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Abstract

Germany has one of the highest cancer incidence rates in Europe. Radiotherapy is
essential for patients with cancer as 50% have an evidence-based indication for
radiotherapy. However, it is unknown how health-related quality of life (HRQoL) of
cancer patients undergoing radiotherapy compares to the general population in
Germany. Therefore, we conducted a secondary analysis by pooling cross-sectional
individual-level data from a multicenter cohort of cancer patients (n = 1052) under-
going radiotherapy across Germany and a normative sample from the German gen-
eral population (n = 1006). We used the EORTC QLQ-C30 to measure global HRQoL
(range: 0-100). Higher scores indicate higher HRQoL. We used ANOVA for univari-
able and ANCOVA with predefined covariates for multivariable analyses. As per uni-
variable analysis, cancer patients had significantly lower global HRQoL compared
with the general population (mean [M] = 54.6 vs. M = 65.9; p < .001). This difference
was smaller but persisted in the multivariable analysis (M = 56.5 vs. M = 63.5;
p < .001). Multivariable analyses stratified by education showed that HRQoL was
only lower in cancer patients with medium (M = 56.2 vs. M = 63.0; p < .001) or high
education (M = 57.0 vs. M = 66.5; p < .001) compared with the general population.
The minimal important difference threshold of seven points was only met in the
group with high education. In conclusion, there may be a meaningful gap in HRQoL
of cancer patients at the end of radiotherapy compared with the general population,

mainly in patients with higher educational levels. Upon validation, this would

Abbreviations: ANCOVA, analysis of covariance; ANOVA, analysis of variance; DEGRO, German Society of Radiation Oncology; EORTC, European Organisation for Research and Treatment of
Cancer; HRQolL, health-related quality of life; MID, minimal important difference; PRO, patient-reported outcomes; SF-36, Short Form-36 Health Survey.
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1 | INTRODUCTION

Cancer poses a major challenge to patients as well as health care sys-
tems in Europe. Four million people were newly diagnosed with and
nearly two million patients died of cancer in Europe in 2020. Among
European countries, Germany has one of the highest cancer incidence
rates. The EUROCARE-6 population-based study only recently
reported that Germany ranks first for men and third for women on
the complete cancer prevalence among 29 European countries.? Fur-
ther, the cancer incidence is projected to rise in Germany in the next
several years, leading to, for example, higher rates of breast and pros-
tate cancer.®

Radiotherapy is an essential component in the management of
patients with cancer. In Europe, about 50% of patients with cancer
have an evidence-based indication for at least one course of radio-
therapy, resulting in a large population of treated patients.* A wide
range of patients with cancer benefit from radiotherapy, including
patients with solid tumors such as breast, prostate, head and neck,
cervical, or lung cancer, or also patients with lymphoma or leukemia.®
However, patients treated with radiotherapy can face various chal-
lenges such as treatment side effects, perceived insecurity of treat-
ment outcomes, or social implications of the disease itself and its
treatment that may negatively impact their wellbeing. Therefore,
health-related quality of life (HRQoL) is an important patient-centered
outcome in oncology.® Though various definitions exist, HRQoL is a
multidimensional concept of wellbeing of patients in the context of their
health that is best captured via patient-reported outcomes (PRO), that is,
outcomes directly reported by patients without interpretation by clini-
cians or anyone else.”~? The specific concept of global HRQoL focuses on
overall HRQoL and offers an overall impression of a patient's wellbeing. It
is often included in Core Outcome Sets in oncology research.® It can be
measured using, for example, the European Organisation for Research
and Treatment of Cancer (EORTC) QLQ-C30 cancer core questionnaire,
which covers 14 functioning and symptom domains in addition to said
global HRQoL scale.**

highlight the need for supportive care and optimized radiotherapy strategies to even-

tually close the HRQoL gap.

general population, neoplasms, quality of life, radiotherapy

While radiotherapy is an essential component of oncology treatment, it remains unclear how
the quality of life of treated patients compares to that of the general population. This pooled
secondary analysis of two cross-sectional studies conducted in Germany reveals existing gaps in
global quality of life between the general population and patients at completion of radiotherapy,
especially for patients with higher educational levels. This study supports future targeted efforts
to strengthen care measures, including psychosocial counseling and symptom management, and
to reduce treatment side effects to eventually close gaps in quality of life at the end of

Research into HRQoL in radiation oncology has mainly focused
on specific contexts, such as distinct disease types, comparison of
fractionation, or specific treatment intents.*2~1° Such an approach can
be useful to navigate narrow research questions of specific clinical
contexts. However, we lack an understanding of HRQoL across
patients undergoing radiotherapy for any type of cancer (i.e., all-
comers) and to our knowledge, there is no data as to how their
HRQoL compares to the HRQoL of the general population. This
understanding could help to quantify potential gaps in global HRQoL,
to raise awareness, and to optimize supportive measures for cancer
patients receiving radiotherapy.

