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prognostic factors for survival from the symptom scale. With the
exception of insomnia and diarrhea, there was also evidence for
significance in all other symptom scales. (Table 3)

DISCUSSION
Results in context
Our results demonstrate that HRQoL domains are an independent
prognostic factor for survival in sarcoma patients. The domains

global health, physical functioning, fatigue, pain and appetite loss
as well as the summary score have been previously associated
with survival in cancer patients in general [5–7] and reached
significance in the continuous, quartile and threshold models in
our analysis. Additionally, we found significant associations
between survival and the exploratively analysed HRQoL domains.
Dyspnoea, nausea/ vomiting and social functioning showed
significant associations in all three models, while in contrast
insomnia and diarrhea were not associated with survival in any of
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Fig. 1 Results of the multivariable Cox-regression. Survival curves for summary score (a), global health (b), physical functioning (c), fatigue
(d), pain (e), appetite loss (f). N= 1102. Events= 126. Variables in the model: sex, age at baseline, employment status at baseline, school
education, sarcoma type, tumour site, grading at diagnosis, tumour size at diagnosis, time since diagnosis, tumour recurrence until baseline,
metastasis until baseline, disease status at baseline, comorbidities, surgery, chemotherapy, radiotherapy until baseline.
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the three models. The observed associations between dyspnoea,
nausea/ vomiting and social functioning are noteworthy as they
are less frequently discussed in the literature.
A key purpose of HRQoL domains in clinical settings is to

measure aspects of disease burden that are not fully captured by
assessing factors like disease stage, comorbidities or performance
status (PS) alone. At present, the relation between PS and physical
functioning, and which kind of measurement is more appropriate
for different purposes, is still being discussed [21, 22]. PS und
physical functioning could be considered as evaluations of the
same complex status but from different perspectives and
evidence suggests that some subjective self-reported toxicities
may be missed by the examining physician [23]. Al-Rashdan et al.
recently showed that PS und physical functioning were similarly
predictive for overall survival [24]. Our analysis demonstrated that
global health and the C30 summary score each had greater effect
than physical functioning on predicting patient outcomes. This
indicates that measuring physical functioning alone might not
suffice to completely assess how disease severity is linked with
survival from a patient’s perspective. The C30 summary score,
which comprises all domains of the EORTC except financial
problems, could alternatively provide a more comprehensive view
on how survival and disease severity are linked. It is noteworthy
that the generic global health domain with only two questions, on
general life quality and health status, reached a similar effect size
as the summary score.
At present, we are not able to answer the question if there are

sarcoma-specific associations between HRQoL and survival. This is
partly due to the fact that studies comparing individual cancer
entities across all QoL domains with respect to survival are still
lacking. Sarcomas are a highly heterogenous group of diseases
with different QoL profiles [9]. An evaluation of the HRQoL of our
PROSa-cohort previously revealed particular burdens in social and
role functioning [8]. These may contribute to the observed
association between social functioning and survival in this
analysis.
In our study, continuous, quartiles and dichotomous measure-

ment levels reached similar results. To our knowledge, there are
no evaluated standards for the most appropriate form of
measurement level—should a continuous scale be used or should
the population be divided into groups (and if so in how many)? It
is possible that no one size fits all solution exists and that domain-
specific solutions have to be found. According to our results for
social functioning and fatigue domains a ‘continuous’ presenta-
tion appears most appropriate due to its linear relationship; for
others like global health, dyspnoea and appetite loss, we observed
that a categorical approach with one or two thresholds appears
useful. To give to examples: We found the most pronounced
differences between the patient quartile with the best and the
patient quartile with the worst global health score. With regard to
the summary score, there seem to be no differences regarding
survival in the least affected two quartiles of the population.
Survival probabilities differed from the third quartile onward.
However, as our study was not designed to evaluate thresholds
but addressed the preceding question, whether there are
associations between HRQoL and survival at all, it would be an
overreach to derive cut-off values from these observations. In
order to do that, a number of questions would need to be
discussed, which are beyond the scope of this paper. For example,
it should be clarified to what extent one should ask about the
clinical relevance of the observed HR and whether different
purposes (patient communication, medical interventions) require
different thresholds.

Strengths and limitations
To date the PROSa study is one of the largest studies on HRQoL in
sarcoma patients worldwide. In this analysis, we demonstrated an
association between HRQoL and survival in sarcoma patients.

Patients from 39 hospitals and medical offices were included. The
participating centers comprehensively represent the aspects of
sarcoma treatment in Germany and have a large network of
referring institutions [16].
The study potentially may be subject to a selection bias as the

majority of our patients were recruited in university hospitals and/
or specialised centers. Selection biases are also possible at the
patient level with a possible sick survivor bias, as healthy survivors
are less likely to frequent recruiting study centers over time.
Another bias may be sociodemographic selection, which is a
factor in any observational study. These factors, however, in our
opinion will not profoundly impact or influence the group
comparisons made.
The possibility of undetected systematic confounding is

inherent in any observational study. We measured a broad variety
of potentially confounding variables. We were not able to include
performance status (PS) in our analysis as it is not routinely
collected at hospital visits. We would not consider PS as a
confounding variable, but to compare the effect size of the
measurements, inclusion of PS would have been beneficial. We
did not include time-dependent variables in our analysis. Time-
dependent variables would have resulted in somewhat more
precise results, but at the same time would have further restricted
the time horizon of the prognosis.

CONCLUSION
HRQoL domains are independent prognostic factors for survival in
sarcoma patients. All hypothesised HRQoL domains, namely global
health, summary score, physical functioning, fatigue, pain and
appetite loss were significantly associated with survival. Our
analysis therefore adds disease-specific evidences to the already
existing data reported for cancer patients in general. This opens
the possibility for further studies that can firmly establish the
potentially domain-specific relationship between HRQoL and
survival probability. It would benefit patients if clinicians and
care-givers would monitor HRQoL domains in patients on a
regular basis. Future studies should evaluate whether specific
interventions to improve HRQoL domains might have a positive
influence on patient survival.
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