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A B S T R A C T   

Background: Quality of life (QoL) assessment and patient-reported outcomes appear to be crucial in the rationale 
and interpretation of non-inferiority (NI) trials. The aim of this study was to assess the inclusion of QoL among 
endpoints in phase III NI oncology trials and the relevance of QoL results in the reporting and interpretation of 
these studies. 
Materials and methods: By PubMed search and hand-search of 11 selected journals, we identified phase III NI trials 
in adult patients affected by solid tumours, published between 2012 and 2021. Trials were classified according to 
4 NI strategies: (1) different drugs; (2) alternative drug administration routes; (3) shorter treatment duration; (4) 
“deintensification” of treatment schedule. Three main endpoints were: (1) the proportion of publications 
including QoL among endpoints; (2) the proportion of primary publications reporting QoL results; (3) the pro
portion of trials with available QoL results actually favoring the experimental treatment out of trials declaring NI. 
Results: 106 publications were eligible. QoL was included among endpoints in 59 studies (55.7%), and QoL re
sults were available in 40 primary publications (37.7%). In the 73 trials testing the NI of different drugs, QoL was 
included in 43 trials (58.9%) and QoL results were present in 31 publications (42.5%). Among the 74 trials 
formally demonstrating NI, only 19 trials (25.7%) had QoL results actually supporting the experimental 
treatment. 
Conclusions: In many NI trials in oncology, assessment and reporting of QoL are deficient. Furthermore, most 
trials formally claiming NI cannot count on QoL results actually supporting the experimental arm.   

1. Introduction 

A patient-reported outcome (PRO) is an outcome evaluated directly 
by the patient and based on the patient’s perception of the disease and 
its treatment [1]. PROs include health-related quality of life (QoL), 
which is universally considered a measure of clinical benefit for patients 
with cancer [2]. Not only from a regulatory but also from a clinical point 
of view, the main objective of any anticancer treatment should be to 
allow patients to live longer and/or to live better, and the point of view 

of patients is crucial to evaluate the value of new anticancer treatments 
[3]. 

Unlike superiority trials, conducted with the aim of demonstrating a 
better efficacy for the experimental treatment compared to the best 
therapy already available in clinical practice, non-inferiority (NI) trials 
are conducted accepting a potentially lower efficacy (within a clinically 
reasonable margin) of the experimental treatment [4,5]. The experi
mental treatment tested within a NI trial should have some clinically 
relevant advantages for the patient compared to the standard therapy so 
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that it is ethically acceptable to propose participation in these studies 
[6]. Namely, the experimental therapy should demonstrate to be asso
ciated with better tolerability, lower risk of adverse events, or a more 
comfortable way of administration. Consequently, PROs and QoL should 
have great relevance in the definition of the value of a candidate 
non-inferior treatment. European Medicines Agency (EMA) includes the 
need for “differentiating two treatments in the NI trial setting” among the 
good reasons to include PRO assessment in the clinical development 
programme for oncology medicinal products [7]. Definitely, QoL 
assessment and PROs appear to be crucial both in the very rationale and 
interpretation of NI trials. 

In some cases, the benefit in terms of patients’ QoL could be taken for 
granted by the investigators, without the need for an explicit measure
ment (for example, when patients assigned to the experimental arm 
receive a shorter duration of the same treatment, or when the route of 
administration is inherently considered more comfortable). This 
consideration could apparently justify the absence of QoL among the 
endpoints, or the absence of QoL results in the main presentation and 
interpretation of the study. However, it could be considered question
able, as patients’ preferences, although bona fide presumed by the in
vestigators, should be better demonstrated through the use of PROs. In 
other cases, when the study compares different drugs, the need to use 
PROs and to measure QoL should be intrinsically unavoidable. In this 
case, the demonstration of superiority of the experimental treatment in 
terms of QoL allows to support the rationale of the study and is essential 
for the proper interpretation of the result. 

We previously showed that the proportion of randomised phase III 
trials including QoL among study endpoints, although increased in 
recent years, remains suboptimal and that, in several cases, QoL data are 
not presented in the primary publication, although collected according 
to study protocol [8,9]. The aim of this study was to specifically assess 
the inclusion of QoL among endpoints in phase III NI trials and the 
relevance of QoL results in the analysis, reporting, and interpretation of 
these studies. 

