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Abstract
Background and Objective Cancer drug costs have increased considerably within healthcare systems, but many drugs lack 
quality-of-life (QoL) and overall survival (OS) data at the time of reimbursement approval. This study aimed to review the 
extent of subsequent literature documenting improvements in OS and QoL for cancer drug indications where no such evidence 
existed at the time of reimbursement approval.
Methods Drug indications with claims of added therapeutical value but a lack of evidence on OS and QoL that were reim-
bursed between 2010 and 2020 in Sweden were included for review. Searches were conducted in PubMed and ClinicalTrial.
gov for randomized controlled trials examining OS and QoL.
Results Of the 22 included drug indications, seven were found to have at least one trial with conclusive evidence of improve-
ments in OS or QoL after a mean follow-up of 6.6 years. The remaining 15 drug indications either lacked subsequent ran-
domized controlled trial data on OS or QoL (n = 6) or showed no statistically significant improvements (n = 9). Only one 
drug demonstrated evidence of improvement in both OS and QoL for its indication.
Conclusions A considerable share of reimbursed cancer drug indications continue to lack evidence of improvement in both 
OS and QoL. With limited healthcare resources and an increasing cancer burden, third-party payers have strong incentives 
to require additional post-reimbursement data to confirm any improvements in OS and QoL.

Key Points 

Many cancer drugs have limited overall survival and 
quality-of-life data at the time of reimbursement, ques-
tioning their value for money. This study systematically 
reviewed the subsequent evidence of cancer drugs fol-
lowing reimbursement approval in Sweden.

Sixty-eight percent of reimbursements continue to have 
limited evidence of improvement in overall survival 
and quality of life after a mean follow-up of 6.6 years 
from reimbursement. A lack of published evidence on 
the effects on quality of life was observed and 42% of 
included trials did not report on quality-of-life assess-
ments.

Given the limited resources of healthcare systems and 
the increasing burden of cancer, there is a need to dis-
cuss the requirements informing reimbursement approv-
als and to continue to monitor reimbursed cancer drugs.
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1 Introduction

Increasing costs of cancer drugs have spurred consider-
able debate and concern across many healthcare systems 
[1, 2]. In Europe, the cost of cancer drugs tripled between 
2005 and 2018, and cancer drug expenditures amounted 
to 32 billion Euros in 2018, constituting a third of the total 
direct healthcare costs of cancer [3]. Larger increases have 
occurred in the USA, and global spending is expected to 
grow further [4]. High costs and prices may be motivated 
by substantial clinical benefits, but a growing literature has 
questioned the evidence supporting many newly approved 
cancer drugs, including their effects on overall survival 
(OS) and quality of life (QoL). There is also a documented 
lack of association between cancer drug prices and their 
clinical benefits [5–10].

In most European countries, the accessibility of can-
cer drugs after a market authorization depends on reim-
bursement decisions by public and social health insurers. 
As health expenditures increase and resources are finite, 
ensuring that funds are spent on effective drugs with clear 
value for money is vital for healthcare systems’ long-term 
sustainability and effectiveness [11]. While several out-
comes are considered in assessing the benefits of cancer 
drug treatments, such as progression-free survival, the 
primary objective for patients and health policymakers is 
typically to improve OS and/or QoL [12–14]. Evidence on 
intermediate or surrogate outcomes can generate useful 
information and be a partial goal of treatment in certain 
settings. However, the implications and ability to predict 
effects on OS or QoL remain debated [15, 16]. For many 
cancer drugs, evidence of efficacy on OS and QoL has 
been limited and surrounded by uncertainties due to unval-
idated surrogates [16, 17], the use of single-arm trials, and 
the scarcity of long-term outcomes at the time of market 
entry [7, 15, 18–21].

In a previous study of the clinical and cost-effectiveness 
evidence underlying reimbursement assessments in Swe-
den [22], we observed a lack of conclusive evidence of 
improvements in OS and QOL at the time of reimburse-
ment in around 50% of reimbursed cancer drug indica-
tions, and suggestions of increased reliance on single-arm 
studies and surrogate outcomes compared with previous 
studies. Similar limitations have been reported for different 
regulatory and reimbursement decisions in Canada, China, 
and Europe [23–26], and in an overview of accelerated 
approvals in the USA over the last decades, only 20% of 
authorized drugs had shown improvements in OS in con-
firmatory trials [22].

