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Abstract

Background: Missing data compromise the internal and external validity of trial findings, however there is limited evidence on how
best to reduce missing data in palliative care trials.

Aim: To assess the association between participant and site level factors and missing data in palliative care trials.

Design and setting: Individual participant-level data analysis of 10 phase 3 palliative care trials using multi-level cross-classified models.
Results: Participants with missing data at the previous time-point and poorer performance status were more likely to have missing data
for the primary outcome and quality of life outcomes, at the primary follow-up point and end of follow-up. At the end of follow-up, the
number of site randomisations and number of study site personnel were significantly associated with missing data. Trial duration and
the number of research personnel explained most of the variance at the trial and site-level respectively, except for the primary outcome
where the amount of data requested was most important at the trial-level. Variance at the trial level was more substantial than at the
site level across models and considerable variance remained unexplained for all models except quality of life at the end of follow-up.
Conclusion: Participants with a poorer performance status are at higher risk of missing data in palliative care trials and require
additional support to provide complete data. Performance status is a potential auxiliary variable for missing data imputation models.
Reducing trial variability should be prioritised and further factors need to be identified and explored to explain the residual variance.
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What is already known

e Missing data reduce the power, precision, generalisability and validity of study findings.
e A systematic review of palliative care trials found nearly one quarter of primary outcome data are missing.
e |tis essential that missing data are reduced as much as possible but how to effectively achieve this is unknown.

What this paper adds

e Using individual participant-level data, this study found a poorer performance status and missing data at a previous
time-point are strongly and consistently associated with missing data in palliative care trials.

e Site-level factors were also found to have a significant association with missing data at the end of follow-up, although
variability between trials was more substantial than between sites.

e Trial duration and the number of research personnel explained most of the variance at the trial and site-level respec-
tively, except for the primary outcome at the primary follow-up point where the amount of data requested was most
important at the trial-level.
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Implications for practice, theory or policy

plete data; they should not be excluded from trials.

robust.

required.

e Participants with a poorer performance status and those with previous missing data are at higher risk of missing data in
palliative care trials and should be identified early and provided with additional support to enable the provision of com-

e Performance status, in particular, could also be considered as an auxiliary variable for missing data imputation models
in palliative care trials thus making a missing at random assumption more plausible and missing data analyses more

e Reducing variability between trials is important and further assessment of how site-level factors affect missing data is

Introduction

Missing data compromise the power, precision, generalis-
ability and validity of study findings. A systematic review
of palliative care trials found nearly one quarter of pri-
mary outcome data were missing with evidence of subse-
quent bias.?

To minimise the impact of missing data on trial find-
ings, prevention is important as statistical methods to
handle existing missing data are based on unverifiable
assumptions.23 However, there is little research on how
best to reduce missing data.2 A Cochrane review of trials
testing strategies to improve retention in randomised
controlled trials, an overlapping issue, included 38 studies
that assessed a range of interventions.* Assessment of
interventions to improve trial management and site-level
factors was limited, and most were evaluated in single tri-
als in a particular context.*

Effective interventions to reduce missing data should
be based on evidence. It is necessary to identify the fac-
tors associated with missingness to inform the design of
such interventions. A meta-regression of factors associ-
ated with missing data in a systematic review of palliative
care trials found that trial duration and the amount of
data requested during the trial were associated with miss-
ing data.! However, there was insufficient evidence that
participant-level factors such as age and performance sta-
tus were associated with missing data.! This analysis,
however, relied on aggregate-level participant data.
Furthermore, there were no data regarding site-level
factors.

Individual-participant level data on the other hand uses
the raw unit-level data from each primary study.2324
This allows different sources of heterogeneity in the effect
estimate to be explored (e.g. participant, site and trial-
level), multiple participant-level factors to be examined in
combination, identification and handling of missing data at
the individual-level and models to be developed and vali-
dated using statistical techniques that are standardised
across studies.>

The aim of this study was to use individual participant-
level data to assess participant and site-level factors asso-
ciated with missing data in palliative care trials. The
objectives were to:

1. Assess factors associated with missing data for the
primary outcome at the primary follow-up point
(Timepoint 1).

2. Assess factors associated with missing data for any
primary quality of life (QoL) outcome at Timepoint
1, given its importance to palliative care clinical
practice.®

3. Assess factors associated with missing data for the
primary outcome and QoL outcome at the end of
follow-up (Timepoint 2).

