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Introduction

Clinical Epidemiology
Clinical Research Training Program in Mayo Clinic

Asan Clinical Research Education/Training Program
(ACREP)

Designing Clinical Research

— Randomized Controlled Trial (RCT)
— (Prospective) Cohort Study

— Case-Control Study

— Historical Cohort Study

Historical Cohort Study Design



Clinical Research # Clinical Medicine



Clinical Research =
Clinical Medicine + Epidemiology

= Clinical Epidemiology



Clinical Researcher =
Clinician + Epidemiologist

= Clinical Epidemiologist



Clinician: Consumer
Clinical Epidemiologist: Producer

of Research Information (Evidence)



Hierarchy of Clinical Studies
- Evidence Levels -

A Strongest Evidence

Prospective
-
Historical

In vitro (test tube) research WeakeSt EVidel’lce




Fundamental Concept of Clinical Research

- Population vs. Sample -

 The uncertainty about something in the population that the
Investigator wants to resolve by making measurements on his
study subjects (sample).

We want to know aboul these We have these to work with

F % — X
KEOop X ) ko k
*1(% )rfﬁ o At

Inference
Parameler .[,.! g X Stalistic

(Population mean) (Sample mean)

Hulley SB, Cummings SR, et al. Designing clinical research, 2nd ed.
Lippincott Williams & Wilkins: Philadelphia, PA, 2001.



Physiology of Clinical Research

Infer (
Truth in the Universe LFindings in the Study
External Validity Internal
(generalizability) Validity
Drawing Truth in Infer Findings
Conc|usions the the StUdy <€ |n the

Universe

Study

Designing
and
Implementing

Actual

Research
Question ' Implement Study




Caution in Assessing Causality
- Association vs. Cause -

Explanation Association
z/\
Bias in selection Yes No

Oor measurement n’\

Chance Likely — Unlikely
2N\
Confounding Yes No
2N\
Effect > Cause Yes NO\x
Cause Cause

Fletcher RH and Fletcher SW. Clinical Epidemiology, 4th ed. Lippincott Williams & Wilkins: Philadelphia, PA, 2005.



Advantages & Drawbacks
of Observational Studies

« Main advantage: Feasibility
— Participants
— Research fund
— Time
 Drawback: Possibility of misleading conclusions
— Random error (Chance)
— Systematic error (Bias)
— Confounding
— Effect-cause



Chance (Random Error) vs.
Bias (Systematic Error)
« Chance

— Arandom departure from the truth
— The average of measurements

Influenced by chance alone would Tox o
reflect the true average value. @ (ivaarteral cannula) (sohygmomanometer)
— Either direction ~§
— Solution: increase the sample size 2
O
. (o}
¢ BIaS g <+—— Chance —*
— A systematic depgrture from the truth § A ——
(error) due to design or measurement - -
characteristics. Diastolic Blood Pressure (mm Hg)
—_— The average Of blased Figure 1.2. Relationship between bias and chance: Blood pressure measurements

by intraarterial cannula and sphygmomanometer.

measurements would not reflect the
true average value.

— One direction

— Solution: better design

Fletcher RH and Fletcher SW. Clinical Epidemiology, 4th ed. Lippincott Williams & Wilkins: Philadelphia, PA, 2005.



Confounder

Positively Positively
Associated Associated
(Increases Risk)

Alcohol ,
(Exposure) (Disease)
Negatively
Associated

(Decreases Risk)




Preventing Non-Causal Associations
in Observational Studies

Chance, Bias, Effect-cause, Confounding

In general, the further one departs from the randomized trials,
the less the research design protects against possible biases
and the weaker the evidence is for a cause-and-effect
relationship.

Judge the validity of an observational study by considering
how a randomized controlled trial of the same question would
have been conducted.

To deal with extraneous differences between the groups so as
to mimic as closely as possible in RCT.



MAYO CLINIC

College of Medicine 1
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Clinical ";7
Research * :_
- Training
Program ? :

“educating a new generation of clinical investigators to

bring discovery into practice” &
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MAYO CLINIC
College of Medicine

Mayo Clinic
Center for Translational Science Activities
(CTSA)

* CTSA Research Resources
* CTSA Community Engagement
* CTSA Service Center

e CTSA Education Resources — Dr.
Sherine Gabriel, Director
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MAYO CLINIC
College of Medicine

Mayo Clinic
Center for Translational Science Activities
(CTSA)

*CTSA Education Resources
*Predoctoral Programs
*Postdoctoral Programs
*Certificate Program (CRTP)
*Master’s Degree (CRTP)
*K12 Career Development Program
*CRC & Continuing Education Programs
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MAYO CLINIC o o
College of Medicine M. ayo C lln IC ,S CR 1P

Goals:

® To train independent investigators prepared to
carry out outstanding extramurally-funded
patient based research

® To enhance clinical research skills for Mayo
faculty as a whole

18




MAYO CLINIC

College of Medicine

Scholar Enrollment

2000 {2001 |2002 |[2003 (2004 |2005 2006 | 2007 | Total
Admit / 19 44 37 45 47 58 18 276
Comp 2 11 15 17 22 25 2 99
W/D 1 3 2 2 3 2 0 12
Current 148

19

Program Fee implemented in 2005

$7000 (MS) $3500 (Cert)




