkin, non-Hodgkin lymphoma,
chronic lymphocytic leukemia, multiple myeloma) included in
the PROFILES registry between May 2009 and April 2015.
Although sample size and inclusion criteria varied across
samples (related to study aim), in all study samples, the same
questionnaires were collected (www.profilesregistry.nl) and

© 2019 The Authors.
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participants were excluded if they were not able to complete
a Dutch language questionnaire because of a language bar-
rier, cognitive impairment, or advanced illness. Individuals
who had died or had emigrated prior to the start of the
study were excluded from the analysis. Ethical approval was
obtained for all study samples separately from a local, certi-
fied medical ethics committee.

Measures

Sociodemographic and Clinical Data
Sociodemographic variables obtained from the NCR included
date of birth and sex. Study-specific questions on educational
level (high, intermediate, low), partnership (yes, no) and work
status (yes, no) were added to all questionnaire packages.

Clinical data obtained from the NCR included date of
cancer diagnosis, tumor type and stage, and primary treat-
ments received. Time since diagnosis at time of question-
naire invitation was categorized into 4 quartiles: 0–2 years,

2–3 years, 3–5 years, and > 5 years. Tumor type was classified
according to the International Classification of Diseases for
Oncology-3 [18], and disease stage was classified according to
TNM [19] or Ann Arbor Code (Hodgkin lymphoma and Non-
Hodgkin lymphoma). TNM5 was used for patients diagnosed
between 2002 and 2003, TNM6 was used for patients diagnosed
between 2003 and 2010, and TNM7 was used for patients diag-
nosed from 2010 onwards. For chronic lymphocytic leukemia
and multiple myeloma, stage was either not applicable or not
registered. Primary treatments received (first 6 months after
diagnosis) were classified into surgery, systemic therapy (chemo-
therapy, targeted therapy, immunotherapy), radiation therapy
(including brachytherapy), hormonal therapy, no treatment or
active surveillance, or unknown. Comorbidity was classified using
a modified version of the Charlson Index [20] and categorized
into no, one, or more than one comorbid conditions. Patients’
vital status at time of analysis and their date of death where rele-
vant were obtained from the Dutch municipal personal records
database andwere last verified on February 1, 2017.

Figure 1. Flow-chart.

© 2019 The Authors.
The Oncologist published by Wiley Periodicals, Inc. on behalf of AlphaMed Press.

HRQoL as Prognostic Factor for Cancer Survivale724



Ta
b
le

1.
So
ci
o
d
em

o
gr
ap
h
ic
an
d
cl
in
ic
al
ch
ar
ac
te
ri
st
ic
s
o
f
st
u
d
y
p
ar
ti
ci
p
an
ts

V
ar
ia
b
le

To
ta
l

Co
lo
n

ca
n
ce
r

R
ec
ta
l

ca
n
ce
r

M
el
an

o
m
a

B
as
al
o
r

sq
u
am

o
u
s

ce
ll
ca
n
ce
r

En
d
o
m
et
ri
al

ca
n
ce
r

O
va
ri
an

ca
n
ce
r

P
ro
st
at
e

ca
n
ce
r

Th
yr
o
id

ca
n
ce
r

H
o
d
gk
in

ly
m
p
h
o
m
a

N
o
n
-

H
o
d
gk
in

ly
m
p
h
o
m
a

Ch
ro
n
ic

ly
m
p
h
o
cy
ti
c

le
u
ke
m
ia

M
u
lt
ip
le

m
ye
lo
m
a

n
6,
89
5

1,
48
7

96
0

22
2

61
4

14
0

34
4

1,
09
7

28
5

19
7

1,
05
1

27
2

22
6

A
ge

at
d
ia
gn
o
si
s,

m
ea
n
(S
D
),
y

62
.1

(1
2.
2)

64
.4

(9
.7
)

62
.1

(9
.6
)

55
.2

(1
3.
3)

66
.8

(1
1.
8)

67
.0

(8
.5
)

60
.0

(1
1.
6)

66
.6

(7
.3
)

46
.4

(1
5.
1)

41
.9

(1
6.
0)

60
.3

(1
3.
2)

63
.9

(1
0.
4)

63
.4

(9
.8
)

<5
0

97
4
(1
4)

11
1
(7
)

99
(1
0)

