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The aim of this thesis was twofold, namely, to determine the clinical relevance of 
HRQOL in cancer clinical trials and to evaluate several methodological barriers 
in assessing HRQOL in cancer clinical trials. 

Clinical relevance of HRQOL data in cancer clinical trials
We have shown that both baseline and a change in HRQOL scores, as mea-
sured on scales of the EORTC QLQ-C30, are independently prognostic of OS in 
cancer patients, irrespective of cancer type. Several other authors have shown 
the independent prognostic value of HRQOL scores at baseline, however, these 
differed for each cancer type analyzed. These differences across studies could 
possibly be explained by methodological issues such as sample sizes (e.g. sin-
gle studies versus pooled data), missing baseline data, inclusion of different 
patient populations and disease stages, and statistical techniques chosen to 
analyze the data. For example, Quinten et al. [21] included studies with a higher 
percentage of older patients (>60 years; 74%, vs 48% in our study) and a higher 
percentage of patients who had a worse performance status (WHO PS of 2 or 3 
80%, vs 15% in our study); their analysis also included more men (74%, vs 35% 
in our study) and different cancer sites. These results therefore suggest that 
for HRQOL to be valuable for predicting survival for an individual patient, data 
should be analyzed separately for different cancer sites, and should include vari-
ous sociodemographic and clinical characteristics. In addition, disease-specific 
symptoms were typically not included in these pooled analyses, while these may 
particularly be predictive for a specific disease. Although our conclusion on the 
predictive value of a change in HRQOL was based on a single study, the results 
do show that such an evaluation may aid in clinical decision-making, as it pro-
vides independent information on the impact of treatment on the patient’s func-
tioning, possibly identifying symptoms that need follow-up. Indeed, baseline or 
change in HRQOL data could be used in clinical practice to inform patients and 
physicians on the impact of patient- and treatment-related factors, to facilitate 
decision-making and possibly to improve outcomes.

We have not only shown that certain HRQOL scales/items are independently 
prognostic for OS in cancer patients, we have also shown that HRQOL has an 
additive prognostic value besides known clinical variables such as age, sex, per-
formance status and distant metastases, although the extent of this effect is 
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only modest. Our results suggest that incorporation of baseline HRQOL data 
into eligibility criteria and/or stratification factors for cancer clinical trials (can-
cer-specific) and also into routine clinical care should be further investigated. 
Inclusion of baseline HRQOL as a stratification factor could increase trial effi-
ciency, create more homogeneous treatment groups, and may improve under-
standing of trial results. 

A practical challenge however, is developing statistical prognostics models. 
Many sources of uncertainty prevent the precise prediction of individual patient 
outcome. At best, it is possible to quantify the likelihood for a patient to reach a 
certain outcome of interest (e.g. being free from disease at a certain time point 
with improved HRQOL) based on statistical prognostic models developed on 
data from groups of patients with the same disease and similar clinical charac-
teristics. The development of a statistical prognostic model is a complex multi-
step process and it is not sure that such a model will provide accurate individ-
ual predictions. The most obvious cause of failure is the absence of unknown 
important predictors in the model, but other critical reasons of inaccuracy are 
the violations of the assumptions underlying the statistical model, and in small 
datasets the risk of overfitting i.e. of describing random fluctuations rather than 
true relationship with the outcome.

Besides prognostic relevance, HRQOL is also useful in determining the net 
clinical benefit of a new treatment strategy. We have shown that it is possible 
to simultaneously model HRQOL and survival in order to estimate the net clin-
ical benefit. In a large set of anaplastic oligodendroglioma patients we showed 
that part of the survival benefit of treatment with RT combined with PCV che-
motherapy was masked by the negative effect that this treatment had on the 
patients’ HRQOL. In this clinical trial, up to 7% of the theoretical treatment effi-
cacy was lost when we accounted for appetite loss. This joint model approach 
leads to less bias and larger estimates of the treatment effect when HRQOL is 
associated with survival, underlining that using a time-dependent covariate in 
a survival analysis is not recommended. Even in cases where the longitudinal 
HRQOL is not associated with treatment, it has been shown that ignoring the 
longitudinal data will still lead to bias estimates of the treatment effect due to 
fitting an incorrect model [28,29] and severe underestimation of the true associ-
ation, due to regression dilution [30]. Part of survival benefit of a new treatment 
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can be masked by the negative effect that treatment has on HRQOL when OS 
and HRQOL are analyzed separately, warranting methods combining both qual-
ity and quantity of life. A similar method to estimate the net clinical benefit is 
with quality adjusted effect sizes (QASES). This method combines information 
on HRQOL and survival into one single outcome, by weighing the importance of 
each HRQOL domain and survival based on their effect sizes. 