ﬁéﬁi‘éi?f%‘.ﬁ.ic CRTP Scholars

1696 Jr. Faculty
8490 Trainees

by Appointment Type

W Clin Fell
B Res Fell
PoBac
B MdSt
RA
& Other

(n=148)
36%0 Clinical Fellows
189% Research Fellows




colegeartieaane . CRTP Competencies
Critically evaluate the medical literature
Articulate the ethical & legal responsibilities
Develop feasible and testable hypotheses
Design and conduct a clinical research project
Write grant proposal

Publish research results

21




("@7 O GG CRTP. Competencies

Orally present research results
Articulate and apply appropriate study designs
Utilize appropriate biostatistical methods

Understand the peer-review process

See complete listing on pages 3 and 4
In CRTP Scholar/Mentor Manual
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@ MAYO CLINIC
\/ College of Medicine

CRTP Outcomes

Career Development Awards (K Awards)
Intra- or Extramural Funding
Publications, Presentations

Academic Rank
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Y

cotegearmediane . \\hat is CRTP?

® Certificate Program - CPOR
e 12 credits - 3.0 GPA

e Mentored research project resulting in a manuscript

Can be completed in one year or more

@® Post-Doctoral Master’s Degree - MGS

24

24 credits - 3.0 GPA

Comprehensive written exam

Mentored research project resulting in a thesis
Final oral exam (thesis defense)

Can be completed in 2-7 years




MAYO CLINIC

College of Medicine Required Courses for the
Master’s Degree - 17 credits

«Biostatistical Methods | & |11

«Statistics In Clinical Research
(Certificate only)

Critical Appraisal of .
Statistical Methods In the
Medical Literature

Clinical Epidemiology | & I

TAYo \VZ=Tgle=To AN o] o] [ [0
Epidemiological Methods

25

Intro to Clinical Research

Clinical Research Protocol
Development

Responsible Conduct of
Research

Clinical Trials: Design and
Conduct

Regulatory Issues in Clinical
Research

Required Courses for the Certificate Program: 8 credits



Cotessot Micaicne~  Certificate Completion

* 12 didactic credits (including 8 required)

* Grade point average of 3.0 (check transcript)
* Workshop - Publication

* Manuscript

* Current CV
°* Mentor’s summary statement

26




etz wisdiome —  Master’s Degree Completion

* 24 didactic credits (including 17 required)

* Grade point average of 3.0

* Two Workshops-Grant Writing/Publication
* Comprehensive Written Examination

* Theslis

* Final Oral Examination

* Current CV

27




MAYO CLINIC
College of Medicine

“The research we do today will
determine the type of medical and
surgical practice we carry on at the

Clinic tomorrow.”’

-William J. Mayo, M.D.

28




A+ w5 F2 ACREP W/S
Jt1I9§I. 2017-05-26
2017 z5:25"

(%i‘o’?_‘? HAHAM EHEE) lDEA
VHATALHAAE $5 AT A74 P& BH2 ) 92408 ofle} ol AT

ol YA A STk A7) AE STA AL W8-S oFF 47 AT ARk

_ : P
QAFAT ARo] FRG Ak} E¢9} o8k Hofo] EH‘-’J“‘]' -—l‘i}%-ﬂl‘ib—} 257} T AL el AMC Clinical Research Education-Training Program
| A3k oli= OIAMA|SHC| H|H
2 Al 20104 78 9%U(E) 9:00%16:50 3 U= BeAlFL v - :
BE A:SDEE Az | How Can We Run a High-impact Clinical Trial? |
W A Men AR '
(2%, eiams, g smeanas B~ il
N 4 6E 1) ~ 68 28 *r%;re 120 R, : Sigg - o $
C IR TV L] : £ = R ) = 2
— W -S4 20174 5% 262 () 08:55 - 17:25 M

(e : APYITFET OlRal,
B XM Z2TR LS }L'%;“éismm Bl T AR i . AsanNet AIAE 2 QIAro|ad A EHIO|X| T
7| R2 | AP S FXI0l Bteto] MK Gl 25 Xﬂ-‘- [ B2 MSEX| ELict
()

20174 48 102(Y) ~ 52 19Y(B) / APIS EQIol| w2t 7] ok & 4 Q1S

Lecture Title | Instructor
ZA NECE
oIkt 203 (e[St -
Introduction of ACREP W/S SH= (327 | 08:55~09:00 (ioen\ng Remark ft’Q\EHHHOW@%%‘%’ |efntahyS
Writing clinical research protocol T (Agah e e
Ch - saclinical h ti ol M (ABL7|LHTN 09:30~10:00  Clinical Trial / Study CIXIQ! verview : QYAPXIC| Y S|t MSOraE ! LT eRERI
LOSING: 2 OO GG IESEdIEl QUESIOL ESo s 10:00~10:45  Clinical Trial / Study CI9l 2 2AI2 9/t 7% wimsi 9.4 SUoIT) MESoR IRl olstS st 1k
--------------- s 'Bregk P 10:45~11:00  Break
Introduction to clinical epidemiology A= (S57|H42) 11:00~11:30  Clinical Trialoll42] DSMC, Study Monitoring % Interim Analysis  SAto|cH Aj20ttiel ojstS st ofzis
Descriptive and Analytic epidemiology, Type of data | Z3Fg (JstEAIsta}) 11:30~12: HZHQICH | 1744 : Expert Tips B L
Bias, Confounder, Effect modifier 0|24 (eJst=7stah 12:00~13: Lunch
_Intention—to—treat vs. Per—protocol analysis 0|23 (QlstSHsa) %M-OE,I.H[ 2 o
Lunch 13:00~13: NECA NHCR $17H|E 2| i) A2 2 HE2A MR WL FEY
Cohort study, Prognostic/Survival study design UFA (ASL7|LHa 13:20~13: NECA i&o17H| 27K 2 $H2E710| 2ARRUNECA) 142
Clinical trial design SIS (AELHa 13:50~14: NECA H7io|24le|o]e| #R2S £t %17 710 2RI UNECA) TP
Cross—sectional study, Case—control study design e (g 14:20~14:35  Break
Overview of clinical study design UM (AL |LH}) 14:35~15: Industry 28] 8IS Ato|ch MOt ALYt oleHE:

&
9|

2 2
o|ch AZOoktel
OICH MZ0H A

Break 15:05~15: QALY QA1 ] B
Risks, Ratios, Prevalence, Incidence / Odds ratio,

2 rx

SiEstot o
uolEin HAE

i | no no Mo

? : 4 21319 (Qlat=EA |8t 15:20~15: Al H2 Regulatory Issue Update AN e
o=o i =i iy e =

Relative risk, Hazard raio oA 15:50~16:20  QIAIFITE{0] ChE 0[5 2 174 Planning & 5He % SAIST) S0P ARC ZIAl0Y

Sensitivity, Specificity, Predictive values St5e (QEiSAIE T T T

QMA (O|SHEH|SHD
_Cpnflgien_ce_lnterval and HypOTheSIS testlng I (_|g,o71[9,_1,}) 16:20~16: Registry-Based Pragmatic Trial
__________ Break S 16:50~17: Screening / Surveillance Strategy Trial

Data management S (557|441 17:20~17:25  Closing Remark

To get papers accepted N |oumals S (AELTh +NECA : 8H=22712|2 ¢ 2(National Evidence-based Healthcare Collaborating Agency)

Q&A ALL <

Closing remarks FEENEES] TR l‘ MEOtLIE R A7 X|E O] M7| Ated i MEOHHEa AYoEIFTA

g ] = 5 02-3010-2517 sunki@amc.seoul kr Asan Medical Center  Clinical Research Center

Close




H23] W/S (2012-01-13 ~ 14)

M12] W/S (2011-07-09)

<
+ o o (@] o
Slem|lo| o| 3| 3|
m o (Co) o LN —
(]
o
C
S
J |2
o8|
ol o | o
- - <0 o
0 | o + =
Kr| <l | <l =
/O O
o OF | MJ | T €
H B 3
(e LN — Al o
i
M
MH
=]
10
pal
- N~
SEI<E| | S| =| || oH
ENNE = ol | H| M =
k| KA ur| | =g HO| K| 8|
<0| <0 ~0 & | oo
ol| a0 mn 51| %l




2016 ACREP Protocol Writing Workshop

AKXt 2016/10/7(2)
~ 10/8(E)

2 FHE S0
00000

7CI-A-| O|°_| 15 H

(Mentor: 6 & /
Mentee: 7 &)

Peer review of
clinical research

protocol

5. Mentee E7} (AFAZA 2 o HS)

AFALA | ATALA | =g .
No. A CHE e Bds | HFHT | L4 | Group E7)A}s}
@asd) | @28 P =4

1 300 | 492 | 1486 | 1 | 1x |=oH/7|g3A FH IbS

2 3.25 4,78 14.57 2 1%

3 3.00 4.41 1383 | 3 2%

4 2.00 4.14 13.29 4 1z

- _ '3'.0(3 o e T =

6 2.6 67 4.41 13.17 5 oy

7 2.50 3.92 12.86 | 7 -

8 2.33 4.00 12.33 8 2z | 9l A2 FAH
AEAL A3 79 SF
D AR S 64 A 7|%)

=4 A5 BE)

= wFo disl] iAo ® wkEsiet 5.00
2 252 W go] 8ol Hdrt 4.86
e AT FEE AL e TR Fue ~70g Agshsih 4.57
IS 219 7 S WS Al Z 4.57
ool e FR7F FEskdvh 3.71
B a5 A el dsl vk et 1.86
2 0 g g 7 e A ef s vk gt 4,57
B afs TR F31F Flo|} 4.57
W50 A 7|8} 3 A The]] vEE: gt 4,00

2) &% w&ol i At oA 5 A ALd)
(1) 2+ 2=

- Mentor&Mentee Workshop & Efjof] ofj sl =f-$-

&= sl
L =




Anatomy of Clinical Research
- PICO -

Patient / Population / Problem (among )
Intervention / Exposure (does )

Comparison (versus )
Outcome (affect )
Outcome
\\ Intervention / Event (a)
QY / N\ No Event (b)
el [Assigned-alocation]
Population
S
. /// \ / Event (c)
/ Control \ No Event (d)
—

Time



Randomized Controlled Trial
: Gold Standard of Clinical Studies

Clinical Trnial Structure
POPULATION INTERVENTION OUTCOME
YES

Treated group

A NO
Randomization

YES

Control group

NO



Feasibility

Research Fund

Number of subjects

— Appropriate population & number of subjects
Investigator

— Adequate technical skills, experience, & equipment
Scope

— Manageable in scope

— Problems often arise when an investigator attempts to
accomplish too much.