81
(3
6)

57
(9
)

3
(2
)

61
(1
8)

10
(1
)

16
7
(5
9)

13
2
(6
7)

20
6
(2
0)

27
(1
0)

20
(9
)

50
–6
0

1,
68
7
(2
4)

36
2
(2
4)

30
7
(3
2)

49
(2
2)

10
0
(1
6)

27
(1
9)

11
6
(3
4)

22
9
(2
1)

64
(2
2)

35
(1
8)

26
7
(2
5)

65
(2
4)

66
(2
9)

60
–7
0

2,
44
8
(3
6)

56
7
(3
8)

35
8
(3
7)

62
(2
8)

21
5
(3
5)

65
(4
6)

10
0
(2
9)

51
3
(4
7)

31
(1
1)

20
(1
0)

33
5
(3
2)

99
(3
6)

83
(3
7)

70
–8
0

1,
58
1
(2
3)

41
2
(2
8)

18
7
(1
9)

27
(1
2)

17
4
(2
8)

38
(2
7)

59
(1
7)

31
4
(2
9)

22
(8
)

10
(5
)

21
1
(2
0)

75
(2
8)

52
(2
3)

>8
0

20
5
(3
)

35
(2
)

9
(1
)

3
(1
)

68
(1
1)

7
(5
)

8
(2
)

31
(3
)

1
(0
)

0
(0
)

32
(3
)

6
(2
)

5
(2
)

A
ge

at
q
u
es
ti
o
n
n
ai
re
,

m
ea
n
(S
D
),
y

66
.7

(1
1.
8)

69
.9

(9
.4
)

67
.9

(9
.6
)

58
.6

(1
3.
6)

68
.4

(1
1.
8)

67
.7

(8
.5
)

63
.8

(1
1.
2)

71
.1

(7
.3
)

56
.1

(1
4.
6)

46
.8

(1
6.
0)

64
.3

(1
2.
9)

67
.8

(1
0.
3)

66
.4

(9
.4
)

<5
0

63
6
(9
)

51
(3
)

41
(4
)

59
(2
7)

50
(8
)

3
(2
)

39
(1
1)

2
(0
)

10
5
(3
7)

11
5
(5
8)

14
6
(1
4)

17
(6
)

8
(4
)

50
–6
0

98
0
(1
4)

15
9
(1
1)

14
4
(1
5)

50
(2
3)

80
(1
3)

21
(1
5)

80
(2
3)

57
(5
)

72
(2
5)

34
(1
7)

19
5
(1
9)

38
(1
4)

50
(2
2)

60
–7
0

2,
26
1
(3
3)

47
1
(3
2)

34
4
(3
6)

57
(2
6)

19
2
(3
1)

62
(4
4)

12
5
(3
6)

42
7
(3
9)

52
(1
8)

29
(1
5)

33
3
(3
2)

87
(3
2)

82
(3
6)

70
–8
0

2,
26
7
(3
3)

59
0
(4
0)

33
4
(3
5)

44
(2
0)

19
3
(3
1)

45
(3
2)

79
(2
3)

47
6
(4
3)

36
(1
3)

17
(9
)

28
1
(2
7)

98
(3
6)

74
(3
3)

>8
0

74
4
(1
1)

21
6
(1
5)

96
(1
0)

12
(5
)

99
(1
6)

9
(6
)

20
(6
)

13
4
(1
2)

19
(7
)

2
(1
)

95
(9
)

31
(1
1)

13
(5
)

Se
x,
n
(%

)

M
al
e

4,
02
0
(5
8)

80
4
(5
4)

57
2
(6
0)

99
(4
5)

31
3
(5
1)

0
(0
)

0
(0
)

1,
09
7
(1
00
)

71
(2
5)

10
7
(5
4)

63
3
(6
0)

18
7
(6
9)

13
7
(6
1)

Fe
m
al
e

2,
87
5
(4
2)

68
3
(4
6)

38
8
(4
0)

12
3
(5
5)

30
1
(4
9)

14
0
(1
00
)

34
4
(1
00
)

0
(0
)

21
4
(7
5)

90
(4
6)

41
8
(4
0)

85
(3
1)

89
(3
9)

D
is
ea
se

st
ag
ea
,n

(%
)

I
1,
77
8
(2
6)

