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Statistical analyses for clinical studies

We tend to follow a pattern....
— Take the previously used approach

— Use methods frequently used in medical
literature

Why?
- Hardly getting criticized?
- Avoiding delay of review processes?
- No need to explain the methods?
Some methods have become almost routine!!
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What is the primary goal of
clinical studies?

Obtaining robust, clinically interpretable
risk-benefit information for patients in a
well-defined target population

Issues of conventional
analytic methods in
survival data analysis
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A standard practice... Why are we almost routinely using HR?

Description Kaplan-Meier

n Seyeral P Alot of
desirable experiences It is already in our
Log-rank test properties comfort zone?
l EIegant,v
rigorous
oy ) theories
Estimation Estimate HR —
of treatment by Cox reg No other
effect choice

What iS haza r-d funCtion? Ref. Annals of Internal Medicine, Guideline for Authors

http://annals.org/public/authorsinfo.aspx

A\ Annals of Internal Medicin

annals.org/public/authorsinfo.aspx

h(t)At ~ Pl‘[t <T S t+ JAN 5 | T Z t] Statistical Guidelines

Presentation

Issue Notes

Closely related to conditional probability, by oer whbie——— ,
WhICh may be more Interestlng metrIC for When reporting the findings from Cox proportional hazards models

= Do not describe hazard ratios as relative risks

SO me SU bJeCtS (e g .y Cancer SU erVO rS) = Do report how the assumption of proportional hazards was tested, and what the test showed.

P values For P values between 0.001 and 0.20, please report the value to the nearest thousandth. For P values greater than 0.20, please report the value to
the nearest hundredth. For P values less than 0.001, report as *P<0.001.”

Note the h df tion is NOT in th | e rdivren Sty it e e
O e e aza r u n C Io n I S I n e Avoid the tern ing to P values near but not below 0.05. In such instances, simply report a difference and the confidence interval of
probability scale

m trend w ng
the difference (if approp or without the P value.
software

Specify in the statistical analysis section the statistical software—version, manufacturer, manufacturer's location, and the specific functions,
procedures, or programs —used for analyses.

Cox models | When reporting the findings from Cox proportional hazards models:
= Do not describe hazard ratios as relative risks
= Do report how the assumption of proportional hazards was tested, and what the test showed,

What is hazard function? What is Hazard Ratio (HR)?

US National Vital Statistics (2002) US National Vital Statistics (2002)

Cumulative Incidence of Death Hazard (log-scale) Cumulative Incidence of Death Hazard (log-scale)

Probability
Probability
Log(Hazard)

| 1 CF p— )
20 40 60 8 100 0 20 40 60 s 5 = & & 0 " This is Proportional Hazards

age (year) age (year) age (year) age (year)
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Proportional hazard (PH)
assumption

 Ratio of two hazard functions (i.e.,hazard

ratio) is constant overtime Issues of HR

(Log-hazard functions are parallel)

» Basis of the valid inference of hazard ratio

Issues and concerns about hazard A numerical study for illustration
ratio estimate (1) , R
Consider two groups and their TR TRUE Survival

i i functions
... if the PH assumption is violated e el g E

Consider a censoring time

+ HRis NOT a simple average of the hazard ratio distribution
over time Generate 10 millions of (7',C, Z)

- HR ergnds on underlying. study-specific censoring Then, observable data (X, A, Z)
distributions (or follow-up time...) X = min(T, C)

A=1ifT<C
0 otherwise

Ex.
— If follow-up time are different, HR will be different
— If the rates of dropout is different, HR will be different Calculate HR with the

N observable data .| Censoring Time
What are we estimating? | Distribution

Survival functions “TRUE” Hazard Ratio
Typical censoring pattern in event-driven trials (1) HR=0.77
(2) HR=0.71
(3) HR=0.82

Non-PH
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Hazard Ratio
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Calendar time

=\ Study time

accrual follow-up

_| Study (1)
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Survival functions “TRUE” Hazard Ratio

ECOG myeloma study

| Proportional Hazards!