A fundamental issue in clinical practice is to evaluate individual patient 
prognosis according to sociodemographic and clinical characteristics, to aid in 
treatment decision making of whether and how to treat patients. The benefits 
and toxicity of a specific treatment strategy must be weighed, and continua-
tion of treatment must be decided on a cycle-by-cycle basis. During treatment, 
physicians often perform a variety of tests and measure several biomarkers to 
help them optimize medical care. These measurements are often performed on 
a regular basis in order to closely monitor the disease and the effects of the 
treatment in an individual patient. In this setting, it is of interest to optimally 
utilize the recorded information and provide medically relevant summary mea-
sures, such as survival probabilities, that will aid in the accuracy of clinical deci-
sion-making during further treatment. With respect to monitoring of treatment, 
the joint-modeling approach may be useful because it can produce dynamic 
predictions of an individual patient’s survival probabilities based on the longitu-
dinal measurement of their HRQOL. Indeed, we showed that the survival prob-
ability of an individual patient was updated based on ongoing HRQOL results: 
with worsening appetite loss, the rate of decrease of the patient’s survival prob-
ability became steeper. Such information may also be an early signal of patient 
deterioration. A previous study has shown that routine monitoring of HRQOL 
resulted in prolonged survival of advanced cancer patients [31], as early detec-
tion of symptoms warrants the introduction of further (symptomatic) treatment. 
Implementation of dynamic predictions may therefore be relevant for use in clin-
ical practice, as it can aid in detecting early signals of deterioration. However, 
the utility of this approach to patient management should be investigated in 
prospective studies in cancer patients first. A possible barrier for implemen-
tation would be to establish a standard routine collection of HRQOL in clinical 
practice, as systems and manpower are necessary to collect HRQOL data, and 
produce these dynamic predictions.
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Methodological barriers in using HRQOL data in clinical trials
The use of ‘completion time windows’ is necessary when analyzing HRQOL data 
from clinical trials to prevent missing data as much as possible. However, it is 
important to define these time windows appropriately. We found that HRQOL 
scores for several scales/items were statistically significant different between 
‘before-or-on’ and ‘after’ time windows in chemotherapy studies in lung and 
colorectal cancer patients. Worse outcomes were reported when collected after 
the start of the chemotherapy cycle for nausea and vomiting in all three stud-
ies; and in two of the three studies, fatigue, appetite loss and social functioning 
were worse. In one of the studies, we also showed that HRQOL scores ‘on’ the 
scheduled cycle date differed from both ‘before’ and ‘after’ completion time win-
dows, with worse physical functioning and fatigue seen ‘before’ treatment. The 
chosen time windows reflect different treatment phases, which should be con-
sidered when interpreting treatment results. Indeed, certain cancer treatments 
have acute side effects after administration, whereas for other treatments, side 
effects may occur in a later stage after administration. This variation in timing 
of treatment side effects is important to consider when designing HRQOL stud-
ies to appropriately capture the expected treatment effect on patient’s HRQOL. 
The above described findings appeared to be invariant from treatment type. In a 
radiotherapy trial for head and neck cancer, there were also statistically signifi-
cant differences in HRQOL scores comparing “before” and “after” scores, partic-
ularly for swallowing and speech problems. More importantly, applying a narrow 
or wide time window had a significant impact on the interpretation of treatment 
outcomes. We found that the effect of treatment on global health and speech 
problems changed from statistically significant under the wide time window, to 
statistically non-significant under the narrow time window. Thus, apart from the 
moment of assessment in the treatment cycle, also the width of the time win-
dow has a significant impact on the interpretation of the results and should be 
taken into account when designing and analyzing trials with HRQOL endpoints.