Therefore, we conducted a secondary analysis with pooled data
from two studies performed in Germany with the aim to compare
global HRQoL of cancer patients after radiotherapy with that of a

general population sample.

2 | METHODS

21 | Study design and participants

Data of cancer patients after radiotherapy originated from a cross-
sectional study conducted at 11 centers in Germany, of which 10 are
tertiary cancer centers. Study centers were located across all areas of
Germany (Figure S1). The original study was primarily designed to
investigate financial toxicity among patients treated with radiotherapy
and was led by the Young German Society of Radiation Oncology
(DEGRO) working group, that is, a group of early career investigators.
The protocol, survey, and earlier results have been described
previously.2"*? The study protocol was amended to predefine the
secondary analysis presented here (Data S2). In brief, patients with
any type of cancer and treatment intent were invited to participate in
a paper-pencil based anonymous survey at the end of a course of
radiotherapy (+2 days). Patients had to consent and had to be at least
18 years old. The recruitment period was a uniform period of
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60 consecutive days from June 2022 in which all participating centers
invited all potentially eligible patients. The predefined minimal partici-
pation rate was 30%. The final actual participation rate was 46%
(n = 1075 out of n = 2341 eligible). Only patients with available data
on global HRQoL were included in the present analysis (n = 1052).
Data of the German general population sample (n = 1006) origi-
nated from the European General Population Norm Data survey, an
EORTC-funded study on normative data of the EORTC QLQ-C30
questionnaire published in 2019.2°722 |n brief, data were collected via
online panels across 15 countries, including Germany, with data col-
lection outsourced to the panel research company GfK SE (www.gfk.
com; GfK has since been acquired by NielsenlQ). The online panels
were representative of the respective general population of a given
country (i.e., limited to those with internet access), with representa-
tiveness relating to age, sex, region, hometown size, household size,
and socioeconomic status. The data collection was carried out in
March and April 2017. Of note, the anticipated sample size per coun-
try was n = 1000 participants, with sampling focusing on achieving an
equal sample size in each of 10 pre-defined age-sex strata with a sam-
ple of n = 100 per stratum. As opposed to the analyses in the original
publication of the general population sample, in the present analysis,
we did not weigh by the respective population distribution as we
compared the cohort of cancer patients with the general population
sample using multivariable analysis as outlined below.2%2%23
The flow chart of both cohorts is shown in Figure 1. The STROBE

guideline for reporting the analysis was applied.2*

2.2 | Outcomes and variables

All acquired data of cancer patients were self-reported by patients,
including patient and disease characteristics. The primary outcome for
the present analysis was global HRQoL as measured by item
29 (“How would you rate your overall health during the last week?”)
and item 30 (“How would you rate your overall quality of life during
the last week”) of the EORTC QLQ-C30. Both items are rated on a
7-point scale ranging from 1 = very poor to 7 = excellent. Scores are
linearly transformed to range from O to 100. Higher scores indicate
higher global HRQoL.

Covariables that were available for the cohort of cancer patients
as well as the German general population sample included age, sex,
relationship status, education, and employment status. The covari-
ables relationship status, education, and employment status were
regrouped to match response categories of both cohorts as shown in
the amended protocol (Data S1). We categorized education levels
in low education (9 years of schooling), medium education (10 years of
schooling), and high education (more than 10 years of schooling) corre-
sponding to the German school graduations ‘“Hauptschulabschluss,”
“Realschulabschluss,” and “Abitur,” respectively. Another covariable was
patient-reported financial burden as per item 28 (“Has your physical
condition or medical treatment caused you financial difficulties?”) of the
EORTC QLQ-C30, with scores ranging from O to 100 and higher
scores indicating higher financial burden. Of note, no further EORTC

Cohort of cancer patients

at the end of Genlel't’fll
radiotherapy popula II0n
in 11 centers in Germany sample

Eligible patients Respondents in 11

n = 2341 European countries
n = 11343
4
Participating patients
n=1075
A

Patients with

available data on Respondents in

Germany
global HAQol = 1006
> «

comparative analyses

FIGURE 1 Flow chart of both study cohorts. HRQoL, health-
related quality of life.

