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Selective crossover (SCO) occurs when patients participating in a randomized 

clinical trial (RCT) are given - during the course of the study - the possibility to 

switch from the arm in which they were initially allocated, usually the control, to 

the other one, usually the treatment. Examples of SCO are often found in 

oncology studies (1-2). 

 

Although SCO breaks the randomization process, there are various reasons 

justifying it. First, it can occur as a consequence of the diffusion of large 

(un)favourable results of one treatment that is being compared, either from the 

same (e.g. from interim analyses) or from concurrent studies. Second, as a 

consequence of the occurrence of competing events in one arm. In both cases 

the uncertainty principle (i.e. equipoise) is challenged. If so, the investigators 

may offer patients the opportunity to cross over to the arm where the more 

promising treatment is administered. The occurrence of SCO gives rise to 

problems in the data analysis and interpretation of results. 

 

When SCO occurs, the methods mostly used to analyse data are: 

1. Intention To Treat (ITT) analysis 

2. Censored analysis 

3. Inverse Probability of Censoring Weighting (IPCW) analysis 

 

Briefly, in the ITT analysis, controls who cross over are analysed as belonging to 

the control arm, despite the fact that they crossed over to the treatment 

intervention.  

 

In the Censored analysis, follow-ups of controls who switched to the intervention 

arm are censored at the time when the crossover occurred.  

 

The IPCW analysis allows the estimation of the missing follow-ups of those 

controls who switched arms by using the information comprised in follow-ups of 

those controls who instead decided against crossing over and who are similar in 

terms of prognostic factors to their counterparts (3). 
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A two-arm RCT in adjuvant breast cancer was simulated. The outcome of 

interest was the time to recurrence. We assumed that patients enrolled in the 

study had different baseline risks with regard to a single prognostic factor. This 

was the size of tumor whose distribution is reported in Table1. 

 

 

 

 

 

 Figure 1. Assessment of the results of the three methods: ITT, Censored and 

IPCW analyses, according to the prognosis of controls who decided to switch 

arm. 

Note: “HR” refers to the exponentiated mean of the log estimated HR, “LCL” to 

the lower 95% limit and “UCL” to the upper 95% confidence limit. 

1. The BIG 1-98 Collaborative Group. A comparison of Letrozole and Tamoxifen in Postmenopausal Women with Early Breast Cancer. N Engl J Med:  

2005;353:2747-57; 

 

2. Trastuzumab after Adjuvant Chemotherapy in HER2-Positive Cancer. N Engl Med 2005; 353:1659-72; 

 

3. IPCW an R package for inverse probability weighting. Journal of Statistical Software: 2011; 43(13). 

Aims 

To assess the impact of different data analysis methods (ITT, censored analysis 

and IPCW analysis) on efficacy results and their interpretation. 

Table 1. Distribution of the prognostic factor (size of tumor) 

Risk Annual hazard rate % patients 

< 1 cm Low 0.05 30 

1-2 cm Medium 0.15 40 

> 2 cm High 0.25 30  
 

Time-to-event data were generated considering an exponential distribution for 

survival times and an HR of 0.55 favoring the treatment arm, similar to the results 

from the HERA trial (2). A sample of N=2,000 patients (1,000 in the treatment 

arm and 1,000 in the control arm, respectively) was simulated with balanced 

distributions of the prognostic factor between arms. A three-year follow-up and an 

administrative censoring process were assumed. We also considered that 250 

controls (25%) would switch to the treatment arm after one year from the 

beginning of the study. We assumed that the reason to switch depended on the 

prognosis of controls. Five scenarios were hypothesized regarding the 

characteristics of those 250 patients who decided to switch. Table 2 shows the 

composition of the sample generated according to the size of the tumor. 

 

Samples with these characteristics were then drawn without replacement 1,000 

times. For each replication, the Cox Proportional Hazard model was used to 

estimate the HRs according to the three methods (ITT, Censored analysis, IPCW 

analysis). The HRs estimates were adjusted for size of tumor. The distributions of 

the HRs were compared with the distribution of the “true” HR (HR=0.55) by using 

the means of the lnHRs and their variances. 

When the SCO is steered by a prognostic factor, which is known and 

measurable, the Censored and the IPCW analyses provide similar results that 

are unbiased. Whereas, the ITT analysis provides estimates that are biased 

toward the null hypothesis of no treatment effect. The magnitude of this bias 

depends on the characteristics of the patients who decide to switch and seems 

to be greater if those who switch are mostly at high risk (Figure 1). 

  

The impact on the results of the SCO for different effect sizes when results 

concern safety and when the reasons for switching depends on a combination of 

prognostic factors are under evaluation. 

 

Table 2. Distribution of controls crossing over to the treatment group  

Baseline risks according to the prognostic factor 

High  Medium  Low 

Random sample of patients 30% 40% 30% 

Mostly high risk patients 80% 11% 9% 

Mostly low risk patients 9% 11% 80% 

Mostly high/medium risk patients 34% 46% 20% 

Mostly medium/low risk patients 20% 46% 34% 