33
3
(2
2)

31
8
(3
3)

17
0
(7
7)

51
(8
)

12
2
(8
7)

14
9
(4
3)

14
6
(1
3)

15
9
(5
6)

37
(1
9)

30
5
(2
9)

0
(0
)

0
(0
)

II
19
74

(2
9)

62
2
(4
2)

28
6
(3
0)

34
(1
5)

2
(0
)

4
(3
)

34
(1
0)

63
9
(5
8)

55
(1
9)

10
1
(5
1)

18
9
(1
8)

0
(0
)

0
(0
)

III
1,
35
0
(2
0)

43
9
(3
0)

30
1
(3
1)

10
(5
)

1
(0
)

6
(4
)

10
7
(3
1)

21
4
(2
0)

46
(1
6)

36
(1
8)

18
1
(1
7)

0
(0
)

0
(0
)

IV
61
7
(9
)

72
(5
)

38
(4
)

2
(1
)

0
(0
)

5
(4
)

27
(8
)

95
(1
5)

19
(7
)

20
(1
0)

29
9
(2
8)

0
(0
)

0
(0
)

N
o
t
ap
p
lic
ab
le
/
u
n
kn
o
w
n

1,
15
4
(1
7)

21
(1
)

17
(2
)

6
(3
)

56
0
(9
1)

3
(2
)

27
(8
)

3
(9
)

6
(2
)

3
(2
)

77
(7
)

27
2
(1
00
)

22
6
(1
00
)

Pr
im

ar
y
tr
ea
tm

en
ts

re
ce
iv
ed

,n
(%

)

Su
rg
er
y

3,
83
7
(5
6)

1,
47
5
(9
9)

94
6
(9
9)

22
1
(1
00
)

10
2
(1
7)

13
9
(9
9)

33
2
(9
7)

33
9
(3
1)

28
3
(9
9)

0
(0
)

0
(0
)

0
(0
)

(0
)

Sy
st
em

ic
th
er
ap
yb

2,
21
6
(3
2)

49
0
(3
2)

27
5
(2
9)

0
(0
)

5
(1
)

5
(4
)

25
1
(7
3)

0
(0
)

0
(0
)

18
6
(9
4)

76
8
(7
3)

60
(2
2)

17
6
(7
8)

R
ad
io
th
er
ap
y

1,
83
2
(2
7)

24
(2
)

69
2
(7
2)

0
(0
)

0
(0
)

53
(3
8)

2
(1
)

39
6
(3
6)

20
6
(7
2)

11
7
(5
9)

26
3
(2
5)

8
(3
)

72
(3
2)

H
o
rm

o
n
al
th
er
ap
y

31
8
(5
)

1
(0
)

2
(0
)

0
(0
)

0
(0
)

1
(0
)

1
(0
)

30
6
(2
8)

6
(2
)

0
(0
)

0
(0
)

1
(0
)

0
(0
)

N
o
th
er
ap
y/
ac
ti
ve

su
rv
ei
lla
n
ce

58
5
(9
)

4
(1
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

22
1
(2
0)

2
(1
)

4
(2
)

11
7
(1
1)

20
2
(7
4)

35
(1
5)

Ti
m
e
b
et
w
ee
n
d
ia
gn
o
si
s

an
d
in
vi
ta
ti
o
n
,n

(%
)

<2
y

17
89

(2
6)

12
5
(8
)

55
(6
)

34
(1
5)

61
0
(9
9)

14
0
(1
00
)

17
2
(5
0)

44
(4
)

5
(2
)

55
(2
8)

35
9
(3
4)

84
(3
1)

10
6
(4
7)

2–
3
y

14
11

(2
1)

42
7
(2
9)

22
2
(2
3)

41
(1
9)

1
(0
)

0
(0
)

30
(9
)

23
7
(2
2)

32
(1
1)

34
(1
7)

23
9
(2
3)

82
(3
0)

66
(2
9)

3–
5
y

15
37

(2
2)

28
4
(1
9)

21
0
(2
2)

84
(3
8)

2
(0
)

0
(0
)

37
(1
1)

55
1
(5
1)

45
(1
6)

31
(1
6)

21
2
(2
0)

48
(1
8)

33
(1
5)

>5
y

21
26

(3
1)

64
1
(4
3)

