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Analyses of quality of life in cancer drug trials =
- a review of measurements and analytical
choices in post-reimbursement studies
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Abstract

Objectives For drugs reimbursed with limited evidence of patient benefits, confirmatory evidence of overall survival
(0S) 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, (i) 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.

Keywords Health-related quality of life, Patient-reported outcomes, Cancer, Randomized controlled trials, Quality
assessment
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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
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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
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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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Table 1 Summary of the Qol assessment characteristics

Characteristics of QoL assessment

Identified in
number of stud-
ies (% of studies)

Generic instruments used

EQ-5D-3/5L

KPSS

Cancer generic instruments used
EORTC QLQ-C30

Indication-specific instruments used

Lung cancer drugs

EORTC QLQ-LC13

LCSS

Renal Cell Carcinoma drugs

FKSI-DRS

FKSI-19

FKSI-15

Ovarian cancer drugs

FACT-O

Breast cancer drugs

EORTC QLQ-BR23

FACT-B

Type of analysis

Mean magnitude of change from baseline
Time to worsening

Proportion of responders

Reporting and analysis of missing data

Reported proportion missing at each measure-
ment time

Reported proportion missing post-baseline for
some measurements

Missing data adjustments (statistical analysis)
Protocol use
Protocol published

All study instruments defined in clinical trial
registration

Out of 22 identi-
fied studies

8/22 (36%)
2/22 (9%)

8/22 (36%)
Out of varying

indication-specific
identified studies

4/6 (67%)
1/6 (17%)

5/5 (100%)
1/5 (20%)
2/5 (40%)

4/4 (100%)

1/6 (17%)
3/6 (50%)

17/22 (77%)
9/22 (41%)
4/22 (18%)
6/22 (27%)
11/22 (50%)

2/22 (9%)

7/22 (23%)
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

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
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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



Page 5 of 13

(2024) 24:311

Svensson et al. BMC Cancer

(%87—1) JUsWaIns

SOA ON ON  -Baw yoea Jad 'sap
(9ST-£1)

JusWalnseaw

OoN oN OoN yoea Jad ‘sop
OoN ON ON ON
(98€-£0)

Juswainsesw

SOA SOA OoN yoea Jad ‘sap

spoyiaw Jals|n-uejdey Uo paseq suostiedwod Juswieall
-U9aM1aq :(swoldwiAs payidads-aid aAY UO duljdseq 01
patedwiod sduassyip siulod 0| <) Bujussiom 0y aull] -
uolIssalbai 2135160] Uo paseq

SUOSIIEAWOD JUaLIIRII-US9MI( :dUl|9seq 0} paledwod
sjulod 0 < AQ 2102 e ul (JuawaAoidwl) 95eaId3p e
Yum syuanied Jo uoipodoud) sispuodsal Jo uoipiodold -
S9JBLIBAOD JO 195 PAULSP YLM S|9POW 10349

-paxIW UO Paseq suosLeduwod JUsW}eaI}-Usamiad :2100s
0€D-0710 Ul duljaseq o) sbueyd Jo apniubeul Uesl -

"UoISSaIBaI X0 pue spoyiaul Jata|-ueldey| Buisn (SO
Ul 95eaidul WWI G| < pue wa)l €177 Aue uj aseaidap
wiod-0l <) SSO1R £1D71-0710 10 Butussiom 03 swil| -
|9poW sainsesw

pajeadal [euipnyibuol e buisn uosiedwod Juaulleas)
-U99M3Q ((SJUSUINIISUL [[B) SUI|9Se] WOJ) $3100S Alew
-WNs pue ulewop ul abueyd Jo apniubew Ues -

151 21enbs-1yd Buisn uosedwod

JUSWIPS.}-U99M]SQ :(SUl|9Seq WOJ) Uonelouslap julod
-0l > 1021025 Bulroidwi Uo paseq dn-mo||oJ Ise| Je
sjuaiied ajgess Jo uoiodoud) siopuodsal jo uoniodold -
1591 3uel-H07 pue JalR-uejdey buisn (sam

G UIYIM U31eap AQ POMO||0f JO SIUSWISSISSE SAIINDISUOD
OM] Je 35eaIdap Julod-0| < ) buluasiom oy swi| -
"SOUBIBYIP JUSWIea)

-U99M13( 21BN|BAS 0} PISN SEM [9POUL [ed13siels Jo adAy
1eym pue Ji papodal jou :(bupeloualap ‘a|qess ‘buiroidwl
syuaned Jo uoipodoud) sispuodsal Jo uoiodold -
‘S9DURIBYIP JUSWIIRII-USIMID] 3)eN|[eAd

