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Abstract
Objectives For drugs reimbursed with limited evidence of patient benefits, confirmatory evidence of overall survival 
(OS) and quality of life (QoL) benefits is important. For QoL data to serve as valuable input to patients and decision-
makers, it must be measured and analyzed using appropriate methods. We aimed to assess the measurement and 
analyses of post-reimbursement QoL data for cancer drugs introduced in Swedish healthcare with limited evidence at 
the time of reimbursement.

Methods We reviewed any published post-reimbursement trial data on QoL for cancer drugs reimbursed in Sweden 
between 2010 and 2020 with limited evidence of improvement in QoL and OS benefits at the time of reimbursement. 
We extracted information on the instruments used, frequency of measurement, extent of missing data, statistical 
approaches, and the use of pre-registration and study protocols.

Results Out of 22 drugs satisfying our inclusion criteria, we identified published QoL data for 12 drugs in 22 studies 
covering multiple cancer types. The most frequently used QoL instruments were EORTC QLQ-C30 and EQ-5D-3/5L. 
We identified three areas needing improvement in QoL measurement and analysis: (i) motivation for the frequency of 
measurements, (ii) handling of the substantial missing data problem, and (iii) inclusion and adherence to QoL analyses 
in clinical trial pre-registration and study protocols.

Conclusions Our review shows that the measurements and analysis of QoL data in our sample of cancer 
trials covering drugs initially reimbursed without any confirmed QoL or OS evidence have significant room for 
improvement. The increasing use of QoL assessments must be accompanied by a stricter adherence to best-practice 
guidelines to provide valuable input to patients and decision-makers.
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Background
Alongside the objective of assessing cancer drugs in 
terms of Overall Survival (OS) improvements, there is an 
increasing focus on assessing patient-reported outcomes, 
such as self-assessed Quality of Life (QoL) [1–4]. Many 
healthcare jurisdictions also rely on cost-effectiveness 
analysis with Quality-Adjusted Life-Years (QALYs) as an 
outcome measure to inform reimbursement and cover-
age decisions, which requires combining QoL and OS 
data [5]. Valid measurements and analyses of QoL in 
cancer trials are fundamental for healthcare decision-
makers and patients since such analyses can facilitate 
well-informed priority-setting and lead to better patient-
centered care. Analyses of QoL endpoints in cancer drug 
treatments are essential in the absence of survival data or 
when improvements in survival are unlikely.

At the time of regulatory market authorization of 
cancer drugs, it is frequent that data on OS or QoL 
confirming clinical benefits is lacking. Market autho-
rization decisions are instead often based on interme-
diate (surrogate) endpoints such as Progression-Free 
Survival (PFS) and Response Rates [6–9], which fre-
quently lack validation as predictors of long-term OS 
and QoL benefits. Following market authorization, 
many healthcare systems rely on subsequent Health 
Technology Assessments (HTA) to decide on reim-
bursement and to inform pricing negotiations [10–12]. 
The HTAs usually depend on the same pivotal trial 
data underlying the market authorization for the clini-
cal- and cost-effectiveness modeling, facing challenges 
with immature OS data and a lack of published QoL 
data. Therefore, it is in the interest of patients and 
payers to learn if OS or QoL benefits can be confirmed 
post-reimbursement based on updated analyses of the 
pivotal trials or from new controlled or pragmatic tri-
als [13, 14]. In addition, the frequent reimbursements 
of high-cost cancer drugs based on uncertain surro-
gate endpoints [15] call for more post-reimbursement 
studies on patient-relevant outcomes using valid and 
reliable measures and analytical methods [16–18].

