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KEYWORDS Abstract  Introduction: Kaplan—Meier survival analysis, the cornerstone of evaluating effi-
Informative censoring; cacy of oncology drugs in randomised controlled trials (RCTs), assumes censored patients
Oncology trial; are neither healthier nor sicker than those followed. We sought to examine whether censoring
Survival analysis; patterns differ between the control and experimental arms in one oncology journal that man-
Randomised trial; dates the reporting of the number of patients censored.

Kaplan—Meier curve Methods: In this retrospective review, proportion of censoring and study design data were

gathered from RCTs published in The Lancet Oncology that reported Kaplan—Meier curves
between May 2018 and August 2019. Differential censoring rates were analysed at the 1st, 3rd,
6th, and overall time points in each study. Analysis was stratified by curves reporting
progression-free survival (PFS) or overall survival (OS) end-points.

Results: Of the 160 articles reviewed, 29 studies with 51 Kaplan—Meier curves were eligible. In
both OS (N = 25) and PFS curves (N = 26), the absolute weighted difference in censoring
between the control and experimental arms was initially positive, indicating more censoring
in the control arm (first time point OS: 0.32%; PFS: 2.00%). The absolute difference then
became negative, indicating more censoring in the experimental arm as time progressed
(end-of-study OS: —7.54%; PFS: —9.09%).

Conclusion: Differences in censoring between control and experimental arms of cancer RCTs
suggest that there could be systematic bias present at various study time points that may in-
fluence key results. Further investigation is needed, as possible reasons include study assign-
ment disappointment, inappropriate follow-up length, lack of efficacy, or intolerable
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toxicity, each predominant at specific time points after randomisation.
© 2020 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The most common primary outcome in cancer rando-
mised controlled trials (RCTs) is a time-to-event end-
point, such as overall survival (OS) or progression-free
survival (PFS) [1]. The Kaplan—Meier (K-M) survival
analysis is frequently used for time-to-event end-points,
as the method maximally uses each participant’s time-
related data. In a K-M analysis, participants
contribute to the survival estimate until the event of
interest occurs (e.g. death, disecase progression, or
relapse) or until they are censored (e.g. loss to follow-up
or mandatory data lock). The K-M method relies on the
assumption of uninformative censoring, meaning there
is no systematic difference between the patients censored
in the control and experimental arm [2]. In other words,
patients who are censored are no more or less likely to
experience the event than those followed.

Despite widespread use of the K-M method, little
attention has been paid to the proportion of participants
censored over time. Most published landmark trials in
oncology generally report only the proportion lost to
follow-up in the flow diagram and the ‘numbers at risk’
for the event of interest in their K-M curves. Few, if any,
disclose the number of patients censored at each time
interval. Therefore, little is known about patterns of
censoring, particularly if there are imbalances in the rate
of censoring between the control and experimental arms.

In 2018, The Lancet Oncology editors mandated
publications presenting K-M plots to include the num-
ber of censored patients at each time interval. This
provides a unique opportunity to examine censoring in a
broad range of trials, thereby eliminating a prior limi-
tation of visually estimating the number of censored
patients [3,4]. Here we sought to examine patterns of
censoring between control and experimental arms of
important published oncology trials throughout study
follow-up.

2. Methods
2.1. Overview

This study is a retrospective review of all time-to-event
survival data, including proportions of participants
being censored, gathered from RCTs published in The
Lancet Oncology from May 2018 to August 2019. We
sought to investigate the relationship of differential
censoring between the control and the experimental

arms from well-known phase II and III RCTs of
oncology drugs. Relevant STROBE guidelines were
followed [5]. This study acquired data from only the
published literature with no protected health informa-
tion and did not itself enrol any participants and thus
did not meet criteria to be submitted to the local insti-
tutional review board.

2.2. Study selection

Given that The Lancet Oncology author guidelines
began in 2018 requiring manuscripts reporting K-M
survival curve data to include both the number of pa-
tients at risk and the number of patients censored at
each time point [6], we reviewed all RCTs from 1st May
2018 to 31st August 2019. Trials were selected for
further review if 1) a RCT with control versus experi-
mental arms was described, 2) at least one K-M survival
analysis was used to evaluate the primary end-point, and
3) proportions of censored patients were reported
continuously in the published figures.