2. Materials and methods 

We included in this analysis the phase III NI trials testing different 
cancer treatment strategies in adult patients affected by solid tumours, 
published in a 10-year time-frame between 2012 and 2021. 

A part of the eligible papers had already been included in a previous 
database, obtained by hand-searching all primary publications of phase 
III trials evaluating anticancer drugs published between 2012 and 2021 
by 11 major journals [9]. In order to systematically complete the list of 
papers extracted from the original database, a PubMed search without 
journal restrictions was conducted in November 2022. The following 
keywords were used: random* AND cancer AND (inferior* OR non
inferior*) AND ("2012/01/01"[Date - Publication]: "2021/12/31"[Date - 
Publication]), with a filter for Randomised Controlled Trials. As a quality 
control of the sensitivity of PubMed search strategy adopted for the 
current analysis, we verified the proportion of papers that were part of 
the previous hand-search included in the PubMed output. This sensi
tivity was equal to 89.6% (60 out of 67 papers). 

The data was collected with a modified version of the dedicated case 
report form used for the previous database, and the existing electronic 
dataset, including one record for each paper, was updated. For each 
trial, information about publication (journal, year, first author, date of 
publication, availability of online supplemental material, and/or study 
protocol) was collected. Information collected about the clinical trial 
included: the study sponsor (industry-sponsored versus academic), dis
ease setting (early stages versus advanced/metastatic disease), type of 
malignancy, and details of treatment of both experimental and control 
arms. 

We categorised eligible trials according to 4 NI strategies: (1) 
different drugs administered in the study arms (e.g. paclitaxel plus 
cisplatin versus paclitaxel plus carboplatin); (2) alternative drug 

administration routes (e.g. oral paclitaxel versus intravenous paclitaxel, or 
3-monthly injection versus monthly injection of goserelin); (3) shorter 
duration of treatment, including intermittent treatment strategies (e.g. 
9-week trastuzumab versus 1-year trastuzumab, or intermittent versus 
continuous androgen deprivation therapy); (4) “de-intensified” treatment 
schedule, including the exclusion of one or more drugs from treatment 
schedule, or the sequential administration versus combination of the 
same drugs, or the administration of a reduced dose of the same drug (e. 
g. maintenance bevacizumab alone versus bevacizumab plus fluoropyr
imidine, or reduced dose versus full dose of cabazitaxel). 

Details about study endpoints (both primary and secondary/ 
exploratory) was retrieved from the Methods sections of the papers and 
from the study protocols (when available as supplementary material). 
When QoL was not listed among endpoints in the methods and the study 
protocol was not available, QoL was considered as apparently absent. 
For all records, secondary QoL publications were searched in PubMed, 
by using the name of the drug(s) and/or tumour type and/or the name of 
authors of the primary publication and/or the study acronym/code, 
when available. 

The main endpoints of the analysis were three: (1) proportion of 
trials including QoL among study endpoints; (2) proportion of primary 
publications with available QoL results; (3) proportion of positive trials 
(NI declared) with published QoL results actually favoring the experi
mental treatment. For the latter endpoint, two different definitions of 
positive trial were applied: (a) trials with a formal demonstration of NI 
according to the study hypothesis and (b) sensitivity analysis, trials with 
positive conclusions by the authors about the experimental treatment, 
even in the absence of a formal demonstration of NI. 

Contingency tables were used to describe the association among the 
outcomes of interest and the study characteristics (year of primary 
manuscript, journal impact factor, disease stage, study sponsor, type of 
malignancy, type of experimental therapy, NI strategy). Chi-square was 
applied to test for statistical significance. Given the exploratory nature 
of the analysis, no correction was applied for multiple testing. All ana
lyses were performed with IBM SPSS Statistics for Windows, version 
27.0. 

3. Results 

A flowchart of the study selection process is shown in Fig. 1. Out of 
the 834 papers included in the original database, 67 NI trials were 
selected. PubMed search retrieved 1316 publications, including 60 out 
of the 67 trials included in the original database (corresponding to a 
sensitivity of 89.6% for the string used), and further 40 eligible 
publications. 