Cancer patients’ quality of life, including health-
related QoL, can be measured using generic, cancer-
generic, or cancer-indication-specific instruments 
[19, 20]. Generic instruments that can be applied 
across health conditions, such as the EQ-5D instru-
ment [21], facilitate comparative analyses of patient 
benefits across therapeutic areas, which is relevant for 
decision-makers and horizontal priority setting. Can-
cer-specific instruments, such as the EORTC QLQ-
C30 [22], or even more detailed indication-specific 
instruments, may capture more granular aspects of 
QoL, which can be particularly important for clinical 
decision-making and vertical priority setting. Irre-
spective of the instruments used, shortcomings have 

been identified in terms of a lack of defined hypoth-
eses, lack of analyses to account for missing data and 
multiple hypothesis testing, lack of discussions of 
clinical significance [23–27], and absent or deficient 
study protocols [28]. There have been several calls to 
improve the validity and reliability of QoL assessments 
in cancer trials by standardization and guidelines on 
high-quality reporting, including recommendations 
from the Consolidated Standards of Reporting Trials 
(CONSORT-PRO) [29] and the Standards in Analyz-
ing Patient-Reported Outcomes and Quality of Life 
(SISAQOL) Consortium [30]. Despite the increased 
attention to QoL analyses in cancer trials, no previous 
study has specifically addressed post-reimbursement 
follow-ups of drugs approved with initially limited evi-
dence on OS and QoL.

In this study, we aim to assess measurements and 
analyses of QoL in post-reimbursement studies of 
cancer drugs to identify potential areas with room for 
improvement in cancer trial QoL research. Specifi-
cally, we analyze cancer drugs introduced in Swedish 
healthcare with limited evidence, defined as lacking 
randomized trial data or analysis showing any statis-
tically significant OS or QoL benefits at the time of 
reimbursement. In Sweden, the Pharmaceutical and 
Benefits Agency (TLV) decides on the reimbursement 
of prescription drugs, and a large majority of all cancer 
drugs with European Medicines Agency (EMA) mar-
ket authorization receive reimbursement [9]. In a pre-
vious study, we identified all reimbursed cancer drugs 
between 2010 and 2020 that had limited evidence of 
OS and QoL benefits at the time of reimbursement. 
We also analyzed how many drugs subsequently veri-
fied benefits in post-reimbursement studies [31].

The present study concerns the approaches to mea-
surement and analysis of QoL data used to verify 
patient-relevant benefits, and our contributions are 
twofold. First, we analyze the reporting and ana-
lytical choices of QoL data specifically for cancer 
drugs that lacked statistically significant evidence on 
patient-centered outcomes (QoL and OS) at the time 
of reimbursement. This addresses to what extent such 
evidence is generated post-reimbursement to reduce 
the uncertainty of the benefits of these drugs, and to 
the best of our knowledge, this has not been the focus 
in the previous literature. Second, we compare the 
adherence of reporting and analytical choices of QoL 
data to what was outlined in clinical trial pre-registra-
tions, study protocols, and statistical analysis plans, 
and we provide novel results regarding to what extent 
the analyses can be seen as confirmatory or merely 
exploratory. The findings from this study can be used 
to identify areas with room for improvement in the 
measurement and analysis of QoL data in cancer trials.
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Methods
Identification of cancer drug indications with post-
reimbursement QoL data
We identified prescription cancer drug indications 
approved by TLV between 2010 and 2020 where the 
producer claimed a therapeutic benefit compared to the 
standard of care but where the evidence base for this 
argument was limited. We defined limited evidence as 
drugs where no randomized trial data showed statisti-
cally significant (p < 0.05) OS or QoL benefits in pub-
lished studies or based on the material submitted to TLV. 
Instead, the therapeutic benefit supposition was based 
on improvements in surrogate/intermediate endpoints 
and/or based on single-arm trials. From a total of 60 
reimbursement applications, 46 drug indications were 
approved by TLV to be included in the Swedish Pharma-
ceutical Benefits Scheme. Of those 46 drug indications, 
22 had limited evidence at the time of a favorable reim-
bursement decision.