— Narrow the scope of the study and focus only on the
most important goals.



Research Question from Clinic

Background:

— [ ZERNHCC) =& = 2f 50%2| 2tX=0| 3H Lo XHH
(important unmet need!)

— ZEMI R 2HRHE 2| 2F 70%= B B M 2HE



Hypothesis and Research Question

UNZSY += 0|2 58 BIIIEO| X[HEH H9
MZ Ol == AO|L.

Does early (< 3 month after resection) oral daily use of
anti-hepatitis B viral agents (lamivudine or entecavir; I) in
patients who undergo first curative surgical resection for
early stage (stage 0 or 1) hepatocellular carcinoma with
hepatitis B viremia (HBV DNA > 2000 IU/mL; P) reduce
the rate of HCC recurrence and patients’ death (O)
compared with no treatment (C)?



O] EE0| 2 G+ EN 7HX|7} U =712

» Literature Review
— Literature (Pubmed...)
— Ongoing studies (Clinicaltrials.gov...)

* FINER test
1. Feasible
Important and Interesting
Novel
Ethical
Relevant

s~ wbN



Study Design
- Prospective RCT -

* PICO model

1. Patients
— HCCe| HX 22N =H BNz &= 2=
2. Intervention (£2H2| Hi )
— Antiviral treatment (ex, Entecavir)
3. Comparison (F22| Hi &)
— No antiviral treatment
4. Outcome of Interest

— HCC recur (by F/U imaging)



Study Design
- Prospective RCT -

Outcome
Intervention / Diseased (a)

\4 Not Diseased (b)

Study [Assigned-alocation]

Population

/ Diseased (c)

/ No Intervention _
Control Not Diseased (d)

—
A7 3



Study Design
- Prospective RCT -

* Feasible?
— Sample size >> n=200
— Fund; =9
— Study duration (3-55 0] 4)
* Ethical?
—OJ&tXOoE H 80| 0|0 | ME = B
R, BEAHE 7|&0| E[= 255 20
=l PSir




Study Design
- Prospective Cohort study -

2016/7/1 2B HCC =& & o= B = 2HX= Skl
7822 YEoH Sty CTEAIS Al
A LK

— M 1EH7H 37 7HA
_2ERY O|=: g7 Y 7+HA

Outcome

Exposed < Diseased (a)
\4 Not Diseased (b)

= L- 1
I:II- = Al 74 Al- [ Self-allocation |
— CT, AFP, LFT, PT 7
. Non-expose?\ Not Diseased (d)
Intervention

— Antiviral treatment (Entecavir)

_ XE KM AR T = SHRIQF A X| UL SRS 9

S .
MESs Bl

=AM E: bias (7 A& 252 40| L& 7ts80] &L)



Study Design
- Prospective Cohort study -

==, =2 AOCL T o2+
S 2%t event (outcome, ZHATHEH O] LIEILE S
=M 220 Chot CHHTEF FM0| 7hsole =
=10 eventd 1712 HM EM0| £EU7LS!
» HCC =72t 1003 2| 2tXAtS 3 ¢ 2HAOHLHH
— 50%2| Ol & X E &
— 570 2| ==& CHHZFE M(logistic regression analysis or
Cox PH model)0fl &€ 7ts.
o Al 2|2 3E O] 2| A[ZHO| A2 F,

o %“:'H—f Eg% §I_Uq'=2 0'||j|-|_|- Q 2 = OF XX J}Xkto



Study Design
- Case-Control study -

Predictor Diseased
Exposed (a) \ (Patient)

Not Exposed (b) / \
Study
Population
Exposed (c) \ ),

Not Exposed (d) [ Not Diseased
(Control)

Start with the diseased / not diseased and collect past exposures




Study Design
- Case-Control study -
. 2tX}(Case)
— 2011/1/1-2012/12/31 AIO|0f| HCC == = A&t
SIA=2 ZASHY HE2 =2fe
. [ Z=(Control)
— 2011/1/1-2012/12/31 AIO|Of| HCC == & X|&USHXA| =2
SIA=2 ZASHY HE2 =2f-
— 34 B =X} 5 B E X2
e SO HE=1:1-1:4
. S EHO| BR} 7|2/ HAFA T FAL H| I B A
(YHIO|HAKN AIE AL H| =0 2|2t XHO| 7t




Cohort Studies
Prospective vs Historical

Past Present Future >

Prospective

Cohort Cohort

| >» Outcomes
assembled E/U

Historical

Cohort  Cohort

assembled >» Outcomes
F/U

The logic of these two types of cohort studies are identical.
. the exposures are known before the outcome is known.



Study Design
- Historical Cohort study -

2000/1/1-2010/12/31 A}O|Oj| M2 H 20| Al HCCO| =X| &2

OfAE
2N XY 2N RS we SxtEo i 2

+=H |5 & extensive staging work up A| &t
M IHE 92 protocol2 2D Z 7] S L3
140 2 200, 10H0] 2,000

O 2tX}52| 2015/12/317HX| 8| T EH O £ & 2t&SHCHH

— 50%2| 0| & T&EE =1,0008

— 10071 2| H=E CHEHZFE M (logistic regression analysis or
Cox PH model)0f| £¢ 7ts.



