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Lack of adjustment for potential confounders between switchers and 
non-switchers*

Lack of adjustment for patient characteristics

A suitable secondary baseline was not identified

In order to predict switching, the IPCW method is dependent on data 
availability, particularly on time-varying data, and involves analysis 
based on reduced sample sizes
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Objective
• Sensitivity analyses adjusting for the impact of switching to olaparib from the 

control treatment on interim overall survival (OS) data in the PROfound study have 
been reported.1

• The aim of this analysis was to describe the most appropriate method for 
measuring the impact of treatment switching on the interim OS results for 
patients with metastatic castration-resistant prostate cancer (mCRPC) harbouring 
alterations in BRCA1, BRCA2 and/or ATM (Cohort A). 

Conclusions
• Statistical modelling with the rank-preserving structural failure time model 

(RPSFTM) was identified as the most appropriate approach to account for 
treatment switching in PROfound.

• Adjustment for treatment switching from the control therapy to olaparib in Cohort A 
of PROfound yielded a reduction in the hazard ratio (HR) estimate for OS from 0.64 
(unadjusted) to 0.45–0.49 using the preferred RPSFTM approach, suggesting that 
the OS benefit for olaparib was greater than was observed at interim analysis

– These results are consistent with the previously reported sensitivity analyses.1

• Although inverse probability of censoring weighting (IPCW) was not considered 
the best approach to adjust for treatment switching using the PROfound data, the 
findings provided clinically credible results that are consistent with those achieved 
with RPSFTM, despite using different assumptions.

• These data are limited by the relatively small sample size of the control arm of 
Cohort A and the small proportion of patients who did not switch to olaparib 
treatment, as well as the assumptions required for each method.

• This analysis shows that the unadjusted intent-to-treat (ITT) estimate of the 
treatment effect in PROfound may be underestimated, and that when switching 
is adjusted for, the benefit from treatment with olaparib for these patients with 
mCRPC could be even greater for both Cohort A and the overall population.

• This modelling is being assessed for the PROfound final OS data (the final  
OS data is being presented in the Presidential Symposium II [610O] on  
Sunday 20 September 2020).
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Methods 

• Following guidance from health technology assessment 
agencies,4,5 both more complex, “sophisticated”, and 
simpler, “naïve”, methods were implemented.

• Additional methodology, including the characteristics of the 
statistical models used and the assumptions tested, are 
provided in the Supplement (Tables S1 and S2).

• The analyses presented here are based on the interim 
analysis of OS for the ITT population in Cohort A (primary 
analysis data cut-off date of 4 June 2019); findings for the 
overall population of Cohorts A+B are presented in the 
Supplement (Table S4, Figure S2), which can be accessed 
through the QR code at the bottom left of the poster.

Sophisticated Methods

Rank-Preserving Structural Failure Time Model
• The RPFSTM utilizes the causal effect of treatment 

estimated using a counterfactual framework, whereby 
counterfactual survival times are those that would have 
been observed if treatment switching had not occurred

– Log-rank, Cox proportional hazards and Weibull tests 
were explored for estimating the counterfactual survival 
model, implemented with and without recensoring to 
avoid informative censoring bias.3

Inverse Probability of Censoring Weighting
• The IPCW method uses an extension of the censoring at 

point-of-switch analysis (see Naïve Methods), applying 
weights to patients in the control arm according to their 
probability of switching treatments.

• Aims to remove the selection bias introduced by censoring 
switchers by reweighting non-switchers according to an 
estimated probability based on covariables that they would 
have switched.

• This probability is modelled using baseline and time-
dependent variables that influence the probability of 
switching and are prognostic of survival.

Two-Stage Estimation (TSE)
• Like the RPSFTM, TSE uses a counterfactual framework.

• TSE should only be used to adjust for switching that occurs 
after a specific disease-related time point (the “secondary 
baseline”).

• The first stage of the approach involves comparison of post-
secondary baseline survival in switchers and non-switchers, 
and calculation of a treatment effect.

• The second stage involves estimation of counterfactual 
survival times using calculated treatment effect.

Naïve Methods
Excluding patients who switch from the control arm
• Patients who switched from the control arm to receive 

olaparib are excluded in this analysis and treatment effects 
for patients randomized to olaparib are compared with 
those for patients randomized to control treatment who did 
not switch.

Poster 622P

Censoring patients who switched to olaparib from the 
control arm
• Patients who switched from the control arm to receive 

olaparib are censored at the point at which they switch, and 
it is assumed that censoring is non-informative.