Given the basis of health technology assessment pro-
cesses and economic evaluations, limited evidence of 
comparative effectiveness at the time of reimbursement 

decision causes considerable uncertainty for the economic 
assessment and modeling of cancer drugs’ cost effective-
ness. To ensure efficient resource use and value for money 
of implemented therapies, it is essential to assess the 
extent of longer term data post-introduction that would 
facilitate updated cost-effectiveness and value assess-
ments. In this study, we aimed to fill this gap by review-
ing the post-reimbursement OS and QoL evidence for all 
cancer drug indications approved for reimbursement in 
2010–20 in Sweden, with limited evidence on OS and QoL 
at the time of decision making.

2  Methods

2.1  Context and Identification of the Study Cohort

The Swedish Health Technology Assessment Agency, the 
Dental and Pharmaceutical Benefits Agency (TLV), is 
responsible for assessing and making reimbursement deci-
sions for prescription drugs. The decision process is based 
on the principles of clinical effectiveness, disease sever-
ity, need, and cost effectiveness. Following a drug’s mar-
ket authorization, the pharmaceutical company initiates 
the reimbursement application that presents the clinical 
and cost-effectiveness evidence of the drug and proposes a 
price. The TLV assesses the application and suggests modi-
fications in the economic modeling and assumptions [27]. 
The reimbursement decision is made by the TLV’s Board of 
Pharmaceutical Benefits, constituted by independent profes-
sionals from sectors of academia and healthcare and patient 
organizations. Assessments and decisions are made for each 
specific drug-indication combination.

In a previous review of the clinical and cost-effectiveness 
evidence used in reimbursement applications, we identi-
fied all cancer drug indications seeking reimbursement and 
claiming an added clinical value between 2010 and 2020 in 
Sweden [22]. Briefly, 60 drug indications were included in 
the initial review of which 46 were granted full or restricted 
reimbursement. Within this cohort (n = 46), we identified 
drugs with limited evidence of improvements in OS and 
QoL for their reimbursed indication based on decision dos-
siers and assessments made by the TLV. We defined limited 
evidence as having clinical evidence based on single-arm 
trials or comparative studies (pivotal phase 3 studies and in 
lack of these, phase 2 studies) with imprecise (non-signif-
icant, p ≥ 0.05) estimates of differences in OS and QoL at 
the time of the reimbursement. In total, 20 drugs concerning 
22 specific indications were identified to have limited evi-
dence of improvements in OS or QoL at the time of reim-
bursement and were included for a follow-up (Table S1 of 
the Electronic Supplementary Material [ESM]). Two of the 
included drugs were reimbursed for two indications each. 
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These were regarded as individual observations and were 
reviewed separately.

2.2  Search Strategy and Selection Criteria

PubMed was used for a systematic search of post-reim-
bursement evidence on OS and QoL for each drug indica-
tion between 17 December, 2021 and 24 January, 2022. 
The search terms “active substance name OR drug brand 
name AND cancer form AND Cochrane Highly Sensi-
tive  Search  Strategy for identifying  randomized trials” 
were used for all drugs based on the specified indications for 
which reimbursement had been approved. The search strat-
egy was developed in consultation with university librar-
ians and included synonyms from the National Institutes of 
Health cancer dictionary and the library of Medical Subject 
Heading terms. The search strategy was formed to capture 
studies published 1 year prior to the reimbursement decision 
up to the date of the search. Thus, we ensure the inclusion 
of study results published just prior to and during the reim-
bursement process, which may not have been included in the 
decision dossiers handled by TLV.

To be included, studies had to report OS or QoL results 
from a randomized controlled trial (RCT). Population eligi-
bility criteria were also set for each drug indication based 
on the characteristics of the concerned patient group speci-
fied in the TLV approvals (Table S1 of the ESM). Studies 
without OS or QoL as an endpoint, commentaries, pharma-
cokinetic modeling studies, single-arm trials, dose-response 
trials, and reviews were excluded. Only papers in English 
and Swedish were eligible.

All authors took part in the screening and selection of 
studies based on pre-specified inclusion and exclusion cri-
teria and data extraction templates. The screening, selection, 
and data extraction were conducted independently by at least 
two reviewers for each drug indication. Disagreements were 
resolved through discussions among all authors. In addi-
tion to PubMed, National Institutes of Health trial registry 
ClinicalTrials was searched for all drug indications using 
the search terms active substance name OR drug brand 
name AND cancer form. These searches were conducted 
between 12 and 23 September, 2022, and screened using 
the same inclusion criteria. The initial PubMed search was 
additionally updated between 24 and 26 October, 2022. For a 
complete specification of the search strategies for each drug 
indication and the screening process of the updated search, 
see Tables S2–S21 and Fig. S1 of the ESM, respectively.