QLQ-C30 items than questions 28-30 were available for the cohort of

cancer patients.

2.3 | Statistical analysis

Descriptive statistics were used to describe both cohorts. Univariable
one-way Analysis of Variance (ANOVA) and Chi-square tests were
employed to detect differences between cohorts. Multivariable one-
way Analysis of Covariance (ANCOVA) analysis was used to compare
mean global HRQoL of cancer patients to the general population sam-
ple, adjusting for respondent characteristics. Predefined covariates
included age, sex, relationship status, employment status, and subjec-
tive financial burden. Subjective financial burden was included as a
covariate because of significant associations with global HRQoL in the
primary analysis of cancer patients.?® Cases with missing values of
covariates were excluded from ANCOVA models. Effect sizes
of ANCOVA analyses were reported using partial eta-squared values
(np?). np? values of 0.01 to <0.06, 0.06 to 0.14, and >0.14 correspond
to small, medium, and large effect size.> ANCOVA model assump-
tions were checked visually using Q-Q plots for normality of residuals
and plots of standardized deviance residuals versus fitted values for
homogeneity of variance. We checked homogeneity of regression by
including interaction terms of each covariate in the ANCOVA models.
Tukey's post hoc test was used as appropriate. The minimal important
difference (MID) threshold of global HRQoL between both cohorts
was defined prior to analysis as 7 points. This was based on a recent

publication by Musoro et al. that found varying MIDs across cancer
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types. For example, MID concerning between-group deterioration
over time of global HRQoL was reported in an anchor-based approach
to be —13 to —6 for breast cancer, —6 for prostate cancer, —4 for
lung cancer, —6 for brain tumor, and —4 for head and neck cancer
patients.?® We therefore pragmatically chose 7 points as MID, given
the various cancer types included in our cohort of cancer patients. All
analyses were exploratory. A two-sided p-value <.05 was considered

statistically significant.

3 | RESULTS

3.1 | Sample characteristics

Table 1 shows the characteristics of cancer patients (n = 1052) at the
end of a course of radiotherapy treated in Germany and the German
general population sample (n = 1006). There were several statistically
significant group differences based on ANOVA and Chi-square tests,
as appropriate: cancer patients were older (p < .001), less often living
alone (p < .001), had lower educational levels (p < .001), were more
often retired (p < .001), and had a higher financial burden (p < .001)
compared with the general population sample. Breast (26%;
272/1052), prostate (19%; 195/1052), and lung cancer (10%;

102/1052) were the most common entities in the cohort of cancer
patients (Table S1). Global HRQoL by the patient's self-reported

tumor entity is shown descriptively in Figure S2.

3.2 | Overall mean differences between groups

Analyzing both whole cohorts, the unadjusted mean global HRQoL
was lower in cancer patients (n = 1052) as compared with the general
population sample (n = 1006) according to an ANOVA analysis: 54.6
(95% Cl = 53.3-56.0) versus 65.9 (95% Cl = 64.5-67.3) (mean differ-
ence —11.3; 95% Cl = —13.2 to —9.4; p < .001), respectively. The
predefined multivariable adjusted ANCOVA analysis again showed a
significant difference of HRQoL in cancer patients compared with the
general population sample (F[11936] = 42.8, p < .001, np? = 0.022)
as visualized in Figure 2 and shown in Table S2. Marginal mean global
HRQoL was 56.5 (95% Cl = 55.1-58.0) in cancer patients and 63.5
(95% Cl = 62.1-64.9) in the general population sample. The post hoc
test suggested that global HRQoL was significantly lower in cancer
patients as compared with the general population sample (mean dif-
ference —7.0; 95% Cl= —-9.1 to —5.9; p <.001). Plots on model
assumption are shown in Figures S3 and S4. The model showed sev-