Methods

Protocol

The protocol for this review could not be registered with
PROSPERO,” as it was a methodological review and did
not meet the requirements for registration. The protocol
was internally peer-reviewed by methodological experts
including those with expertise in individual participant
level data analysis.

Eligibility criteria

Randomised controlled trials were eligible if: participants
were over 18 years old with an advanced life-limiting ill-
ness and palliative care needs; the interventions were pal-
liative where the primary aim is to improve Qol, rather
than survival, although this may be a secondary gain; the
comparator was a placebo, standard care or another pal-
liative intervention; the primary outcome was patient-
reported; the trial was a priori adequately powered and
the trial was completed in the 5 years before this study
began. Published and unpublished trials were included
with no language restrictions.

Identifying studies, selection and data
collection process

Trials were identified through professional contacts. The
level of missing data was unknown to the principal inves-
tigator (JH) before contact and did not influence whether
the trial protocol was assessed. All 10 anonymous data-
sets were securely accessed.
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Table 1. Explanatory variables assessed.

Level Explanatory variable

Participant °

Missingness for the primary outcome or quality of life outcome at the previous time-point

e Australia-Modified Karnofsky Performance Scale (AKPS) at the previous time-point (i.e. at Timepoint 0 = TO-

AKPS, at Timepoint 1 = T1-AKPS)
o Age

e Diagnosis (dichotomised to cancer and non-cancer).

Site Based on in-depth interviews with research staff and administrators involved in palliative care trials and the
recommendations on how to minimise missing data by the National Research Council?:
e Site randomisations: number of participants randomised by the site for the 10 trials included in the IPD analysis
e Research personnel: number of research personnel working at the site on palliative care trials, across the

course of the trials

e Site coordinator: whether the site had a coordinator (1 = yes, 0 = no)
e Site home visits: whether the site could conduct home visits (1 = yes, 0 = no)
e Site experience: the level of palliative care trial experience of the site as judged by the trial coordinator and/or
chief investigator (1 = little experience, 2 = moderate experience, 3 = very experienced).
Trial A systematic review of palliative care trials found that trial duration and items of data requested were
associated with missing data.! The Individual participant-level data analysis aimed to determine whether
participant and site-level factors were associated with missing data once these trial-level factors were taken

into account:

e Trial duration at Timepoint 1 and Timepoint 2

e Amount of data requested from participants at Timepoint 1 and Timepoint 2.

Data items

The participant, site and trial-level data items extracted
are presented in Table 1. The primary outcome and QoL
data were extracted at Timepoint O, Timepoint 1 and
Timepoint 2 — defined as baseline (Timepoint 0), primary
follow-up point (Timepoint 1) and end of follow-up
(Timepoint 2). If the QoL measure was not the primary
outcome, the data for the main QoL measure of interest
were extracted. The Australia-Modified Karnofsky
Performance Scale (AKPS) was extracted at Timepoint O
and Timepoint 1.

Specification of outcomes and explanatory
variables
The pre-specified outcome variables of interest were

whether the primary outcome and Qol scores were
observed or missing at Timepoint 1 and Timepoint 2:

e Timepointl-PO-missing = whether the primary
outcome was missing at Timepoint 1
e Timepoint2-PO-missing = whether the primary

outcome was missing at Timepoint 2

e Timepointl-QolL-missing = whether the QoL out-
come was missing at Timepoint 1

e Timepoint2-QolL-missing = whether the Qol out-
come was missing at Timepoint 2.

For the primary outcome, a single symptom-control meas-
ure was used for all the trials (this was not a pre-specified
criteria) therefore whether this value was entered in the
dataset or not was coded as 1 = missing and 0 = observed.

The QoL measures consisted of a number of question
items (range 20-28 items), which were found, in general,
to be either all answered or all missing. Therefore, these
outcomes were dichotomised into all present or absent if
one or more questions were missing. Specifications of the
explanatory variables are available in Table 1. A systematic
review of palliative care trials found that trial duration and
the individual number of questions and tests requested
from the participant (as a measure of trial burden) were
associated with missing data.! The models adjusted for
these two variables as the individual participant-level data
analysis aimed to determine whether participant and site-
level factors were associated with missing data once these
trial-level factors were taken into account.

Synthesis methods

Multilevel, cross-classified models were developed as
participants (level 1 units) were nested within combina-
tions of trials and sites (level 2 units). A mixed-effects
model was used, with fixed-effects for all independent
variables and random intercepts for the trials and sites.?