Study Design
- Historical Cohort study -

= = L
2AE. ZA A0 Vs
CLA -
L_ 1.
— Blas
« Selection bias: antiviral X| 2 1 H|X| 227t 2K
=2| £E40| L& 70| =L,
- Measurement bias: 0|0| 24X X KA CIXE

b 2t XS0 O A= HARS oA &,
— Missing data

* 10% O|-JO|H datali| 2142t =A[7F Zd
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Historical Cohort study
- JAMA 2012 -

Association Between Nucleoside Analogues
and Risk of Hepatitis B Virus—Related
Hepatocellular Carcinoma Recurrence
Following Liver Resection

Chun-Ying Wu, MD, PhD, MPH
Yi-Ju Chen, MD, PhD

Hsiu J. Ho, PhD

Yao-Chun Hsu, MD, MS

Ken N. Kuo, MD

Ming-Shiang Wu. MD, PhD
Jaw-Town Lin, MD, PhD

URGERY IS CONSIDERED THE STAN-
dard curative treatment option
for hepatocellular carcinoma
(HCC). However, the rate of
long-term disease-free survival after
liver resection remains unsatisfactory
due to persistent high incidences of
HCC recurrence.! Many factors affect
HCC recurrence risk after liver resec-
tion, including tumor size and stage, se-
rum a-fetoprotein level, cirrhosis, hepa-
titis B e antigen (HBeAg) status, and
hepatitis B virus (HBV) viral load.**
Among these factors, HBV viral load is
the most clinically controllable.
Higher HBV viral load has been re-
ported to be an independent risk fac-
tor for HCC recurrence in patients with
HBV-related HCC.?® Nucleoside ana-
logues are effective in suppressing HBV
replication and in ameliorating HBV-
related liver disease.™ They have been

Context Tumor recurrence is a major issue for patients with hepatocellular carci-
noma (HCC) following curative liver resection.

Objective To investigate the association between nucleoside analogue use and risk
of tumor recurrence in patients with hepatitis B virus (HBV)—related HCC after cura-
tive surgery.

Design, Setting, and Participants A nationwide cohort study between October
2003 and September 2010. Data from the Taiwan National Health Insurance Re-
search Database. Among 100938 newly diagnosed HCC patients, we identified 4569

HBV-related HCC patients who received curative liver resection for HCC between Oc-
tober 2003 and September 2010.

Main Outcome Measures The risk of first tumor recurrence was compared be-
tween patients not taking nucleoside analogues (untreated cohort, n=4051) and pa-
tients taking nucleoside analogues (treated cohort, n=518). Cumulative incidences and
hazard ratios (HRs) were calculated after adjusting for competing mortality.

Results The treated cohort had a higher prevalence of liver cirrhosis when compared
with the untreated cohort (48.6% vs 38.7%; P<.001), but lower risk of HCC recur-
rence (n=106 [20.5%] vs n=1765 [43.6%]: P<.001), and lower overall death (h=55
[10.6%] vs n=1145 [28.3%]; P<.001). After adjusting for competing mortality, the
treated cohort had a significantly lower 6-year HCC recurrence rate (45.6%; 95% Cl,
36.5%-54.6% vs untreated, 54.6%; 95% Cl, 52.5%-56.6%; P<<.001). Six-year over-
all mortalities for treated cohorts were 29.0% (95% Cl, 20.0%-38.0%) and for un-
treated 42.4% (95% Cl, 40.0%-44.7 %; P<.001). On modified Cox regression analy-
sis, nucleoside analogue use (HR, 0.67; 95% Cl, 0.55-0.81; P<2.001), statin use (HR,
0.68;95% Cl, 0.53-0.87; P=.002), and nonsteroidal anti-inflammatory drugs or aspirin
use (HR, 0.80; 95% Cl, 0.73-0.88; P<<.001) were independently associated with a re-
duced risk of HCC recurrence. Multivariable stratified analyses verified the association
in all subgroups of patients, including those who were noncirrhotic (HR, 0.56; 95% Cl,
0.42-0.76) and diabetic (HR, 0.52; 95% Cl, 0.31-0.89).

Conclusion Nucleoside analogue use was associated with a lower risk of HCC re-
currence among patients with HBV-related HCC after liver resection.

JAMA. 2012,308(18):1906-1913

Published online November 12, 2012. doi:10.1001/2012 jama.11975 WWW._jama.com
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Figure 2. Cumulative Incidences of HCC Recurrence and Overall Mortality Following Liver Resection
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Data were compiled after adjustrnent for competing mortality. For cumulative incidences of hepatocellular carcinoma (HCC), calculation and comparison in competing
risk data ratios were conducted using medified Kaplan-Meier and Gray methods. For overall mortality, Kaplan-Meier method was used. Recurrences (for cumulative
incidences of HCC) and deaths ifor overall mortality) during the first 3 months were excluded. Treated and untreated categories indicate patients with hepatitis B virus
whao are receiving nucleoside analogues, and those who are not, respectively.