Articles were excluded if they met any of the
following: multiple experimental arms without a control
arm (e.g. two arms testing different doses of the study
drug), combination therapies without a control arm (e.g.
two experimental arms testing study drug A + B versus
study drug A), non-metastatic or non-advanced cancer
trials (e.g. adjuvant therapies), or incorrect censoring
reporting. Study eligibility was reviewed independently
by both KR and EYC, and any discordance was
resolved after discussion between both reviewers.

2.3. Data collection

For every eligible study, KR and EYC extracted data
related to study title and reference, relevant dates,
study design, treatment intervention, primary and
secondary end-points, enrolment size, duration of
follow-up, and K-M survival analyses. The number of
patients at risk and being censored at each time point
of the K-M curve of interest were used to calculate the
proportion of patients being censored in that study arm
(Fig. 1).

2.4. Outcomes

The main outcome, percent of patients censored, was
calculated from each reported time point of the survival
curve. It is calculated based on the cumulative sum of
participants censored by that time point divided by the
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Fig. 1. The example of the calculating rate of censoring using the survival curve.

patients at risk at the start of the study. We specified the
first interval, first three intervals, first six intervals, and
overall study duration at the time of published analysis
as the time points to analyse percent of patients
censored over time. For example, using fabricated
values in Fig. 1, the percent of patients censored in the
first time point of the experimental arm would be (2/
100)*100%, third time point would be (6/100)=100%,
and overall censoring would be (18/100)*100%. The
unweighted absolute % difference in control versus
intervention censoring was calculated for each curve at
each time point by subtraction. For example, the un-
weighted absolute difference for Fig. | overall censoring
by the end of study would be 20%—18% = 2%. A
positive value indicates more censoring in the control
arm, and a negative value, more censoring in the
experimental arm. Weighted averages were then calcu-
lated for this difference by adjusting for the relative
study enrolment size to all the included studies. We
analysed both OS and PFS and graphically presented
them with respect to the sample size of each study for
every stated time interval.

2.5. Statistical analysis

Difference between the control and experimental arms
in all the time points of interest (Ist, 3rd, 6th, and
overall) was aggregated graphically and statistically
tested using the Mann—Whitney test. Comparisons were
made using both unweighted (number of K-M analyses)
and weighted (by enrolled sample size of each clinical
trial) analyses. The numerical difference between control
and experimental arms was also compared between the
first time point and the end of the study. All statistical
testing was conducted using SAS version 9.4 (SAS

Institute Inc., Cary NC, USA), otherwise all descriptive
calculations and figures were executed using Microsoft
Excel and Microsoft PowerPoint.

3. Results

Of 160 studies published in The Lancet Oncology be-
tween Ist May 2018 to 31st August 2019, 29 were
included in our data set [7—36](Fig. 2). Among these 29
unique RCTs representing 14,708 patients with cancer,
five (17%) trials reported only OS, and seven (24%) trials
reported only PFS and 17 (59%) trials reported both.
Three trials reported two OS analysis due to three
randomised arms (two experimental, one control). Two
of them likewise reported two PFS comparisons.

Among the 29 trials, the most common cancer types
studied were haematologic malignancies (7 of 29, 24%)
and gastrointestinal cancers (five of 29, 17%, Table 1).
Among the 29 trials, 15 (52%) studies were open-label,
and 14 (48%) were double-blinded. Five of 29 (17%)
trials used supportive care or placebo as the control
arm, and 24 of 29 (83%) trials used standard-of-care
therapy as the control arm. The median sample size was
484 (range 119—1971), as presented in Table 1.

Among the 51 K-M plots, 25 were OS analyses and
26 were PFS analyses. The median number of time
points for which at risk and censored individuals were
reported below the K-M plot was 11 (range 5—20) for
OS analyses and 10 (5—19) for PFS analyses (Table 1).
The length of each time point ranged from 2 to 12
months.

We found the unweighted proportion of censored
patients between control and experimental arms in the
OS analyses to be no different statistically in the
beginning (2.1% versus 2.1%, p = 0.41) or at the end
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Fig. 2. The consort diagram for included randomised trials.