For each of these 22 drug indications, we searched 
PubMed and Clinicaltrials.gov for any post-reimburse-
ment evidence on QoL or OS from randomized con-
trolled trials (RCT) until September 2022. We used the 
following search string to identify post-reimbursement 
studies for each of the 22 drug indications: “active sub-
stance name OR drug brand name AND cancer form 
AND Cochrane Highly Sensitivity Search Strategy for 
identifying randomized trials” [31]. We included new 
publications from the original pivotal trial and any other 
randomized (clinical or pragmatic) trials related to the 
specific indication for each reimbursement decision. 
We allowed for the inclusion of studies irrespective of 
whether the research objective was explicitly outlined to 
demonstrate clinical benefit based on an apriori hypoth-
esis or if the objective was to conduct exploratory QoL 
analyses. We have previously published the full details 
of the search protocol and the results documenting 
the number of drug indications with any RCT post-
reimbursement data on OS or QoL [31]. The search 
strategy and Flow-diagram are also presented in the Sup-
plementary material. The work in this study was based on 
publicly accessible information and did not involve indi-
vidual patient information. No formal ethical approval 
was therefore required.

Data extraction and analysis
Two authors (MS and NiJ) independently extracted infor-
mation using a pre-defined data extraction template. The 
data extraction template covered basic study informa-
tion and several established quality indicators of research 
design and statistical practice: the study and year, cancer 
type/drug indication, QoL instrument(s) used, the scor-
ing system or tariffs used to summarize QoL data, the 
frequency of QoL measurements, the statistical analyses 

of the QoL scores, proportion of missing QoL data, if 
missing data adjustments were conducted, if a detailed 
study protocol or statistical analysis plan describing data 
collection and statistical analyses were published, and if 
all QoL instruments in the study were listed in the pre-
registration on clinicaltrials.gov before the analyses were 
conducted (before finalizing data collection). Disagree-
ments in the extracted data were resolved by discussion, 
and the data is presented using descriptive statistics.

Results
We identified post-reimbursement RCT data on QoL in 
22 studies covering 12 of the 22 included drug indica-
tions (Supplementary material, Figure S1 & Table S1). 
Of the 22 studies, five were published between 2010 and 
2016 and 17 between 2017 and 2022. The indications 
covered by the studies included the following cancers: 
lung, breast, kidney, ovarian, leukemia, and melanoma. A 
total of 4 of the 22 studies reported statistically signifi-
cant (p < 0.05) QoL benefits (statistically significant QoL 
benefits for the reimbursed drug compared to the control 
arm). In contrast, the other 18 studies reported findings 
where the QoL data were not statistically significantly dif-
ferent between the reimbursed drug and the comparator 
or that the reimbursed drug had statistically significant 
detrimental QoL effects. Table 1 summarizes the studies 
in terms of the QoL measurement and analysis.

The most commonly used instruments for generic and 
cancer-generic QoL assessments were EQ-5D-3 L/5L and 
EORTC QLQ-C30 (used in 8 of 22 studies, respectively). 
In addition, the Karnofsky Performance Status Scale 
(KPSS) was used in 2 of the included studies. Of the indi-
cation-specific instruments, EORTC QLQ-LC13 was fre-
quently used in lung cancer (4 of 6 studies). For renal cell 
carcinoma, the Functional Assessment of Cancer Ther-
apy-Kidney Symptom Index was used in all identified 
studies (FKSI-DRS), as was the Functional Assessment 
of Cancer Therapy–Ovarian (FACT-O) in the identified 
studies on ovarian cancer. In breast cancer, EORTC-B23 
was identified in 1 out of 6 studies and FACT-B in 3 out 
of 6 studies.

Table  1 also shows the number of studies with pre-
registered trial protocols, including QoL measurement 
and analysis information. Nine studies had listed the QoL 
instruments in their pre-registration on Clinicaltrials.gov, 
and seven studies had published a study protocol or sta-
tistical analysis plan, including the QoL instruments and 
analyses (before manuscript submission).

The frequency of measurements differed to some 
extent between the included studies, and generally, no 
specific motivation was reported for the frequency of 
measurement. Several trials assessed QoL on the first day 
of each 28-day treatment cycle for the first few cycles and 
then less frequently in later cycles. Most studies finalized 
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assessment at progression or treatment discontinuation, 
whereas a few studies continued QoL assessment in pro-
gressed states (details in Table 2).