Hazard Ratio

Lenalidomide plus high-dose dexamethasone versus
lenalidomide plus low-dose dexamethasone as initial
therapy for newly diagnosed multiple myeloma:

an open-label randomised controlled trial

S Vincent Rajkumar, Susanna Jacobus, Natalie S Callander, Rafael Fonseca, David H Vesole, Michael E Williams, Rafat Abonour, David S Siegel,
Michael Katz, Philip R Greipp, for the Eastern Cooperative Oncology Group

Summary
Background High-dose dexamethasone is a mainstay of therapy for multiple myeloma. We studied whether low-dose
d } in combination with lenalidomide is inferior to and has lower toxicity than high-dose

plus lenal

. Study (2) . Rajkumar et al. (2010, Lancet Oncology)

_| Study (1)
T = = o

%

_ MM Example (ECOG E4A03 OS, low Dex vs. High Dex )
ECOG myeloma study (low- vs. high dose)

Survival function Hazard ratio

Low-dose In favor of high-dose

» A phase lll randomized trial to ' High Dose
compare low- and high-dose ’
dexamethasone for newly diagnosed
multiple myeloma

» N=445 (223 on high-dose, 222 on low- | Ralkumar (2010)

THE LANCET Oncology

dose) Xl ,

0 § 10 15 20 25 30 35 10 20 30

¢ One Of the endeintS WaS Overa” High: 223 210 200 189 180 172 124 90
SurViVaI Low: 222 218 214 208 209 193 147 96

o
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= ©
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g

I

In favor of low-dose
T

HR= 0.87 (0.95ClI: 0.60 to 1.27), p=0.46
How do we interpret 0.87 ??

Issues and concerns about hazard
ratio estimate [2]

o
If the PH assumption is

correct, then is the HR ok? No reference number

A HR is difficult to interpret clinically without
any absolute hazard to serve as reference
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Numerical examples:
» 3-year event rate
50% (Cont) > 40% (Treat) (the ratio is 0.8)

risk reduction from 50%
1% (Cont) > 0.8% (Treat) (the ratio is 0.8)

risk reduction from 1%

This is

This is

Median survival time

10 months (Cont) > 12 months (Treat)
This is 20% improvement from 10 months

Now, Hazard Ratio = 0.87?

This is 20% hazard reduction. But from what?

A numerical example...

N=10,000 in New treatment group
N=10,000 in Placebo group

Followed everybody for 10 years

Observed only 1 adverse event
around 5 years in each group

95% Confidence Interval of HR

Approvable; no need for
postmarketing study

Approvable; need for
postmarketing study

Not approvable

Superiority

Non-Inferiority

Non-Inferiority

Inferior

Underpowered

(0.1 to 16)

Non-inferiority Non-inferiority
Boundary Boundary
HR1.3 HR18

1 Upper limit of
1

/ 95% CI

.

Figure 1—FDA CV safety: CI bars. The FDA guidelines prov

Five hypothetical exampl

es of possible hazar

d ratios and the up

velopment plan are shown as well as the regulatory consequences of each outcome.

Hirshberg & Raz (2011, Diabetes Care) 2°

5

Issues and concerns about hazard
ratio estimate [3]

For a safety study:

When the number of events is small, the
hazard ratio estimate is very unstable and
the confidence interval is very wide, implying
that there is not enough information to make
a decision

... even if the PH assumption is correct

Guidance for Industry
Diabetes Mellitus — Evaluating
Cardiovascular Risk in New
Antidiabetic Therapies to
Treat Type 2 Diabetes

Issues and concerns about
hazard ratio estimate (4)

Generally it is incoherent...

—When the PH is correct in each subgroup, the
PH does NOT hold in the pooled sample except
some special cases

— When the PH is correct the pooled sample, the
PH does not hold in all subgroups except some
special cases

Adjusted and unadjusted analyses are estimating
different quantities each other

30
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Numerical example

Survival function by subgroup HR in the pooled sample

— st0, grp0

Probability
Harzard Ratio

HR=0.5 in each subgroup /

PH is CORRECT PH is INCORRECT

0.0 0.1 02 03 0.4

time

Summary of the issues of HR

If the modeling assumption does not hold
(usually it does not hold in practice), we do
not even know what we are estimating

No reference number for interpretation
Does not help much if rare event case
Incoherent

However, can we actually rule out
non-PH cases by statistical tests?

Testing the PH assumption
* Null hypothesis: “PH is correct”

+ Alternative hypothesis: “PH is NOT correct”
— If SIG > reject the null & take “PH is NOT correct”
— If NS - retain the null hypothesis

* N.S. does not necessary means the null hypothesis
(“PH is correct”) is true
» Also, if sample size is huge, the test will be sig. anyway
35

What is the implication?