47
1
(4
9)

61
(2
8)

1
(0
)

0
(0
)

10
5
(3
1)

25
8
(2
4)

20
2
(7
1)

77
(3
9)

23
3
(2
2)

57
(2
1)

20
(9
)

C
o
m
o
rb
id
it
ie
s,
n
(%

)

0
2,
11
3
(3
1)

40
1
(2
7)

30
7
(3
2)

81
(3
6)

34
1
(5
5)

32
(2
3)

11
5
(3
3)

28
4
(2
6)

72
(2
5)

86
(4
4)

29
6
(2
8)

52
(1
9)

46
(2
0)

1
1,
84
3
(2
7)

40
6
(2
7)

26
9
(2
8)

63
(2
8)

82
(1
3)

38
(2
7)

88
(2
6)

36
2
(3
3)

89
(3
1)

49
(2
5)

28
4
(2
7)

59
(2
2)

52
(2
4)

>1
2,
93
9
(4
3)

69
0
(4
6)

38
4
(4
0)

78
(3
5)

19
1
(3
1)

70
(5
0)

14
1
(4
1)

45
1
(4
1)

12
4
(4
3)

62
(3
1)

47
1
(4
5)

16
1
(5
9)

12
6
(5
6)

(c
o
n
ti
n
u
ed

)

© 2019 The Authors.
The Oncologist published by Wiley Periodicals, Inc. on behalf of AlphaMed Press.

www.TheOncologist.com

Husson, de Rooij, Kieffer et al. e725



Health-Related Quality of Life
The 30-item EORTC QLQ-C30 (version 3.0) was used to assess
HRQoL [21]. This questionnaire contains five functional scales
(physical, role, cognitive, emotional, and social functioning), a
global QoL scale, three symptom scales (fatigue, nausea and
vomiting, and pain), and six single items (appetite loss, diar-
rhea, dyspnea, constipation, insomnia, financial impact). The
questionnaire has a 1-week time frame and uses a four-point
response format (“not at all,” “a little,” “quite a bit,” and “very
much”), with the exception of the global QoL scale, which has
a seven-point response format. The scores were linearly trans-
formed to a score between 0 and 100 [22]. For the function-
ing and the global QoL scales, a higher score indicates better
health. For the symptoms scales, a higher score indicates
more symptom burden. The QLQ-C30 summary score is calcu-
lated as the mean of the combined 13 QLQ-C30 scale and
item scores (excluding global QoL and financial impact), with a
higher score indicating a better HRQoL [14, 23]. The summary
score was only calculated when all of the required 13 scale
and item scores were available.

Statistical Analyses
Statistical analyses were conducted using SAS version 9.4.
(SAS Institute, Cary, NC). Independent sample t tests were
used to assess differences in the QLQ-C30 summary scores,
global QoL, and physical functioning between patients alive
and deceased at censoring date (February 1, 2017). This
was done for the total study sample and per cancer type.

For the total sample and for each cancer type separately,
we used Cox proportional hazard regression models to model
the prognostic value of the QLQ-C30 summary score, global
QoL scale, and the physical functioning scale on survival. For all
Cox proportional hazard regression models, date of invitation
to participate in a PROFILES study was set as entry time and
survival duration was specified as time from invitation until
either death or censoring date (follow-up time). The hazard
ratios (HRs) were calculated for every 10-point difference on
the HRQoL scales, which range between 0 and 100. Time
between diagnosis and invitation to participate in a study were
highly variable. Thus, patients with a shorter time since diagno-
sis might have had a higher mortality risk compared with
patients with a longer time since diagnosis. To adjust for this
potential survivorship bias, a variable with the left-truncation
time (time between diagnosis and invitation to participate in
the study) was added as a variable and time of diagnosis was
set as entry time, for all Cox hazard regression models.

The Cox proportional hazard model assumptions for both
unadjusted and adjusted analyses (known sociodemographic
and clinical prognostic factors: age, sex, time from diagnosis,
stage, number of comorbidities, primary treatments received,
partner status, employment, educational level [16]) were
assessed using a graphic method. Analyses included multiple
studies and cohorts and were therefore cluster adjusted for
study. The proportional hazard requirement, assuming that the
HR was constant over time, was visually checked using log-log
plots, and violation of the requirement was assumed when the
lines were not parallel. Likelihood ratio tests to compare the
models (with predictors) against the null model (model without
predictors) are presented as a measure of robustness of ourTa
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findings. The p value for HRs was set at .01, lowering the risk
of type I errors due to multiple testing.