The statistical analyses differed depending on the 
instrument and scoring system used. Most frequently, 
the analyses assessed between-group differences in the 
mean magnitude of change from baseline using longi-
tudinal mixed-effect models (17 of 22 studies). The sec-
ond most common analytical approach was to analyze 

the time to worsening with Kaplan-Meier and/or Cox 
regression methods (9 of 22 studies). Worsening in QLQ-
C30 was consistently defined as a reduction by 10 points 
or more compared to the baseline score, but for other 
instruments, the definition of worsening varied (see 
Table 2). Finally, 4 of 22 studies analyzed the proportion 
of responders, similar to time to worsening, but typically 
based on assessing the proportion of patients not hav-
ing worsened (i.e., maintaining or improving QoL) at a 
specific follow-up time. The proportion of responders 
analyses is thus typically modeled using binary outcome 
models (such as logistic regression).

Regarding missing data, some studies (6 of 22) reported 
the proportion missing for all measurement points (typi-
cally as supplementary material). In contrast, another 
set of studies reported the proportion of missing obser-
vations for a few specific time points (11 of 22), whereas 
five studies provided no data on the proportion of miss-
ing responses. Among the studies that reported missing 
data, the proportion of missing responses at 12 months 
follow-up (or close to 12 months) varied between 2 and 
40%. The proportion of missing data was based on cal-
culations where patients not responding at baseline and 
patients dropping out of the study due to disease progres-
sion were not included in the denominator. Despite the 
prevalent missing data problem, only two studies used a 
statistical approach to address the impact of missingness. 
The approaches to assessing the impact of missing data 
included pattern-mixture models and stratified analyses 
in sub-groups with varying missing data patterns. The 
full details of instruments used, frequency of assessment, 
and statistical analyses are shown in Table 2.

Discussion
We reviewed QoL measurements and statistical analyses 
applied in published RCTs after reimbursement for can-
cer drugs that were initially reimbursed and introduced 
in Swedish healthcare with a lack of evidence of QoL and 
OS benefits. We identified any new publications from 
the original pivotal trial and any other trials for the same 
patient indication. Considering the increasing share of 
reimbursements based on surrogate endpoints and sin-
gle-arm trials, it is essential to assess what type of robust 
evidence becomes available in the post-reimbursement 
period to confirm claims of clinical benefit– and that any 
QoL data becoming available is based on valid measures 
and analyses of QoL [31]. Out of 22 cancer drug indica-
tions reimbursed with limited evidence, we identified 
and reviewed RCTs for 12 drugs in 22 published studies. 
EORTC QLC-C30 [15] and EQ-5D-3/5L [14] were the 
most frequently used instruments. Both these instru-
ments have previously been reported as the most com-
monly used instruments in cancer trials [23, 27, 32], and 
some studies have shown success in mapping QoL scores 

Table 1 Summary of the QoL assessment characteristics
Characteristics of QoL assessment Identified in 

number of stud-
ies (% of studies)

Generic instruments used Out of 22 identi-
fied studies

EQ-5D-3/5L 8/22 (36%)
KPSS 2/22 (9%)
Cancer generic instruments used
EORTC QLQ-C30 8/22 (36%)
Indication-specific instruments used Out of varying 

indication-specific 
identified studies

Lung cancer drugs
EORTC QLQ-LC13 4/6 (67%)
LCSS 1/6 (17%)
Renal Cell Carcinoma drugs
FKSI-DRS 5/5 (100%)
FKSI-19 1/5 (20%)
FKSI-15 2/5 (40%)
Ovarian cancer drugs
FACT-O 4/4 (100%)
Breast cancer drugs
EORTC QLQ-BR23 1/6 (17%)
FACT-B 3/6 (50%)
Type of analysis
Mean magnitude of change from baseline 17/22 (77%)
Time to worsening 9/22 (41%)
Proportion of responders 4/22 (18%)
Reporting and analysis of missing data
Reported proportion missing at each measure-
ment time