eral statistically significant interaction terms concerning the covariate

TABLE 1 Characteristics of cancer patients at the end of radiotherapy and of the German general population sample cohort.
Cancer patients at end of radiotherapy General population sample p
Sample size 100% (1052) 100% (1006)
Sex .849
Female 49% (519) 50% (501)
Male 51% (532) 50% (505)
Age in years; Median (IQR) 65 (17) 55(23) <.001
Relationship status <.001
Living alone 27% (286) 34% (345)
Living with partner 72% (759) 65% (652)
Education® <.001
Less than compulsory 3% (30) 0.1% (1)
Low 27% (288) 11% (112)
Medium 36% (373) 39% (396)
High 32% (340) 49% (489)
Employment status <.001
Employed 26% (271) 49% (494)
Self-employed 8% (86) 6% (60)
Unemployed 8% (84) 10% (98)
Retired 56% (587) 33% (333)
Financial burden <.001
EORTC QLQ-C30; Mean (SD) 20.8 (28.3) 104 (24.1)

Note: Absolute numbers are given in brackets. Numbers may not add up to 100% due to rounding error or missing values. The p values are based on Chi-

square test or ANOVA test depending on the variable scale.

Abbreviations: HRQoL, health-related quality of life; IQR, interquartile range; SD, standard deviation.
?Low education, medium education, and high education correspond to 9 years of schooling, 10 years of schooling, and >10 years of schooling.
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FIGURE 2 Raincloud plots of global health-related quality of life
based on the EORTC QLQ-C30 questionnaire in cancer patients at
the end of a course of radiotherapy in Germany compared with the
German general population sample (“whole cohort”). Dots represent
data points. Global quality of life ranges on a scale from O to 100, with
higher values indicating higher quality of life. RT, radiotherapy.

education together with age (p =.012), sex (p = .03), employment
status (p = .028), and subjective financial burden (p < .001), respec-
tively. These multiple significant interaction terms of education sug-
gest marked inhomogeneity of regression in the predefined model,
potentially limiting its validity. Therefore, we re-ran the ANCOVA
analysis on global HRQoL of cancer patients versus the general popu-
lation sample stratifying by educational level including all other previ-
ously included covariates in each model. Strata were divided into
respondents with low education (9 years of schooling), medium edu-
cation (10 years of schooling), and high education (>10 years of
schooling) according to the covariable education (Table 1). Respon-
dents with less than compulsory education were not included in the
stratified analysis due to overall low and unevenly distributed case
numbers in cancer patients (3%; 30/1052) and the general population
sample (0.1%; 1/1006).

3.3 | Mean differences by educational levels
Analyzing respondents with low education, the unadjusted mean
global HRQoL was comparable between cancer patients (n = 288)
and the general population sample (n = 112) as per ANOVA analy-
sis: 54.3 (95% Cl = 51.7-57.0) versus 57.7 (95% Cl = 53.4-62.0)
(mean difference — 3.4; p = .2), respectively. There was also no sta-
tistically significant difference in global HRQoL of cancer patients
versus the general population sample per multivariable adjusted
ANCOVA (F[1367] = 0.1; p =.7) as depicted in Figure 3A and
shown in Table S3. Marginal mean global HRQoL was 55.0 (95%
Cl = 52.1-58.0) in cancer patients and 56.1 (95% Cl = 52.6-60.5)
in the general population sample (mean difference —1.1; 95%
Cl = —6.4 to 4.3; p = .7). All model assumptions were fulfilled, and
there were no significant interaction terms among covariates
(Figures S5 and Sé6).

Investigating respondents with medium education, the unadjusted
mean global HRQoL was significantly lower in cancer patients
(n = 373) compared with the general population sample (n = 396) as
shown by ANOVA analysis: 54.9 (95% Cl = 52.7-57.0) versus 64.8
(95% Cl = 62.6-67.0; mean difference —9.9; p < .001), respectively.
Global HRQol also differed significantly in cancer patients compared
with the general population sample according to the multivariable
adjusted ANCOVA (F[1726] = 17.2; p < .001; np? = 0.023) as visual-
ized in Figure 3B and shown in Table S4. Marginal mean global
HRQoL was 56.2 (95% Cl = 53.8-58.6) in cancer patients and 63.0
(95% Cl = 60.8-65.3) in the general population sample. Post-hoc test-
ing showed that global HRQoL was significantly lower in cancer
patients versus the general population sample (mean difference —6.9;
95% Cl = —10.1 to —3.6; p <.001). The difference in mean global
HRQoL did not meet the MID threshold of 7 points. All model
assumptions were fulfilled and there were no significant interaction
terms among covariates (Figures S7 and S8).

