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Parameters for data generation:

• Survival time in control and treatment groups: 𝑇1 and 𝑇2

• 𝑇1 and 𝑇2 are assumed to follow an exponential distribution

• Median survival time represented by 𝑚1 and 𝑚2

• Censoring times for two groups: 𝐶1 and 𝐶2

• Switching time represented by 𝑠

• Switching probability denoted as 𝑝

• Observed survival time represented by 𝑌1 and 𝑌2

Two datasets were generated for this guidance:

• Surv_1 dataset: subject-level data of 500 subjects with age, gender, treatment arm, overall survival 
time, censoring indication and switching time.

• Surv_2 dataset: structured in the counting process style of input based on Surv_1 dataset, where an 
observation corresponds to a time interval until survival time is reached.
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Description of sample data:

• Subject: unique subject ID.

• Age: age of subject.

• Gender: gender of subject.

• Arm: specifying which treatment the subject received.

• Time: overall survival time in months.

• Status: censoring indicator for overall survival time. 

Equal to 1 if subject died and 0 otherwise.

• Switch: cross over time in number of months.

• T_start (only in Surv_2): beginning of the time interval in number of months.

• T_end (only in Surv_2): end of the time interval in number of months.

• Hgb (only in Surv_2): blood hemoglobin in g/dL (time varying covariates).



Primary Analysis
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Log-Rank Test

• Purpose: compares survival distributions 

between two or more groups.

• Key Feature: adjusts for confounding variables 

using stratification (e.g., gender).

• Assumption: hazard ratio between groups is 

constant across strata.

• Interpretation: Chi-square and p-value indicate if 

survival differences are statistically significant.

Cox Proportional Hazards Model

• Purpose: estimates the effect of covariates 

(e.g., treatment) on survival time.

• Key Feature: allows different baseline hazards 

across strata, assumes common effect of 

covariates.

• Assumption: proportional hazards (effect of 

covariates is constant over time).

• Interpretation: hazard ratio with 95% 

confidence interval quantifies treatment 

effect.



PH Assumption
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Log-minus-log: parallel curves of two arms indicate 

that the PH assumption holds

Schoenfeld residuals: patterns or trends can reveal 

violations of the assumption



Non-proportional Hazards
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Restricted Mean Survival Time (RMST)

• RMST is defined as the expected survival time up 

to a pre-specified time point τ.

• The difference in RMST is a common measure of 

absolute treatment effect.

• The default RMST method uses min-max value for τ 

unless it is pre-specified.

Max-Combo Test

• Max-combo test combines multiple weighted log-

rank tests using Fleming-Harrington weights.

• The maximum Z statistics is maximum among 

weights function (0,0), (0,1), (1,0) and (1,1).

• It provides robustness across various non-

proportional hazard patterns.



Treatment Crossover
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Rank Preserving Structure Failure Time (RPSFT)

• RPSFT model assumes a common factor for patients who 

switch from control to treatment group which preserves 

the ranking of failure time. 

• Toff and Ton indicate the time ‘off’ and ‘on’ treatment 

group.  eψ is the acceleration factor.

• The estimation of φ can be implemented with various 

methods (log-rank test, Weibull test and Cox model). 

• The optimal value is the value that set test statistics equal 

to 0, which implies treatment group not related to survival 

time.

Two-stage Accelerated Failure Time (2SAFT)

• Similarly, the two-stage AFT model assumes the 

counterfactual survival time by:

• TA and TB indicate the time ‘off’ and ‘on’ treatment group. 

eψ is the acceleration factor.

• In the first stage, an accelerated failure model (e.g. 

Lognormal, Weibull or Gamma distribution) is fitted to 

estimate φ. 

• The second stage is to recalculate the counterfactual 

survival time for patients who switch from control to 

treatment group using the estimated φ. 



Treatment Crossover
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Inverse Probability of Censoring Weighting (IPCW)

• Goal: Adjust for treatment crossover by creating a pseudo-population in which censoring due to switching is 

balanced.

• Key Assumption: All confounders (baseline + time-varying) associated with switching and outcome are measured.

• Weight Construction:

— Numerator: Probability of remaining uncensored using baseline covariates only.

— Denominator: Probability using baseline + time-varying covariates.

• Application: Apply weights to Cox model to estimate treatment effect under a no-crossover scenario.

• Interpretation: Produces hazard ratio estimates reflecting survival outcomes as if no patients had crossed over.



SAS Macro
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