0} PasN sem [2pOoW [eD13s13e3S JO 2dA) Jeym pue Ji payiodal
JOU :2UI[95Bq WO} 9105 Ul 9bueYD JO apnjiubeul U -

‘pauYap Al

-1|dxa 30U dn-moj|0)
Jo y3buaT syeem

¢ L1919 UaY} pue
'SYoaM 9 J0J Yoam
A19A3 € 107170
YEEI

9 L1373 :0£D-D10

“Uol3eNUIIUODSIP
JUSWIIE3I]} O} SH29M
6 K19A3 AQ pamo||0)

‘81 yuowl jpun dn
924> pu0d3s A19Ad
191je3alaym ‘931yy

0M] 324 Jo Aep 154

‘dn-moj|o4
Apnis Jo pua |un
SYuoW € AI9A3

"Uol3eNUIIUODSIP
JuswWieal] Jaye
syyuow g o0y dn

SyoaMm g AIaAS pue
1ISIA-UaWea}-1sod
2U0 1e ‘uolissalboid
[I3UN SY9aMm 4 AI9AT

(001-0
9buel) 52105 SN}
-B)S yyeay [eqoib

puB $2102S W)
MeJ JO obeIanY

(0€D-010
‘Pauyap 10U Hliey
s 'b3) sa102s
|eqo|b/Arewiung -
$9102S W3
/ulewop 3|buls -

abuel 001-0

abuel 001-0

0} pawlojsuel)
$9102S SNJelS
uieay |eqolb
puUe $3J0S W)l
Mel JO abelany

€1071-010
0€2-010

SSO1
16-as-03
€1071-010

0€2-010

SSdM

€L071-010
0€2-010

[ov]

070T

e19 1ybiaT
(O1DSN)
quuRIRWISQ

[S¥]

£10C

1212 meys
(DTOSN)
quunued

[t¥]
1Z0T
Te3a

[ev]

6107
1213 |01
(O1DSN)
quuids)y

uonessibal (eSYUOW

urpassy]  paysiiqnd TL e Buissiw %)
sjuswW |o>0304d syjuswisnfpe  ejep Buissiw uon
-najsu| Apnis ejep buissiyy -1o0doud Bunioday