Cox proportional hazard regression models were also used
to estimate the HRs of the other functioning and symptom
scales of the QLQ-C30 to support our decision to focus on
three scales only (presented as supplemental online Appendix
1 and 2 only).

RESULTS

Sociodemographic and Clinical Characteristics
In total, 13,993 cancer survivors were invited to participate
in one of the cohort studies of the PROFILES registry. Over-
all, 69% (n = 9,590) of those invited completed the ques-
tionnaire, with participation rates for individual tumor type
samples varying between 60% and 76%. Figure 1 presents
the flow chart.

Compared with nonparticipants, participants were more
likely to be in the 60–70 year age bracket, were more often
male, were more likely to have received active treatment,
had fewer comorbidities, and were more likely to have been
invited to complete a questionnaire in the period 2–3 years
after diagnosis [24]. In total, 2,686 (28%) participants were
excluded from analyses because of incomplete EORTC-C30
scale and item scores, which made it impossible to calculate
the QLQ-C30 summary score. Sociodemographic and clinical
characteristics of study participants are presented in Table 1.

QLQ-C30 Summary Score, Global QoL, and Physical
Functioning: Overall and per Cancer Type
Participants with colon, rectum, basal and squamous cell, ovar-
ian, prostate, and thyroid cancer and non-Hodgkin lymphoma
who had died had significantly lower QLQ-C30 summary scores
compared with those who were alive during follow-up (Table 2).
The same pattern was found for global QoL (except for Hodgkin
lymphoma, in which those alive had significantly higher scores
compared with deceased patients) and physical functioning
(except for chronic lymphocytic leukemia and multiple mye-
loma, in which those alive had significantly higher scores com-
pared with deceased patients). Figure 2 shows the proportions
of deaths at censuring date by the score distribution of the sum-
mary score, global QoL, and physical functioning scale.

Survival Analyses
In Cox proportional hazard regression models, the QLQ-C30
summary score was significantly associated with all-cause
mortality, and this remained statistically significant after
adjusting for covariates: every 10-point increase in HRQoL
score was associated with a 23% lower risk of death.

In cancer type stratified, multivariate Cox regression
models, significant associations between the QLQ-C30 sum-
mary score and all-cause mortality were observed for colon,
rectal, and prostate cancer, non-Hodgkin lymphoma, chronic
lymphocytic leukemia, and multiple myeloma (Table 3). The
same pattern was found for global QoL and physical func-
tioning, although global QoL was also significantly associated
with all-cause mortality for patients with Hodgkin lymphoma.
The likelihood ratio tests of all models were statistically signifi-
cant (robust) for the total group; however, in stratified analysesTa
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the likelihood tests of the global QoL (melanoma), QLQ-C30
summary score (melanoma, Hodgkin lymphoma, endometrial
cancer, thyroid cancer, chronic lymphocytic leukemia, multiple
myeloma), and physical functioning scale (melanoma, Hodgkin,
endometrial cancer) were not significant (Table 4).

In adjusted multivariate Cox regression models, the over-
all QLQ-C30 summary score was the strongest predictor of
all-cause mortality (HR, 0.77; p < .01) when compared with
the global QoL scale (HR, 0.82; p < .01) or the physical func-
tioning scale (HR, 0.81; p < .01; Table 3). The likelihood test
of all models was statistically significant (robust) for the total
group and all cancer-specific models except for melanoma
(Table 4).

Secondary analysis of the other QLQ-C30 scales indicated
that all of the functioning scales were significantly associated
with all-cause mortality, with adjusted HRs ranging from 0.86
(p < .01) for role functioning to 0.93 (p < .01) for cognitive
functioning (supplemental online Appendix 1). However, these
associations were only consistently found for colon, rectal
(except cognitive functioning), and prostate cancer (except
emotional functioning), non-Hodgkin lymphoma, chronic lym-
phocytic leukemia, and multiple myeloma (except social func-
tioning). Fatigue was the only symptom scale significantly
associated with all-cause mortality (adjusted HR, 1; p < .01)
for the total group, although pain (colon and rectal cancer)
and nausea and vomiting (colon, rectal, ovarian, and prostate
cancer, melanoma, Hodgkin lymphoma, chronic lymphocytic
leukemia) were significantly associated with all-cause mortal-
ity in certain cancer types. The likelihood test of all adjusted
models was statistically significant (robust) for the total group
and all cancer specific models except for melanoma (supple-
mental online Appendix 2).