No. Deaths/ No. Entered P of Interaction Often, we see HR
RT + Conc CT RT + Seq CT Hazard Ratio trend* test . P
: forest plots like this in
29273 21748 . . journals.... but

95/114 1001111
123/140 1221130
64176 106113

o457 azavaes ; If the PH is CORRECT
L ! with the pooled sample,
: the PH is INCORRECT
265/309 268/297 .
2sa091 278302 ’ in these subgroups,
; vice versa....

164/198 1811197
2541282 2441267
1021121 121135

1861221 2001220

Stage llIB 325/369 3331366

0.25 1.00 4.00

Auperin et al, 2010, JCO RT+Conc CT Better  RT + Seq CT Better

PH assumption cannot be correct in all of these

Checking the PH assumption may
be critical in practice...

» Check by your eye ball — (subjective...)
— Log(-log(S(t))) vs. t
« Statistical tests
— Include time-varying covariates in Cox’s model

— Goodness of fit tests
+ Schoenfeld residuals (Schoenfeld, 1982)
* Weighted residuals (Grambsh & Therneau, 1994)
+ Cumulative residuals (Lin & Wei, 2002)

Examples from recent
publications

. EPOETIN Safety Study

Leyland-Janes et al. (2016, JCO)
< Letter to the editor (JCO 2016; 34(3)1:3818)

. LABAs Safety Study

Stempel et al. (2016, NEJM)
< Letter to the editor (NEJM 2016;375(11):1097)
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Example 1: EPOETIN safety study Example 1: EPOETIN safety study

JOURNAL OF CLINICAL ONCOLOGY Noninferiority study (EPOETIN vs. BSC)

Primary endpoint: Progression-Free Survival

A Randomized, Open-Label, Multicenter, Phase III ( PFS)
Study of Epoetin Alfa Versus Best Standard of Care in

Anemic Patients With Metastatic Breast Cancer Receiving NI criteria: Upper 95%CI of HR < 1.15
Standard Chemotherapy

Bran Lyl fnes o Bandarerke, Gia Nemsds, Vil S, I Livi, ks Kol Planned total PFS events: 1,650 to achieve 80%

Lia Abshilava, Mikheil Janjalia, Rubi Li, C. Lakshmaiak, Beka Oksana Tarasova,
Ranjan Kumar Mohapatra, Yaroslav Sparyk, Sergey Polenkov, Viadimir Viadimirov, Liang Xiu, Eugene Zhu,

Bruce Kimelblatt, Kris Deprince, Iiya Safonov, Peter Bowers, and Els Vercammen Of pOWe r Wlth a O . 025 on e-Sl d ed al p h a |eVe|

A B S TRATCT

Purpose
An open-label, noninferiority study to evaluate the impact of epoetin alfa (EPO) on tumor outcomes

when used to treat anemia in patients receiving chemotherapy for metastatic breast cancer. Results: HR estimate [E PO/BS C] was

Methods

Women with hemoglobin = 11.0 g/dL, receiving first- or second-ine chemotherapy for metastatic 1 089 9 st'y CI 0 988 to 1 20 0
breast cancer, were randomly assigned to EPO 40,000 IU subcutaneously once a week or best . (] ] . .

standard of care. The primary end point was progression-free survival (PFS). Secondary end points

included overall survival, time to tumor progression, overall response rate, RBC transfusions, and
thrombotic vascular events,

Leyland-Janes et al. (2016, JCO) =

Example 1: EPOETIN safety study Issues of the HR here

PFS by treatment group . . . q
The PH assumption is violated (Cum. residual
N Event (%) Median 956% Cl
——BsC 1048 818(78) 74 711076 test: p<0001)

Epoetin alfa 1,050 841 (80) 74 691076

HR, 1.089; 95% Cl, 0.988 to 1.200

HR estimate [EPO/BSC]
1.089 (95%Cl, 0.988 to 1.200) is not
interpretable
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- Need some other measures that provide
2 3 4 s 6 70 s s 1 clinically interpretable and meaningful
Time Sliws Handom Assignment fnunths) information of the value of EPOETIN

. 1 106 42 22 12 7 5 2
Epoetin alfa 72 21 13 5 4 2 0

No. at risk
BSC

Example 2: Long-acting beta-agonists LABAs safety study for asthma

(LABAs) safety study for asthma patients Noninferiority study (fluticasone-salmeterol vs.

fluticasone alone)