Overall, 106 eligible publications were included in the analysis, 53 
published in the 2012–2016 period and 53 published between 2017 and 
2021. The list of eligible publications is reported in Supplementary ap
pendix, and the main characteristics of the eligible publications are 
summarised in Table 1. Most trials (n = 73, 68.9%) tested NI of different 
drugs (or different strategies) compared to the standard treatment. 

Out of the 106 eligible publications, QoL was included among end
points in 59 studies (55.7%), and QoL results were available in 40 pri
mary publications (37.7%). (Fig. 2). The proportion of studies including 
QoL among endpoints according to study characteristics is reported in  
Table 2. No significant difference was found in the proportion of studies 
including QoL among endpoints neither according to the period of 
publication (52.8% between 2012 and 2016 versus 58.5% between 2017 
and 2021, p = 0.56), nor according to study sponsor (56.4% in industry- 
sponsored trials versus 55.2% in academic trials, p = 0.91), nor ac
cording to type of malignancy (p = 0.63) nor type of experimental 
treatment (p = 0.29). The proportion of studies presenting QoL results 
in primary publications according to study characteristics is reported in  
Table 3. No significant difference was found in the proportion of studies 
including QoL results in primary publication neither according to the 
period of publication (35.8% between 2012 and 2016 versus 39.6% 
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between 2017 and 2021, p = 0.69), nor according to the study sponsor 
(33.3% in industry-sponsored trials versus 40.3% in academic trials, 
p = 0.48), nor according to type of malignancy (p = 0.18) nor type of 
experimental treatment (p = 0.80). 

Focusing on the subgroup of 73 trials examining the NI of different 
drugs, QoL was not included among endpoints in 43 trials (58.9%), and 
QoL results were available in 31 publications (42.5%). 

Among the 74 trials with formal demonstration of NI of the experi
mental arm, QoL was evaluated in 38 (51.4%), QoL results were present 
in 31 primary publications (41.9%) and there were QoL results in favour 
of the experimental treatment in only 19 cases (25.7%) ( Fig. 3A-C). In 
the subgroup of trials testing the NI of different drugs, out of 55 trials 
with formal demonstration of NI, QoL was included in 30 trials (55.5%), 
QoL results were available in 26 primary publications (43.3) and there 
were QoL results supporting the experimental treatment in only 15 trials 
(27.3%) (Fig. 3D-F). Similar results have been observed in the sensitivity 
analysis among the 76 trials with positive conclusions by the authors, 
independently of the formal demonstration of NI (Supplementary 
Fig. 2A-F). 

4. Discussion 

In this analysis, including 106 oncology trials designed to 

demonstrate the NI of the experimental treatment and published over a 
10-year period, only a fraction (55.7%) included QoL among study 
endpoints, an even smaller fraction (37.7%) reported QoL results in the 
primary publication and as a consequence only 19 of the 74 trials where 
the experimental treatment was defined as non-inferior (and potentially 
suggested for adoption in clinical practice) had QoL result in favour of 
the experimental treatment and supporting its use. 

NI trials have been accused of being unethical, in that the patient 
agrees to participate in a clinical "gamble" where - if things go well - the 
experimental treatment will produce efficacy not significantly worse 
than the standard [10]. Reasonably, this makes sense if the experimental 
treatment has clear benefits. If not, why would a patient prefer the 
experimental treatment? From this point of view, it was quite disap
pointing to observe that, among the 74 trials formally demonstrating NI, 
only 19 trials (25.7%) have actually produced QoL results supporting 
the experimental treatment. 

Especially when sponsored by the pharmaceutical industry, NI trials 
could be accused of being a “fast lane” for introducing non-innovative 
and “me too” treatments into clinical practice. As a matter of fact, in 
our analysis, the majority of NI studies identified were academic trials. 
In terms of attention to QoL, industry-sponsored studies and academic 
studies were not significantly different: in detail, the percentage of 
studies that included QoL as an endpoint was 56.4% and 55.2% in 
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Fig. 1. PRISMA 2009 flow diagram, depicting the flow of information through the different phases of this systematic review.  
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industry-sponsored and academic studies, respectively, while the per
centage of primary publications that included QoL results were 33.3% 
and 40.3%. The methodology of design, analysis, and presentation of 
results of NI studies should be improved independently of the type of 
sponsor. Furthermore, no significant differences in the attention to QoL 
were found according to the period of publication, the journal impact 
factor, the study sponsor, the type of malignancy, and the type of 
experimental treatment. 