DISCUSSION

Secondary analysis of data from population-based PROFILES
registry studies indicated that HRQoL was associated with
all-cause mortality in the “real-world” of daily clinical prac-
tice, independent of established sociodemographic and clin-
ical prognostic factors. However, the prognostic value of
HRQoL was only observed in certain tumor types. All three
EORTC HRQoL measures had prognostic value, although the
summary score was most strongly associated with all-cause
mortality.

Our results are in line with previous studies that have
reported that HRQoL is a prognostic factor in patients with
solid advanced cancers with a high symptom burden, but not
always in those with nonsolid tumors and early-stage cancers
[11]. The three EORTC QLQ-C30 scales assessed in this study
were not significantly associated with survival among patients
with melanoma or endometrial cancer (both predominantly
including patients with early-stage disease), patients with thy-
roid cancer with a well-differentiated tumor, and patients with
basal cell carcinoma. These patients often receive less aggres-
sive curative treatments and have high overall survival rates.
For patients with Hodgkin lymphoma, the QLQ-C30 summary
score was not prognostic; only the global QoL scale remained
significant. This suggests that, for this specific patient group,
self-reported global QoL is a unique indicator of survival [25].
In general, these relatively young patients had high function-
ing levels and low levels of symptoms, and it might therefore
be that patient satisfaction or overall enjoyment of life is a
more important prognostic factor. Furthermore, we did not
observe a significant association between any of the three
EORTC QLQ-C30 scales and all-cause mortality for patients with

Summary score Global QoL Physical functioning
Score Death, n Alive, n Total, n Score Death, n Alive, n Total, n Score Death, n Alive, n Total, n
0 0 1 1 0 10 14 24 0 6 7 13

10 1 2 3 10 5 6 11 10 13 26 39

20 3 5 8 20 36 26 62 20 20 21 41

30 10 14 24 30 124 95 219 30 86 84 170

40 40 37 77 40 80 46 126 40 90 72 162

50 101 72 173 50 318 160 478 50 306 189 495

60 257 135 392 60 249 106 355 60 243 112 355

70 421 196 617 70 797 261 1,058 70 644 242 886

80 863 278 1,141 80 2,196 437 2633 80 478 128 606

90 1,795 395 2,190 90 512 87 599 90 1,695 325 2,020

100 2,014 255 2,269 100 1,160 141 1,301 100 1,920 181 2,101

Figure 2. Proportions of deaths at censuring date by the score distribution of summary score, global quality of life (QoL), and physi-
cal functioning (PF) scale.
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ovarian cancer. For these patients, other factors, including age
and disease stage, but also emotional and social functioning
specifically, were more important prognostic indicators.

Several explanations are described in the literature for the
consistent link of HRQoL and survival. First, patient-reported
HRQoLmight better reflect survival-related functioning and well-
being than traditional prognostic (clinician-reported) indicators
(e.g., performance status, toxicity) [8]. This may be because PRO
measures, especially the EORTC summary score, are composed
of different questions with more sensitive response scales that
reflect distinct and unique aspects of well-being. Recent studies
have shown that clinicians miss up to half of the self-reported
subjective toxicities reported by patients with cancer [26]. Sec-
ond, HRQoL measures might be more sensitive to prognostically
relevant lowered patient well-being than other measures like
performance status. Third, PROs also reflect individual character-
istics (e.g., copingwith stressful circumstances, personality, illness
perceptions) that might affect the disease process. For example,
some studies suggest that stress-related adaptation processes
could have physiological consequences such as alterations in cel-
lular immune function and proinflammatory signaling during
cancer survivorship, which in turn could influence disease pro-
gression [27]. Finally, higher HRQoL scores are linked with more
positive behaviors, such as treatment adherence and healthy life-
styles, thatmay affect survival.