In respondents with high education, the unadjusted mean global
HRQoL was again significantly lower in cancer patients (n = 340)
compared with the general population sample (n = 489) per ANOVA
analysis: 54.7 (95% Cl = 52.3-57.2) versus 68.7 (95% Cl = 66.9-
70.6) (mean difference —14.0; 95% Cl = —17.1 to —11.0; p < .001),
respectively. Global HRQoL was also significantly different in cancer
patients compared with the general population sample as per multi-
variable adjusted ANCOVA (F[1799] = 36.2; p < .001; np? = 0.043) as
displayed in Figure 3C and shown in Table S5. Marginal mean global
HRQoL was 57.0 (95% Cl = 54.5-59.4) in cancer patients and 66.5
(95% Cl = 64.5-68.4) in the general population sample. Post hoc test-
ing demonstrated that global HRQoL was significantly lower in cancer
patients versus the general population sample (mean difference —9.5;
95% Cl = —12.6 to —6.4.6; p < .001). This difference in mean global
HRQoL met the MID threshold of 7 points. All model assumptions
were fulfilled except for significant interaction terms of relationship
with employment status (p = .024) and age with relationship status
(p = .038) (Figures S9 and S10).

Table 2 shows a summary of unadjusted as well as adjusted mean
global HRQoL values and mean differences in cancer patients as com-

pared with the general population sample and as reported above.

4 | DISCUSSION

In this pooled secondary analysis of two cross-sectional studies, we
compared HRQoL in an all-comers cohort of cancer patients at com-
pletion of radiotherapy across Germany to a general population sam-
ple. The predefined multivariable model showed a significantly lower
HRQoL among cancer patients as compared with participants from
the general population. Stratification in low, medium, and high educa-
tion revealed that HRQoL was only significantly worse in cancer
patients with medium or high education. Further, this difference in
HRQoL was only clinically relevant in cancer patients with high educa-
tion as per MID threshold. Effect sizes of HRQoL differences from
cancer patients to the general population sample were small overall.
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FIGURE 3 Raincloud plots of global health-related quality of life
based on the EORTC QLQ-C30 questionnaire in cancer patients at
the end of a course of radiotherapy in Germany compared with the
German general population sample stratified by education level. Panel
A shows respondents with low education (9 years of schooling), Panel
B shows respondents with medium education (10 years of schooling),
and Panel C shows respondents with high education (>10 years of
schooling). Dots represent data points. Global health-related quality
of life ranges on a scale from O to 100, with higher values indicating
higher quality of life. RT, radiotherapy.

Whilst, to our knowledge, no study has yet compared HRQoL in an
all-comers cohort of cancer patients undergoing radiotherapy to the
general population, some parallels may be drawn from previous
publications.

Differences in HRQoL of cancer patients in various settings as
compared with the general population have been reported in previous

studies. For example, Hinz et al. showed that symptom-based HRQoL

was lower in cancer patients in comparison to the general population,
but global HRQoL was not.2” This may relate to the timing of the sur-
vey: Hinz and colleagues collected data 6 months after discharge from
in-patient rehabilitation, whereas we collected data immediately at
the end of radiotherapy when acute toxicity typically peaks. This tim-
ing of our survey may have amplified the observed differences in
HRQoL (i.e., worse HRQoL in cancer patients). Other studies that
assessed global HRQol at the end of radiotherapy did indeed report a
reduction in HRQoL. For example, Yucel et al. conducted a monocen-
ter longitudinal study from 2010 to 2012 and included 367 patients
treated with 3D-conformal radiotherapy.?® They reported a significant
drop in HRQoL (mean = 63, SD = 23) as measured by the EORTC
QLQ-C30 at the end of radiotherapy as compared with follow-up at
21 month (mean = 69, SD = 23) after radiotherapy. Global HRQoL at
the end of radiotherapy appears higher in their cohort than in our can-
cer cohort, potentially due to the fact that Yucel et al. included cura-
tive cases only, whereas our cohort was not restricted to a treatment
intent.?? Indeed, our precursor study on 100 patients at the end of
radiotherapy in two centers showed a global HRQoL of 52 (SD: 23),
comparable to the present analysis.’® Treatment-related toxicity,
emotional functioning, and uncertainty of the treatment success may
be reasons for why global HRQoL appears lower at the end of treat-
ment as compared with subsequent follow-up.3%%2

