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Kaplan-Meier analysis hinges on the assumption that patients who are censored- lost to follow-up, or only
recently enrolled on the study- are no different, on average, than patients who are followed. As such, censoring
these patients— omitting their future information and taking the average of those who were followed- should not
dramatically change the overall estimate. Yet, in a recent clinical trial, two sets of censoring rules— one favored
by trialists and one favored by the US Food and Drug Administration- were applied to a progression-free survival
(PFS) estimate. In response, the PFS estimate changed dramatically, increasing the median in the experimental
arm from 32 to 43 months, while the control arm was essentially unchanged. In this commentary, we explore the

reasons why PFS changed so dramatically. We provide a broad overview of censoring in oncology clinical trials,
and suggestions to ensure that PFS is a more reliable endpoint.

In cancer medicine, time-to-event outcomes such as progression-free
survival (PFS) and overall survival (OS) are frequently used as the pri-
mary endpoint of randomized studies. These endpoints are typically
analysed with survival methods, such as the Kaplan-Meier (K-M) plot. In
this method, some patients are inevitably censored- meaning that
beyond some time point, they no longer contribute to the dataset [1,2].
The central assumption of K-M method is that the censored patients are
no different, i.e. no more likely to experience the event, than those who
are followed.

Censoring can occur because of loss to follow-up, or recent
enrolment- i.e. we do not know what happened to the patient beyond
some time point- but may also occur due to deviations from the pre-
planned protocol. A recent trial in mantle cell lymphoma- the SYM-
PATICO study- illustrates large variability in PFS estimates between two
different censoring strategies [3]. Specific rules for censoring, used by
trialists versus those favoured by the US Food and Drug administration
(FDA), result in a widely different median PFS in the experimental arm
alone [3]. Here, we explain how differences in censoring rules can alter
estimates of PFS, and draw several broad lessons for investigators
regarding progression-free survival.
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1. Sympatico study lessons

In the SYMPATICO study, venetoclax was combined with ibrutinib
and tested against placebo and ibrutinib among patients with relapsed/
refractory mantle cell lymphoma. The primary endpoint was
progression-free survival (PFS). In the primary analysis, using rules
favoured by the trialists, called ‘global censoring rules’, patients without
progression of the disease or death were censored at the last follow-up
visit without the PFS event. A different, and more aggressive
censoring method was favoured by the US Food Administration. Ac-
cording to FDA’s censoring rules, “patients without progressive disease
or death, with subsequent anticancer therapy, or with two or more
missed visits prior to the PFS event were censored at last follow-up
without PFS event [emphasis ours]” (Box 1). The FDA’s method of
censoring includes additional scenarios beyond the global method, and
can only result in more patients being censored.

Interestingly, compared to the global censoring rules, the use of US
FDA censoring rules result in an additional ten-month gain in median
PFS in the experimental arm. Notably, by both sets of rules, control arm
median PFS were comparable (22 vs 22 months). Yet, the experimental
arm experienced a dramatic improvement (32 versus 43 months) in
median PFS, when the FDA’s additional rules were applied (Table 1). As
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such, the US FDA set of censoring rules disproportionately affects the
experimental arm, and results in a more favourable estimate. How might
this happen?

In order for the FDA’s rules to improve the PFS, the additionally
censored patients must do worse than those who remain in the data set.
We illustrate this in Fig. 1, which simplifies the study and imagines that
there are only two patients on the experimental arm. The two patients
include one who contributes to the PFS estimate in both censoring sce-
narios, and one who contributes to the PFS estimate by the global
method, but is censored by the FDA method. In other words, the visual
simplifies the scenario where one person’s data is being treated differ-
ently due to different censoring rules.

As shown in Fig. 1, the person whose data is only censored by the
FDA is likely experiencing early progression. Omitting this person from
the average actually improves the median PFS, as shown in the third bar.
This occurs because the only way to improve PFS when you censor more
patients is if the censored patients are doing worse than those who
remain uncensored.

Astonishingly, these different rules dramatically affect the experi-
mental arm (32 versus 43 months) and not the control arm (22 versus 22
months). This fact proves that the censoring is informative- i.e. the
censored patients are not equally likely to experience the event— they are
more likely to. How might this exclusively occur on the experimental
arm?

Any hypothesis that seeks to explain these results has to do the
following: 1) it must postulate some PFS events are only censored by the
FDA method and not by the global method; 2) this must apply dispro-
portionately to the experimental arm. We offer two scenarios.