sask|eue |ednsnels

(surpeseq
19}e) syuswains
-eaw jo £ouanbai4

pasn (s)a103s

(s)auswinaysu) aeak 13 Apnis

sbuipuy jo Alewwins papusixy g ajqelL



Page 6 of 13

(2024) 24:311

Svensson et al. BMC Cancer

ulaned

(00L-0
obuel sa|eds bul

-uonouny eaisAyd

ejep buissiw Aq pue 10D |ego|b [z
SEIGIENESIVED! (payodal ‘S)USUIRINSeaW pajeadal “UOIIBNUIIUODSIP 0£D-010 '9¢-0 110z
-ed YlIM S|9pow  JON)) SIUaUIINSeal YIIM [9pOW PaxIW B UO Paseq sUosedulod Juswieal]  juawieal} [lun apA>  abuel SYJ-ISH4) SYQ-ISHI 831
ON ON  2InIXiW uiayed 2wWos 1ad ‘sap -U99MI9Q :DUI|95eg WOJ) 9Bueyd JO apnjubew uea - KI9A JO Aep 15l $2102S Aleuwng 0€D-010 Juowineag
(30Y)
SsnwijoJaAg
"POYIDU SISAeue [BAIAINS pauyapun buisn yyesp (Pauyap 10U Huey
10 uoissalboid ‘(asealdsp Juod € ) SYA-ISH ‘(9sea109p 10 21025 S b3
wiod ¢ <) §1-ISY4 JO 1USAS 15uL IO} BUIUSSIOM O) 3wl - “UOI1eNUIUOIS|P ‘9e-0 abuel
(Buissiw ‘S)USUIRINSEaW pajeadal AETHEEHBEMI HSA-I1SM4 ‘09-0 as-03
%01 01 dn) Jusw YIIM [9pOW PaxIW B U0 Paseq suostiedwod juswiealy sAep gz |un abuel G -|SH4) SYA-ISHI [0s]s10z
ON ON ON  -1e3J} UO 3|Iym ‘Sap -U99M19q :2U||95eg WoJ) 9BUBYD JO apnjUbeW UBA - SEEIVYSE! 21025 Aleuwng S1-ISH ‘e UID
(9¢-0 obuel
‘S)USWINSeaW pajeadal “UOJIBNUIIUODS|P HSA-I1SY4 '09-0
UM [9pOW PaxIW B U0 Paseq SUOSUedUlod JUSWIeal]  JUsWwieal] [3un 9|24 abuel G 1-|SH4) SYQ-ISHI [6¥] €107
OoN ON ON OoN -U99M13q :dUl[95eq Woi) sbueyd Jo apnjiubeul Ues - K1ans Jo Kep 3silq 2102s Arewwing GL-ISM4  [e 19 J9ZI0N
(3D¥)
qrunixy
[8¥]
81L0¢
OoN OoN ON OoN papiodal 10N papodal 10N pap0dal J0N pauyapun JEREEIN
S9}RLIPAOD JO 39S PAUYIP YIM S|SpOU 1034
-PaX|W U0 paseq suosieduwiod JuaUeal}-Usamiaq :2100s
0€D-010 Ul duljseq wolj abueyd Jo apniubeul Ueal -
1591 uel-Ho| UO paseq suosLeduoD Jusulleal} ‘uolssalboud
-U99M13q (SwoldwiAs payidads-aid aAY UO BUI|9SEq O |1IJUN SY99M € AIDAD
patedwod sdualsyip siulod 0| < ) Bujussiom 0y aull] - U3y} pue ‘saam 9 (001-0
SOIBLIPAOD JO 195 PAUYDP YUM UOISS2IHI D1ISIBO| U0 paseq  J0j}9am AIdAJ €T abuel) S2102s sny
SUOSIEAWOD JUSIIRII-USMIS(] :dUl|9seq 0} paledwod uolssaiboid  -e1s Yyesy |eqo|b /%)
(9% L 7—€€) JUaWaINS sulod 0 < AQ 2102 e ul (juawaAoidul) 95eaId3p e 10 pua Apn3s un pUE $3102S W} £107-010 810C
SOA SOA ON  -Baul yoeo Jad ‘sop yum spuanied Jo uoipodoud) sispuodsal Jo uoipodold - S¥2aM 9 AI9AT Q€D MeJ JO obelaAy 0£D-010 ‘18319 997
uonensibal (eSYauow
urpaisy  paysiqnd TL e Buissiw %) (sutjeseq
sjuawl |jo>030.4d sjudwisnfpe ejep Buissiw uon 1914e) sjuswains
-nijsu| Apnmis ejep buissiyy -10doud Bunioday sasf|eue |ednisnels  -eaw jo Kouanbaig pasn (s)a103S  (s)uawnnsu] Jeakxp Apmis