Although the patient’s perspective should be the main source of HRQOL 
information, in some cases self-reported data may be biased. One important 
reason are cognitive deficits, hampering an accurate estimation of functioning 
and well-being. Moreover, cognitively impaired patients may be less compli-
ant with questionnaire-based HRQOL monitoring, thereby introducing another 
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source of bias. In these situations, it is recommended to obtain proxy (i.e., 
caregivers, partner, relative or friend) HRQOL ratings alongside a patient’s own 
self-report, and to consider substituting these patient-by-proxy ratings when 
a patient’s self-report is absent or when the patient is cognitively impaired. 
Although glioma patients have lower levels of self-reported cognitive function-
ing than healthy controls, as measured by the self-report Cognitive Functioning 
Scale MOS scale [32] in this thesis we found that there was overall a high agree-
ment between the patient and patient-by-proxy rating of LGG patient’s HRQOL, 
as measured with the SF-36 and EORTC QLQ-BN20 questionnaires. Only a few 
subscales showed statistically significant differences between patients and 
proxies, but these were less than the 10 points generally accepted as clinically 
meaningful. However, some scores may have represented small, potentially 
noticeable changes in the range of 5–10 points which could be important to the 
individual patient and therefore warrant clinical attention. Although the agree-
ment was generally high, this did not hold true when we specifically looked at the 
patients who were cognitively impaired. One of the reasons for this lower agree-
ment may be that patients who are aware of the fact that their cognitive func-
tions are affected (i.e. patients with mild cognitive impairment only) regard their 
HRQOL as poorer, which has also been found in patients with Alzheimer disease 
(AD) [33] In contrast, patients with more extensive cognitive impairments may 
be less aware of their cognitive (dis)abilities and therefore overestimate their 
HRQOL. On the other hand, proxies may not fully appreciate the emotions which 
accompany decline of intellectual functioning, resulting in an overestimation of 
the patient’s HRQOL. As opposed to our study, one study comparing HRQOL 
ratings from proxies and patients with mild AD, mild cognitive impairment, and 
elderly controls, found that overall patient-proxy agreement did not differ signifi-
cantly between groups despite evident differences in cognitive functioning [34]. 
In the same study, patients with AD generally reported a better HRQOL than their 
proxies. Taken together, our results suggest that, in general, patient-by-proxy-
reported outcomes can be used to replace missing patient-reported outcomes 
to solve compliance issues in clinical trials in the LGG patient population. This is 
not the case, however, for patients with cognitive deficits who are no longer able 
or willing to provide self-reported data.
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Future perspectives

General
Currently, the statistical analysis of HRQOL data collected in cancer clinical tri-
als is not standardized. Data generated from HRQOL and other patient-reported 
outcome (PRO) measures are complex and multidimensional, and are subject 
to various possible statistical analyses. The lack of standardization can lead to 
variation in the results and could result in two near-identical trials being ana-
lyzed in different ways, leading to potential differences in data interpretation. 
Several authors in systematic reviews from controlled randomized trials high-
lighted the lack of clear HRQOL and PRO research objectives, lack of standard-
ization of basic statistical terms such as compliance and completion rates, use 
of suboptimal statistical practices and a variety of statistical methods not well 
justified with respect to analyzing HRQOL and PRO data and the use of a vari-
ety of approaches to handling missing data [35–37]. As the conclusions drawn 
from clinical trial data are vital to the decision-making process for patients, cli-
nicians, industry and regulators, their rigorous analysis is critical. Therefore, the 
EORTC is coordinating an international multidisciplinary consortium to stan-
dardize the analysis of HRQOL and other PRO data in cancer randomized con-
trol trials. The goal of the Setting International Standards in Analyzing Patient-
Reported Outcomes and Quality of Life Endpoints Data (SISAQOL) consortium 
[35,36,38] is to improve reproducibility and the quality of HRQOL data analysis, 
and hence to bring new insights into patient experience, and to provide reliable 
information to inform product labelling, clinical guidelines and public health pol-
icy. It is expected that the SISAQOL consortium will bring clear benefits to can-
cer research, patient/provider decision-making, care delivery, and policy making 
by ensuring that HRQOL and other PROs can be compared across clinical trials 
with better interpretation of the study results and therefore play a central role in 
high-quality healthcare delivery. This would also help promote HRQOL and PROs 
as potential primary or co-primary endpoints (when relevant) in cancer clinical 
trials. Such standards will support the full use and understanding of HRQOL 
and PROs in drug development and drug and device approval by regulators and 
health technology assessment (HTA) bodies, but importantly it will also sup-
port better communication of HRQOL and PRO results to clinicians and patients 
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with the potential to inform and improve shared decision-making. Future stud-
ies should incorporate the recommendations of the SISAQOL, into their study 
design and statistical analysis plan. 