6/22 (27%)

Reported proportion missing post-baseline for 
some measurements

11/22 (50%)

Missing data adjustments (statistical analysis) 2/22 (9%)
Protocol use
Protocol published 7/22 (23%)
All study instruments defined in clinical trial 
registration

9/22 (32%)

Notes EQ-5D-3 L/5L = EuroQol 5-Dimension with 3 or 5 Levels, KPSS = Karnofsky 
Performance Status Scale, EORTC QLQ-C30 = The EORTC Quality of Life 
Group Core Questionnaire, EORTC QLQ-LC13 = The EORTC Quality of Life 
Group Lung Cancer Questionnaire, LCSS = Lung Cancer Symptom Scale, 
FKSI-DRS/19/15 = Functional Assessment of Cancer Therapy Kidney Cancer 
Symptom Index Disease Related Symptoms/19-item version/15-item version, 
FACT-O = Functional Assessment of Cancer Therapy– Ovarian, EORTC QLQ-
B23 = The EORTC Quality of Life Group Breast Cancer, FACT-B = Functional 
Assessment of Cancer Therapy– Breast
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between these instruments [33, 34]. In addition, indica-
tion-specific instruments that were used included, e.g., 
EORTC QLC-LC13 (in 4 out of 6 lung cancer studies), 
FKSI-DRS (used in 5 out of 5 studies on renal cell carci-
noma), and FACT-O (used in 4 out of 4 studies on ovar-
ian cancer), and FACT-B (used in 3 out of 6 studies on 
breast cancer).

The US Food and Drug Administration (FDA) and 
the European Medicines Agency (EMA) encourage 
the assessment of QoL in cancer RCTs. In addition, an 
increasing number of payers consider QoL to be a valu-
able input to reimbursement and coverage decisions [35], 
and QoL data is a necessary input in cost-effectiveness 
analyses using QALYs as a health outcome measure. 
However, QoL data must be measured and analyzed 
validly and reliably to provide valuable insights to deci-
sion-makers and clinicians. The FDA has hesitated to 
grant QoL labeling of the product’s benefits, which may 
be attributed to uncertainties and a lack of quality in the 
measurement and analytical standards for QoL data [35, 
36]. There are several calls for standardization of design, 
reporting, and statistical analyses of QoL data, includ-
ing initiatives by the, e.g., SPIRIT-PRO [37], CONSORT-
PRO [29], and SISAQOL [30] consortiums.

Our review highlights several relevant aspects with 
room for improvement. We found that several studies 
lacked information on the scoring system used, which, 
particularly for the EQ-5D and the range of available tar-
iffs to predict QoL scores, can substantially impact the 
interpretation and comparability of results [38]. The fre-
quency of measurements varied across studies and was 
rarely explicitly motivated– some studies assessed QoL 
every cycle (28 days), whereas other studies had three-
month intervals. There may be well-motivated reasons 
for variations in the frequency of assessment between 
disease and study contexts, but this is difficult to identify 
when the rationale is not outlined. The approach for the 
timing of the last assessment also varied between stud-
ies. Some studies assessed QoL until disease progres-
sion and treatment discontinuation. In contrast, others 
assessed QoL until death or the last study follow-up, and 
in some studies, we could not identify information on the 
procedure for the timing of the final assessment. For QoL 
evidence to inform treatment decisions, capturing QoL 
consequences after disease progression is essential, par-
ticularly in settings where overall survival benefits have 
not been demonstrated [39]. For proper value assess-
ments and cost-effectiveness analyses of drugs, it is also 
necessary to have valid QoL data both in the progression-
free and progressed disease states.

