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Supplementary Fig. $4. Related to Figure 3: Additional fitsto overall survival and progression-
free survival data for trials of immune checkpoint inhibitors. Progression-free survival and overall
survival distributions for three trials of immune checkpoint inhibitors with one and two-distribution fits
using Weibull functions, as well as simulations that account for the periodicity of radiological scansto
detect progression (NCT01642004, NCT02142738, NCT00861614).
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Fig. 4: Impact of parametric statistics on precison and accuracy of overall survival confidence
interval estimates. Comparison of nonparametric and parametric (Weibull distribution) methods to
compute 12-month overall survival confidence intervals for trials with small cohorts (20 to 100 patients)
produced by randomly subsampling patient events from 125 actual trial arms. Note that nonparametric
estimates did not return anumerical confidence interval for 41% of OS curves, while Weibull fitting
made it possible to calculate 12-month confidence intervals for every survival curve in every simulation.
Precision is defined as the width of the confidence interval in percent survival. Accuracy is defined as
the absolute difference between the 12-month survival estimated from small cohorts (for each of 10
simulations per sample size and trial), and the value computed from all patientsin a given phase l11 trial.

Shaded regions are 95% confidence intervals.
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Supplementary Fig. S5. Related to Figure 4: Impact of parametric statisticson precison and
accuracy of event-free survival estimates. (A) Comparison of nonparametric and parametric (Weibull
distribution) methods to compute 12-month event-free survival confidence intervals for trials with small
cohorts (20 to 100 patients) produced by randomly subsampling patient events from 99 event-free
survival trial arms. Note that nonparametric estimates did not return a numerical confidence interval for
64% of event-free survival curves, while Weibull fitting made it possible to calculate 12-month
confidence intervals for every survival curve in every simulation. Precision is defined as the width of the
confidence interval in percent survival. Accuracy is defined as the absolute difference between the 12-
month survival estimated from small cohorts (for each of 10 smulations per sample size and trial), and
the value computed from all patientsin agiven phase 1 trial. Shaded regions are 95% confidence
intervals. (B) Median PFS confidence intervals calculated with parametric and nonparametric methods

on phase| clinical trial data, and the corresponding phase Il study results (MK-3475-022/KEYNOTE-
022; NCT02130466).


https://doi.org/10.1101/2021.05.14.442837
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.05.14.442837; this version posted May 17, 2021. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

A. Weibull parameters by cancer type and metastatic status
L]
25 D,
o L]
% 20 _ B . o: . . ) o
= ] o
[+]
2 \- °- ‘. s % ." i i
% 15 S ap o ° e
@ - ‘~ o E‘EO o ® o E
. ‘5.?"-%*?‘%"%"&
¢ } 8% .o° o o
1.0 -] °
C—’o
1 2 3 4 5 6 7
Best Weibull Fit Log[]
Cancer Type Metastatic Status
®Breast eColorectal eLung eProstate ® Metastatic O Non-metastatic
B. CONCUR, Placebo C. ESPATUE, Chemoradiotherapy
100 100 Plus Surgery
a=1.69
— 75 Log[B]=2.05 75
b= =
o 50 o 50
b 8 a=0.90
25 25|  Log[B]=4.31
ol 0 — Original trial
0 4 8 12 16 0 18 36 54 72 data
Months Months
— Most likely
D. TROG3086, Delayed Androgen E. INTO142, Tamoxifen Weibull fit

Deprivation Therapy

100

= 052 —~ 75 a=1.13

< a=z. & Log[B]=6.91

@ Log[B]=4.78 & 50 '

2 glB] 2
25
0

24 48 72 96 0 36 72 108 144
Months Months

Fig. 5: Best fit Weibull parameter valuesfor trialsreporting overall survival data. Weibull fits for
trials reporting overall survival data. (A) Survival distributions categorized by cancer type and
metastatic status (defined astrials that included patients with distant metastases). Representative
survival functions and fits for trials across a variety of cancer typesincluding (B) metastatic colorectal
cancer (NCT01584830) (C) non-metastatic lung cancer (NCT number not reported) (D) metastatic
prostate cancer (NCT00110162) and (E) non-metastatic breast cancer (NCT number not reported).
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Supplementary Fig. S6. Related to Figure 5: Best fit Weibull parameter valuesfor trialsreporting
event-free survival data. Weibull fitsfor event-free survival curves labeled by metastatic status and

cancer type (encompassing 301 survival curves from 146 trial figures).
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A. Weibull Parameters for OS Trials
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Fig. 6: Parameter valuesfor Weibull fitsto overall survival data scored by trial outcome. (A)
Differencesin Weibull o and p parameters for experimental and control arm OS data (drawn from 116
trial figures). For a, the value for the control arm was subtracted from the value for the experimental
arm. Differencesin p were computed by determining the percent changein 3 in the experimental arm
with respect to the control arm (positive values indicate larger B in the experimental arm). Asterisks
denote trials that tested immune checkpoint inhibitors. Successin all cases was judged based on the
original report and most often corresponded to HR<1 at 95% confidence by Cox proportiona hazards
regression. Hazard ratio and Weibull ratio of cumulative hazards of four clinical trialsin data set: (B)
NCT01377376 (tivantinib plus erlotinib vs. erlotinib), (C) NCT01607957 (TAS-102 vs. placebo), (D)
NCT00861614 (ipilimumab vs. placebo), (E) NCT01673867 (nivolumab vs. docetaxel). The uncertainty
in estimating the ratio of cumulative hazardstypically falls with time, narrowing the 95% confidence
interval depicted in blue.
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Supplementary Fig. S7. Related to Figure 6: Parameter valuesfor Weibull fitsto event-free
survival data scored by outcome of thetrial. For a, the valuein the control arm was subtracted from
the value for the experimental arm. Differencesin  were computed by determining the percent change
in B value in the experimental arm with respect to the control arm (positive values indicate larger B in
the experimental arm). Successin all cases was judged based on the original report and most often
corresponded to HR<1 at 95% confidence by Cox proportional hazards regression.
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Fig. 7: Effect of trial duration on successwhen proportional hazardsisviolated. (A) One of many
simulated trials having a range of Welbull o and B parameters similar to those observed in actual trials
reporting OS data; in thistrial Ao = -0.5 and the ratio of  for experimental and control arms was 1.2.
The labels ts and tg denote times corresponding to 60% or 95% of all trial events (for real OStrial arms
in this article, in metastatic cancers, these event rates correspond to median times of t, = 16 months and
ts= 51 months). (B) Percent of simulated successful trials at time ta (Ieft panel) or tg (right panel). The
simulated trial depicted in panel A is denoted by an asterisk. “ Success’ was scored as HR<1 at 95%
confidence using the Cox proportional hazards regression; this metric was used despite the violation of
proportional hazards because it is the accepted approach for assessing efficacy in pivotal trials (see text

for details).
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