Primary endpoint: 15t serious asthma-related
event

NI criteria: Upper 95% CI of HR < 2.0
Planned total events: 87 to achieve 90% of

power with a 0.025 one-sided alpha level
(Total planned sample size: 11,644)

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Serious Asthma Events with Fluticasone
plus Salmeterol versus Fluticasone Alone

David A. Stempel, M.D., Ibrahim H. Raphiou, Ph.D., Kenneth M. Kral, M.S.,
Anne M. Yeakey, M.D., Amanda H. Emmett, M.S., Charlene M. Prazma, Ph.D.,

Kathleen S. Buaron, B.S.N., and Steven J. Pascoe, M.B., B.S.,
for the AUSTRI Investigators* Results: 67 events (N=11 ,679)

HR estimate was 1.03 (95%ClI, 0.64 to 1.66)

Stempel et al. (2016, NEJM) ,,
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Probability

High: 223 210 200 189 180 172 124 90

LABAs safety study for asthma

Fluticasone-salmeterol

Fluticasone
alone

Probability of Freedom from End Point

Month

No. at Risk
Fluticasone—salmeterol 5834 5798 5761 5731 5707 5671 5625 527
Fluticasone alone 5845 5811 5770 5726 5695 5669 5621 529

Stempel et al. (2016, NEJM)

Alternatives to HR

(1) t-year survival probability

Example (ECOG E4A03 Myeloma)

Low-dose
High-Dose

e

s
o
©
o
s
=]
N
=1

=
=]

Low.

Survival function

S1(t) — So(t)
S1(t)/So(t)

1-year?
2-year?
3-year?

R

0 5 10 15 20 25 30 35

222 218 214 208 209 193 147 96

Issues of the HR here

* No clear reference value to assess if the
observed increase of hazard indicates a
clinically important difference

95%CI of HR (0.64 to 1.66) met the pre-
specified NI criterion. However, not clear
that a possible 66% increase of hazard
would be acceptable clinically to make
such a claim because of no reference
value

What are alternative measures that do not have

shortcomings of the HR?

Example (ECOG E4A03 Myeloma)

Low-dose Survival function

High-Dose .
° “ assumption on the
s relationship between
g two survival time
< distributions
have a clear baseline
reference

Desirable measures...
have no strong

Probability

N
o
=
=1

0 5 10 15 20 25 30 35

High: 223 210 200 189 180 172 124 90
Low: 222 218 214 208 209 193 147 96

(2) Median survival time

Example (ECOG E4A03 Myeloma)
Low-dose
High-Dose

Survival function

Probability

Sometimes this is
inestimable...

5 10 15 20 25 30 35

High: 223 210 200 189 180 172 124 90
Low: 222 218 214 208 209 193 147 96
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(3) Restricted mean survival time (RMST) (3) Restricted mean survival time (RMST)

T T T

/ S1(u)du Interpretation: / S1(u)du / So(u)du
0 If you follow-up patients 0 70

on low-dose for 36m,

patients will survive 32.5

months on average

(T—year life expectancy)

Low-dose Low-dose high-dose

32.5 months 32.5 months : 30.3 months

\el(=H

RMST is estimable even
when median survival
time is inestimable

00 02 04 06 08 10
00 02 04 06 08 1.0

(3) Restricted mean survival time (RMST) (4) Restricted mean time lost (RMTL)
Difference in RMST: 2.2 months (0.95CI: 0.5 to 4.0, p=0.014)

Low-dose high-dose Low-dose -

RMTL = 7 - RMST

32.5 months Area above the

32.5 months 30.3 months )
‘ survival curve

00 02 04 06 08 10

=]
@
=}
©
=]
=
S
]
IS
=
o

(4) Restricted mean time lost (RMTL) Ratio of RMTL and HR

Ratio of RMTL: 0.61 (0.95CI: 0.42 to 0.90, p=0.013)

o When the event rate is low and the event
Low.dose — time distribution is exponential, the ratio of
57m RMTL will be close to the HR

32.5 months 30.3 months foT 1 - e_Altdt -~ f()T Aitdt _ ﬁ
Jo 1—eMotdt [T Xgtdt Ao

00 02 04 06 08 1.0
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Results of the RMST (RMTL) analysis
with the ECOG Myeloma data

Low High Difference RET{)
dose dose (0.95 CI) (0.95 CI)
RMST 325 30.3 2.2(0.5,4.0) 1.07 (1.01, 1.14)

(36 months)
P=0.014

RMTL . . -
(36 months)

