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Abstract

Background: Patient-reported outcome measures (PROMs) are commonly-used surrogates for clinical outcomes in
cancer research. When researching severe diseases such as cancer, it is difficult to avoid the problem of incomplete
questionnaires from drop-outs or missing data from patients who pass away during the observation period. The
aim of this exploratory study was to explore patient characteristics and the patient-reported outcomes associated
with the time-to-dropout.

Methods: In an Oncological Social Care Project (OSCAR) study, the condition of the participants was assessed four
times within 12 months (t0: baseline, t1: 3 months, t2: 6 months, and t3: 12 months) by validated PROMs. We
performed competing-risk regressions based on Fine and Gray's proportional sub-distribution hazards model for
exploring factors associated with time-to-dropout. Death was considered a competing risk.

Results: Three hundred sixty-two participants were analyzed in the study. 193 (53.3%) completed a follow-up after
12 months, 67 (18.5%) patients dropped out, and 102 patients (28.2%) died during the study period. Poor subjective
social support was related to a higher risk of drop-out (SHR = 2.10; 95%Cl: 1.01-4.35). Lower values in health-related
quality of life were related to drop-out and death. The sub-scales global health status/Qol, role functioning,
physical functioning, and fatigue symptom in the EORTC QLQ-C30 were key characteristics of early drop-out.

Conclusion: Severely affected cancer patients with poor social support and poor quality of life seem more likely to
drop out of studies than patients with higher levels of social support and a better quality of life. This should be
considered when planning studies to assess advanced cancer patients. Methods of close continued monitoring
should be actively used when patient experiences a substantial deterioration in their health-related quality of life
and symptoms during the study. Results for such studies have to be interpreted with caution in light of specific
drop-out mechanisms.
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Background

Patient-reported outcome measures (PROMs) are tools
for assessing a patient’s physical and emotional wellbeing,
satisfaction with care, symptoms, and quality of life (QoL)
[1]. Patient-reported outcomes (PROs) are usually mea-
sured through questionnaires which combine several
items into sub-scales or total scales. Oncology research
often focuses on PROs as primary outcomes [2], and re-
peatedly measured PROs are typically observed for explor-
ing and monitoring the change in the health status of
cancer patients [3, 4]. As cancer patients are often severely
affected by the disease, missing data from drop-outs due
to deterioration in health or death are common [5].

Drop-out occurs in a longitudinal study when a partici-
pant discontinues the study completely. Rates of drop-out
vary from 30 to 50% [6—8] in oncology studies, but rea-
sons for dropping out are not usually recorded [7]. In can-
cer research, numerous factors have been identified as
being related to dropping out. Being older, male, unmar-
ried, having a low level of education and a low economic
status are all associated with early dropout. However, the
relevance of some of these factors is less consistent than
others: some studies show that women are more likely to
drop out, for example [6, 9]. Generally, symptom burdens
and health conditions are the main factors related to dis-
continuing a study [6, 7, 10].

Higher rates of drop-out not only result in reduced
statistical power, but also cause biased results if subpop-
ulations are over or under-represented in the remaining
sample [10]. Knowledge of a patient’s characteristics re-
lated to the risk of drop-out will allow for the applica-
tion of strategies for the minimization of data loss, such
as continuous monitoring, reminders, and the use of
modern technology (e.g. mobile apps and online ques-
tionnaires) to measure data [11] will result in it being
more complete and reliable, as is the case with estima-
tion procedures for missing data.

Investigating patient drop-out characteristics in cancer
research is useful for study planning with regard to the
estimation of sample size, more appropriate definitions
of patient inclusion criteria, decreasing insufficient en-
rollment through improved inclusion criteria, increasing
patient retention over study periods, improved monitor-
ing and possible post-recruitment, and purposing appro-
priate statistical analysis for challenging missing data.
The aim of this exploratory study was to assess patient

characteristics and the patient-reported outcomes asso-
ciated with time-to-dropout when accounting for death
as a competing risk.