The finding that the EORTC QLQ-C30 summary score pro-
vides distinct prognostic information beyond known
sociodemographic and clinical measures, not only around can-
cer diagnosis (baseline) but also at follow-up, has implications
for clinical practice and future research. Recent studies have
shown that the availability of PRO data can improve symptom
management, patient-clinician communication, shared deci-
sion making, and patients’ satisfaction with care [28–31]. A
randomized clinical trial by Basch et al. [32, 33] of 766 patients
with cancer demonstrated that a simple intervention, a web-
based tool that enables patients to report their symptoms in
real time and triggers alerts to clinicians, can have major bene-
fits, including less frequent admissions to the emergency
room or hospitalizations, remaining longer on chemotherapy,
and longer survival. These and our findings highlight the need
for routine cancer survivorship PRO monitoring systems [34].
PROs reflect how cancer and its treatment affect patients,
which will help to direct health care professionals to areas of
concern. Early detection via routine monitoring of deteriora-
tion in functional health and symptom burden would enable
timely patient-specific supportive care interventions that may
improve HRQoL and possibly survival of cancer survivors. Our
findings indicate that the availability of the QLQ-C30 summary
score alongside other prognostic variables allows for a more
holistic approach. When a cutoff score for the QLQ-C30 sum-
mary score becomes available in the future, it might even be
possible to use the summary score for screening purposes.
However, more detailed HRQoL assessments should always be
carried out in the interest of more personalized care.

To date, many studies of the prognostic value of
HRQoL were based on retrospective analysis of clinical trial
data. Although this is one of the best-known methodolo-
gies to evaluate treatment outcomes, results are limited
by the selected study samples (e.g., some or no comorbid
conditions, good performance status, strict follow-up andTa
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surveillance). Our study adds to the current “real-world”
evidence [11] by demonstrating that the QLQ-C30 sum-
mary score is a significant prognostic factor for survival in
specific tumor types. Moreover, our results also show that
the summary score, global QoL scale, and physical func-
tioning scale are stronger predictors of all-cause mortality
than the other functioning and symptom scales of the
QLQ-C30, although some scales are shown to be particu-
larly relevant for specific cancer types. The use of data
from the PROFILES registry provides several advantages:
population-based study samples; uniform patient recruit-
ment procedures; use of a single, validated HRQoL mea-
sure; and availability of clinical registry data for linkage
with HRQoL data.

Secondary data analysis of registry data also has some limi-
tations. First, our study sample is a collection of separate study
samples, with different inclusion criteria and sample sizes, and
therefore heterogeneous with regard to years since initial can-
cer diagnosis. However, data collection method was similar
across studies, we corrected for clustering, and we addressed
possible survivorship bias by using a left-truncated Cox regres-
sion model. Second, for most cancer types, pretreatment
HRQoL data of the patients were lacking. It could be argued
that pretreatment HRQoL is more likely to reflect (premorbid)
disease-specific characteristics, whereas follow-up HRQoL
reflects treatment-specific characteristics and that changes in
HRQoL over time might be more interesting than only a single
measure at one time point. Third, we only had information on
primary treatment, and not on treatment following recurrence
or for emergent metastatic disease. Therefore, mortality esti-
mates should be interpreted with caution. Fourth, although
we corrected for a range of generic sociodemographic and
clinical covariates, there is still the possibility of residual con-
founding by additional, condition-specific clinical variables. We
cannot rule out that HRQoL scales became significant simply
because other well-established (disease-specific) variables
(e.g., performance status) were not included in the prognostic
models. However, other prognostic studies that have included
performance status in the statistical models have supported
the independent, prognostic value of QLQ-C30 data [11].
Finally, the sample size for some patient groups was relatively
small resulting in limitations of statistical power, and some
prevalent cancer types (e.g., breast cancer) were not available.

CONCLUSION

This population-based study indicates that, for a number of
populations of patients with cancer, a summary score reflecting
different domains of HRQoL has a strong prognostic value for
overall survival above and beyond that of sociodemographic
and clinical variables. Furthermore, the summary score appears
to have more prognostic value than the global QoL, physical
functioning, or any other scale within the QLQ-C30.
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Editor’s Note:
See the related article, “The EORTC QLQ-C30 Summary Score as a Prognostic Factor for Survival of Patients with
Cancer: A Commentary” by Bernd Kasper on page e610 of this issue.
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