P=0.015
0.61 (0.42, 0.90)

P=0.013

Revisit EPOETIN safety study

A Randomized, Open-Label, Multicenter, Phase III

Study of Epoetin Alfa Versus Best Standard of Care in
Anemic Patients With Metastatic Breast Cancer Receiving
Standard Chemotherapy

Brian Leyland-Jones, Igor Bondarenko, Gia Nemsadze, Vitaliy Smirmov, Iryna Litvin, Irakli Kokhreidze,
Lia ana

7k S :
oo, ot Bowers, and El

A B S TRATCT

Purpose

An zpenr!abe\. noninferiority study to evaluate the impact of epoetin alfa (EPO) on tumor outcomes
when used to treat anemia in patients receiving chemotherapy for metastatic breast cancer.
Methods

Women with hemoglobin = 11.0 g/dL, receiving first- or o therapy for metastat
breast cancer, were randomly assigned to EPO 40,000 IU subcutaneously once a week or best
standard of care. The primary end point was progression-free survival (PFS). Secondary end points
included overall survival, time to tumor progression, overall response rate, RBC transfusions, and
thrombotic vascular events

Leyland-Janes et al. (2016, JCO) s

ReV|S|t EPOETIN safety study

PFS by treatment group

N Event (%) Mediar es%cw
BSC 1088 B80H 24 70
Epoetin alfa 1,050 841(80) 7.4 5910 75

HR, 1.089; 96% Cl, 0.988 10 1.200

Non-PH
Cum. Res. Test: P<0.001

% of Patients Progression Free and Alive

10 20 30 40 50 60 70 80 920 100
Time Since Random Assignment (months)

1048 299 106 42 2 12 7
Epoetin alfa 1,050 283 72 21 13 5 4

1 [

5 2
2 o o o

Leyland-Janes et al. (2016, JCO)

HR: 1.089 (95%ClI, 0.988 to 1.200)
What if we used RMST?

IREPTHR Y -

Go back to the two examples

1. EPOETIN Safety Study

Leyland-Janes et al. (2016, JCO)
< Letter to the editor (JCO 2016; 34(3)1:3818)

2. LABAs Safety Study

Stempel et al. (2016, NEJM)
€ Letter to the editor (NEJM 2016;375(11):1097)

Revisit EPOETIN safety study

Noninferiority study (EPO vs. BSC)
Primary endpoint: PFS
NI margin: HR 1.15

Planned total PFS events: 1650 to achieve 80%
of power with a 0.025 one-sided alpha level

Based on their analysis results, the authors
concluded that “Overall, this study did not
achieve the noninferiority objective in ruling out
a 15% increased risk in PD or death.”

EPOETIN safety study

BSC Difference Ratio
mm
RMST 114 -1 5 1 04
(48 months) (-2.6,-0.5) (1.01, 1.07)

P=0.004 P=0.004

RMTL 38.1 : 0.87
(48 months) (0.79, 0.96)
P=0.004

These are clinically interpretable and
meaningful information of the value of EPO

Ref: HR: 1.089 (95%ClI, 0.988 to 1.200)

e 22 L9,



Revisit LABAs safety study

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Serious Asthma Events with Fluticasone
plus Salmeterol versus Fluticasone Alone

David A. Stempel, M.D., Ibrahim H. Raphiou, Ph.D., Kenneth M. Kral, M.S.,
Anne M. Yeakey, M.D., Amanda H. Emmett, M.S., Charlene M. Prazma, Ph.D.,
Kathleen S. Buaron, B.S.N., and Steven ). Pascoe, M.B., B.S.,
for the AUSTRI Investigators*

Stempel et al. (2016, NEJM)

Revisit LABAs safety study

Fluticasone-salmeterol

Fluticasone
alone

-
5
&
°
&
u
§
&
E
S
b
g
w
‘s
2
B
S
E
3
a

No. at Risk
Fluticasone-salmeterol 5834 5798 5761 5731 5707 5671 5625 527
Fluticasone alone 5845 5811 5770 5726 5695 5669 5621 529

HR: 1.03 (95%CI, 0.64 to 1.66)
What if we used RMST?

Message of our letter

HR 1.03 (95%CI, 0.64 to 1.66) met the pre-
specified NI criterion. However, not clear that a
possible 66% increase of hazard would be
acceptable clinically to make such a claim.

For a safety study, using HR may not be
appropriate.