Analysis strategy. The analysis strategy was based on a
systematic approach that commenced with level 1 fixed-
effects, then the addition of higher-level explanatory vari-
ables, followed by tests for interactions.>0 Further details
of the analysis strategy are available in Supplemental
Material 1.

Categorising variables. To determine whether continu-
ous explanatory variables should be treated as categorical
variables, the relationship between the explanatory
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variable and outcome was assessed using a scatter plot. If
this indicated that categorisation of the variable might fit
the data better, the model treating the variable as a con-
tinuous variable was compared to that treating it as a cat-
egorical variable using a likelihood ratio test.

Variance. The proportion of the total variance due to the
different group-levels was assessed using the variance
partition coefficient. The variance partition coefficient is
interpreted as the proportion of the total residual vari-
ance in the propensity to be missing that is due to differ-
ences between either trials or sites, or both.1! In this
analysis the latent variable representation approach was
used.1?

In each model there was evidence of many combina-
tions of trials and sites with several observations, there-
fore a random interaction between trial and site was also
tested using a likelihood ratio test!3 and, if appropriate,
included as a further level. This allowed the assumption
that the trial and site effects were additive to be relaxed.!3

Interactions. Interactions of both age and diagnosis with
AKPS were tested.

Handling missing data in explanatory variables. There
were no missing data for the model outcomes as miss-
ingness was the outcome of interest. Missing values for
the explanatory variables were explored to determine
the justifiability of a missing completely at random
assumption. If this was not found, imputation using
chained equation models congenial with the model of
interest were conducted under missing at random and
plausible missing not at random assumptions and data
were imputed using within-trial imputation. The effect
estimates and random-effects were compared as part of
principled missing data sensitivity analyses (see Supple-
mental Material 2).

All analyses were conducted using Stata v.13 and a
p-value =<0.05 was considered to be statistically signifi-
cant unless otherwise stated. Data extraction and analy-
ses were completed in December 2017.

Ethics and consent. Secondary analysis of anonymised
data of the included trial datasets was allowed under the
original human research ethics approval for each trial.

Results

Thirteen studies were screened. Ten were eligible for at
least one model, all of which were conducted in Australia
and the UK (see Table 2). One trial was excluded (feasibil-
ity study) and data were not provided for another two
studies. The number of trials included for each model var-
ied because of varying measurement outcomes and time-
points (see Table 3). However, the descriptive statistics of

the variables included in the models were comparable
(Table 3).

Factors associated with missing data at
Timepoint 1

The multivariable models for missing data for the primary
outcome at Timepoint 1 showed a strong association
between baseline and Timepoint 1 primary outcome
missing data (OR 17.2, 95% CI: 8.6, 34.5). This indicates
that those with missing data at baseline were highly likely
to have missing data at Timepoint 1 (Table 4). As the base-
line AKPS increased (i.e. improved), the odds of missing
data for the primary outcome at Timepoint 1 reduced sig-
nificantly (OR 0.78 (95% CI: 0.70, 0.87) per 10-unit
increase) (Table 4).

Findings for Timepoint1-QolL-missing were similar. As
Qol was a secondary outcome in all trials (not a pre-spec-
ified criteria), the association with missing data for the
primary outcome at baseline was also assessed, which
found participants with missing data for the primary out-
come at baseline were more likely to have missing data for
the QoL outcome at Timepoint 1 (Table 4).

Factors associated with missing data at
Timepoint 2

When the variable site-personnel was treated as a cate-
gorical variable (vs continuous), it fitted the data better
(Timepoint2-PO-missing p =0.0009; Timepoint2-Qol-
missing p = 0.0002) and was therefore treated as categori-
cal (Table 5, Supplemental Material 3).

A strong association was found between missing data
for the primary outcome at Timepoint 2 and Timepoint 1
(OR 8.0, 95% Cl: 5.4, 11.8) and Timepoint1-AKPS (per 10
unit change OR 0.7, 95% Cl: 0.6, 0.8); which indicates that
those with previous missing data for the primary outcome
and poorer performance status were more likely to have
missing data at Timepoint 2. Sites that randomised more
participants were more likely to have missing data (per 10
randomisations OR 1.1, 95% Cl: 1.0, 1.2). The number of
site personnel was also significantly associated with miss-
ing data, with sites who had two research personnel being
more likely to have missing data (OR 2.6, 95% Cl: 1.1, 6.0),
and those with four personnel less likely (OR 0.07, 95% Cl:
0.01, 08) to have missing data, than sites with one research
nurse.