Methods

Study population

A protocol for the Oncological Social Care Project
(OSCAR) has been reported previously [12]. In short,
the OSCAR was developed as an intervention in onco-
logical care by the German company health insurance
fund Pronova BKK. A non-randomized, controlled,
multi-center intervention study was conducted at three
study sites in Germany from January 2018 to February
2020. Three hundred sixty-two participants above the
age of 18 with different cancer types were included (see
the inclusion criteria in the original protocol [12]). The
study recruited severely affected oncological patients
with advanced cancer stages, such as metastasized colo-
rectal cancer, malignant neoplasm of the pancreas,
lymphoma, or multiple myeloma and malignant plasma
cell neoplasms. These patients had a high symptom bur-
den and needed intensive supportive care. One hundred
fifty patients in the intervention group and 212 patients
in the control group were studied. Patients answered a
monthly health-related QoL questionnaire using the
European Organization for Research and Treatment of
Cancer’s Quality of Life Questionnaire (EORTC QLQ-
C30) in the intervention group. The EORTC QLQ-C30
questionnaire for the control group and other PROMs
for both groups were assessed at baseline (t0), 3 months
(t1), 6 months (t2), and 12 months (t3). Refusal to par-
ticipate was documented for each follow-up visit, and
those who dropped out were asked whether they wanted
to discontinue the study because of their health or for
other reasons. In the following analysis, we will focus on
drop-out (health-related or other reasons) and death.

Data collection

Demographic data was collected at baseline, e.g. age, sex,
time since diagnosis, cancer diagnosis, family status, and
education. Education and professional qualifications
were classified based on the Comparative Analysis of So-
cial Mobility in Industrial Nations (CASMIN) classifica-
tion of education [13]. Assessment of subjective social
support was based on the Oslo Three-Item Social Sup-
port Scale (OSSS-3) [14], where the total score ranges


https://www.drks.de/drks_web/navigate.do?navigationId=trial.HTML&TRIAL_ID=DRKS00013640

Gebert et al. BMC Medical Research Methodology (2021) 21:77

from 3 to 14 points, and is classified as poor (3 to 8),
moderate (9 to 11), or strong (12 to 14).
The following five PROMs were assessed in this study:

e The EORTC QLQ-C30 (version 3.0) is a generic tool
for assessing the quality of life (QoL) for various
cancer patients, and is provided by the European
Organisation for Research and Treatment of Cancer
[15]. It consists of 30 questions and incorporates
nine multi-item scales: five functional scales (phys-
ical, role, cognitive, emotional, and social function-
ing); three symptom scales (fatigue, pain, and
nausea/vomiting); six single item scales (dyspnea, in-
somnia, appetite loss, constipation, diarrhea, and fi-
nancial difficulties); and a global health status/QoL
scale. The total score is calculated by averaging
items within scales and transforming them from 0 to
100. Higher values of a functional scale represent a
high or healthy level of functioning, while higher
values of a symptom scale or item represent a high
level of symptomatology or problems.

e The Patient Reaction Assessment (PRA-D) [16] is an
instrument used for assessing the perceived quality
of the doctor-patient relationship. In OSCAR, we
modified five questions using five-point instead of
seven-point Likert scales. The total score was trans-
formed using the formula (y = 1.5 * x - 0.5) [17], and
ranges from 5 to 35. Higher values indicate better
doctor-patient relationships.

e The modified German version of the Autonomy
Preference Index (API-DM) [18] consists of two
preferences: decision making and information
seeking. The decision making preferences consist of
four items, and information seeking preferences
consist of seven. The total score for each preference
is transformed to achieve scores ranging from 0 to
100. Higher values indicate a greater preference for
decision making and information seeking.

e The Decision Conflict Scale (DCS) [19] is a self-
reported questionnaire for evaluating decision con-
flicts and comprises ten items, with the sum score
ranging from O to 100. Higher values indicate greater
decision conflicts.

e The European Health Literacy Survey (HLS-EU-Q6)
[20] is a shortened, six-item version of the European
Health Literacy Survey (HLS-EU) for assessing
health literacy (HL). The sum score is averaged and
grouped into insufficient (<2 scores), problematic
(2—3 scores), and sufficient (>3 scores) health
literacy.

