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ABSTRACT
It’s not uncommon to see in oncology trials that a higher proportion of
patients in the control arm switch over to a subsequent anti-cancer
therapy after treatment discontinuation, compared to patients in the
experimental arm. The high degree of imbalance in subsequent anti-
cancer therapy use between treatment arms will impact the
assessment of treatment effect. Sensitivity analyses correcting for
this confounding effect would be important. In the EMA document
“Question and answer on adjustment for cross-over in estimating
effects in oncology trials”, several exploratory analysis methods were
suggested (such as Inverse Probability of Censoring Weighting
(IPCW) and Rank Preserving Structural Failure Time Models
(RPSFTM)) . In this poster, we will apply these methods to aPhase 3
oncology trial and discuss the pros and cons of each method.

INTRODUCTION
The Javelin Renal 101 study is a phase 3, multicenter, multinational,
randomized, open-label, parallel 2-arm study of avelumab in
combination with axitinib versus sunitinib monotherapy as first-line
systemic treatment for patients with advanced renal cell carcinoma.
The key objectives of this study are to demonstrate that avelumab in
combination with axitinib is superior to sunitinib monotherapy in
prolonging progression-free survival (PFS) or overall survival (OS) in
the first-line treatment of patients with advanced renal cell carcinoma
for patients with programmed death ligand-1 (PD-L1) positive tumors
and for patients irrespective of PD-L1 expression.
From March 29, 2016, through December 19, 2017, a total of 886
patients were enrolled into the study and randomized to receive
avelumab plus axtinib (442 patients) or sunitinib (444 patients). 560
patients (270 randomized to avelumab plus axitinib and 290
randomized to sunitinib) had PD-L1-positive tumors.
At a pre-planned interim analysis based on a cutoff of 28 Jan 2019,
avelumab in combination with axitinib demonstrated clinically
meaningful and statistically significant benefit in improving PFS in
both patients with PD-L1 positive tumors and in all patients
irrespective of PD-L1 expression. However, even though the
observed HR was in favor of avelumab plus axitinib for OS, the
statistical significance was not achieved for OS (observed HR for OS
in patients with PD-L1 positive tumors was 0.83 with 95% CI (0.596,
1.151); observed HR for OS in all patients irrespective of PD-L1
expression was 0.80 with 95% CI (0.616, 1.027)). Therefore, the
study was continued to follow up on OS.
It was observed in the study that there was a high degree of
imbalance in the use of subsequent anti-cancer therapy, especially
PD-1/PD-L1 inhibitors, between treatment arms (Table 1). Sensitivity
analyses correcting for the confounding of subsequent PD-1/PD-L1
inhibitors were explored.
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CONCLUSIONS
This poster presented the commonly used methods for adjusting
overall survival for treatment switching and applied the IPCW method
and RPSFT method to the Javelin Renal 101 data. Both methods
have strong assumptions for which, violations might have a big
impact on the estimation of the treatment effect. In practice, the more
appropriate method should be that for which the assumptions seem
most reasonable or robust to deviations.

TABLE 1.  FOLLOW-UP ANTI-CANCER DRUG THERAPIES BY CATEGORY 
FIGURE 1.  IPCW SENSITIVITY ANALYSIS FOR SWITCHOVER

FIGURE 2.  KM PLOT OF OS (WITH VS. WITHOUT ADJUSTMENT BY RPSFT)

TABLE 2.  OS: AFTER ADJUSTING FOR SUBSEQUENT I/O BY IPCW

METHODS
In the EMA document “Question and answer on adjustment for
cross-over in estimating effects in oncology trials” published in 2018,
four methods were mentioned as potential methods for adjusting
overall survival for treatment switching:
1. Censoring at time of treatment switching
2. Inverse Probability of Censoring Weighting (IPCW)
3. Rank Preserving Structural Failure Time models (RPSFT)
4. ‘Two-Stage’ methods
“Censoring at time of treatment switching” method censor a patient
at time of switchover to subsequent treatment. This method is easy
to implement. However, since switchover is often related to the
patient prognosis, this method may lead to informative censoring and
a biased estimate of the treatment effect. Thus, this method is in
general not recommended.
“Inverse Probability of Censoring Weighting” method constructs a
pseudo-population that has the same specified (baseline and post-
baseline) characteristics as the original population but did not switch
over. That is, each time a patient switches over to subsequent
treatment, IPCW censors that patient and let the remaining patients
in the arm that are similar in terms of specified (baseline and post-
baseline) characteristics, count for more patients to replace that
patient (See Figure 1 for a simplified illustration of the weighting
method). Important assumptions for this method, in order to get
unbiased estimates, include ‘no unmeasured confounders’
assumption and ‘positivity’ assumption.
“Rank Preserving Structural Failure Time models” estimates the
effect in absence of switchover by applying a slow-down factor to
switchover patients to recover what event times would have been
observed had these patients not switched over. It assumes that the
slow-down factor is not dependent on the time of starting subsequent
treatment (‘common treatment effect’ assumption). In our specific
case, it also assumes that the effect of different PD-1/PD-L1
inhibitors are the same.
The idea of ‘Two-stage’ methods is similar to the RPSFT method.
The method first estimates the effect specific to switchover (by
comparing control patients who do and do not switchover) and use
this effect to adjust survival times for patients that did switch over to
obtain their counterfactual survival times in absence in switch over.
Compared with the RPSFT method, this method uses a different
approach in estimating the slow-down factor which assumes no
unmeasured confounders.
In this poster, we will use both the IPCW method and the RPSFT
method to correct the confounding of subsequent PD-1/PD-L1
inhibitors in the Javelin Renal 101 study.

Category Avelumab + 
Axitinib
(N=442)

Sunitinib
(N=444)

Subjects with any follow-up 
anti-cancer treatments

138 (31.2) 227 (51.1)

Any PD-1 or PD-L1 Inhibitor 33 (7.5) 159 (35.8)

Any VEGF or VEGFR Inhibitor 118 (26.7) 123 (27.7)

Any Other Drug Therapy 46 (10.4) 68 (15.3)

Avelumab + Axitinib vs Sunitinib HR (95% CI)

Model: only included baseline 
covariates (AIC=2242)

0.91 (0.680, 1.235)

Model: included both baseline and 
post-baseline covariates (AIC=1939)

0.73 (0.521, 1.028)

Model: included both baseline and 
post-baseline covariates AND only 
correct for subsequent I/O in the 
sunitinib arm (to be comparable to 
the RPSFT results)

0.71 (0.526, 0.978)

The RPSFT method was initially developed to evaluate the impact of 
crossover (i.e. switching from a randomized treatment allocation to 
another study treatment) on overall survival.
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