Although the abstract does not report rates of dose reduction and
discontinuation, nor rates of hospitalisation while on therapy, we do
know that grade > 3 adverse events occurred in 84% of patients treated
with ibrutinib plus venetoclax and only 76% treated with ibrutinib plus
placebo. If the experimental arm (venetoclax plus ibrutinib) is more
toxic than the control arm (placebo plus ibrutinib), and if this toxicity
results in missed visits or missed scans (because the patient felt unwell or
because they were hospitalised) this would disproportionately occur in
the experimental arm. Furthermore, the patients who fail to follow-up
are likely older, frailer and more likely to progress than those who re-
turn. This scenario- toxicity driving extra missed visits in the experi-
mental arm— would result in more censoring, which would improve the
PFS estimate if these censored patients were otherwise more likely to
progress. We believe this is the most likely explanation.

In the second scenario, toxicity is driving greater rates of subsequent
anticancer therapies in the experimental arm prior to progression. This
would also result in more censoring; however, it is unclear how these
patients would not also be censored, de facto, by ‘global rules’, as it is
standard practice to cease scans in patients when they switch to off-
protocol regimens. For this hypothesis to hold, the new therapy
should not be censored by ‘global censoring rules’ but only by ‘FDA
censoring rules’. We hope the trialist did not allow this to happen.

Ultimately, the large difference in median PFS in the experimental
arm and not in the control arm proves that informative censoring occurs
with the FDA’s rules. But it does not mean that global rules are reliable.
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Table 1
PFS per globa and US FDA rules in experimental and placebo arm.
Venetoclax Placeboplus  Difference in HR
plus Ibrutinib Ibrutinib PFS, months (95%
CD
PFS per Global 31.9 22.1 9.8 0.65
censoring, (0.47-
months 0.88)
PFS per US FDA 42.6 22.1 20.5 0.60
censoring, (0.44-
months 0.83)

Global rules likely also have informative censoring as there are surely
some patients who don’t merely miss two visits. They miss all subse-
quent visits entirely. These must also occur more often on the experi-
mental arm, and the omission of these patients likely overestimates
median PFS. As such all PFS estimates from SYMPATICO trial warrant
scepticism.

2. How censoring distorts PFS

A number of prior analyses have examined the correlation between
progression-free survival and overall survival. It was shown that PFS is
very sensitive to censoring assumptions making it very volatile [2]. For
example, the frequency of progression assessment is inversely correlated
with PFS [4]. Haslam and colleagues extended these findings and found
that surrogate endpoints including PFS have generally a low to moderate
correlation with overall survival [5]

A growing body of evidence suggests that PFS may fail to predict OS in part
because PFS is more vulnerable to censoring. Tannock and colleagues wrote
that for many new approved drugs based on PFS, this rarely translates into
improved OS and quality of life [6]. Templeton and colleagues have argued that
informative censoring could lead to bias towards a prolonged PFS in the
experimental arm [7].

Prasad and Bilal examined the BOLERO-2 trial, which tested the
addition of everolimus or placebo to exemestane among hormone re-
ceptor positive advanced breast cancer. The trial found a PFS benefit
(HR 0.43) but failed to found an OS benefit [8]. In their reanalysis,
Prasad and Bilal note high rates of toxicity on the experimental arm, and
greater rates of early censoring [2]. If one assumes censored patients are
more likely to progress, a reanalysis finds that BOLERO-2 trial may not
have a PFS benefit [2]. This points directs to the vulnerability of PFS in
face of altered censoring assumptions.

In an empirical analysis led by Rosen, researchers used primary study
data from 29 trials to examine early censoring in PFS estimates and
found several outlier studies where this occurred disproportionately in
one arm or the other [1]. If early censoring is more prevalent in
experimental arms, one consideration is that additive toxicity leads to
early drop out. If early censoring is prevalent in control arms, a key
concern is whether patient disappointment has led to drop out. Notably
the QUANTUM-R study had high rates of early discontinuation in the
control arm for this reason, and ultimately was denied FDA approval [9].

Box 1
Censoring rules.

e Global rules:

o 1. Patients without progression or death censored at last visit
e FDA rules:

o 1. Patients without progression or death censored at last visit
e 2. Subsequent therapy, but continuing scans

e 3. Missing 2 visits, but then returning for scans
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Fig. 1. PFS differences according to censoring rules (global versus FDA). V: visit, M: missed visit.

In both cases, the effect of censoring would be to create a spuriously
large benefit— in the former case, by removing the sicker patients from
the experimental arm, and in the latter case, removing the patients with
the greatest resources to seek out alternatives off-study.