Statistical analysis
The study outcome was discontinuation of the study due
to either dropout or death. Baseline characteristics were
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presented separately by participants who completed the
study or who dropped out. For continuous variables,
mean and standard deviation (SD) and median and
interquartile ranges (IQR) are presented, depending on
their distribution. For categorical data, absolute and rela-
tive frequencies were reported.

Demographic data at baseline, the PROMs at baseline
and at the visit before dropping out or death were used
for exploring the association with time-to-dropout.
Time-to-event was defined from the enrollment date to
date of death, date of drop-out, or censored at 12
months. Date of drop-out was defined as when the par-
ticipant refused to continue the study or the first date of
unsuccessful contact try, when the participant could not
be reached after trying to contact them three times. Fine
and Gray’s proportional sub-distribution hazards models
were performed, assuming that death was a competing
risk. Cox regression models were used for assessing the
association between participant characteristics and
death. Multinomial logistic regression models were used
for comparing characteristics related to drop-out or
death as a sensitivity analysis.

Statistical testing was done within an exploratory
framework at a two-sided significance level of a =0.05
without adjustment for multiple testing. Due to multi-
collinearity within PROs (such as a high correlation
within the EORTC QLQ-C30 between global health sta-
tus/QoL and subscales of functional or symptoms) and
PROs between baseline and visit prior to drop-out, re-
stricted by the number of observations in some variables
(such as family status and HLS-EU-Q6), we only used
bivariate models. All the statistical tests were performed
using Stata IC15 (StataCorp, 2017, College Station, TX,
USA).

Results

Participant characteristics and dropout rate

Three hundred sixty-two participants were analyzed in
the study. One hundred ninety-three patients (53.3%)
completed a follow-up at 12 months, 102 died during
follow-up (28.2%), and 67 dropped out the study (18.5%)
(Additional file 1: Table S1). Rates of drop-out and death
combined were 14.4% at 3 months, 31.5% at 6 months,
and 46.8% at 12 months (Fig. 1). The participants who
dropped out or died were older than the participants
who completed the study. However, there was almost no
age difference between the participants who dropped out
and those who died. The proportion of patients who
died was higher in participants with malignant neoplasm
of the bronchus and lungs (22.6%) and malignant neo-
plasm of the pancreas (15.7%) when compared to partic-
ipants who dropped out and compliant participants
(Additional file 1: Table S1). Participants who dropped
out or died had lower values in global health status/
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Fig. 1 Cumulative incidence of all drop-out causes (green solid line) and drop-out with death as a competing risk (orange dotted line)
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QoL, physical functioning, and role functioning at base-
line than participants who completed the study (Add-
itional file 1: Table S2).

Characteristics associated with drop-out or death during
follow-up

In our study, family status and poor subjective social
support were related to drop-out (Table 1). Lower global
health status/QoL and role functioning of the EORTC
QLQ-C30 at baseline were associated with a higher risk
of drop-out, as a difference in global health status/QoL
and role functioning by 10 points resulted in a 12%
(95%CIL: 1-21%) and 9% (95%CI: 1-16%) higher risk of
drop-out. In addition, low physical functioning of the
EORTC QLQ-C30 at the visit before drop-out was asso-
ciated with a higher likelihood of drop-out when consid-
ering death as a competing risk (Fig. 2).

Characteristics associated with shorter time to death
were malignant neoplasm of the pancreas when com-
pared to acute leukemia (HR =2.48; 95%CI: 1.27-4.85),
low levels of EORTC QLQ-C30 at baseline, low global
health status/QoL, low physical functioning, low role
functioning, and poorer outcomes on the symptom scale
(fatigue, nausea and vomiting, dyspnea, and appetite
loss) at the visit before death (Table 1 and Fig. 3). A
poor doctor-patient relationship at baseline was also as-
sociated with a shorter time to death. There were also
study site differences for time to death. Sensitivity ana-
lyses showed similar results, meaning that study sites,
family status, and the EORTC QLQ-C30 were important
factors for both drop-out and death (Additional file 1:
Table S3-5).

The trajectories of the EORTC QLQ-C30 over time
were substantially different for participants who dropped

out, passed away during the study time, and those who
completed the study visits (Fig. 4a and b). It is clear that
the QoL, functionals and symptoms values decreased be-
fore the participant missed the visit due to death,
whereas these values did not decrease in those who
dropped out. However, patients who have low baseline
values in global health status/QoL and poorer function-
alities of the EORTC QLQ-C30 were more likely to drop
out or die early.