(33.5% versus 45.3%, p = 0.23, Supplement, eTable 1).
Similar results were also observed with PFS despite
numerical trends of showing slightly more censoring in
the control arm at the first time point before progressing
to more censoring in the experimental arm at the end of
study (Supplement, e¢Table 2).

However, when analysing rates of censoring across all
studies’ time points, the median unweighted absolute
difference of censoring in the control versus interven-
tional arm in OS analyses is 0% (range —9.1—14.3%) at
the first time point, but then shifted toward the experi-
mental group at —3.7% (range: —29.7—8.8%, p = 0.03)
by the conclusion of the studies. Similarly, for PFS, the
median unweighted absolute difference in censoring be-
tween intervention and control changed from favouring
the control group at the first time point (0.9% [range —6.3
to 20.6%]) to favouring the experimental group at the end
(—=5.4% (range —42.6—27.5%), p < 0.01).

When trials were weighted by the number of
enrolled participants, we found the absolute difference
between the two arms for OS again show greater
censoring in the control arm in the first time point
(0.32%) but shifts to intervention arm in the third time
point (—0.42%) and continues to widen in the sixth

time point (—1.47%) and at the end of the study
(—7.54%, Fig. 3). When plotting all studies, the degree
of censoring did not correlate with the sample size of
the study. Outliers for OS included censoring in the
control arm to as high as 14% in the first time point and
censoring in the experimental arm to as high as —19%
in the third time point.

Similarly for PFS, first and third time points again
showed greater censoring in the control arm (2.00% and
1.31% respectively), then shifted to the intervention arm
at sixth time point (—3.09%) and at the end of the study
(—=9.09%, Fig. 4). Again, the degree of censoring did not
correlate with the sample size. Extreme outliers were
also observed in several studies, including 21% in the
first time point, 45% in the third, —17% in the sixth, and
—43% in the last time point.

4. Discussion
4.1. Key results
We find a significant trend in censoring for both OS and

PFS in cancer clinical trials. Specifically, early censoring
appears to occur preferentially in control arms,



156 K. Rosen et al. | European Journal of Cancer 141 (2020) 152—161

Table 1
Basic characteristics of the selected 29 studies with 51 Kaplan—Meier
curves.

Characteristic N (%)
Number of unique 29
studies
Number of Kaplan 51
—Meier survival
curves
Cancer type (N = 29)
Haematologic 7 (24%)
malignancies
Gastrointestinal 5 (17%)
Lung 4 (14%)
Gynecologic 3 (10%)
Melanoma 3 (10%)
Brain 2 (7%)
Breast 2 (7%)
Prostate 2 (7%)
Sarcoma 1 (3%)
Study design (N = 29)
Open-label 15 (52%)
Double-blinded 14 (48%)

Randomisation scheme (N = 29)

1:1 20 (69%)

2:1 8 (28%)

2:1:1 1 (3%)

Control arm (N = 29)

Standard of care S (17%)
chemotherapy

Supportive care or 24 (83%)
placebo

484 (119—1971)
19.2 (7.3-82.0)

Sample size"

Median follow-up
length (months)*

End-point (N = 51)

Overall Survival  Progression-Free Survival

Number of curves 25 (57%) 26 (43%)

Number of time 11 (5—20) 10 (5—-19)
points”

Length of time points 3 (2—12) 3 (2-12)
(months)*

% Median (range).

gradually shifting toward experimental arms by the end
of the study. Several points can be raised from these
results.

First, early censoring favouring the control arm may
be due to unintentional unblinding. Common side-ef-
fects of cancer drugs may help patients and physicians
guess which arm they have been assigned. They may also
dislike the control arm in open-label studies. Disap-
pointment associated with the control arm may cause
patients to drop out, or heighten evaluation bias among
the treating physicians [37].

Such problem could be avoided by using the standard
therapy deemed by each local standard rather than a
weak control arm that is widely available at all sites [38].
Use of a double-blinded placebo and blinded indepen-
dent review of outcomes could also preserve data
integrity post-randomisation. Another possibility could
be poor efficacy or intolerable side-effects seen early in

trials [3,4,39], although it is unclear why this would
preferentially occur in the control arm.