Regarding the statistical analyses of the data, most 
studies used approaches that align with recommenda-
tions from, e.g., SISAQOL [30], including linear mixed-
effects models for repeated measurements to assess 

between-treatment group differences in mean changes 
from baseline. However, many studies failed to report 
all relevant modeling choices, such as which covariates 
were included as control variables or whether variables 
(including time indicators) were treated as random or 
fixed effects. Besides including baseline QoL, additional 
covariates associated with the QoL outcome are often 
recommended to include to improve precision and 
power. Such covariates should be pre-defined in the study 
protocol or statistical analysis plan [40]. Based on our 
comparisons to clinical trial registrations and study pro-
tocols (including any statistical analysis plan referenced), 
only 9 of 22 studies listed all instruments analyzed in the 
study in the clinical trial registration before final data 
collection. Only seven had published their study proto-
col and included information for QoL analysis. Given the 
researcher’s degrees of freedom of choice involved in the 
measurement and analysis of QoL data, it is essential to 
have proper pre-registered documentation to increase 
the validity of the findings [41]. With the finding that 
most studies lacked appropriate pre-registration and 
study protocols, the QoL findings in these papers should 
primarily be interpreted as exploratory.

Finally, we found that many reviewed studies had sub-
stantial missing data. Among the studies that reported 
the share of missing data, it varied from only a few per-
cent up to about 40%. However, the data on missingness 
generally excluded patients who did not complete base-
line QoL assessments and those who declined follow-up 
in the study. Thus, the missing data shares can be con-
sidered conservative lower-bound estimates. In addi-
tion, despite the substantial missing data issue, only 2 out 
of 22 studies addressed the potential impact of missing 
data. This is a lower share than some earlier reviews of 
missing QoL data in cancer trials [25]. One of the studies 
addressing the missing data problem showed that miss-
ingness was associated with adverse QoL, implying that it 
is not reasonable to assume that data are missing at ran-
dom [42]. The SISAQOL Consortium guidelines on han-
dling missing data include nine items, e.g., that statistical 
approaches to assess missing data should be pre-specified 
in the protocol or statistical analysis plan and that at least 
two sensitivity analyses should be used [30]. Our review 
shows that missingness is an area where development is 
needed in QoL studies.

Our study has limitations that are important for 
interpretation and generalizability. First, our sample of 
included studies is based on identified published stud-
ies on cancer drugs for which there were no mature OS 
data or QoL data at the time of reimbursement. While 
our sample of studies thus reflects a practically relevant 
context where reimbursement decisions for costly drugs 
have been made based on limited evidence, the review 
cannot necessarily be interpreted as representative of 
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the broader cancer drug trial literature. Second, it should 
be mentioned that several of the papers included in this 
review were published before recommendations for 
reporting and analysis by the SPIRIT-PRO extension 
(2018) and the SISAQOL Consortium Guidelines (2020). 
Thus, the papers included in this review should not be 
judged in terms of adherence to such reporting guidelines 
per se. Instead, we have used items from these guidelines 
as a proxy for what can be seen as best-practice reporting 
and analysis standards. Third, our study covers a subset 
of the criteria for best practices in the measurement and 
analyses of QoL data as outlined in the abovementioned 
guidelines. For example, this review does not assess 
whether the studies were explicit about a confirmatory or 
exploratory research objective, if any adjustments were 
considered for multiple hypothesis testing, or the type of 
potential arguments provided for the magnitude of miss-
ing data.

Conclusion
QoL data is increasingly used to inform regulatory deci-
sions and facilitate more patient-centered care. For QoL 
data to serve as input to improved patient outcomes 
and decision-making, QoL data must be measured and 
analyzed using appropriate methods. We documented 
several deviations from high-quality measurement and 
analysis standards for clinical trials based on reviews of 
post-reimbursement studies for cancer drugs initially 
reimbursed in Swedish healthcare with limited evi-
dence of QoL or OS benefits. Our results suggest areas 
of improvement in QoL assessments related to handling 
missing data, motivations for the measurement fre-
quency, and pre-trial protocol registration and adher-
ence. Given the increasing focus on patient-reported 
outcomes and the use of QoL data, future QoL assess-
ments from cancer drug trials must be conducted with 
stricter adherence to best-practice guidelines to provide 
valuable input to patient care and decision-makers.
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