2.3  Data Extraction

All included reports were used to extract data on clinical effi-
cacy outcomes for each drug indication. Whenever applica-
ble, separate articles of cross-over adjustments with changes 

in a trial’s primary results were considered for sensitivity 
analyses. Data were extracted on trial characteristics and 
efficacy outcomes, including trial phase, follow-up time, 
blinding status, sample size, eligibility criteria, hazard ratios 
(HRs), number of events, and median survival in months 
for the assessment of OS. For QoL, all instrument(s) used, 
completion rates, and between-group differences in global 
QoL domains or summary scores were extracted. If more 
than one instrument was used to assess QoL, results for all 
instruments were extracted.

2.4  Statistical Analysis

Improvements in OS were defined as having a statistically 
significant (p < 0.05) positive difference in median OS or 
reduced HR of all-cause death (95% confidence interval of 
the HR not exceeding the null value). For QoL, an improve-
ment was defined as having a statistically significant posi-
tive between-group difference in global QoL or summary 
scores compared to the control treatment in at least one of 
the included instruments. Trial characteristics and results for 
all trials included in the review were analyzed and presented 
descriptively. To assess the available post-reimbursement 
evidence, data were synthesized based on the specific drug 
indications and characteristics of concerned patient groups 
specified by the TLV in the reimbursement approvals 
(Table S1 of the ESM). A summary of the evidence based on 
the most recently published article of the main study popu-
lation (i.e. not subgroups) on OS and QoL from each trial 
was synthesized and presented descriptively for each specific 
drug indication. For trials including the drug of interest as 
a control against a new agent, the results of HRs on OS 
were inverted for presentation (n = 9). A drug indication 
was regarded as having shown evidence of improvements 
in the post-reimbursement period if improvements in OS 
or QoL were found in at least one trial. Additionally, fixed-
effects inverse variance meta-analyses of the effects on OS 
were performed as a sensitivity analysis of the conclusions 
of post-reimbursement evidence for drug indications with 
multiple trials (n = 7).

2.5  Ethics

This study was based on publicly accessible literature and 
did not involve individual patient information. Therefore, no 
institutional review was required.

3  Results

In total, 40 randomized controlled trials were identified in 
the review (Fig. 1), with available evidence for 16 of 22 drug 
indications. The majority of trials concerned an advanced 



624 G. Chauca Strand et al.

Fig. 1  Flow diagram over the 
search and selection process of 
reports and trials for all drug-
indications

Fig. 2   Diseases targeted in the 
included trials
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disease stage (73%) and mainly targeted renal cell carci-
noma, non-small cell lung cancer (NSCLC), breast cancer, 
and ovarian cancer (Fig. 2). The trials were initiated from 
2006 to 2017 and had an average sample size of 499 patients 
(range 43–5761). Most trials were funded by the pharma-
ceutical industry (83%) and consisted of phase III trials 
with an active control treatment (Fig. S2 of the ESM). The 
average duration from trial initiation to data cut-off was 4.3 
years (range 1.8–12 years), and 33% of trials were at least 
single-blinded. 

Of the 40 trials, a majority reported results on OS and of 
these, 18% reported statistically significant improvements 
in OS (n = 7), while 5% showed negative results on OS for 
the drug of interest (n = 2). A lack of reporting OS data was 
found for 13% of the trials, primarily due to data immatu-
rity (n = 5). Results on QoL were reported for 58% of the 
included trials (n = 23); out of these, around 17% reported 
a statistically significant improvement of the impact on QoL 
(n = 4), and the remaining found non-statistically significant 
results of both negative and positive effects on QoL (n = 19). 
Both disease-specific and generic instruments were used in 
the trials (Table S22 of the ESM). A pre-defined threshold 
for clinically meaningful changes in QoL was reported in 
around half of all the trials with a reported QoL analysis (n 
= 12). The threshold was reached in one trial.

3.1  Post‑Reimbursement Evidence 
of Improvements in OS and QoL

Of the 22 drug indications, 68% (n = 15) continued to have 
limited evidence of improvements in both OS and QoL 
after a mean follow-up period of 6.6 (range 2–12) years 
(Table 1;  Table S22 of the ESM). For six of these drug 
indications, no evidence from an RCT was found (Table S22 
of the ESM).