Of course, there are different types of NI studies: in some cases, the 
preferability of the experimental treatment was probably taken for 
granted in the study design, choice of endpoints, and interpretation of 
results (for instance, due to shorter duration of the treatment or to the 
“deintensification” of therapy). For this reason, we performed subgroup 
analyses focusing specifically on studies comparing different drugs/ 
combinations, where preferability of experimental arm should not be 
taken for granted. Unfortunately, results remained disappointing even 
when the analysis was limited to the latter studies. Namely, in the 
subgroup of 73 trials examining the NI of different drugs, QoL was 
included among endpoints in 58.9% of trials, and QoL results were 
available in 42.5% of the publications. In the end, due to the absence of 
QoL among the endpoints, to the absence of published QoL results, or to 
the negative QoL results, only a minority of treatments with formal 
demonstration of NI have QoL results supporting their preferability. 

Among the included studies, we found many trials with formally 
demonstrated NI of the experimental arm, where the clinical choice 
actually cannot be based on PROs and QoL results. In other studies, 
however, PROs and QoL results may contribute to the interpretation of 
the study, informing the clinical choices. For instance, the randomised 
trial comparing lenvatinib versus sorafenib as first-line treatment of 
patients with advanced hepatocellular carcinoma was designed to be 
formally positive not only in case of superiority but also in case of NI of 
lenvatinib, with primary endpoint overall survival (OS) and a NI margin 
set at 1.08 [11]. The trial was formally positive for NI, with hazard ratio 
for OS 0.92 (95% confidence interval 0.44 – 1.06), along with a higher 
objective response rate and better PFS with lenvatinib, with a different 
toxicity profile between the two tyrosine kinase inhibitors. PROs were 
among secondary and exploratory endpoints and were presented in a 
secondary publication [12]. Differences in overall mean changes from 
baseline generally favoured lenvatinib in most scales, although the dif
ferences were not statistically or clinically significant. Of note, patients 
treated with lenvatinib experienced statistically significant delays in 

Table 1 
Characteristics of the 106 publications included in the analysis.   

n (%) 

Year of primary manuscript   
2012–2016 53 50.0 
2012 10 9.4 
2013 13 12.3 
2014 6 5.7 
2015 12 11.3 
2016 12 11.3 
2017–2021 53 50.0 
2017 9 8.5 
2018 13 12.3 
2019 12 11.3 
2020 7 6.6 
2021 12 11.3 
Journal impact factor   
<15 55 51.9 
15–30 27 25.5 
>30 24 22.6 
Disease stage   
Early (adjuvant / neoadjuvant) 36 34.0 
Advanced / metastatic 70 66.0 
Study sponsor   
Industry-sponsored 39 36.8 
Academic 67 63.2 
Type of malignancy   
Breast 29 27.4 
Lung 15 14.2 
Gastro-intestinal 39 36.8 
Genito-urinary 15 14.2 
Other 8 7.5 
Type of experimental therapy   
Chemotherapy 70 66.0 
Targeted therapy 18 17.0 
Hormonal therapy 18 17.0 
Non-inferiority strategy   
Different drugs 73 68.9 
Different route of administration of the same drug 7 6.6 
Shorter duration of treatment 17 16.0 
Omission of one or more drugs 9 8.5 
Results of the study   
Formal demonstration of non-inferiority according to study hypothesis 74 69.8 
Positive conclusions by the authors 76 71.7  

Yes No

47
(44.3%)

59
(55.7%)

A. QoL included among endpoints

Yes No

66
(62.3%)

40
(37.7%)

B. QoL results available in primary publication

Fig. 2. Proportion of trials including quality of life (QoL) among endpoints (panel A) and proportion of publications with available QoL results (panel B), among the 
106 publications of non-inferiority (NI) studies included in the analysis. QoL: quality of life. 
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definitive, meaningful deterioration in fatigue, pain, and diarrhoea do
mains compared to sorafenib, although no significant differences in time 
to definitive deterioration were observed for other QoL domains or for 
global health status/QoL score. Based on these results, the authors 
concluded that the evidence of clinically relevant benefit in several QoL 
domains supported the use of lenvatinib compared to sorafenib. Of 
course, the multiplicity issue should be considered when planning and 
interpreting QoL analysis, given the number of domains and items 
tested. 