Results

• Comparison of baseline characteristics for patients 
randomized to the control arm who switched to olaparib upon 
disease progression (switchers) and those who did not (non-
switchers) is provided in the Supplement (Table S3).

• The TSE approach was deemed unreliable after reviewing 
the clinical trial data and assumptions required; results are, 
therefore, not shown.

• HRs for all the other statistical approaches tested favour 
olaparib (Table 1).

Identified base-case approach for PROfound
• On balance, the RPSFTM was determined to be the most 

appropriate approach for the PROfound study considering the 
assumptions of the method (Table 2, Figure 4).

– The randomization assumption that the two groups are 
comparable, and that if they had both received control 
treatment their survival outcomes would be the same on 
average, were shown to hold in the analysis through plots 
comparing the counterfactual OS Kaplan–Meier curves of 
the olaparib and control arms

– The common treatment effect assumption was tested 
through a sensitivity analysis whereby a proportion of the 
olaparib treatment effect was applied to those switching 
to olaparib from the control arm; this had minimal impact 
on the results, suggesting that the analysis is robust to 
changes in treatment effect over time.

Acknowledgements
This study was funded by AstraZeneca and is part of an alliance between AstraZeneca and Merck Sharp 
& Dohme Corp., a subsidiary of Merck & Co., Inc., Kenilworth, NJ, USA. Medical writing assistance was 
provided by Jacqueline Kolston, PhD, from Mudskipper. Business Ltd, funded by AstraZeneca and Merck 
Sharp & Dohme Corp., a subsidiary of Merck & Co., Inc., Kenilworth, NJ, USA.

References
1.  de Bono JS et al. N Engl J Med 2020;382:2091-102.
2.  Latimer NR et al. Stat Methods Med Res 2018;27:765-84.
3.  Latimer NR, Abrams KR. NICE DSU Technical Support Document 16. 2014. Available at: http://nicedsu.

org.uk/wp-content/uploads/2016/03/TSD16_Treatment_Switching.pdf. Accessed 6 August 2020.
4.  European Medicines Agency. EMA/845963/2018. https://www.ema.europa.eu/en/documents/scientific-

guideline/question-answer-adjustment-cross-over-estimating-effects-oncology-trials_en.pdf. Accessed 17 
August 2020.

5.  Sullivan TR et al. Value Health 2020;23:388-96.
6.  Latimer N, Abrams KR. Value Health 2017. ISPOR 22nd Annual International Meeting. Boston, MA, USA.

Analysis HR (95% CI)*
Control 

median OS
(months)

Intent-to-treat 0.64 (0.42–0.97) 15.1

Sophisticated methods†   

RPSFTM

Log rank 0.47 (0.23–0.96) 12.2

Cox proportional hazards 0.45 (0.22–0.94) 12.2

Weibull 0.45 (0.21–0.94) 12.2

Log rank – with recensoring 0.49 (0.25–0.96) 12.8

Cox proportional hazards – with 
recensoring

0.46 (0.22–0.94) 12.2

Weibull – with recensoring 0.47 (0.24–0.95) 12.8

IPCW

Restricted variables 0.41 (0.22–0.74) 14.3

All available variables 0.52 (0.29–0.97) 14.3

Naïve methods†   

Excluding switchers 0.36 (0.20–0.64) 11.4

Censoring switchers 0.63 (0.35–1.13) 14.3

*HR for death relative to the olaparib arm (median OS 18.5 months); HRs <1 favour olaparib; 
†Imputed medians are reported based on statistical modelling.

Table 1. Summary of results for all statistical modelling 
approaches to adjust for the impact of treatment 
switching on interim OS in Cohort A

Figure 4. Kaplan–Meier estimates of interim OS in 
Cohort A with adjustment for treatment switching from 
control therapy to olaparib using the RPFSTM approach, 
showing reduced HRs for death compared with the 
unadjusted analysis (HR 0.64)

*Imputed medians are reported for the control arm based on statistical modelling.
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Introduction

• In the Phase III PROfound study (NCT02987543), olaparib led to 
significantly longer radiographic progression-free survival (rPFS) 
compared with physician’s choice of next-generation hormonal 
agent (control) in patients with previously treated mCRPC and 
alterations in homologous recombination repair (HRR) genes.1

• The study protocol allowed patients in the control arm who 
experienced radiographic disease progression to switch 
to olaparib treatment, if they also met other prespecified 
criteria1 (Figure 1).