In our analysis, one trial, the registration trial for
quizartinib, was notable for frequent early censoring of
the placebo arm, with over 10% excess censoring in the
control arm [11]. Notably, the US Food and Drug
Administration noted this imbalance, and it became the
subject of an Oncology Drug Advisory Committee dis-
cussion. Specifically, the FDA asked if, “substantial dif-
ferences between study arms in early censoring and
randomised not treated (RNT) rather than the treatment
effect of quizartinib could have given rise to a small but
statistically significant overall survival (OS) advantage”
[40]. A simulation exercise suggests that even under the
modest assumption that some censored patients do worse
than average, the trial will likely lose significance.

Late censoring in the experimental arm could result
from a number of causes. The most likely explanation is
premature reporting, sometimes noted as right censoring
[37]. Particularly for trials with positive results, fewer
participants would have experienced death or progression
in the experimental arm, and therefore more participants
would be censored simply because of delayed trial entry.
Another possibility is that unusual adverse events not
immediately detected in the study but accumulating
gradually, resulting in dose discontinuation, may cause
preferential loss to follow-up, or attrition bias [37]. This
explanation could be confirmed or refuted if authors
provided the reasons for censoring, or if they collected
time to treatment failure data as an alternate end-point
for sensitivity analysis [4]. Such practical end-point,
which was more commonly used in the past, accounts for
both toxicities and efficacy and is less vulnerable to
measurement bias and interval censoring [37,41].

Outliers exist at all time points and in both directions
for both PFS and OS. Without censoring reported at
each time point and only as overall numbers in a consort
figure, as remains the current standard, censoring
discrepancy at various time points might be missed in
many oncology trials. Several studies did discuss end-
points affected by post-discontinuation therapies or did
conduct sensitivity analyses related to censoring, but
never discussion of censoring imbalance [18,30]. By
studying the outliers in Figs. 3 and 4, we were able to
isolate studies that exhibited imbalanced censoring, a
subset of which may influence results.

Our analysis lends itself to several concrete sugges-
tions for improved reporting of clinical trial results.
Authors could include a supplementary figure that
shows the K-M plot of censored individuals over time
(This plot would treat censoring as the event), which
would allow visual inspection for imbalances in
censoring. Study authors could also report the numbers
being censored, numbers at risk, and numbers of events
at every time point in the landmark K-M plot for
complete transparency. Differences over time, particu-
larly loss to follow-up, may require detailed explanation.
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Finally, sensitivity analyses, such as using time to
treatment failure or running sample simulations, could
be performed. If we assumed censored patients are more
or less likely to experience the event of interest (i.e.
censoring is informative) do significant results vanish?
Data sharing of either de-identified primary data or at
least original outputs of statistical analysis programs
can further clarify these issues. Further investigation is
warranted to explain reasons for differential censoring.

4.2. Limitations

The studies included in our analysis represent only one
year of RCTs published in one journal. These effects
may not be seen in other populations or fields of study.
We hope more clinical trials will report complete sur-
vival data sets and examine the proportion of censoring
in the data set. Although only a specific subset of RCTs
was included here, they nonetheless represent a variety
of study designs, thereby making direct comparisons
somewhat challenging. In particular, some studies re-
ported time points every 3 months, others every 2 or 6
months in the survival curves. These limitations suggest
that one could standardise a specific duration reported
for all K-M curves (e.g. every 3 months) to be presented
at least in the supplemental data. There was also not
enough data to examine subgroups by cancer types,
study design, and drug class, which others could do;
once more comprehensive data is reported by future
trials.

4.3. Conclusion

Because of a new reporting standard implemented at
The Lancet Oncology, we identified a trend of censoring
favouring control arms at the start of RCTs followed by
censoring favouring experimental arms late in the study
in both OS and PFS analyses (Supplement, eFig. 1).
Notably, several trials exhibit striking censoring imbal-
ance, and in one case this was noted by regulatory
agencies. Differences in rates of censoring should trigger
further exploration as the cause, and sensitivity analyses
and bias-resistant end-points could be performed to
ensure results remain valid. If other journals were to
follow suit, then the K-M assumption of uninformative
censoring would be violated less frequently.
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