Several other initiatives are ongoing to standardize PRO collection, interpre-
tation and reporting of PRO data [39,40][41][42]. This is done for cancer patients 
in general, but also initiatives on the disease level are ongoing. For example, the 
Response Assessment in Neuro-Oncology Patient Reported Outcome (RANO-
PRO) initiative [43] aims to provide guidance on the use of PRO measures in 
clinical trials and practice for adult patients with brain tumors. Together, these 
initiatives will result in international standards for the collection, analysis, 
interpretation and reporting of PRO data, and will subsequently contribute to 
high-quality PRO evidence.

Clinical trial design

Selection of instrument
In future studies including cancer patients, it is important to critically select rel-
evant HRQOL domains, the appropriate instrument, and to follow the guidelines 
proposed by the different initiatives in the design, analysis, interpretation and 
reporting of HRQOL results. One important area that will facilitate PRO assess-
ment is electronic data capture [44].

Assessment time
It is also important for future cancer studies to apply strict time windows for 
completion of HRQOL questionnaires, to obtain more reliable HRQOL scores. 
Different time windows for each assessment point should be considered based 
on the frequency of side-effects occurrence after treatment. Findings from these 
historical data could aid in choosing an appropriate time window to assess 
HRQOL. 

Inclusion of proxy assessment
Specifically in cancer groups where cognitive impairment is an important issue, 
such as in brain tumor patients, proxy reports should be considered as a parallel 
source or substitute form of information on patients’ functioning and wellbeing. 
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Since it is not always possible to predict which patients will suffer from progres-
sive neurocognitive deficits, or when, it is advisable to build proxy assessments 
into study designs from the start of brain tumor clinical trials and trials of other 
cancer patient groups in whom cognitive deterioration might occur in a high 
frequency.

Analyses and interpretation
Future analysis of HRQOL and other PRO data should incorporate recommen-
dations from SISAQOL in their statistical analysis plan in order to improve the 
quality of statistical analysis of HRQOL and PRO data in cancer clinical trials, 
which will aid to achieve international consensus, across stakeholders, on the 
optimal use of HRQOL and PRO data in cancer clinical trials, improve the stan-
dards of reporting of HRQOL and PRO data, and as such the interpretability of 
the data. This will potentially result in more reliable and consistent interpreta-
tion, and ultimately faster dissemination of HRQOL and PRO findings, as well 
as cross-referencing within and between different cancer settings, whenever 
this is deemed feasible. Analysis of HRQOL surveillance data can identify sub-
groups with relatively poor perceived health and help to guide interventions to 
improve their situations and avert more serious consequences. Interpretation 
and publication of these data might aid in identifying needs for health policies 
and legislation, help to allocate resources based on unmet needs, guide the 
development of strategic plans, and monitor the effectiveness of broad commu-
nity interventions.

Another area of research worth considering is artificial intelligence, bring-
ing a paradigm shift to healthcare. The increasing availability of HRQOL and 
other PRO data, real world evidence, and rapid development of big data ana-
lytic methods has made it possible to apply artificial intelligence in healthcare. 
Popular artificial intelligence techniques including machine learning methods 
for structured data, such as the classical support vector machine and neural 
network, and the modern deep learning, as well as natural language processing 
for unstructured data can unlock clinically important information hidden in the 
massive amount of data, which in turn can assist clinical decision making [47–
49]. Artificial intelligence can be used to develop tools that can be used by phy-
sicians and clinicians to predict when a patient’s HRQOL will start to deteriorate. 
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The advantages of artificial intelligence have been extensively discussed in the 
medical literature [49–51] Artificial intelligence uses sophisticated algorithms 
to ‘learn’ features through a large amount of HRQOL and other PRO data, and 
then use the obtained insights to assist clinical practice. It can also be equipped 
with learning and self-correcting abilities to improve its accuracy based on 
feedback. An artificial intelligence system can assist physicians by providing 
up-to-date medical information from journals, textbooks and clinical practices 
to inform proper patient care [52]. In addition, an artificial intelligence tool can 
extract useful information from a large patient population to assist making real-
time inferences for health risk alert and health outcome prediction[53]. These 
are some of the opportunities that may aid advance assessment and analysis of 
HRQOL data in cancer clinical trials.
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