For example, RMST difference, 0.1day

(95%CI: -0.3 to 0.5 days) has a much clearer
clinical interpretation than the HR.

With this measure, a much smaller study size
could be sufficient for a non-inferiority claim.

JHE TR

Revisit LABAs safety study

Noninferiority study (fluticasone-salmeterol vs.
fluticasone alone)

Primary endpoint: 15t serious asthma-related
event

NI criteria: Upper 95% CIl of HR < 2.0

Planned total events: 87 to achieve 90% of
power with a 0.025 one-sided alpha level
(Total planned sample size: 11644)

Results: HR in the fluticasone—salmeterol
group was 1.03 (95%Cl, 0.64 to 1.66)

Results of the RMST (RMTL) analysis
LABAs safety study

Ratio
(0.95 Cl)
1.001
(0.999, 1.002)

Difference
(0.95 CI)

0.1
(-0.3, 0.5)

Flu alone
(days)

209.2

Metric

RMST
(210 days)

209.3

RMTL
(210 days)

0.7 0.8 0.858

(0.504, 1.461)

These numbers would help us understand the
treatment difference much better
(ref. 95%CI of HR was 0.64 to 1.66)

What if a smaller study?

95% confidence intervals for various measures

All data
N=11,679

50%
N=5840

25%
N=2920

20%
N=2336

Hazard Ratio (0.64,1.66) (0.51,2.00) (0.38,2.78) (0.00, 1.14*10'")

Difference in RMST
at Day 210 [days]

(0.3,0.5  (-0507) (0.7,0.9) (0.7, 1.0)

7

Maybe already tight enough
to make a NI decision
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A standard practice... What about testing?

* Logrank test

Description Kaplan-Meier — Robust

1 — Most powerful under PH alternatives
— PL score test in Cox’s PH model

Log-rank test » Model-free measures can be used for testing
(conversion to test)
| — Robust
Estimation ) — RMST-based tests are comparable under PH
Estimate HR and outperform under some non-PH cases
of treatment by Cox reg

effect — Estimation (or a clinically interpretable metric)
and testing will be coherent

* Meta-analysis
— fixed-effect, random-effects models
— censored data

Problems of some other
routinely used methods - Are unadjusted and adjusted analyses

estimating the same thing?

Conclusions Remarks

» Almost routinely, the HR is used to Move beyond the comfort zone

summarize the treatment effect, but the HR + Some methods have become routine, but some
estimates may not provide clinically of them have significant limitations regarding
interpretable information with respect to rebustnesstandiciinicalinterpretability
risk-benefit perspectives It seems that investigators tend to choose routine

) methods without giving adequate considerations
* Robust alternative measures (e.g., RMST A

diff Id b ful to these issues in practice
fierence) wou & e Continuation of such trends may ultimately slow

the advancement of clinical research on public
health

WS - SR 2SR L E Y,
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Computer codes

LU A e G M SellEE R package for study design using RMST

Computer programs are available on 3 major platforms

* R: survRM2 package SSRMST (sample size calculation using RMST)

« Stata: strmst2 command https://cran.r-project.org/web/packages/SSRMST/index.html
(Cronin, Tian, and Uno, Stata Journal, in press)

* SAS: SAS macro %rmst2 Description: The package calculates the study sample
N ) ) size and power in designing clinical trials using the
visit my website: http.//bcb.dfci.harvard.edu/~huno/ differences in restricted mean survival times (RMST).

What you can do with these packages: - Superiority test

+ Two-sample comparison based on the RMST - Non-inferiority test
(difference in RMST, ratio of RMST, and ratio of RMTL)

* RMST regression
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LIFE BEGINS AT

THE END

OF YOUR

COMFORT ZONE

= NEALE DONALD WALSCH

Choice of 7 Choice of T (ad-hoc)

* In a confirmatory study, = should be pre- When choosing T a posteriori, we will need
specified some objective rule....
* The choice would depend on
— clinical motivation or interest (short-term?
Long-term?)
— Follow-up time of the study
— Precision at the tail part of the KM curves

For example,

» Based on “effective sample size” (Karrison,
1987)
Choose the largest ¢

s.t. Ngpr(t) > 2N, where
Note: Others measures (incl. HR) also have prF(t) 3

a T implicitly. Extrapolation beyond the end Nerp(t) = S@)(1 - S(t)/V{S(t)}
of the study followup is always a challenge «