Conclusion

* Historical Cohort study
— Hlu XN HetstH E0|otA F==0| 7tset
oot 2tAF Atz & 7rX| Rle A
CH1ZE Lo 28t 24E E = Ue B2
Observational study design
~Z2 oto|C|oj7t B8
_ChYol 220| £
» Bias2| At O, A& EE50] ER.

* Missing data, Loss of F/U




Cohort Study vs. Prognostic Study

Cohort E D
Retrospective E D
Cohort
Historical Prospective E "E ‘D
Cohort
Prognostic D 0
(Survival, Outcome)
Retrospective D -0

Prognositc




Comparison of Evidence of Treatment Effects
in Randomized and Nonrandomized Studies
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RANDOMIZED, CONTROLLED TRIALS, OBSERVATIONAL STUDIES,
AND THE HIERARCHY OF RESEARCH DESIGNS

JoHN ConcaTo, M.D., M.P.H., Nirav SHAH, M.D., M.P.H., AND RALPH |. HorwiTZ, M.D.

Bacille Calmette—Guérin
vaccine and tuberculosis

Mammography and mortality
from breast cancer

Cholesterol levels and
death due to trauma

Treatment of hypertension
and stroke

Treatment of hypertension
and coronary heart disease

$ oo oo

00 W R

Relative Risk or Odds Ratio

® RCT

O Observational
studies

Conclusions: The results of well-designed observational studies (with either a
cohort or a case—control design) do not systematically overestimate the magnitude
of the effects of treatment as compared with those in randomized, controlled trials

on the same topic.

(N Engl J Med 2000;342:1887-92.)



“Well-Designed Observational Studies”

Designed with rigorous methods that mimic those of clinical trials

A specific method used to strengthen observational studies (the
“restricted cohort” design) adapts principles of the design of
randomized, controlled trials

|ldentifies a “zero time” for determining a patient’s eligibility and
base-line features,

Uses inclusion and exclusion criteria similar to those of clinical trials,
Adjusts for differences in base-line susceptibility to the outcome,

Uses statistical methods (e.g., intention-to-treat analysis) similar to
those of randomized, controlled trials.

N Engl J Med 2000;342:1887-92.



Research Question - Example

 Bad:

— Will treatment of chronic hepatitis B reduce the
Incidence of liver cancer?

 Better: focused!

— What is the effect of long-term treatment (>5 years)
with a potent oral antiviral agent (entecavir) (1) in
patients with chronic hepatitis B (P) to reduce the

Incidence of hepatocellular carcinoma (O), compared
with no-treatment control (C).



Gastroenterology 2014;147:152-161

Mortality, Liver Transplantation, and Hepatocellular Carcinoma
Among Patients With Chronic Hepatitis B Treated With
Entecavir vs Lamivudine

Young-Suk Lim," Seungbong Han,” Nae-Yun Heo,” Ju Hyun Shim," Han Chu Lee,’
and Dong Jin Suh’

'Department of Gastroenterology, Liver Center, “Department of Clinical Epidemiology and Biostatistics, Asan Medical Center,
Seoul, Republic of Korea; *Department of Internal Medicine, Haeundae Paik Hospital, Inje University College of Medicine,

Busan, Republic of Korea



Evolution of Drug Evaluation

Broadening the evidence
Effectiveness studies
Diversity of
H:alth population
D a;e and health
alabase care providers
— in category

Product A1 Product BT .

Time in category

Am J Med 2009;122:114.



Endpoint vs Goal in HBV Tx

« Endpoint « Goal
* Virological response » Hard outcomes (death, cancer)
= High frequency = Low frequency

= Small number of study patients = Large number of study patients

= Short-term observation » Long-term observation

: Intervention Yes Intervention Yes
Disease >
Patients
( ) o > G
Surrogate or intermediate Hard Outcome

Endpoint (death, cancer)



Historical Cohort Study
with Large Number of Patients

9,615 Patients were consecutively treated with entecavir (0.5 mg/day) or lamivudine
(100 mg/day) for hepatitis B between November 1999 and December 2011
(Source Population)

v

'

lamivudine

6,525 Started treatment with

3,090 Started treatment with

entecavir

3,151 Were excluded
» 203 Had age <20 years or >80 years
« 735 Died within 6 months of treatment

+ 228 Received transplantation within 6 months of
treatment

* 90 Had HCC within 12 months of treatment

» 77 Lost HBsAg within 6 months of treatment

* 40 Had anti-HCV, anti-HDV, or anti-HIV antibody
+ 354 Were treated for less than 6 months

* 647 Received other treatments previously

e 777 Had serum HBV DNA <2000 IU/mL or
undetectable

3,374 Lamivudine Study

Population

A

A 4

1,090 Were excluded
+ 23 Had age <20 years or >80 years
» 374 Died within 6 months of treatment

» 149 Received transplantation within 6 months of
treatment

+ 57 Had HCC within 12 months of treatment

» 36 Lost HBsAg within 6 months of treatment

+ 36 Had anti-HCV, anti-HDV, or anti-HIV antibody
* 129 Were treated for less than 6 months

+ 81 Received other treatments previously

e 205 Had serum HBV DNA <2000 IU/mL or
undetectable

2,000 Entecavir Study

Population




Restriction (Specification)

* Inclusion criteria

Consecutive adult treatment-naive CHB patients who were treated with
entecavir (0.5 mg/day) or lamivudine (100 mg/day)

At Asan Medical Center, an academic tertiary referral hospital in Seoul,
Korea, between November 1, 1999 and December 31, 2011

« Exclusion criteria

Younger than 20 or older than 80

Death or transplantation within 6 months of treatment
HCC within 12 months of treatment

HBsAg seroclearance within 6 months of treatment
Anti-HCV, anti-HDV, or anti-HIV antibody

Treatment for less than 6 months

Previous other treatments

Serum HBV DNA <2000 IU/mL or undetectable



Zero Time

Prognostic cohorts should begin from a point in time,
called “zero time”, that is clearly defined and
consistent across patients.