(penunuod) zajqey



Page 7 of 13

(2024) 24:311

Svensson et al. BMC Cancer

‘UoI}eNUIIUOISIP 21025
“(91025 aUl[958G-150d SUO $S355E 0} PHRISAR SI9M $310DS JUSWILaI} [I3UN SVA pue 9103s
(b QS DI ||B) SPIRLEAOD PRUYSP YHM S|SPOW 1D348-PaXIL  ISLRRIDY} SHHBM 7| xapul-qs b3 -
991 —) SIUBWISSS U0 Paseq suosedulod JUaWIeal}-usamiaq :sa103s ds b3 A1ana ‘saako ¢| 151y (ze—0 =buel) as-03 [os]1810T
JON SOA OoN -se awos Jad 'S9p puUe [SO4 Ul duljaseq wolj abueyd Jo spnyubew uedl - 10} Sy99M g A19A] ISO4 O-LDV4 - 0O-1OVA ‘e 39 220
(43d>ued uel
-1enQ) ejnfsz
payiodas jou
s)nsal gs b3 -
'S9)RIIBAOD JO 135 PAUYSP YIM [SPOW S1D849 "uol3eNUIIUODSIP (9¢-0 [55]
-PaXiW U0 paseq SUosedWOD 1UaWIRII-U9IMID] (d-SYd  JUSWIRI] [I3UN SIeak abuel) 4-54Q as-03 2202
SOA SOA OoN OoN -|OS4N Ul dUlj9seq Woij abueyd Jo apniubeW UBIN - €10} SHaM 7| AI9AT  -ISO4N O-LDVH - 0O-1OVA4 1’39 NN
(4 %0%—00) "SOJBLBAOD JO 195 PIUYSP YHM [9POW 1599 8 oM [un 00l [¥S]
AJUO JUSWAINSEIW  -PaXIW JBaUI| UO Paseq sUosHedulod JUswieall-usamiaq dnsyoam g AlsAs 01 0 dbuel XapuUl 020T
SOA SOA ON 2UO0 Jad 'S9A  Xdpul [OL Ul duljeseq wiol) abueyd Jo apniubew UBSIN - U3y} pue ‘67 Aep 1y IOLO-1DVA - O-1DJV4  ‘|B 313 uosuad
‘SPOYIaW I3\ -ue|dey Ag pajen|ead uosiiedwod
1USW1P131-USIMI] UM ADIXO) JUS WL [13UN SWil|
(LSIML) AHDIXO3 USRI} JO SWOIAWIAS INOYIM SWI| - (UOIFeNUIIUODSIP J9)ye
puiddensiooq sAep Qg pue uonenuiy
AQ pa1eNn|eAS SUOSIIEAWIOD JUSLIRII-UDIMIS] YIIM -U0DS|p JUswWieal}
[BAIAINS 934} UOIssalbold AQ paljdiynul 2103s Xapul d5-0F 38 °pul) Jo-nd eyep (-0 abuel) 2101s
ueaW :(SdvD) [eAlAINS 9314 UoIssaiboid pajsnipe-AllenD - 1O SYIUOW 47 3S0W  Xapul 7 6-d5-07F - [£3]
sainseawl pajeadal 1oy s|9 1e |un dn syam 001 810C
(5 %6—8) JUSWRINS  -POU PAX|UI UO PIse] SUOSLPAULIOD JUSWI1B1}-USaMIS] 71 Alans usyipue 030 abuel Xapul 75-0s-03 83
OoN ON ON -BaW YdeaJad 'Sap  Xdpul |QL Ul Suljdseq Wolj 9bueyD JO apniUBRW UBSIA - ‘€ Y99M 'S YaaM 3y IOLO-1DVA - 0-1OVvA Japue|pali
(49dued
ueleAaQ) qu
-ede|o
(SHQ@-ISH4) 9¢
1591 uel-607] UOIIBNUUODSIP 03 () 21015 [BYO] - [zs]
pue spoylaw \_w_wS_\cEme @r:mz (SYa-M4 ul EEOQ c Jusuwiieal) jpun (SSdM) 001 RIS 010z
ON ON ON ON <) 'SSdM ulaseanapjuiod-0L <) BulussIom 0} sWI - gpAd yoea Jo | Ae@ 01 () WO} BIODS - SSAM |12 JaZION
(@sb3)
JUDUISSISSE 2102S X3pU| -
‘uolssaibal X0 pue spoyiawl Jals|-uejdey buisn puibew) Jownyise|  (ssbuel Buikien)
(esea1dap juiod i ) SYQ-ISH 40} BUIUSSIOM O] BWI| - [IUN $Y29M 7| A1and $9|BDSQNS INOY
913193 N0 'S9)RIIBAOD PAUYSP  191BIIRYM ‘SH99M 7S pue (9¢—(0 abuel
-dolp Juaiayip (G Yum[Spow sainsesw pajeadal e uo paseq uosLedwod  [13uN $YP9M g A1aAd HSa-I1SY4 ‘820 75-0s-03 [16]
BuizAleue Aq sas  94G7—7) SIUBWISSIS JUSW1P1}-UDIMIDQ 21015 XaPUI PUB 3BDSONS ‘SI0DS  I9HBIIIYM ‘G7 3IIM abuel 61-1SH4) SYA-ISH 810C
ON ON -Ajeue AJAINSUSS -Se 2Wos Jad ‘sap |B30} Ul SUI|9Seq WO} 9bueyd JO dpnHUbRW UBSA - [I3UN SY99M § AIDAT 21025 Aleuwng - 61-1SH4 EEREX-IIED)
uonensibal (eSYauow
urpaisy|  paysiqnd TL e Buissiw %) (sutjeseq
sjuawi |jo>030.4d sjudwisnfpe ejep Buissiw uon 1914e) sjuswains
-najsu| Apmis ejep buissiyy -10doud bunioday -eaw jo £ouanbaiy pasn (s)a103S  (s)uawnasu] Jeak p Apmis