Associations of education and health have been studied by multi-
disciplinary research. In fact, education is an integral part of the semi-
nal rainbow model of Dahlgren and Whitehead on main determinants
of health first published over three decades ago.>3** Higher levels of
education correspond to higher levels of health measures, although
causal mechanisms often remain unclear.®> More specifically, there is
also data on associations of educational levels and HRQoL as mea-
sured by PRO. Concerning the general population, Teni et al. reported
higher global HRQoL in respondents with higher education using the
EQ-5D-5L in a Swedish general population sample.3® Using the same
questionnaire in a Polish general population sample, Jankowska et al.
similarly showed higher global HRQoL in respondents with higher
education.®” Hence, there appears to be a positive association of
HRQoL and education in the general population in Europe.

Concerning patients with cancer, the link of HRQoL and educa-
tion might be less clear. On the one hand, a recent French observa-
tional study including over 5000 breast cancer patients reported
higher HRQoL in patients with higher education based on the EORTC
QLQ-C30.%8 This association became stronger after 1 and 2 years of
follow-up as compared with the time of initial diagnosis. Further,
Annunziata et al. conducted a cross-sectional study involving Italian
survivors of various cancer types at least 5 years after diagnosis.3’
They also found higher global HRQoL in survivors with higher educa-
tion using the Short Form-36 Health Survey (SF-36). On the other
hand, a nationwide cohort study conducted in Sweden did not find a
difference in HRQoL based on education in esophageal cancer
patients during follow-up after surgery using the EORTC QLQ-C30.%°
Importantly, Roick et al. performed a longitudinal observational study
in Germany on cancer patients with various tumor entities.** Patients

were included in the study at hospital admission for cancer treatment
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Summary of mean global health-related quality of life as measured by the EORTC QLQ-C30 in cancer patients at the end of radiotherapy versus the German general population sample,

whole cohort and stratified by low (9 years of schooling), medium (10 years of schooling), and high education (>10 years of schooling).

TABLE 2

Adjusted analysis®

Unadjusted analysis

General population sample

Cancer patients at end of radiotherapy

General population sample

Cancer patients at end of radiotherapy

p

M diff.
-7.0

95% ClI

M

n

95% Cl

M diff. p
-113

95% Cl

M

n

95% ClI

<.001

62.1-64.9
52.6-60.5

60.8-65.3

63.5

970
109
385
475

55.1-58.0
52.1-58.0
53.8-58.6
54.5-59.4

56.5

974
265
348
331

<.001

64.5-67.3
53.4-62.0
62.6-67.0
66.9-70.6

65.9

1006

53.3-56.0
51.7-57.0

52.7-57.0
52.3-57.2

54.6

1052

Whole cohort

-1.1
—6.9

56.1

55.0

-34
-9.9
-14.0

57.7

112
396
489

54.3

288
373
340

Low education

<.001
<.001

63.0

56.2

<.001
<.001

64.8

54.9

Medium education

64.5-684  —9.5

66.5

57.0

68.7

54.7

High education

Abbreviations: Cl, confidence interval; M, mean; M diff, mean difference.

2ANCOVA analysis adjusting for age, sex, relationship status, education level (only for “whole cohort”), employment status, and financial burden. Marginal means are shown for the adjusted analysis. Case

numbers differ from unadjusted to adjusted analyses because of the exclusion of cases with missing values of respective covariates in the adjusted analysis.
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and followed up thereafter. This study did not find an association of
global HRQoL and education during a follow-up period of 6 months.