Sometimes, differential censoring can lead to overestimatimation of
PFS estimates in the control arm. The CANOVA trial compared ven-
etoclax in combination with dexamethasone (VenDex) to pomalidomide
plus dexamethasone (PomDex) in patients with t(11;14)-positive
relapsed or refractory multiple myeloma. In this trial, a high propor-
tion of patients in the control arm (PomDex) received subsequent ther-
apy and were censored. This may have occured in patients with
suboptimal responses, even without formal progressive disease [10].
Censoring these patients, who were likely destined to progress if they
had stayed on similar treatment, may have benefitted the control arm.
This could have contributed to the trial’s outcome, where no significant
improvement in PFS was observed in patients receiving the experi-
mental therapy.

At times, the rate of drop out can be immense. The recent trial
VISION has an incredibly high rate of discontinuation on the experi-
mental arm (56%) which was reduced only to 16% with “enhanced trial
site education”- a number that still means that the resulting population
may be heavily distorted [11,12]. Ultimately, randomization is thwarted
with this degree of censoring.

3. We propose several solutions

1. The number of censored patients in a time interval should be
reported in Kaplan-Meier plots. This practice was adopted by
Lancet, one of the few medical journals to request reporting of
censored patients for each timepoint of the study. Routinely report-
ing the number of censored patients makes the interpretation of PFS
estimates easier. It has also permitted independent analysis of
censoring [1]

2. PFS and OS should be doubted in cases when high rates of drop
off after enrollment occur. The VISION trial and the QUANTUM-R
trial illustrate clearly the effect of disproportionate early dropout on
both PFS and OS [11,13]. The effect of disproportionate early
censoring on PFS or OS can be staggering and should be always
accounted for. This bias affects both PFS and OS estimates, as the
patients who withdraw may have more or less favourable prognoses.

3. PFS should be questioned in trials with high rates of discon-
tinuation for toxicity. High toxicity rates, as in the BOLERO-2
study, should not be ignored, as imbalances in toxicity between the

study arms can lead to informative censoring [10]. Reporting the
reasons for withdrawal may make the interpretation of PFS estimates
more reliable.

. PFS should be reported routinely under several different sets of

rules or scenarios. This de facto sensitivity analysis will further
bolster the credibility of the PFS estimate. The SYMPATICO trial
shows how volatile the PFS can be under different censoring rules
[3]. Agencies like US FDA or European Medicine Agency should
demand from trialists reporting PFS estimates under different sets of
censoring rules before approving drugs based on PFS estimates only.
This analysis was performed by the US FDA in the case of sotorasib in
the CodeBreak 200 study [14]

. Appropriate length and frequency of follow-up. Assessing PFS

(radiologically, biochemically or cytologically) at different time-
points is a surrogate for the true biological PFS. This fact results in
data being interval-censored [15]. Interval censoring overestimates
the median PFS [5]. In a Phase II study in metastatic colorectal
cancer, addition of Bevacizumab to 5-FU resulted in a median PFS of
9.2 months compared to 5.5 months in the 5-FU plus placebo arm
[16]. Taking into account the frequency of progression assessment,
the true median PFS is between 7.4 and 9.2 months in the Bev-
acizumab plus 5-FU arm and between 3.7 and 5.5 months in the 5-FU
plus placebo arm. Comparing the median PFS as interval data offers a
more reliable perspective on the real benefit in the experimental arm.

. Generally, and particularly when PFS is not faster, OS should be

the primary endpoint of trials. For instance, in the POLO trial, PFS
was used as the endpoint despite the fact that median OS is short in
pancreas cancer— it was about 18 months in the POLO trial and the
OS results were presented alongside the PFS results [17]. The trialists
of POLO could have measured OS instead of PFS without extremely
increasing the time needed for the events to happen. Prior work has
investigated under what circumstances PFS speeds study results [18]

. Primary individual participants data (IPD) should be provided.

Providing patient individual data helps researchers in dissecting the
results of a study. Drug approval agencies use patient individual data
to ensure that study results are valid. Using individual patient data,
US FDA found multiple possible confounders of the PFS estimate in
the CodeBreak 200 study [14]. As a result, the FDA did not granted
regular approval for sotorasib in KRAS G12C-mutated non-small lung
cancer, considering that the PFS in the trial could not be "reliably
interpreted" [14]. The proposal of sharing IPD had been championed
by the International Committee of Medical Journal Editors, but this
was ultimately dropped [19]. We suggest it be reconsidered.
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In conclusion, the SYMPATICO study offers an elegant glimpse into
the powerful role of censoring and shows the tenuous nature of PFS.
Notably, PFS only weakly correlates with OS in trials of mantle cell
lymphoma, and is extremely volatile to censoring assumptions [20,21].

PFS should be doubted as a meaningful survival endpoint in
relapsed/refractory MCL. Endpoints that inherently include both mea-
sures of benefit and toxicity such as overall survival and failure free
survival may be preferred in this context.
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