Findings for missing QoL data at Timepoint 2 were simi-
lar, with an additional strong association with missing
data for the primary outcome at Timepoint 1 (OR 11.8,
95% Cl: 6.9, 20.3) and trial duration (per 7 days, OR 0.6,
95% Cl: 0.5, 0.8).

For all models, there was insufficient evidence of sig-
nificant interactions between participant-level factors
(data not shown).
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Table 2. Characteristics of included trials.
Trial 1 2 3 4 5 6 7 8 9 10
Country
Australia v v v N N v N N
United Kingdom N N N
Published as of 02/06/2016 v X v X X N N v X X
Trial design
Parallel v N v N v N N v v
Cross-over v
No. of trial arms 2 3 2 3 2 2 2 2 2 2
Number of sites 9 10 12 12 14 8 8 1 8 3
Intervention
Pharmacological N N N v v v v v
Complex v v
Control
Placebo v v v v v v
Training v
Standard care v v
Pharmacological v
Primary outcome
Symptom v v v v v v v v v v
QoL
Trial duration
Timepoint 1 (days) 6 3 4 7 8 7 28 42 22 28
Timepoint 2 (days) 33 31 32 35 36 NA 56 84 50 NA
Participants
No. randomised 185 247 112 176 354 257 156 154 101 104
Age (years)* 63.6 75.0 65.2 72.5 71.6 73.5 69.2 70.7 67.0 62.7
Male (%) 56.6 65.4 16.7 60.6 63.3 63.1 60.1 51.6 60.0 57.7
Diagnosis (%):
Cancer 100 94.5 100 100 41.1 14.9 100 44.2 94.0 100
Respiratory 0.8 49.7 77.8 55.2 3.0
Cardiovascular 34 9.2 5.0 0 2.0
Other 1.3 2.3 0.7 1.0
TO-AKPS* 56.3 41.4 51.6 62.9 61.6 65.4 70.3 69.0 62.4 71.9

*Baseline Australia-modified Karnofsky Performance Scale.

Variance explained

A non-additive model with a trial-by-site interaction level
was the preferred model for missing data for the primary
outcome at Timepoint 1 (p=0.005) and Timepoint 2
(p =0.01) (Table 6). By adding the interaction level to the
Timepoint1l-PO-missing null model, the variance at the
site-level became negligible (<0.0001 on the log-odds
scale). This suggests that for the primary outcome at
Timepoint 1 the effect of sites differs within trials, rather
than sites having an independent effect on missingness
regardless of the trial for which they were recruiting.

The multivariable model explained almost all of the
variance at the trial and site-level for the Timepoint2-QolL-
missing model but not for the other outcomes (Table 6).
For the Timepointl-PO-missing model, data requested
explained the trial-level variability the most (Supplemental
Material 4). Trial duration explained the trial-level, and

the number of research personnel the site-level, variance
the most for Timepoint2-PO-missing, Timepointl-Qol-
missing and Timepoint2-QoL-missing models
(Supplemental Material 4).

Explanatory variable missing data

Exploration of the missing data suggested complete case
analysis under a MCAR assumption was reasonable for
the Timepointl-PO-missing model. However, the MAR
assumption was more plausible for Timepointl-Qol-
missing, Timepoint2-PO-missing and Timepoint2-Qol-
missing, therefore the final model for these outcomes
used multiple imputation under a MAR assumption.
Missing data sensitivity analyses under various MNAR
assumptions did not change the findings considerably
(Supplemental Material 2).
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Table 3. Summary of the variables included in each model.