(Ponunuod) Z 3|qelL



Page 8 of 13

(2024) 24:311

Svensson et al. BMC Cancer

(HsiA

1UaWiIeal-1sod auo
Bulnp pue) uoienui
-UODSIP JUsWieal}

(%81) papiroid [nUN $3PAD € K1and
uona|dwiod Jeak | UoISSa1H31 X0 U0 Paseq uosiieduod Juawieal} uay) ‘s3aAd £ 151y
ON ON ON Joja1ewnsa ajbuig -U2aM13Q (9582109p Julod-0| L) BUIUSSIOM 0} SWIL - 3y} 10} SBPAD 7 A1aA]

Apnis

ul papodal Jou
SIUaWINIISUL J3Y30
WO} S}NSY -

(001 01 1¢€-as-03 [09]

0) SN1els yeay €29-010 Lz0z

[eqo|D 0£D OO - 0£2-010 13 Ulep
(12oue)

15319 ‘|euoiioun4
‘leuojowy ‘e1dos
‘lea1sAyd) $9402s

“UOIIeNUIIUOIS|P 9e2sgns -
JUaW1eal] 10 UOISSalb (sabuel
S91BLIBAOD JO 195 PaUUSp YUM S|opowl  -0id |13un 924D 1sy3o Bulkien 0L [65]
1094J9-PaXIU UO Paseq Suosedulod JUsW1eal}-Udamlaq  AIA3 UBYIPUBR G '€ ‘g-1DvH 'O-1DVH) 6107
SOA ON OoN ON :2J0DS U2ea Ul aul|aseq wolj abueyd Jo sapnyubew ues|y - ‘7312K2 jo | Aep 1y $910D5 |e10] - g-1Ov4 ‘e 32 obny
(o9)
qipogled
‘uoissalboud
[3UN Syoam 7| AI9Ad (001-0
‘|9POW 12343 Jeaul| UO paseq SUosiedwod Juawieasy  Uayl ‘'syiuow g 1siy  abued) 3102s sny [8518107
SOA ON ON OoN -U99M13q :dUl|95eq W) abuBYD JO apNnjubew US|\ - DY)} 10) SY9am g AISAJ  -BIS U3eay [eqo[D 0£D-010 ‘|e 39 luuer
(09) l1ebsiy
‘pPOYIaW JaI3|A-Ue|dey| pue 1533 yueI-HO| Uo paseq suos
-1JedWoD JUSWIRSI}-USaMIDC ((DUBIBHIP 21025 |0 Sulod
9 < pue wns g-] 4 siulod § ) Buluasiom 01 awl] -
(%S 1-01 'S91BLIRAOD JO 135 PIUYSP YIIM S|9POW uonenuUIUOdSIP  (¢6-0 0L 9-1OV4
"xoldde) SjuUsWBINS  31D39-PaXIW UO Paseq SUOsiedwod Juauleal}-ussmiaq JUSWIRAI} [I3UN b 1-0 g-1DVH) [£s1810Z e
©ON ON ON -Baul}sow Jad ‘sap  :2402S U2ea Ul aul|aseq wolj abueyd Jo apniubew Uesj - oM 7| AIang $91025 |B10] - g-10v4 19 Uosagoy
(o9)
JURAISDAINS
uonessibal (eSYauow
urpajsy]  paysiiqnd T1 e buissiw o) (susseq
sjuawl |jo>030.4d sjudwisnfpe ejep Buissiw uon 1914e) sjuswains
-najsu| Apnmis ejep buissiyy -10doud Bunioday sasf|eue |ednisnels  -eaw jo Kouanbaig pasn (s)a103S  (s)uawnnsu] Jeakxp Apmis

(penunuod) zajqey



Page 9 of 13

(2024) 24:311

Svensson et al. BMC Cancer

1sealg —Adelay] 1aoue) JO JUBWISSISSY [eUOIdUNY =g-] D4 49due) 1sealg dnoio 3417 Jo ANjend D1HOT YL =¢£79-0T10 DLHO3 ‘uelieAQ —Adeiay ] 192ueD) JO JUBWISSISSY [BUODUNY=0-1DV4
‘UOISIDA WIDYI-GL/UOISIDA Wd)-61/sw0IdWAS paje|ay aseasiq xapu| woldwAs Jaoue) Asupiy Adelsy] 19ouUeD JO JUBWISSISSY [RUONDUNY=G1/61/SHA-ISHL ‘O|edS wordwAs Jsdue) bun =557 ‘alieuuonsanp Jasued bun
dnouo aj17 40 A11jenD DLH03 2YL=€1D7-D10 DLYO3 ‘d4teuuonsang a10) dnous aj17 Jo A1jend D140 3YL=0£D-010 DLYO3 ‘9]3S SNIelS 9dURULIOLAd ANSJouIeY =SSdY ‘S|aAT G IO € UM UOIsUdWIQ-S [0D0INI=15/1 €-AS
-D3"dN-MO||0} YIUOW-L Y 5 UOISSIUQNS 31097 IN] ‘U130 BIEP [2UY 13}Je PSPN|DUI JUSWINIISU| | “UOISSIUGNS 310497 P3SI| SJUSWINIISUL OM} JO SUQ , dN-MO||0 31243 Uiy SUI IV , "SHI3M 61 Y 5 "SHI9M 817 1Y o “(10}eUlWou
91 WO papn|dxa os|e JODYH duljaseq bunsdwod jou syusned Aue pue papnjpul Jou 1nodoup uaied a19|dwod “a°1) Jeak | 1e uoneindod 3|qibijd bululewas syl woiy Buissiw Jo 9 dY3 sI e1ep buissiw Jo aieys , saJ0N