Discussion

The purpose of this study was to investigate the patient
characteristics and PROs associated with drop-out and
death in a non-randomized intervention study for se-
verely ill cancer patients. Family status, subjective social
support, low values of global health status/QoL and role
functioning of the EORTC QLQ-C30 at baseline and
low value of physical functioning at the visit before
drop-out were associated with time-to-dropout, while
the study site, diagnosis, low values of global health sta-
tus/QoL, physical functioning and role functioning,
strong symptoms (e.g. fatigue, nausea, vomiting or appe-
tite loss) of the EORTC QLQ-C30 at both baseline and
the visit before death were associated with time-to-
death.

Drop-out rate in the OSCAR study

Around 50% of the subjects completed all the study
visits in OSCAR, meaning that there was a relatively
high drop-out rate in our study when compared to prior
oncological studies [6, 7, 9, 21, 22]. Surprisingly, there
was no marked differential drop-out between interven-
tion and control groups, despite our expectation of
lower drop-out rates for the control group because the
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Table 1 Participants’ demographic data as characteristics associated with time-to-dropout, with early death as a competing risk

n Time-to-dropout with death as a competing risk Death
SHR (95%Cl) HR (95%Cl)
Study group
Intervention 150 1.23 (0.76, 1.99) 1.26 (0.84, 1.88)
Control 212 1 1
Age (years) 362 1.01 (0.99, 1.03) 1.02 (1.00, 1.03)
Study site
Study site 1 119 1
Study site 2 98 1.77 (0.94,333) 1.69 (0.99, 2.89)
Study site 3 145 1.60 (0.87,2.93) 1.99 (1.22,3.26)
Sex
Male 219 1.35 (0.82,2.24) 0.75 (0.51, 1.11)
Female 143 1 1
Family status
Married 226 1.15 (0,50, 2.67) 168  (0.84,3.38)
Single 44 1 1
Divorced/Widowed 63 271 (1.12, 6.56) 089 (036,220
Time since diagnosis
<6 months 187 1 1
7-12 months 49 043 (0.17, 1.08) 1.06 (0.58, 1.93)
13-24 months 46 054 0.22,1.32) 153 (087, 267)
> 24 months 80 0.97 (0.54, 1.72) 1.33 (081, 2.19)
Diagnosis
Acute leukemia 69 1 1
Aggressive lymphoma 58 1.53 (0.64, 3.65) 0.55 (0.25, 1.23)
Malignant neoplasm of the bronchus and lungs 62 1.92 (0.84, 4.38) 1.78 (097,3.27)
Metastatic colorectal cancer/colon carcinoma 78 1.39 (060, 3.21) 1.19 (064, 2.21)
Malignant neoplasm of the pancreas 32 1.94 (0.79, 4.77) 248 (1.27, 4.85)
Multiple myeloma and malignant plasma cell neoplasms 24 1.24 (040, 3.83) 0.56 (0.19, 1.65)
Metastasized malignant neoplasm of the breast 9 091 0.11,7.21) 041 (0.05, 3.10)
Others 30 213 (0.79, 5.74) 132 (0.58, 3.03)
Education
Low 29 1.85 (0.90, 3.81) 092 (039, 2.15)
Medium 101 1.27 (0.72,2.25) 1.58 (1.02, 2.45)
High 206 1 1
Social support (0SSS-3)
Poor (3-8) 35 2.10 (1.01,4.35) 0.83 (039, 1.79)
Moderate (9-11) 158 132 (0.74, 2.36) 087 (056, 1.36)
Strong (12-14) 139 1 1

n Number of observation, SHR Sub-hazard ratio, HR Hazard ratio, C/ Confidence Interval

participants would want to benefit from intervention.
We found slightly higher rates of drop-out and death in
the intervention group than in the control group (Add-
itional file 1: Figure S1). The main reason for not com-
pleting the study was premature death, accounting for
approximately 60% (102/169) of patient discontinuation.