In some cases, the non-inferior treatment could have been considered 
preferable based on the comparison of investigator-reported toxicity, 
both as part of the pre-existing evidence and based on the clinical trial 
results themselves. However, as repeatedly shown in previous studies, 
investigators can significantly under-report subjective symptoms and 
treatment-related toxicities [13–15]. The careful collection of 
investigator-assessed and reported adverse events is not a good reason 
for omitting the adoption of PROs and of QoL among study endpoints. 

In recent years, the European Society for Medical Oncology (ESMO) 
developed a very important instrument for grading the magnitude of 
clinical benefit of treatments for patients with solid tumours, the 
Magnitude of Clinical Benefit Scale (MCBS) [16,17]. The ESMO-MCBS 
assigns categorical benefit scores to cancer drugs approved by EMA 
and the US Food and Drugs Administration, mostly based on positive 

results from superiority trials, but also considering NI trials reaching a 
conclusion of NI. The only form dedicated to results of NI studies is form 
2C, which is for non-curative treatments (so it can be applied only to 
advanced settings), where the score ranges from 1 to 5 and scores ≥4 are 
associated with high value. According to evaluation form 2C, a treat
ment can receive a score of 4 “in case of reduced toxicity or improved QoL 
(using validated scale), with evidence for statistical non inferiority or supe
riority in PFS / OS”, while it can receive a score of 3 “in case of 
improvement in some symptoms (using a validated scale) but without evi
dence of improved overall QoL”. This means that (with the exception of 
those clearly showing reduced toxicity) according to the current version 
of ESMO-MCBS a NI study without PROs among endpoints cannot be 
properly evaluated, and those without QoL advantage are considered 
without evaluable benefit. 

In conclusion, in many NI trials in oncology, assessment, reporting 
and consideration of QoL are suboptimal. Furthermore, most trials 
formally claiming NI cannot count on QoL results actually supporting 
the experimental arm. Given the fact that NI studies are ethically sen
sitive, the scientific community should pay particular attention to pa
tients’ QoL in the design, analysis, and interpretation of this type of 
study. 

Table 2 
Inclusion of health-related quality of life (QoL) among trial endpoints.   

QoL not 
included 

QoL 
included 

P 
value  

n (%) n (%)  

Whole series (n ¼ 106) 47 
(44.3%) 

59 (55.7%)  

Year of primary manuscript   0.56 
2012–2016 (n = 53) 25 

(47.2%) 
28 (52.8%)  

2017–2021 (n = 53) 22 
(41.5%) 

31 (58.5%)  

Journal impact factor   0.32 
<15 (n = 55) 28 

(50.9%) 
27 (49.1%)  

15–30 (n = 27) 11 
(40.7%) 

16 (59.3%)  

>30 (n = 24) 8 (33.3%) 16 (66.7%)  
Disease stage   0.10 
Early (adjuvant / neoadjuvant) (n = 36) 20 

(55.6%) 
16 (44.4%)  

Advanced / metastatic (n = 70) 27 
(38.6%) 

43 (61.4%)  

Study sponsor   0.91 
Industry-sponsored (n = 39) 17 

(43.6%) 
22 (56.4%)  

Academic (n = 67) 30 
(44.8%) 

37 (55.2%)  

Type of malignancy   0.63 
Breast (n = 29) 14 

(48.3%) 
15 (51.7%)  

Lung (n = 15) 6 (40.0%) 9 (60.0%)  
Gastro-intestinal (n = 39) 19 

(48.7%) 
20 (51.3%)  

Genito-urinary (n = 15) 4 (26.7%) 11 (73.3%)  
Other (n = 8) 4 (50.0%) 4 (50.0%)  
Type of experimental therapy   0.29 
Chemotherapy (n = 70) 34 

(48.6%) 
36 (51.4%)  

Targeted therapy (n = 18) 5 (27.8%) 13 (72.2%)  
Hormonal therapy (n = 18) 8 (44.4%) 10 (55.6%)  
Non-inferiority strategy   0.012 
Different drugs (n = 73) 30 

(41.1%) 
43 (58.9%)  

Different route of administration of the 
same drug (n = 7) 

7 (100%) 0  

Shorter duration of treatment (n = 17) 8 (47.1%) 9 (52.9%)  
Omission of one or more drugs (n = 9) 2 (22.2%) 7 (77.8%)   

Table 3 
Availability of health-related QoL results in the primary publication.   