In total, seven drug indications (32%) showed evidence 
of improvements in OS or QoL in the post-reimbursement 
period (Table 2). Out of these, alectinib, everolimus, olapa-
rib, and ribociclib were shown to improve OS for their 

indications as: first-line treatment for advanced ALK-pos-
itive NSCLC, advanced renal cell carcinoma, maintenance 
therapy for BRCA-mutated ovarian cancer, and initial endo-
crine therapy for advanced breast cancer, respectively. Like-
wise, ceritinib and palbociclib were found to improve QoL 
for indications of advanced ALK-positive NSCLC and breast 
cancer. One drug, osimertinib, was found to improve both 
OS and QoL for the indication of advanced NSCLC with 
EGFR T790M mutations (Table 2). The improvements in 
median OS for these ranged from 2 to 13 months (n = 5).

For two drug indications, the drugs of interest (everoli-
mus and axitinib) were also included as controls against 
newer agents, and mixed results of both negative and posi-
tive effects on OS were observed (Table 2; Table S22 of the 
ESM). Likewise, for most drug indications with evidence of 
an improvement in QoL (n = 3), additional trials indicated 
mixed effects on the outcome (Table 2). A clinically relevant 
improvement in QoL according to the pre-defined thresholds 
in the trials was found for one drug, osimertinib. Considera-
tions of cross-over adjustments, different comparators, and 
alternative doses within trials did not change the conclusions 
of the available evidence for the drug indications (Table S23 
of the ESM). Pooled HRs from the meta-analyses gener-
ally confirmed the conclusion of improved OS for the drug 
indications (Table S24 of the ESM). However, for one drug, 
everolimus, the pooled effect estimate showed a significant 
negative impact on OS.

4  Discussion

In this study, we reviewed the post-reimbursement evidence 
of the effects on OS and QoL for cancer drugs with lim-
ited clinical evidence of added improvements at the time 
of reimbursement in 2010–20, Sweden. Despite subsequent 
published RCT reports for a majority of the reviewed drug 
indications, we found that a majority of the reviewed drug 
indications continued to have limited evidence of compara-
tive effectiveness on both OS and QoL. After a mean follow-
up of 6.6 years after reimbursement, only 32% of the 22 drug 
indications had available evidence supporting improvements 
in OS or QoL.

Our findings are in line with previous studies assessing 
cancer drugs and the evidence of the effects on OS and QoL 
in the post-approval period [7, 21, 59–61]. For instance, 
Grössman et al. [7, 59] found that evidence of improvements 
in OS and QoL increased over time but continued to be lim-
ited for a substantial share of approvals by the European 
Medicines Agency. In contrast to previous research, which 
has focused on market authorizations, our study focused 
on a context of reimbursement decisions where additional 
considerations of drugs’ cost effectiveness — based on the 
clinical evidence of the effects on OS and QoL — are of 

Table 1  Number of drug indications with improvement in final out-
comes, n (%)

Note: Overview of the share of reimbursed drug indications with sub-
sequent evidence of improvements in overall survival and quality of 
life (n = 22)

Overall survival Quality of life

No evidence of 
improvement

Evidence 
of improve-
ment

No evidence of improvement 15 (68) 2 (9)
Evidence of improvement 4 (18) 1 (5)
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fundamental importance to inform third-party payers within 
healthcare systems. Considering the high costs of cancer 
drugs, the lack of subsequent data fulfilling the assumptions 
of improvement in outcomes is troubling, implying substan-
tial uncertainty in the economic evaluations of a consider-
able share of reimbursed cancer drugs.

It is usually emphasized that considerable time is needed 
to ensure mature survival data in cancer settings [62, 63]. 
While intermediate outcomes such as progression-free sur-
vival are relevant for clinicians’ recommendations for a 
patient, improvements in OS and QoL are the main relevant 
endpoints for health policymakers considering what treat-
ments should be available or not [14, 64]. Most drug indica-
tions in the review concerned advanced stages of cancer, 
where improvements in OS and QoL are the main treatment 
objectives and could be expected [12]. Our findings of con-
tinuous uncertainties of the comparative effectiveness in 
OS and QoL — despite demonstrated benefits in surrogate 
outcomes — likewise highlight a need to review acceptable 
outcomes and the assumptions made for these in reimburse-
ment decisions. Previous studies analyzing cancer drugs 
approved on surrogate endpoints have also found that a high 
share of market approvals have shown limited evidence of 
OS improvement despite a median follow-up of 4–5 years 
[21, 65]. As cancer trials increasingly rely on intermediate 
outcomes to inform clinical benefits, possibilities to enhance 
data on OS may be limited owing to a lack of power in the 
studies or use of for example, cross-overs. Given the lack of 
validation of surrogacy for many intermediate outcomes and 
OS or QoL, more research must validate surrogate outcomes 
and their usefulness in informing reimbursement decisions.