However, the overall attrition (drop-out) rate of 18.5% in
the OSCAR (withdrawal, 15.2%; loss-to-follow up, 2.8%;
other reasons, 0.5%) was modest when compared to
rates reported in other oncological studies, which ranged
from 18 to 31% [6, 9, 23]. A high rate of premature
death was expected in this population of severely



Gebert et al. BMC Medical Research Methodology

(2021) 21:77

Page 6 of 11

EORTC QLQ-C30*
Global health status/QoL
Physical functioning
Role functioning
Emotional functioning
Cognitive functioning
Social functioning
Fatigue
Nausea/vomiting
Pain

Dyspnea

Insomnia

Appetite loss
Constipation
Diarrhea

Financial difficulties

PRA-D

API-DM
Preference for decision making*
Preference for information seeking*

DCS*

HLS-EU-Q6

EORTC QLQ-C30*
Global health status/QoL
Physical functioning
Role functioning
Emotional functioning
Cognitive functioning
Social functioning
Fatigue
Nausea/vomiting
Pain

Dyspnea

Insomnia

Appetite loss
Constipation
Diarrhea

Financial difficulties

PRA-D

API-DM

Preference for decision making*
Preference for information seeking*

DCS*

HLS-EU-Q6

*The values change by 10 points

Fig. 2 (See legend on next page.)
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Fig. 2 Patient-reported outcomes at baseline and at the visit prior to drop out, and their association to time-to-dropout, with death as a
competing risk. n = the observation number, SHR = Sub-hazard ratio, Cl=Confidence interval, High values of global health status/Qol and
functional sub-scales in the EORTC QLQ-C30 indicate a better outcome, High values of symptom sub-scales (e.g fatigue, nausea/vomiting, pain

etc) and DCS indicate a poorer outcome

affected cancer patients, in line with the study’s aim of
including severely affected cancer patients.

Patient characteristics associated with drop-out

Our findings show that family status (being divorced or
widowed) and a lack of subjective social support were
positively associated with early drop out. Similar findings
were observed among cancer patients in a cluster-
randomized controlled trial [9]. However, other studies
could not confirm this association [6, 7]. Additionally, a
lack of social support was associated with early drop-out
among cancer patients. It has been reported that the
family status plays a role as social support and has a
positive effect on a patient’s health, quality of life, and
coping behavior [24]. Therefore, a lack of social support
from family or friends might be one explanation for a
lack of desire to continue the study.

In our study, we did not find an association between
general characteristics (e.g age, gender and education)
and drop-out. Older age was not strongly related to
drop-out or death in our study, although there was a
weak association between older age and early death. This
result is in line with previous cancer studies [6, 7, 21],
though some studies have reported contrary findings [9,
10]. Males seemed more likely to drop out early in our
study, though this association was reversed in some
other studies [22, 23]. Other studies found no associ-
ation between sex and the probability of dropping out
[7, 9]. Participants with lower educational status dropped
out early more often, but this association was weak in
our study. Similarly, Spiers et al. and Roick et al. found
that low education was associated with the lack of a
follow-up [9, 10].

The probability of early death differed between study
sites and could have been related to the difference in
distribution of diagnosis between the study sites. We
found that 70% of study site 3’s cancer patients had ma-
lignant neoplasm of the bronchus and lungs, metastatic
colorectal cancer or colon carcinoma, or malignant neo-
plasm of the pancreas, while study site 1 enrolled around
15% of these cancer types and about 60% with acute
leukemia or aggressive lymphoma (data not shown). It is
relevant to our findings that patients who were diag-
nosed with malignant neoplasm of the pancreas had a
higher risk of early death. The prognosis for pancreatic
cancer is generally poor, meaning that the overall sur-
vival rate is low: a five-year survival rate of ca. 10%

compared with patients with acute lymphocytic leukemia
(72.1%) [25].