"PaPN|DUI S311IBAOD PAULSP YHM S|[9POLL JD349-Paxiul Uo
paseq suoslieduod JUsL}eal}-UsamIaq :sa10ds 3[edsgns

ON ON ON ON  Pue €10} Ul dul[aseq Wol abueyd Jo spnjubew uesiy -

$91B1IPAOD JO 135 PAUYDP UM UOISSaIBal d13s160| U0 paseq
SUOSLIPAWIOD JUSWIEII}-U9aM]C :DUl|9seq 0} patedulod
sjulod 0 < £Q 24025 e ul (jusliaAoidull) asealdsp e
yum syuaned jo uoiodoud) sispuodsal Jo uoiiodold -
'S91BLIPAOD PRULYSP YIM S[2POW 109)J9-PaXIUL UO

(5 %S L) S)UUISSaS paseq suoslledwod Juswlieall-usamiaq :$a10Ds 9|edsgns

‘uolssalboid

1391Je YoM { A|jeuy
pue uojssaibold e
'SLTL'9 Seam Y

"uoleNURUOISIP
JusWieal) Jaye
SYIUOW O€ pue ¢
‘8L'SLTL9'E"l
Je Aq pamoy|oj ‘7L
R SINUERS)
4oea Jo Aep 1sii4

“(JISIA JUSWIRSI} JO
PUS UO JUSUISSISSe
1SE|) UOIIeNUIIUODSIP
JUSWIRAI} [13UN
3242 43310 AIaAS JO
| Aep uayy pue ‘e
pue z 91242 Jo | AeQ

(001 ©30)

Swayl 3|buls pue

$9|e2S WoldwAs

pue snieis yijeay
[eGO|D 0€D 010 -

(001-0
abuel) s2100s sny
-e3s yieay [eqolb

pUP S21025 W3l
Mel JO 3belany

2Inby/s|qey

ul payiodai Jou
NG X3} Ul pauon
-usw Q6 b3 -
(ER=p)

1se31g ‘|euonoun4
‘leuonjowy ‘[e1dnog
‘e21SAYd) S2102S
9easgns -
(sobuel

Bulkien |0
'9-1DOV4 'O-LDVA)
$910D5 [e10] -

(€9l vL0T
HERETe[o)l5)
(ewouepw)
Jejuyep

0€2-010

[¢9] Leoe

0€D-010 e 12 Jemes-|y
(11D)

oxApuap

[19]
1€-05-03 et
g-10v4 e ny

SIA SOA ON -se awos Jad 's9A  puUe B0} Ul SUI|9Seg WO} 9BURYD JO SpniubRW UBSIA -

‘pepnpul

S31PLIEAOD PaUYIPUN YHM S|9POW 19349-PaxIud Uo

paseq suosiedwod JUSLULIeal}-U9amIaq :Sa10ds 3edsqns

SIA SIA ON ON  Pue [}O} Ul BUI|9Seq WOl 9burYD JO apniubew UBS|A -
uoneulsibas (eSYIUOW
urpassi  paysiqnd TL e Buissiw %)
sjuaw |jo>030.d sjuswisnfpe  ejep buissiw uor}

-n1jsu| Apnis ejep buissiy  -10doad Hunioday sasAjeue |ed3siyels

(suaseq
19)4e) spuswLins
-eaw jo Louanbai4

pasn (s)a1035

(s)auawnsysu]  1eak 13 Apnis

(PonunuOod) Z 3jqeL



Svensson et al. BMC Cancer (2024) 24:311

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
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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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