• At the time of the primary rPFS analysis, there was a trend 
for improvement in OS with olaparib compared with control 
treatment in Cohort A (patients harbouring alterations in BRCA1, 
BRCA2 or ATM; HR 0.64, 95% confidence interval [CI] 0.43–
0.97; P=0.02; Figure 2), despite 51/83 (61%) patients in the 
control arm switching to receive subsequent olaparib treatment.1

• Switching of patients from the control to the experimental 
treatment, which is common in oncology trials,2 may lead 
to bias and underestimation of the ‘true’ OS benefit for the 
experimental treatment (Figure 3).

• National Institute for Health and Care Excellence (NICE) 

guidelines, referenced by the European Medicines Agency 
(EMA), describe a variety of statistical approaches to adjust 
for the impact of switching therapy on long-term outcomes 
in randomized controlled trials,2–4 potentially providing further 
insight into OS benefit with experimental therapies

- Methods vary in terms of assumptions and adjustments; 
as the preferred approach will depend upon the individual 

study design and patient characteristics, NICE recommend 
that all methods should be explored to select the most 
appropriate on a study-by-study basis.2,3

• While there are currently no established guidelines on how to 
select the most appropriate method, one of the sophisticated 
approaches, the RPSFTM, was identified as the preferred 
approach when analysing the PROfound trial.

Figure 1. The PROfound study design allowed patients in the control arm who experienced radiographic disease progression to 
switch to olaparib treatment

*Criteria to cross over per-protocol included radiographic disease progression verified by BICR; any unresolved toxicities from prior therapy were controlled and CTCAE grade ≤1; and agreement to 
continue with the study visit schedule. Overall, 50 patients in Cohort A and 22 patients in Cohort B crossed over per-protocol; an additional three patients received subsequent olaparib outside of 
the study. CTCAE, Common Terminology Criteria for Adverse Events.
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direct or indirect role in  HRR

• 

• 

Figure 3. Switching from control therapy to olaparib 
leads to a potential underestimation of the treatment 
effect of olaparib

Figure adapted from Latimer NR, Abrams KR, NICE DSU 16,3 with permission from NICE DSU.
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(adjusted using statistical modelling)
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Control, adjusted for switching to olaparib

Interim post-progression survival

Figure 2. Interim OS in Cohort A with olaparib compared 
with control treatment, analysed on an ITT basis1
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*For example, differences in prognosis (which would be worse, since switchers have progressed, 
or better, since they are considered fit enough to switch), disease-relevant gene mutation, Eastern 
Cooperative Oncology Group performance status, measurable disease. 
AIC, Akaike information criterion

Table 2. Overview of limitations and primary reasons for 
rejecting approaches to adjust for treatment switching

IPCW

•  The TSE method relies on the identification of a suitable ‘secondary 
baseline’, from which the relative effect of switching therapy can be 
estimated. In PROfound, a suitable secondary baseline could not be 
identified and the method was unable to provide reliable, unbiased 
results.

TSE

•  Analyses performed with more sophisticated methods (eg IPCW) 
demonstrated that there are confounding variables that influence 
treatment and survival and that should be adjusted for.

 

•  Methods of excluding or censoring switchers at the point of switch 
are prone to selection bias.

•  Exclusion/censoring is informative given that the decision to enable 
treatment switching is made by the investigator and likely based on 
patient characteristics.

Excluding or censoring patients

•  Analysis relies on no unmeasured material confounders, as it 
requires the identification of non-switchers who have similar 
prognostic characteristics to switchers.

•  Wide CIs indicate uncertainty with results. Bootstrapped CIs 
were calculated, which capture the uncertainty in the weights and 
the uncertainty in the survival estimates given the weights. This 
bootstrapping does not currently capture the uncertainty with the 
choice of covariates selected to be in the AIC-selected switching 
model, but this is another source of uncertainty.

•  Results can be error prone because of small sample size and large 
switching proportions (only 39% of patients in the control arm had 
not switched at the time of interim OS analysis).
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Supplementary Methods 

Statistical approaches to reduce bias due to treatment switching 

▪ Two naïve and three sophisticated statistical approaches were evaluated to 

establish the most appropriate method for measuring the impact of treatment 

switching from control therapy (physician’s choice of enzalutamide or abiraterone) 

to olaparib on the interim overall survival results of the PROfound trial 

- The two naïve approaches involved excluding patients who switched and 

censoring patients who switched 

- The three sophisticated approaches, which adjust for potential confounding 

due to differences between switchers and non-switchers, were the rank-

preserving structural failure time model (RPSFTM), inverse probability of 

censoring weights (IPCW) and two-stage estimation (TSE). 