Patient-reported outcomes associated with drop-out

Our results show that lower levels of PROs are in fact
associated with both a higher probability of drop-out
and premature death. Cancer patients with a poor qual-
ity of life and high symptom burden at baseline and at
the visit before drop-out were at high risk of early drop-
out and death in our study. These findings are similar to
those of other studies [6, 7, 21, 22]. In addition to this,
we found that participants who dropped out due to ill-
ness or other reasons had a lower disease burden and
better functionalities than those who died during the
study period. We found that fatigue, nausea, vomiting,
and appetite loss were associated with early death for
both time points at baseline and at the visit before drop-
out. These symptoms have been identified as early signs
of upcoming death in cancer patients, especially fatigue
symptoms [26]. In other words, our results show that
patients who died prematurely tend to show a trend of
progressive deterioration, indicated by a reduction in
their health-related quality of life scores and lower base-
line scores, while the patients who completed the study
were stable throughout.

Finding application for further statistical analyses

Our findings, that baseline characteristics and QoL were
associated with drop-out, may be useful for determining
the potential missing data mechanism, which is a pre-
requisite to choosing how to handle missing PRO data,
such as imputation methods. In addition to this, poor
baseline QoL scores should encourage researchers to as-
sess more auxiliary data, such as the Eastern Cooperative
Oncology Group (ECOG) performance status. It should
also encourage them to research the reasons for incom-
plete PROMs questionnaires being collected, assisting in
determining what is missing and using this auxiliary data
as a covariate in the model, or in multiple imputation
methods [27]. In the relationship between symptom se-
verity and missing data in health-related QoL due to
drop-out or death, the missing data mechanism is clearly
not completely random (MCAR). The pattern of PROs
before dropping out and death may suggest that it is
missing at random (MAR) or not missing at random
(MNAR). The results suggest that, within the OSCAR
study and similar studies, gaps in information have to be
handled appropriately for a primary endpoint analysis to
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Role functioning - 359 0.92[0.87, 0.98]
Emotional functioning = ! 357 0.99[0.92, 1.06]
Cognitive functioning = | 358 0.99[0.92, 1.06]
Social functioning o 357 0.94[0.89, 0.99]
Fatigue i 359 1.11[1.04, 1.19]
Nausea/vomiting - 360 1.08[1.02, 1.15]
Pain e 361 1.09[1.03, 1.15]
Dyspnea HH 360 1.01[0.96, 1.06]
Insomnia HH 360 0.99[0.94, 1.04]
Appetite loss - 359 1.09[1.04, 1.15]
Constipation AL 360 1.05[0.99, 1.11]
Diarrhea - 361 0.99[0.94, 1.06]
Financial difficulties - 357 0.93[0.87, 1.00]
PRA-D 335 0.96 [0.94, 0.99]

API-DM
Preference for decision making* e 336 1.04[0.91, 1.20]
Preference for information seeking* | m— 337 0.95[0.68, 1.33]
DCS* He— 335 1.04[0.95, 1.13]
HLS-EU-Q6 } { 243 1.09[0.74, 1.61]
| ! | | | ! |
0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60
HR (95%Cl)
At the visit prior to death

EORTC QLQ-C30* n  HR [95%CI]
Global health status/QoL =i 284 0.79[0.70, 0.88]
Physical functioning = 283 0.80[0.73, 0.89]
Role functioning = 281 0.81[0.74, 0.89]
Emotional functioning = 283 0.90[0.83, 0.99]
Cognitive functioning =+ 283 0.97 [0.88, 1.06]
Social functioning = 283 0.86[0.79, 0.93]
Fatigue = 283 1.22[1.11, 1.35]
Nausea/vomiting = 283 1.16[1.05, 1.27]
Pain H=— 283 1.03[0.96, 1.12]
Dyspnea = 279 1.14[1.05, 1.23]
Insomnia H=— 282 1.04[0.97, 1.13]
Appetite loss = 283 1.21[1.13,1.29]
Constipation —=—] 282 1.09[1.00, 1.19]
Diarrhea H=— 281 1.03[0.94, 1.13]
Financial difficulties He— 282 1.02[0.95, 1.11]
PRA-D 280 0.97 [0.94, 1.01]

API-DM
Preference for decision making* H—— 280 1.15[0.97, 1.38]
Preference for information seeking* A 280 1.191[0.80, 1.78]
DCS* - 280 0.99[0.88, 1.12]
HLS-EU-Q6 e B 262 1.08[0.68, 1.72]
T T T T T
0.30 0.60 1.00 140 1.80 2.10