Explanatory and outcome Model
variables
Timepoint1-PO- Timepoint2-PO- Timepoint1l-QOL- Timepoint2-QOL-
missing missing missing missing
Percentage/mean Percentage/mean Percentage/mean Percentage/mean
(SD, range) (SD, range) (SD, range) (SD, range)
Participant-  TO-PO-missing 6.6% 4.4% 5.8% 4.0%
level T1-PO-missing 25.8%* 25.9% - 26.6%
T2-PO-missing - 54.0%* - -
TO-QOL-missing - - 33.4% 25.5%
T1-QOL-missing - - 39.0%* 29.6%
T2-QOL-missing - - - 54.7%*
Age 70.2 (11.3, range 69.2 (11.2, range: 69.9 (11.1, range 69.6 (10.9, range
20, 97) 20, 94) 20, 94) 20, 94)
TO-AKPS 60.4 (15.0, range 62.2 (13.10, range 62.8 (12.8, range 63.2 (12.7, range
20, 100) 20,100) 20, 100) 20, 100)
T1-AKPS - 57.3(16.6, range O, - 61.6 (15.1, range O,
100) 100)
Cancer diagnosis 70.9% 74.0% 65.0% 71.4%
Trial-level T1-Duration (days) 15.1 (11.9, range - 13.7 (12.0, range -
3,42) 4,42)
T1-Data requested 653.5 (253.7, range - 591.8 (226.2, range -
317, 1049) 317, 1049)
T2-Duration (days) - 44.7 (16.8, range - 45,9 (17.1, range
32, 84) 33, 84)
T2-Data requested - 1224.7 (434.2, - 1190.4 (440.2,
range 539, 1872) range 539, 1872)
Site-level Site 167.6 (137.7, range 152.6 (126.1, range 162.5 (136.5, range 148.8 (125.9, range

randomisations
No. site personnel

1
2
3
4
Site coordinator
Site home visit
possible
Site experience
1 (low-level)
2 (moderate-

level)
3 (high-level)

Number of trials included

1, 408)

20.1%
31.0%
26.7%
22.2%
76.2%
68.7%

22.4%
22.9%

54.8%
10

2,408)

23.6%
30.3%
29.3%
16.8%
69.2%
75.3%

17.7%
30.3%

52.0%
7

1, 408)

24.3%
30.3%
24.3%
21.1%
73.5%
70.5%

21.8%
25.3%

52.9%
8

2,408)

25.7%
30.6%
27.4%
16.2%
67.0%
77.4%

17.5%
32.7%

49.8%

PO: primary outcome; QoL: quality of life; TO: baseline; T1: timepoint 1; T2: timepoint 2; SD: standard deviation.
*QOutcome variable for the model.

Discussion

Individual participant-level data analysis of 10 palliative
care trials found participants with a poorer performance
status and those with previous missing data were more
likely to have missing data at both Timepoint 1 and
Timepoint 2. At Timepoint 2, site level factors were also
found to be significantly associated with missing data.

Trial duration and the number of research personnel
explained most of the variance at the trial and site-level

respectively, except for the primary outcome at Timepoint
1 where the amount of data requested was most impor-
tant at the trial-level. Variance at the trial level was more
substantial than at the site level and a considerable pro-
portion of the variance remained unexplained at the trial
and site-level for most models.
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Table 4. Multivariable multi-level model: participant, trial and site level factors associated with missing data for the primary
outcome and main QoL outcome at Timepoint1.
Fixed effects Timepoint1-PO-missing Timepoint1-QoL-missing
Odds ratio 95% Cl Odds ratio 95% Cl
Timepoint0-QoL-missing - - 2.86*** 2.06-3.96
Timepoint0-PO-missing 17.19*** 8.55-34.53 2.56* 1.11-5.90
AKPS at Timepoint0 (per 10-units) 0.78%** 0.70-0.87 0.78%** 0.70-0.89
Cancer diagnosis 1.44 0.94-2.20 1.25 0.80-1.94
Age (per 10-years) 0.99 0.88-1.12 1.01 0.89-1.13
Trial duration to Timepoint1 (per 7 days) 1.19 0.88-1.61 1.03 0.67-1.60
Trial data requested to Timepointl (per 30 items) 1.03 0.97-1.09 0.99 0.90-1.08
Site randomisations (per 10) 0.98 0.96-1.01 1.00 0.96-1.04
No. of site personnel 1.49 0.93-2.38 1.65 0.97-2.81
Site coordinator 0.82 0.41-1.65 0.89 0.35-2.29
Site home visit 0.81 0.50-1.33 0.64 0.32-1.28
Site experience 0.85 0.63-1.15 0.77 0.52-1.14
PO: primary outcome; QoL: quality of life; Timepoint0: baseline; Timepointl: primary end-point.
*p < 0.05. ***p < 0.001.
Table 5. Multivariable multi-level model: participant, trial and site level factors associated with missing data for the primary
outcome and main QoL outcome at Timepoint 2.
Fixed effect Timepoint2-PO-missing Timepoint2-QoL-missing
Odds ratio 95% ClI Odds ratio 95% ClI

