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INTRODUCTION

The estimation of survival curves and hazard functions re-
lies on the assumption of non-informative censoring—that is,
the censoring time for an individual provides no further infor-
mation about that person’s likelihood of survival at a future
time, had the individual continued the study [1]. This assump-
tion is inherently untestable [2] and, if violated, may introduce
bias in the estimation of treatment effects, such as the hazard
ratio (HR). This issue is particularly relevant in oncology tri-
als evaluating disease recurrence or progression, where fol-
low-up may be affected by treatment-related toxicity. Patients
with early toxicity or clinical deterioration may be more likely
to discontinue treatment and withdraw from follow-up, intro-
ducing potentially informative censoring.

This topic has gained attention in the interpretation of
the monarchE trial—a large phase Ill study evaluating adju-
vant CDK4/6 inhibitor in early breast cancer patients with
hormone receptor-positive, HER2-negative, high-risk of re-
currence —where the magnitude of benefit in invasive dis-
ease-free survival (IDFS) (HR = 0.68; 95% Cl: 0.60-0.77)
was not paralleled by an overall survival (OS) advantage
(HR = 0.90; 95% Cl: 0.75-1.09 ). Informative censoring due
to toxicity-related dropouts has been suggested as a possible
explanation for this discordance, potentially resulting in an
overestimation of the IDFS benefit [3,4].

A previous reanalysis of the monarchE data applied a sen-
sitivity analysis by balancing reverse Kaplan-Meier curves
over the entire 72-month follow-up period, treating all excess
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censored patients in the experimental arm as if they had ex-
perienced the event [3]. This approach yielded an attenuated
IDFS HR of 0.82 (95%Cl: 0.72-0.94), casting doubt on the
magnitude of the reported benefit. However, this strategy im-
plicitly assumes that all censoring is informative, including late
censoring events that are more plausibly administrative that
may overcorrect the estimate.

AIM

We reanalysed the monarchE trial data by describing and
comparing censoring patterns between treatment arms, then
estimating the potential bias on the IDFS HR through clinically
motivated sensitivity analyses.

METHODS

In the absence of individual patient data, pseudo-individ-
val data were reconstructed from published Kaplan—-Meier
curves using Guyot's algorithm [6].

To describe censoring patterns and compare arms, re-
verse Kaplan—-Meier curves were used [7], which invert the
roles of events and censoring and estimate the probability of
remaining under observation over time, assuming no events
occur.

Two sensitivity analyses were conducted using clinical-
ly motivated time intervals: i) the first sensitivity analysis (24
months) considered 0-24 months interval, corresponding to
treatment duration, during which toxicity could cause drop-
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outs; ii) the second sensitivity analysis (48 months) considered
0-48 months interval, representing the minimum time before
administrative censoring could occur. Before 48 months, all
censoring must be attributed to loss to follow-up.

For each analysis, the difference in censored patients be-
tween treatment arms—defined as the ‘excess’ censoring—
was calculated. Assuming that this excess censoring could be
attributed to treatment-related toxicity, an equal number of
censored patients matching this excess were then randomly
selected from the experimental arm and reclassified as having
experienced the event at their censoring time. A new HR was
subsequently estimated.

RESULTS

In the first 24 months, there were 27 excess censored pa-
tients in the experimental group (214 vs. 187), with 186 and
268 events in the experimental and control arms, respectively.
Over 48 months, the difference in censoring decreased to 23
(351 vs. 328), with 362 and 523 events, respectively.

Reverse Kaplan—Meier analysis showed a marked in-
crease in censoring rates from 48 months onwards, consistent
with the expected start of administrative censoring. The cen-
soring rates were similar between arms during the entire study
period.

When reclassifying the excess censored patients in the
24-month window in the experimental arm as events, the
IDFS HR changed from 0.68 (95% Cl: 0.60-0.77) to 0.72
(95% Cl: 0.64-0.82). Similar results were obtained in the
48-month analysis, with an HR of 0.72 (95% Cl: 0.63-0.81).

To observe a less relevant effect (defined as an IDFS HR
higher then 0.80), it was necessary to reclassify 80 censored
patients in the experimental arm as events within the first 24
months—the duration of treatment, whose toxicity is suspect-
ed to cause the bias. This is a very large number, especially
considering that just 186 events were actually observed in the
same time inferval.

CONCLUSIONS

Informative censoring is a potentially important source of
bias in oncology frials. Reverse Kaplan—Meier curves help
visualize temporal patterns in censoring, and sensitivity analy-
ses based on clinically justified time windows provide realistic
estimates of the possible bias. In the monarchE trial, the ob-
served IDFS benefit appears robust even under conservative
scenarios. Therefore, the discrepancy between IDFS and OS
does not seem fo be attributable to informative censoring and
may be better explained by prolonged post-recurrence sur-
vival, as the discontinuation of CDK4 /6 inhibitors at the time
of progression limits their impact beyond recurrence. Extend-
ed survival after recurrence can make it inherently difficult to
detect an OS benefit, even when a true delay in recurrence —
as reflected by improved IDFS—is present [8]. Even where OS
remains unchanged between treatment arms, improvements
in IDFS can still provide meaningful value, extending the time
patients remain free from chronic disease and its psychologi-
cal, social, and financial burdens.

DOI: 10.54103/2282-0930,/29562

REFERENCES

1. Klein J.P, Moeschberger M.L., Survival analysis: Tech-
niques for censored and truncated data. Springer, 1997

2. Tsiatis A.A., A nonidentifiability aspect of the problem

of competing risks. Proc Natl Acad Sci USA., 1975 Jan;
72(1):20-22

3. Meirson T, lbrahim B., Leibowitz-Amit R. et al., Estimating

treatment effect under informative censoring in oncology

trials. J Clin Oncol., 2023 May; 41(16_suppl):3063

4. Tannock, I. F, Khan, Q. J., & Fojo, . Why We Do Not

Recommend That Women With Breast Cancer Receive
Adjuvant Treatment With a CDK4/6 Inhibitor. Journal of
clinical oncology : official journal of the American Society
of Clinical Oncology, JCO. 2025

5. Rastogi P, O'Shaughnessy J., Martin M. et al., Adjuvant

abemaciclib plus endocrine therapy for hormone recep-
tor-positive, human epidermal growth factor receptor
2-negative, high-risk early breast cancer: Results from a
preplanned monarchE overall survival interim analysis,
including 5-year efficacy outcomes. J Clin Oncol., 2024
Mar 20; 42(9):987-93

6. Guyot P, Ades A.E., Ouwens MJ.N.M. et al., Enhanced

secondary analysis of survival data: Reconstructing the
data from published Kaplan—Meier survival curves. BMC
Med Res Methodol., 2012 Jan; 12:9

7. Schemper M., Smith T.L., A note on quantifying follow-up

in studies of failure time. Control Clin Trials.,, 1996 Aug;
17(4):343-46

8. Broglio K.R., Berry D.A., Detecting an overall survival ben-

efit that is derived from progression-free survival. J Natl

Cancer Inst,, 2009 Dec; 101(23):1642-49

191