This might be time of diagnosis or at the start of
treatment. This allows the start of observation of each
patient to be equal and simplifies interpretation.

An inception cohort is a cohort of patients that have been
followed since the inception of their disease (the date of
diagnosis).

Tx vs No-Tx: Immortal time bias



Blinding

« Historical Cohort Study
— Blind the outcomes (events) at cohort assembly

« Case-Control Study

— Blind the exposure (risk factors) at selecting cases
and controls



Extensive Comparison of Baseline Characteristics

Characteristics Entecavir Lamivudine P
(n=2000) (n=3374)
Age (year)* 47 + 11 43 + 11 <0.001
Male 1288 (64.4%) 2386 (70.7%) <0.001
HBeAg 1168 (58.4%) 2421 (71.8%) <0.001
HBV DNA (log,, IU/mL)* 7.14 + 1.64 7.49 £ 1.17 <0.001
ALT (IU/mL)t 101 (53-190) 128 (68-244) 0.13
Albumin (g/dL) T 3.8 (3.4-4.1) 3.8 (3.2-4.1) <0.001
Total bilirubin (mg/dL)? 1.2 (0.9-1.6) 1.1 (0.9-1.6) 0.79
INRT 1.10 (1.00-1.20) 1.10 (1.00-1.30) | <0.001
Platelet (x1000/mm?3)t 142 (96-183) 147 (96-195) 0.03
Cirrhosis 1071 (53.6%) 1621 (48.0%) <0.001
Duration of overall treatment (year)? 2.6 (1.8-3.9) 6.1 (2.7-9.0) <0.001
Duration of overall follow-up (year)® 3.1 (2.2-4.3) 8.7 (6.5-11.5) <0.001

* Mean + standard deviation T Median (interquartile range)




Endpoint Ascertainment

« Clearly define the endpoints
— All-cause mortality or liver transplantation
— Obtained from electronic medical records

— Validation

« National Population Registry of the Korea National
Statistical Office
« Korean National Health Insurance Service database



Follow-Up

* Follow-up
— If follow-up is different btw. treatment groups, then the
study results will be biased.

— At least 10 outcomes are needed for each variable
entering multivariable analysis.

— From the index date (zero time) to death, transplantation,
or the last follow-up date (March 31, 2013).

— Interval: 3-6 months
— Censored at 6 years

e Treatment

— Continued even after achievement of HBeAg
seroconversion



Intention-to-treat (ITT)
vs. Per-protocol (PP) Analysis

Control REesgon_Sf PP = 30/100 = 30%
ﬁ
NapeIt 1+ ~ 30/100 = 30%

(n=100) (n=30)
Screening
& Randomizatio Response | pp = 30/60 = 50%
Tx Group Endpoint
(n=100) (n=30) ITT =30/100 = 30%

Drop out (n=40)

 |ITT analysis
— Which treatment option is best at the time de decision must be

made”?
— The question corresponds to the one actually faced by clinicians.

 Explanatory (PP) analysis
— Which treatment itself is better?



Multivariable Cox PH Analyses

Death or Transplantation*

Hepatocellular Carcinomat

Variables

HR 95% CI P Value HR 95% ClI P Value
Treatment with entecavir | 0.49 0.38-0.64 <0.001 1.08 0.87-1.34 0.48
Age 1.02 1.00-1.03 0.006 1.06 1.05-1.07 <0.001
Gender (Male) 1.58 1.27-1.96 <0.001 1.81 1.48-2.20 <0.001
Albumin (g/dL) 0.73 | 0.57-0.93 0.01 0.70 0.61-0.80 <0.001
Platelet (><103/uL) 0.989 | 0.986-0.991 | <0.001 | 0.995 | 0.993-0.997 | <0.001
Diabetes mellitus 2.18 1.59-2.99 <0.001 1.51 1.10-2.08 0.01
Cirrhosis 2.51 1.71-3.68 <0.001 2.59 1.97-3.41 <0.001
Need for rescue therapy 2.14 1.69-2.70 <0.001 1.53 1.23-1.91 <0.001
Overall treatment yearst 0.72 0.69-0.75 <0.001 0.94 0.92-0.97 <0.001

*Total number of patients 5374 number of events 457.
TTotal number of patients 5374 number of events 525.

*Overall duration of treatment with any nucleoside/nucleotide analogue.