How do these findings from the literature on a clear link of HRQoL
and education in the general population but less so in cancer patients
compare with our results? Looking at the direction of effects of HRQoL
in our study, higher global HRQoL with higher educational levels was
driven by higher adjusted HRQoL in the general population. In fact,
adjusted HRQoL remained nearly unchanged in cancer patients per edu-
cation stratum. Therefore, our results align well with the literature. This
gap in HRQoL per educational stratum may even widen further if patients
were not only surveyed at treatment completion as in our study but also
during follow-up. This is based on the observation of some studies that
HRQoL tends to differ in cancer patients based on educational levels dur-
ing longer follow-up or in the survivorship phase.>®*? Finally, the relative
differences of HRQoL of cancer patients at the end of radiotherapy and
the German general population sample are noteworthy: cancer patients
at the end of radiotherapy with high educational levels report HRQoL at
a similar level to respondents from the general population sample with
low educational levels, that is, while their global HRQoL shows a substan-
tial drop after radiotherapy compared with their general population coun-
terparts, it does not drop below the global HRQoL of the general
population with low educational levels.

Our study has limitations. First, as we focused on an all-comers
approach of cancer patients undergoing radiotherapy to leverage
higher level data for the field of radiotherapy as a whole, we deliber-
ately did not differentiate by tumor site in our main analysis. Diagno-
ses were self-reported and we had no information on tumor stage.
Therefore, we concluded that incorporating the tumor entity into the
comparison of HRQoL with the general population sample would be
inappropriate and imprecise. Second, we had to predefine a regroup-
ing of response categories of covariables to match both cohorts for
analysis leading to less granularity in the data. Importantly, the general
population sample coded educational levels with more detail including
university degrees, whereas the cancer cohort coded educational
levels only by “less than compulsory,” “9 years of school,” “10 years
of school,” and “>10 years of school.” Third, additional variables una-
vailable in our study may have influenced patients' HRQoL, including
but not limited to variables such as treatment intent, prior systemic or
local therapies, or applied supportive measures. Fourth, the German
general population sample was not representative of the German gen-
eral population per se due to the applied sampling method by age/sex
strata, as outlined in Section 2 and according publications.?%?* Adjust-
ing for covariables, however, allowed to compare cancer patients and
the General population sample in a more meaningful way as it indeed
lowered the differences of global HRQoL compared with crude ana-
lyses. Concerning the representativeness of the cancer cohort sample,
the predefined participation rate was met, but still limited at 46%
which may have led to non-response bias, arguably toward higher
HRQol in responders capable to complete the survey. Fifth, we ana-
lyzed differences of global HRQoL based on potentially confounding
factors such as education. Global HRQoL is measured by two out of
30 EORTC QLQ-C30 items only. Further HRQoL domains such as
specific functional domains or symptoms were not available for the
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cancer cohort, except for subjective financial burden, but may enrich
future analyses and could potentially show differential impacts of con-
founding factors. Finally, the MID threshold was chosen pragmatically
prior to analysis based on the distribution of cancer types and recent
literature as outlined in the methods section. Higher or lower MID
thresholds may have led to different conclusions. The MID threshold
and its implications should therefore be interpreted cautiously.

The implication of our finding is that additional efforts are needed to
further elucidate, narrow, and eventually close the gap of HRQoL in can-
cer patients at the end of radiotherapy in Germany compared with the
general population. First, additional prospective longitudinal follow-up
studies should enrich and confirm our findings, also in the context of pre-
vious and subsequent treatments other than radiotherapy. Second,
increased and tailored supportive measures should be fostered during
therapy. For example, recent prospective studies have shown a positive
impact of electronic PRO monitoring on PRO and HRQoL during treat-
ment.*>*% Third, continuous refinements of radiotherapy techniques and
regimens should aim to positively impact HRQoL of patients. This could
potentially be achieved, for example, by advanced radiotherapy tech-
niques including online adaptive radiotherapy or by tailoring radiotherapy
to genomic features.***°> Any efforts to close the gap of HRQoL in cancer
patients at the end of radiotherapy, however, will need to take into
account previous or concurrent treatments besides radiotherapy as well
the morbidity of the cancer itself.

In conclusion, our study highlights a meaningful gap of global HRQoL
in cancer patients at the end of radiotherapy treated across Germany as
compared with a general population sample. However, this gap was only
present in patients with higher educational levels who showed a signifi-
cant drop in global HRQoL after radiotherapy compared with the general
population. Upon validation of our results, future targeted efforts should
aim to strengthen supportive measures, including psychosocial support
and symptom management, as well as to reduce treatment side effects

to eventually close gaps of global HRQoL at the end of radiotherapy.
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