QoL results not 
included 

QoL 
results 
included 

P 
value  

n (%) n (%)  

Whole series (n ¼ 106) 66 (62.3%) 40 
(37.7%)  

Year of primary manuscript   0.69 
2012–2016 (n = 53) 34 (64.2%) 19 

(35.8%)  
2017–2021 (n = 53) 32 (60.4%) 21 

(39.6%)  
Journal impact factor   0.15 
<15 (n = 55) 38 (69.1%) 17 

(30.9%)  
15–30 (n = 27) 17 (63.0%) 10 

(37.0%)  
>30 (n = 24) 11 (45.8%) 13 

(54.2%)  
Disease stage   0.052 
Early (adjuvant / neoadjuvant) 

(n = 36) 
27 (75.0%) 9 (25.0%)  

Advanced / metastatic (n = 70) 39 (55.7%) 31 
(44.3%)  

Study sponsor   0.48 
Industry-sponsored (n = 39) 26 (66.7%) 13 

(33.3%)  
Academic (n = 67) 40 (59.7%) 27 

(40.3%)  
Type of malignancy   0.18 
Breast (n = 29) 20 (69.0%) 9 (31.0%)  
Lung (n = 15) 7 (46.7%) 8 (53.3%)  
Gastro-intestinal (n = 39) 28 (71.8%) 11 

(28.2%)  
Genito-urinary (n = 15) 8 (53.3%) 7 (46.7%)  
Other (n = 8) 3 (37.5%) 5 (52.5%)  
Type of experimental therapy   0.80 
Chemotherapy (n = 70) 42 (60.0%) 28 

(40.0%)  
Targeted therapy (n = 18) 12 (66.7%) 6 (33.3%)  
Hormonal therapy (n = 18) 12 (66.7%) 6 (33.3%)  
Non-inferiority strategy   0.17 
Different drugs (n = 73) 42 (57.5%) 31 

(42.5%)  
Different route of administration of the 

same drug (n = 7) 
7 (100%) 0  

Shorter duration of treatment (n = 17) 11 (64.7%) 6 (36.3%)  
Omission of one or more drugs (n = 9) 6 (66.7%) 3 (33.3%)   
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Yes No

Trials demonstrating non-inferiority of the experimental arm (n=74)

36
(48.6%) 38

(51.4%)

A. QoL included
among endpoints

Yes No

43
(58.1%)

31
(41.9%)

B. QoL results available
in primary publication

Yes No

55
(74.3%)

19
(25.7%)

C. QoL results supporting
experimental treatment

Yes No

Trials testing the non-inferiority of different drugs, demonstrating non-inferiority of the experimental arm (n=55)

25
(45.5%) 30

(54.5%)

D. QoL included
among endpoints

Yes No

29
(52.7%)

26
(47.3%)

E. QoL results available
in primary publication

Yes No

40
(72.7%)

15
(27.3%)

F. QoL results supporting
experimental treatment

Fig. 3. Proportion of trials including QoL among endpoints (panel A), proportion of publications with available QoL results (panel B), and proportion of trials with 
QoL results in favour of the experimental treatment (panel C) among the 74 trials formally demonstrating NI of the experimental arm. Proportion of trials including 
QoL among endpoints (panel D), proportion of publications with available QoL results (panel E), and proportion of trials with QoL results in favour of the exper
imental treatment (panel F) among the 55 trials testing the non-inferiority of different drugs, formally demonstrating NI of the experimental arm. QoL: health-related 
quality of life. 
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no important aspects of the study have been omitted. 

Appendix A. Supporting information 

Supplementary data associated with this article can be found in the 
online version at doi:10.1016/j.ejca.2023.113374. 
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