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Outline

♦ Hazard
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♦ Non-PH in cancer clinical trials
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Hazard (function)
♦Hazard – “speed of events”

♦Depends on time (in general) – thus, function of time
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Arbitrary Hazard Functions
♦Which group lives (on average) longer ?
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Proportional Hazard Functions/Model
♦Hazard ratio = 2

♦Group 2 lives (on average) longer

♦By how much?
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Adjuvant Trials of Gastric Cancer

♦17 trials, 3838 patients

♦Surgery vs. surgery + adj. chemotherapy
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Adjuvant Trials of Gastric Cancer



8

Adjuvant Trials of Gastric Cancer
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Adjuvant Trials of Gastric Cancer

So, how much 
longer do the 

adjuvant-treatment 
patients live?
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Proportional Hazards Model

♦ Semi-parametric: hazards do not have to be specified.

♦ Ubiquitous in cancer clinical trials and data analyses...

♦ ... despite non-intuitive interpretation of the hazard ratio...

♦ ... despite the strong nature of the PH assumption.
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♦No overlapping fragments, no crossing !

Survival Curves Under the PH 
Assumption
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♦In randomized clinical trials, omitting a prognostic factor causes 
a bias towards 0 in the estimated treatment effect.

• Even if the distribution of the factor is balanced at baseline!

PH is a Very Strong Assumption
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“We performed a PubMed search for randomized phase III trials in breast 
cancer, lung cancer, prostate cancer and colorectal cancer published in 
high-impact journals between 2014 and 2016. (...) 

We identified 157 publications with 115 KM curves of overall survival (OS) and 
139 KM curves of a non-survival time-to-event outcome. 

There was evidence of non-proportionality of hazards in a total of 62 (24%) 
time-to-event outcomes including 20 of 115 (18%) OS KM curves and 42 of 
139 (30%) non-survival KM curves. (...)“
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Why Not Working Directly With the 
Mean Survival Time?
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Non-parametric Estimation of the Mean 
Survival Time

♦ Mean survival time = area under survival curve

(only if the curve reaches 0 ! – rarely happens in practice)
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Restricted Mean Survival Time (RMST)

♦ RMST(t) = area under survival curve until time t

= mean survival time until time t
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RMST @24 mths: 
Nivo 13, Docetaxel 11.3
∆RMST = 1.7 mths 

95% CI: (0.4-3.1), p=0.01
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Accelerated Failure-time Model (AFT)

♦ Assumption: treatment effect is expressed as shortening or 
lengthening of the time to event.

♦ Mean (time) ratio: 

♦ Simple interpretation: relative change of the mean time !

controlfortimemean
erimentalexpfortimemean

=MR
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Semi-parametric AFT Model

♦ Does not assume any particular distribution of the failure time.

♦ Thus, the same advantage as the PH model.

♦ But: less vulnerable to omission of prognostic factors.
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♦14 trials, 3288 patients

♦Surgery vs. surgery + adj. chemotherapy

Adjuvant Trials of Gastric Cancer

♦17 trials, 3838 patients

♦Surgery vs. surgery + adj. chemotherapy
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Adjuvant Trials of Gastric Cancer: HR



Overall  (I-squared = 0.0%, p = 0.575)
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Adjuvant Trials of Gastric Cancer: HR

Hazard of adjuvant-
treatment patients is 

14% smaller.
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Adjuvant Trials of Gastric Cancer: MR
Trial HR 95% CI MR 95% CI

FFCD-8801 0.84 (0.62, 1.14) 1.33 (0.85, 2.08)

NSAS-GC 0.50 (0.28, 0.91) 2.21 (1.39, 3.50)

JCOG-9206-1 0.60 (0.30, 1.19) 1.68 (0.48, 5.92) 

JCOG-8801 0.82 (0.53, 1.27) 1.24 (0.72, 2.14)

SWOG-7804 0.93 (0.70, 1.24) 1.07 (0.72, 1.59)

EORTC-40813 0.85 (0.64, 1.14) 1.26 (0.87, 1.83)

Tsavaris 0.54 (0.33, 0.90) 1.50 (1.01, 2.22)

ICCG-1/81 0.85 (0.63, 1.13) 1.24 (0.75, 2.06)

ITMO 0.98 (0.70, 1.37) 1.03 (0.63, 1.67)

GITSG-8174 0.74 (0.53, 1.04) 1.22 (0.81, 1.83)

NCTTG-794151 1.02 (0.69, 1.51) 0.98 (0.59, 1.63)

ECOG-EST3275 0.94 (0.68, 1.30) 1.01 (0.68, 1.48)

EORTC-40905 0.93 (0.63, 1.37) 0.97 (0.69, 1.36)

ICCG 1.05 (0.74, 1.49) 1.04 (0.66, 1.66)
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Adjuvant Trials of Gastric Cancer: MR

Overall  (I-squared = 0.4%, p = 0.444)
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Adjuvant Trials of Gastric Cancer: MR

Overall  (I-squared = 0.4%, p = 0.444)
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  1.25 .5 .75 1 1.33 2 4

Mean survival time 
of adjuvant-

treatment patients is 
20% longer.
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Conclusions

♦ Empirical evidence against the PH assumption

♦ Semi-parametric AFT modelling practically feasible

♦ Natural interpretation of the mean (time) ratio

♦ A serious alternative to the semi-parametric PH model
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