Propensity Score-Matching Analyses

t,-\ Propensity Score Matching B
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Propensity Score Matching

pt_no ps_score matching pair_no
6 .2656 1 1
1659 2684 1 1 Distribution of Propensity Scores
9 1979 1 2
1863 1872 1 2 ) ) )
> e - 3 Unmatched Patients in the Entecavir Group
227 4590 1 3 o
18 6047 1 4
4251 .6096 1 4
19 5862 1 5
2771 5763 1 5
20 4690 1 6
3967 4649 1 6
31 4572 1 7
2784 4486 1 7
34 2779 1 8
2422 2683 1 8
38 4357 1 9
1307 4366 1 9
39 2081 1 10
3056 2119 1 10
42 4101 1 1
551 4170 1 11
45 4717 1 12 | , | |
2950 4595 1 12 00 0 04 06 08
48 .5662 1 13
2413 5685 1 13 Fropensity Score



Propensity Score-Matched Overall Cohorts

Characteristics Entecavir Lamivudine P
(n=1792) (n=1792)
Age (yearn)* 46.1 £ 10.1 46.1 £ 10.9 0.98
Male 1193 (66.6%) 1179 (65.8%) 0.64
HBeAg 1133 (63.2%) 1107 (61.8%) 0.32
HBV DNA (log,, IU/mL)* 7.28 = 1.55 7.30 + 1.18 0.57
ALT (IU/mL)T 103 (55-195) 118 (65-223) 0.93
Albumin (g/dL) t 3.8 (3.3-4.1) 3.8 (3.3-4.1) 0.86
Total bilirubin (mg/dL)t 1.2 (0.9-1.6) 1.1 (0.9-1.6) 0.59
INRT 1.10 (1.00-1.20) 1.10 (1.00-1.20) 0.85
Platelet (x1000/mm3)t 143 (95-184) 140 (96-184) 0.68
Cirrhosis 933 (52.1%) 934 (52.1%) 1.00

* Mean + standard deviation, T Median (interquartile range)




Propensity Score-Matched Analyses

Death/Transplant HCC

1007 20 1007 20
Q _— _ Oy -
% < ° g < ° Entecavir
D5 80 27 T8 80 127
) s V £2 o
o C 4 . o O 4 -
=0 B Entecavir > = . Lamivudine
E % 60 0 ] T T T T T T T E 8 60 0 | T T T T T T T
g8 0 1 2 3 4 5 6 £ T 0 1 2 3 4 5 6
== - 5 =2 -
B P<0.001 8¢ MR 16
-Esl -— . = @© N 0, . -1.
€ g 20 T HR, 0.49; 95% ClI, 0.37-0.64 g & 207 HR, 1.01; 85% €1, 0.60-1.27
w o w's
0~ 0~ —
[ T I I T I 1 [ T T I T I 1
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Number at Risk Years After Starting Treatment Number at Risk Years After Starting Treatment
Lamivudine 1792 1778 1740 1660 1601 1531 1389 Lamivudine 1792 1777 1699 1585 1496 1409 1262

Entecavir 1792 1777 1436 966 563 224 21 Entecavir 1792 1777 1384 911 511 200 19



Stratification (Subgroup analysis)
- Cirrhosis Sub-cohort -

Death/Transplant
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§ e 16
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_g c_‘:u 60 - 4 Entecavir
E % l T T T T T T
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© © - 959 —
£ g 20 - HR, 0.42; 95% Cl, 0.31-0.57
hiRs
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Number at Risk Years After Starting Treatment
Lamivudine 860 846 813 748 695 662 578
Entecavir 860 847 683 444 276 103 6
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Author’s Conclusions

Entecavir compared with Lamivudine
— Significantly lower risk of death or transplantation
— No more reduction of the risk of HCC.

The findings were consistently observed by unadjusted,
multivariable-adjusted, and propensity score-matched
analyses.

Lim YS, et al. Gastroenterology. 2014;147:152-161.



Conclusions
- Pitfalls of Observational Studies -

Bias (Systematic error)
Confounding (Random error)
Chance

Effect-Cause



Association btw. the Intervention and the
Outcome in a Sample

Explanation Typg o_f Causal Model Prevention at Design Phase Prevention at Analysis Phase
Association
Chance Spurious - * Increase sample size * Palues
(Random Error) P P + Confidence intervals
. + Carefully consider study subjects, ) Strgt|f|cat|on
Bias : : . + Adjustment
. Spurious - predictor variables, and outcome )
(Systematic Error) : * Propensity scores
variables . :
+ Sensitivity analysis
Effect-Cause Real Exposure « Outcome * Do alongitudinal study with historical + Consider biologic plausibility
sequence
Confounder + Restriction (strict inclusion & exclusion ) Str_at|f|cat|on
. . * Adjustment
Confounding Real A N criteria) . p i
Exposure  Outcome [« Matching ropensity scores
+ Sensitivity analysis
Cause-Effect Real Exposure — Outcome




Conclusions
- Controlling Pitfalls of Observational Studies -

Prevention at Design Phase
« Mimic as closely as possible in RCT

« Use stronger study design

— Cohort study > Case-control study
« Large sample size
* Restriction

— Inclusion & exclusion criteria

« Zero time (for prognostic studies)
— Clearly define!

 Blinding
« Endpoint Ascertainment: Clearly define & Validate!

* Follow-Up
— Check drop-out rate & equality btw. groups



Conclusions
- Controlling Pitfalls of Observational Studies -

Prevention at Analysis Phase
 Intention-to-treat (ITT) analysis

« Adjustment
— Multivariable analysis

« Stratification
* Propensity score
« Sensitivity analysis
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