▪ An overview of all five approaches and the assumptions associated with each of 

the three sophisticated statistical approaches are presented in Supplementary 

Tables S1 and S2. 
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Table S1. Overview of naïve and sophisticated statistical methods used to adjust for treatment switching 

Model Characteristics and assumptions 

Sophisticated 

Rank-preserving 
structural failure time 
model 

➢ Causal effect of treatment estimated using a counterfactual framework* 

- G-estimation was used to estimate acceleration factor 

- Log rank, Cox proportional hazards and Weibull tests for estimating the acceleration factor were implemented 

- Both recensored and non-recensored analyses were performed1 

➢ Relies on the clinical and biological plausibility of the randomization assumption and common treatment effect 
assumption† 

Inverse probability of 
censoring weights 

➢ Extension of the censoring at point of switch per-protocol analysis, applying weights to patients according to 
their probability of switching treatments in the control arm 

- Aim to remove selection bias introduced by censoring switchers by reweighting non-switchers according to an 
estimated probability based on covariables that they would have switched 

- Individuals in the control arm who have not switched but have similar characteristics to those who have switched 
are weighted more highly, to account for their outcomes and also the outcomes of patients with similar 
characteristics to them but who switched and were therefore censored  

- Baseline time-independent covariates: previous taxane use, measurable disease at baseline, HRR mutations, 
ECOG status at baseline, metastases at baseline, race, gender, study region 

- Time-dependent covariates: progression status, pain progression event, skeletal-related event, ECOG status over 
time, adverse events, haematological-related adverse events and health-related quality of life as measured by EQ-
5D VAS (HRQoL) over time 

➢ Switching model should only include variables that both influence the probability of switching and are 
prognostic of survival 

Two-stage estimation ➢ Uses counterfactual framework*; only used to adjust for switching that occurs after a specific disease-related 
time point: secondary baseline 

➢ First stage: Comparison of post-secondary baseline survival in control arm patients who switch and those who do not, 
and calculate a treatment effect (𝑒–𝜓) using an accelerated failure time model 
- All patients assumed to be at a similar disease stage at secondary baseline 



 3 

- Model adjusted to control for differences between switchers and non-switchers using baseline characteristics and 
time-varying characteristics at secondary baseline that influence the probability of switching and are prognostic of 
survival 

- Treatment included as a time-dependent variable to account for any lag between secondary baseline and actual 
treatment switching 

➢ Second stage: Estimate the counterfactual survival times* 

➢ Analysis performed with and without recensoring using a Weibull model; in the base case, the switching prediction model 
only includes variables selected via automated selection process that are confirmed to be prognostic of survival 
(sensitivity analysis uses weights calculated using a switching model containing all available variables) 

➢ The two-stage estimation approach was deemed unreliable after reviewing the clinical trial data and assumptions 
required; results are, therefore, not shown 

Naïve 

Excluding patients who 
switch 

➢ Patients who switch in the control arm are excluded (n=51) 

- Treatment effects for patients randomized to olaparib compared with those randomized to control who do not switch 

- Assumes no confounding variables that influence both the time-varying treatment covariate and survival‡ 

Censoring patients who 
switch 

➢ Patients who switch in the control arm are censored at the point of switch 

- Assumes censoring is non-informative 

*Counterfactual survival times are those that would have been observed if treatment switching had not occurred, where counterfactual survival (𝑈𝑖) was estimated as 

𝑈𝑖=𝑇𝐴𝑖+𝑒𝜓𝑇𝐵𝑖, where 𝑇𝐴𝑖 is time spent on control (known value from PROfound), 𝑒𝜓 is the acceleration factor (the degree to which being on olaparib increases survival), and 

𝑇𝐵𝑖 is the time spent on olaparib (known value from PROfound). 
†Randomization assumption: the two groups are comparable and if they had both received control treatment then survival experiences would be the same on average. 
Common treatment effect assumption: patients who switch to olaparib following radiological PD have the same treatment effect on the accelerated time scale compared with 
patients originally randomized to olaparib. 
‡ Assumes that patients in the control arm who switch and those who do not have the same prognosis, and that no covariates influence outcome and the propensity to 
switch. 

Control, physician’s choice of next-generation hormonal agent (enzalutamide or abiraterone); ECOG, Eastern Cooperative Oncology Group; HRQoL, health-related quality 
of life; HRR, homologous recombination repair; PD, disease progression; VAS, visual analogue scale. 
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Table S2. Overview of assumptions for sophisticated methods 

 RPSFTM IPCW TSE 

No measured 
confounders 

–   

No time-dependent 
confounding on 
treatment switching 
after PD 

– –  

Randomization 
assumption 

 – – 

Common treatment 
effect assumption 

 – – 

Other considerations Randomization 
assumption is 
untestable 

No measured confounders 
assumption is untestable. 
Method not applicable if 
very few patients who did 
not switch and experienced 
an event 

Time-dependent 
confounding may be 
significant if there is a 
considerable lag between 
disease progression and 
treatment switch 

IPCW, inverse probability of censoring weights; PD, disease progression; RPSFTM, rank-preserving structural 
failure time model; TSE, two-stage estimation. 