Fig. 3 Patient-reported outcomes at baseline and at the visit prior to death, and their association to time-to-death. n =the observation number,
HR = Hazard ratio, Cl=Confidence interval, High values of global health status/QoL and functional sub-scales in the EORTC QLQ-C30 indicate a
better outcome, High values of symptom sub-scales (e.g fatigue, nausea/vomiting, pain etc.) and DCS indicate a poorer outcome
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b) Patterns of patients who died
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Fig. 4 Patterns of patients who (a) dropped out or (b) died: Sub-scales of the EORTC QLQ-C30 versus follow-up times, stratified by time of drop-
out or death. The possible range of the EORTC QLQ-C30 is 0-100, with higher values indicating a better QoL in global health status/Qol, physical
functioning, role functioning, social functioning, and lower values indicating better symptoms for fatigue and appetite loss
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yield unbiased results. Complete case analysis or last ob-
servation carried forward (LOCF) methods would not be
appropriate, especially in health-related QoL outcomes.
However, yielding unbiased results depends on the ap-
propriate handling of missing data within the analytical
approach [28]. Alternative models (like pattern mixture
models and joint models) might be used if the PROs
data is MNAR [27, 29]. Independent of the particular
statistical method used to handle missing PRO data, sen-
sitivity analyses should be conducted and reported, re-
gardless of the type of missing data mechanism [27].

Implications for further studies with advanced cancer
patients

Our results show that a high drop-out rate in advanced
cancer patients is to be expected, especially when due to
premature death. Rates of early death are associated with
certain diagnosis groups, such as malignant neoplasm of
the pancreas. Therefore, the adjustment of sample sizes
should have an attrition rate of up to 50% when plan-
ning a study. Inclusion criteria should be more specific
(such as estimated life expectancy or ECOG perform-
ance status). An estimated life expectancy of more than
3 months is commonly used in cancer clinical trials [30];
however, choosing the estimated life expectancy depends
on the subject matter of the study and their benefit from
receiving an intervention. However, recruitment when
patients are admitting to the intensive care unit should
be avoided to reduce drop-out due to in-hospital death.
Otherwise, the study assistant should do a post-
recruitment if the participant dies shortly after the initial
recruitment. The researcher should actively monitor
baseline characteristics, as the likelihood of dropping out
depends on a patient’s social background (marriage, so-
cial support), gender, and educational status. Fatigue,
nausea, vomiting, and appetite loss are signs of
imminent death. Prompt changes in the follow-up phase
study process might be necessary, such as close, contin-
ued monitoring after a patient misses an assessment and
shorter time windows between follow-up visits and post-
recruitment. Reasons for mis-measurement and discon-
tinuation are very importance, especially when PROs are
the primary research outcome. These reasons may help
statisticians to handle the missing data and choose an
appropriate statistical approach to the type of missing
mechanism.

Limitations

No information on the severity of a patient’s disease
(such as the stage of cancer) which could affect the time
until death and multivariable analyses were not possible,
and the statistical power was restricted by multi-
collinearity within the PROs and a low number of obser-
vations in some variables, such as education, family
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status, and HLS-EU-Q6. This exploratory study was
done with no correction for multiple testing and without
a multivariable analysis.

Conclusions

Our exploratory study shows that participants with a low
quality of life, poor symptoms and a lack of social support
are more likely to discontinue a study earlier than patients
with better values, resulting in a higher rate of missing
patient-reported outcomes. This should be taken into ac-
count when planning a study of advanced cancer patients
by monitoring in those who have a low baseline quality of
life. Expected high mortality rates of up to 50% during the
study time should already be considered in sample size
calculations. Follow-up periods and study durations
should be planned well. Continued monitoring is useful
for characterizing the study sample and reacting quickly,
thus avoiding a high drop-out rate. Methods of identifying
the factors related to the drop-out similar to those pre-
sented here are useful for determining the missing data
mechanism and informing choice of statistical methods
for primary endpoint analysis. Methods for handling miss-
ing data might be applied appropriately, interpreting re-
sults of patient-reported outcomes should be done within
caution, and the reasons for dropping out and how this
may impact the findings should be discussed.
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