Interim AnalySiS with RMST Ref. Annals of Internal Medicine, Guideline for Authors

http://annals.org/public/authorsinfo.aspx

LAl .\ Annals of Internal Medicin x \__Y

* Murray and Tsiatis (Biometrics, 1999) showed —
the independent increment structure of RMST Statistical Guidelines
when a common t is used for all interim and i
final analyses

from Cox proportional haz:

When the T Changes across the planned 7 S hazariw:a;tiio;né:; :;i:t):;;f;imzardsw ed, and what the te:
analyses, simulation methods will be used to
maintain the type | error

Again, T's should be pre-specified and should be
clinically motivated
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Reconstruction of
individual-level data

* Guyot, P., Ades, A. E., Ouwens, M. J., & Welton,

N. J. (2012). Enhanced secondary analysis of
survival data: reconstructing the data from
published Kaplan-Meier survival curves.

BMC Medical Research Methodology, 12(1), 9.

Statistical Test
& Estimation

N eWS Promoting the Practice and Profession of Statistics

732 North Washington Street, Alexandria,VA 22314 « (703) 684-1221 +Toll Free: (888) 231-3473 « www.amstat.org * www.twitter.com/AmstatNews

AMERICAN STATISTICAL ASSOCIATION RELEASES STATEMENT ON
STATISTICAL SIGNIFICANCE AND P-VALUES
Provides Principles to Improve the Conduct and Interpretation of Quantitative

Science
March 7, 2016

The American Statistical Association (ASA) has released a “Statement on Statistical Significance

and P-Values” with six principles underlying the proper use and interpretation of the p-value
[http://amstat.tandfonline.com/doi/abs/10.1080/00031305.2016.1154108#.Vt2XI0aE2MN]. The ASA
releases this guidance on p-values to improve the conduct and interpretation of quantitative

science and inform the growing emphasis on reproducibility of science research. The statement

also notes that the increased quantification of scientific research and a proliferation of large,
complex data sets has expanded the scope for statistics and the importance of appropriately
chosen techniques, properly conducted analyses, and correct interpretation.

Alternatives to the hazard ratio in survival
analysis — moving beyond the comfort
zone (FDA, Aug 28, 2016)

e A ‘\ /. -
Short Course Explores Survival Analysis | Department of
Biostatistics | Harvard T.H. Chan School of Public Health

Short Course Explores Survival Analysis The primary goal for conducting clinical
studies is to obtain robust, clinically interpretable results with respect to...

Statistical test

* Gives an answer

SIGNIFICANT (p<0.05) or NS (p>0.05)

« It nicely fits situations where we need to

make a decision

The statement’s six principles

P-values can indicate how incompatible the data are with a
specified statistical model.

P-values do not measure the probability that the studied
hypothesis is true, or the probability that the data were
produced by random chance alone.

Scientitic conclusions and business or policy decisions
should not be based only on whether a p-value passes a
specific threshold.

Proper inference requires full reporting and transparency.

A p-value. or statistical significance, does not measure the
size of an effect or the importance of a result.

By itself, a p-value does not provide a good measure of
evidence regarding a model or hypothesis.
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Test results and 0.95CI Test vs. Estimation

NS ‘ FI Effect size is small?
' * Clearly, ClI (i.e., estimation) is more

NS Sample size is small?

P<0.00001 * i
Effect size may be

informative than p-value (i.e., testing)

I larger than (3) « However, generally, estimation is more

P<0.05 i 1

NS does not imply no
difference

]
D

Treatment effect

(eg, Risk Difference)

No difference 91

Example: Hazard ratio (HR)

Test: If the treatment assignment is
randomized, testing the null hypothesis (no
treatment effect; HR = 1) is valid even if the
modeling assumption is wrong

— Non proportional hazard

— Covariate omission in the Cox model

— Wrong functional form of covariates

Target-population

challenging than testing...

e.g., Common treatment effect

in this population

(what we want to know)

Point estimate  Confidence interval

| N A A
Estimation: The correct model specification Q m 9 (0,0u)
4 \

is the basis of the valid estimation of HR

What would be important for estimates
to be clinically useful information?

. Generalizability: the target population should
be clear, and the estimate should be
generalizable to the target population

. Validity: i.e., the estimate should be estimating
what we want to estimate

. Interpretability: i.e., we should be able to
assess if the estimated treatment effect is a
clinically meaningful difference or not

HEWTSE - BT 228 L E T

Assumptions