Recensoring 

▪ A treatment effect (positive or negative) may impact the probability that a patient’s 

survival time is censored. If treatment switching occurs, the treatment received is 

likely to be associated with prognosis. Therefore, counterfactual censoring times 

may be related to prognosis and thus may be informative. 
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Supplementary Results 

Table S3. Baseline characteristics for patients randomized to the olaparib arm and those 

for patients randomized to the control arm who switched to olaparib upon BICR-verified 

disease progression (switchers) and those who did not (non-switchers) in Cohorts A+B  

Characteristic 
Olaparib 
N=256 

Control 

Non-switchers 
N=56 

Switchers 
N=75 

Age (years), mean (SD) 68.5 (8.4) 69.0 (8.6) 68.8 (6.8) 

Race (white), n (%) 163 (64) 37 (49) 48 (86) 

HRR alteration, n (%)    

BRCA1 8 (3) 3 (5) 2 (3) 

BRCA2 81 (32) 14 (25) 33 (44) 

ATM 62 (24) 13 (23) 11 (15) 

Co-mutation* 17 (7) 5 (9) 6 (8) 

Previous taxane use, n (%) 170 (66) 31 (55) 52 (69) 

Measurable disease at baseline, n (%) 149 (58) 33 (59) 49 (65) 

Metastases at baseline (visceral), n (%) 68 (27) 15 (27) 29 (39) 

ECOG PS at baseline = 1 or 2, n (%)  125 (49) 30 (54) 45 (60) 

*Only patients with at least two HRR alterations are included. 

BICR, blinded independent central review; control, physician’s choice of next-generation hormonal agent 
(enzalutamide or abiraterone); ECOG PS, Eastern Cooperative Oncology Group performance score; HRR, 
homologous recombination repair; SD, standard deviation. 

  



 6 

Figure S1. Kaplan–Meier estimates of interim overall survival in Cohort A 

highlighting the reduction in risk for death with adjustment for treatment switching 

from the control arm to olaparib using the IPCW approach 

 

CI, confidence interval; HR, hazard ratio; IPCW, inverse probability of censoring weights; .mo, months. 
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Figure S2. Kaplan–Meier estimates of interim overall survival in the overall 

population of Cohorts A+B, and highlighting the reduction in risk for death with 

adjustment for treatment switching from the control arm to olaparib using 

sophisticated statistical approaches* 

(A) Intent-to-treat 

 

(B) IPCW 
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(C) RPSFTM without recensoring (Cox proportional hazards model) 

 

(D) RPSFTM with recensoring (Cox proportional hazards model) 

 

*Imputed medians are reported for the control arm based on statistical modelling. 

CI, confidence interval; HR, hazard ratio; IPCW, inverse probability of censoring weights; mo, months; OS, 
overall survival; RPSFTM, rank-preserving structural failure time model. 
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Table S4. Summary of hazard ratios for all statistical modelling methods employed to 
assess the impact of patients switching from control therapy to olaparib on interim 
overall survival in the overall population of Cohorts A+B 

Analysis HR (95% CI) 
Median OS 
(months) 

Intent-to-treat 0.67 (0.49–0.92) 14.3 

Sophisticated methods   

RPSFTM   

Log rank 0.53 (0.32– 0.90) 12.2 

Cox proportional hazards 0.50 (0.29–0.87) 12.1 

Weibull 0.50 ( 0.29–0.87) 12.1 

Log rank – with recensoring 0.48 (0.26–0.89) 12.0 

Cox proportional hazards – with recensoring 0.47 (0.25–0.86) 11.9 

Weibull – with recensoring 0.47 (0.25–0.86) 11.8 

IPCW   

Restricted variables 0.47 (0.30 – 0.73) 14.3 

All available variables 0.59 (0.40–0.88) 14.3 

Naïve methods   

Excluding switchers 0.39 (0.25–0.62) 11.4 

Censoring switchers 0.65 (0.41–1.03) NR 

CI, confidence interval; HR, hazard ratio; IPCW, inverse probability of censoring weights; mo, months; NR, not 
reached; RPSFTM, rank-preserving structural failure time model. 
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