Timepoint1-PO/QolL-missing 7.95%** 5.36-11.81 2.16%** 1.39-3.36
Timepoint1-PO-missing - - 11.79%*** 6.86—20.26
AKPS at Timepointl (per 10-units) 0.73%*** 0.64-0.82 0.79%*** 0.69-0.90
Cancer diagnosis 1.49 0.96-2.32 1.40 0.91-2.16
Age (per 10-years) 0.94 0.83-1.08 1.02 0.88-1.18
Trial duration to Timepoint2 (per 7 days) 0.81 0.52-1.26 0.59%** 0.45-0.78
Trial data requested to Timepoint2 (per 30 questions) 0.97 0.90-1.03 0.98 0.94-1.02
Site randomisations (per 10) 1.08* 1.01-1.16 1.15%** 1.09-1.21
No. of site personnel p=0.01* p < 0.0001***

1 1 (reference) 1 (reference)

2 2.59% 1.11-6.02 1.88 0.97-3.63

3 1.48 0.51-4.30 0.96 0.40-2.31

4 0.07* 0.01-0.84 0.01%*** <0.01-0.08
Site coordinator 1.95 0.71-5.31 0.68 0.28-1.64
Site home visit 0.54 0.27-1.07 1.60 0.89-2.90
Site experience 1.39 0.95-2.03 1.22 0.90-1.66

PO: primary outcome; QoL: quality of life; Timepoint1: primary end-point; Timepoint2: end of follow-up.

*p < 0.05. ***p < 0.001.

Participant-level factors

Missingness of the primary outcome and principal QoL
measure at the previous time-point was strongly and con-
sistently associated with missingness at the time-point of
interest. This is most likely driven by complete withdraw-
als at the previous time-point. However, 17.3% of partici-
pants with missing data at a previous time-point provided
data at the following time-point of interest. Thus, for par-

ticipants continuing in a trial, missing data at one time-
point should be a ‘red flag’ for future missing data.
Participants who were more functionally limited were
more likely to have missing data. Trialists should not use
this to justify the exclusion of participants with poor per-
formance status from palliative care trials in order to
reduce missing data. Such patients are a core group who
require palliative care input. If eligible for the intervention
in clinical practice, it is essential that they are actively
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Table 6. Multivariable multi-level model: residual variance, variance partition coefficient (VPC) and proportion of variance

explained at the different levels.

Level Timpoint1-PO- Timepoint2-PO-  Timepointl-QolL- Timepoint2-Qol-
missing missing missing missing
Trial Final model: Variance (95% Cl); VPC2%  0.44 (0.15,1.28); 0.41(0.11, 1.64); 0.91(0.32,2.63); 0.12(0.02, 0.81);
11.0% 10.4% 20.3% 3.5%
Null model: Variance (95% Cl); VPC2%  0.55 (0.19, 1.56); 0.57 (0.12,2.58); 1.03 (0.36,2.96); 1.03 (0.28, 3.73);
13.6% 12.7% 21.6% 21.4%
Proportion of variance explained® 18.5% 28.1% 11.7% 88.4%
Site Final model: Variance (95% Cl); VPC2% 0 0 0.29(0.11,0.75); O
6.5%
Null model: Variance (95% CI); VPC2% 0 0.32(0.08,1.31); 0.44(0.21,0.95); 0.49 (0.21, 1.18);
7.2% 9.3% 10.3%
Proportion of variance explained - 100% 34.1% 100%
Trial- Final model: Variance (95% Cl); VPC2%  0.26 (0.10, 0.66);  0.29 (0.12, 0.73);
by-site 6.4% 7.3%
interaction  Null model: Variance (95% Cl); VPC®%  0.35 (0.16, 0.75); 0.31(0.09, 1.08);
4.0% 6.9%
Proportion of variance explained 25.7% 6.5%

aVariance partition coefficient (VPC): Proportion of the total variance due to the different group levels that is trial and site.
bProportion of the variance explained by the multivariable model compared to the null model (i.e. without covariates).

recruited to trials and supported to provide data to max-
imise the generalisability of trial findings. This study high-
lights the need for additional consideration on how best
to support this group to provide data as a trial proceeds,
this may include a more flexible study design, different
modalities of data collection and the use of proxies.'* Any
interventions to reduce missing data need to be evaluated
to determine the most effective and cost-effective meas-
ures through studies across trials.141>

This participant-level data analysis is the first to sys-
tematically assess the impact of the AKPS on missing data
and to demonstrate a consistent and robust association.
AKPS is therefore potentially a useful auxiliary variable617
for use in missing data imputation models in palliative
care trials to make a missing at random assumption more
plausible. Previous studies using aggregate level data® and
participant-level data analysis'® have not demonstrated
an association between performance status and missing
data. However this is likely related to ecological bias* and
use of less sensitive measures’® in these studies.