We also observed that only 2 out of 22 drug indications 
had subsequent evidence of improvements in QoL, and 42% 
of the identified trials did not report an analysis of QoL. 
The lack of subsequent data on QoL and reporting poses 
a challenge in assessing the relative QoL benefits of new 
drugs. In this paper, QoL results were regarded irrespective 
of the type of instrument used. However, different types of 
instruments and analytical methods convey varying sensitiv-
ity to changes in QoL, which can influence the possibility 
of establishing evidence of effects. Given the importance of 
QoL for patients and the difficulties of ensuring OS benefits 
in certain settings, our findings suggest that health technol-
ogy assessment requirements should emphasize QoL. Future 
research is needed on the implications of instruments as well 
as the justification and rationale of methods used to assess 
QoL in cancer drug trials.

It is important to acknowledge that additional factors may 
influence the possibility of acquiring evidence of the effect 
on OS and QoL, such as differences in the time of follow-
up, disease stage, and trial characteristics. No difference in 
the time of follow-up (p = 0.86 according to a t-test) nor 
metastatic/advanced setting (p = 0.6 according to Fisher’s 

exact test) was however found for drugs with or without 
post-reimbursement evidence in this study. For three drug 
indications with an orphan designation, no evidence from 
RCTs was identified in our review. The severity and rarity 
of diseases can limit the possibilities of conducting a well-
designed RCT, and different requirements and value assess-
ments may be regarded. While more consideration must be 
given to these settings, it is further essential to address under 
what circumstances uncertainties can be acceptable. Given 
the increasing market approvals using accelerated pathways, 
the possibilities (or lack thereof) to enhance updated evi-
dence to inform the implementation need additional consid-
eration at regulatory levels.

Our study is limited by using only two databases to iden-
tify studies. However, PubMed and ClinicalTrial.gov are 
among the largest medical research databases/trial registries, 
which should ensure high RCT coverage [66, 67]. Further-
more, we considered data from the main study population 
and primary analyses of the included trials. Some trials 
showed improvements in specific subgroups, which could be 
used to inform restricted reimbursement decisions; a list of 
all included reports can be found in Table S25 of the ESM.

Another limitation is that we relied on a fixed threshold 
for statistical significance in our classification of limited 
evidence. While p-value thresholds indicate the uncertainty 
of study results, the widths of the confidence intervals and 
directions of estimates are also important to consider. We 
note that many studies in our review showed imprecise (non-
significant) improvements in OS and QoL (n = 19). How-
ever, data showing imprecise detrimental effects compared 
to the comparator were also observed in some cases (n = 6). 
An additional concern is that we classified drug indications 
as having evidence of improvement based on improvements 
in OS or QoL from at least one study. While we conducted 
meta-analyses for drug indications to assess the sensitivity 
of our results to this approach (whenever possible), the risk 
of bias, heterogeneity assessments, and publication bias of 
the trials could give additional insights into the reliability of 
the available evidence.

Several additional factors regarding the uncertainty of 
cancer drugs have been raised, which were not addressed in 
this study. For instance, concerns have been raised regard-
ing the inappropriate use of cross-over, suboptimal control 
arms, and unrepresentative samples in cancer trials [20, 68, 
69], which can impact the validity and applicability of the 
results. Finally, clinical relevance should also be recognized. 
Previous studies have shown that many drugs with OS or 
QoL data offer non-substantial clinical benefits according 
to value frameworks established by EMSO and ASCO, 
where outcomes such as progression-free survival, OS, and 
QoL are regarded [61, 70–72]. In our review, only one trial 
reported a clinically relevant improvement in QoL compared 
to the alternative for the reimbursed indication [49]. Future 
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research and assessments of minimally important clinical 
differences and the effects of cancer drugs would be inform-
ative for future evaluations and decision making.

5  Conclusions

With the challenges of limited resources within health sys-
tems and the increasing disease burden of cancer, ensuring 
value for money is an essential public health goal. Imple-
menting expensive treatments with uncertain effectiveness 
affects not only patients with cancer but may impose high 
opportunity costs in terms of displaced benefits for other 
patients. Our results suggest a need to discuss the require-
ments informing reimbursement approvals and continue 
monitoring reimbursed cancer drugs.

Supplementary Information The online version contains supplemen-
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