Site-level factors

Site-level variables and missing data were significantly
associated at Timepoint 2 but not Timepoint 1. This may
be because intensive central monitoring and checks are
often in place for outcomes at Timepoint 1, but not always
so at Timepoint 2 due to limited resources. The impact of
site-level practices therefore may be more evident and
influential after Timepoint 1 as the burden of the study on
participants and site-staff increase. At Timepoint 2, sites
that recruited more participants were more likely to have

missing data. These findings are new, and the underlying
reasons for these need exploration.

The number of research personnel employed at a site
and missingness at Timepoint 2 were significantly associ-
ated. This was not a dose-response or simple linear rela-
tionship, suggesting that there may be other influential
site-level factors, which have not been included in the
models; for example, whether the researchers work full/
part-time, staff turnover, research experience and level
and content of research training. Furthermore, there is
recognition that conducting palliative care research can
be emotionally challenging with a need for additional
resources to promote job satisfaction and sustainability
for trial staffl® which may also play an important role in
data quality. Further research into how the number of
researchers and research culture at a site may influence
missing data is required.

Residual variance

There was significant variance between trials and sites,
indicating that the effect of trial and site factors were
important and need to be addressed. This is an important
finding as often the dominant focus of missing data litera-
ture in palliative care research is on participant-level factors
such as participants’ poor health and fatigue.?® Also, for
missing data for the primary outcome at Timepoint 1,
unlike the other outcomes, there was little evidence that
some sites were worse than others in a consistent way
across trials (site-level variance), suggesting efforts to
reduce missing data for the primary outcome at Timepoint
1 should focus on reducing between-trial variability.
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The findings suggest that duration and the numbers of
research personnel are key factors for consideration when
trying to reduce missing data in palliative care trials, how-
ever other factors, such as data-requested, may be more
important for the primary outcome at Timepoint 1. The
variables included in the models explained almost all the
variance at the trial and site-level for Timepoint2-QolL-
missing, suggesting these variables have the greatest
impact for QoL outcome missing data at Timepoint 2.
However, as the Timepoint 2 models estimated a greater
number of parameters at the site-level, this may be due to
over-saturation at the site-level. Other participant, trial
and site level factors, that were not included in the mod-
els, may be more crucial for the other outcomes and need
to be investigated.

Limitations and strengths

The included trials were a small convenience sample,
manageable within the time-frame of the study, which
may limit the generalisability of the findings. However, the
average extent of missing data for the primary outcome at
Timepoint 1 (26%) and participant characteristics are con-
sistent with a systematic review of 108 palliative care tri-
als.! The principal investigator (JH) was blind to the extent
and risk of bias of missing data and study characteristics at
the time of selection, and the included trials involved par-
ticipants with a range of ages, diagnoses and performance
status scores, and varied in duration thus optimising gen-
eralisability (Table 2). Although sought, data on ethnicity
and socio-economic status at the participant-level were
not available consistently across the trials limiting our
understanding of the representativeness of the study
sample and the effect of these constructs on missing data.
Data for two trials were not made available, and if the rea-
son for this is related to missing data, it could bias the
findings.2! The majority of trials included in the sample
were pharmacological trials and although two non-phar-
macological complex intervention trials were included,
additional considerations may be required for trials involv-
ing several interacting components.?2 The variables used
in the models were restricted to those that were collected
consistently across trials and could be quantified reliably.

The strengths of this study include the rigorous meth-
odological approach which included multi-level model-
ling. Both published and unpublished palliative care trials
were included and the participant-level data allowed the
integrity of the data to be assessed.

Conclusion

Participants with a poorer performance status and previ-
ous missing data are at higher risk for missing data in pal-
liative care trials and require early identification and

support to provide complete data. These factors could
also be considered as auxiliary variables in missing data
imputation models, especially if associated with the miss-
ingness outcome. However, performance status only
explained part of the residual variance, indicating that
other factors affect missing data at the trial level; identify-
ing these factors may help to reduce missing data in future
trials, especially if they are modifiable factors.
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