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Reduced lung-cancer mortality with LDCT screening

National Lung Screening Trial (NLST)

Eligible persons (N=53,454) recruited from 33 US medical centers, [2002 AUG-2004 APR]
O Smoking = 30 PY (current smoker or ex-smoker, quitting smoking time < 15 yr)
® Aged 55-74 years

© No symptoms (hemoptysis, weight loss = 6.8kg/yr)
Randomized to annual LDCT (2 years) vs. CXR, following-up until DEC. 31t, 2009 (Median F/U, 6.5yr)

Death from Lung Cancer
500-

LDCT CXR % Chest radiography
Participant 26,455 26,232 rﬁf 400
Incidence 1,060 941 Rate ratio g Low-dose CT
of LC (4.0%) (3.6%) 1.13[1.03-1.23] i“ 300
Death from 346 425 Risk reduction 3
LC (1.3%) (1.6%) 20.0% [6.8-26.7] 3 200
P = 0.004 ﬁ
Death from 1,877 2,000 Risk reduction ﬁ 100+
all cause (7.1%) (7.6%) 6.7% [1.2-13.6] g
P =0.02 v
LDCT prevented 1 lung cancer death / 320 screened participants 0 I1 'z 3| r;f IS é Flf IE.

LDCT prevented 1 all cause death / 960 screened participants Years since Randomization

Aberle DR, et al. N Engl J Med. 2011;365:395-409



NELSON: Reduced 10-Yr Lung Cancer Mortality With

Low-Dose CT Screening in High-Risk Current and

Former Smokers

Lung cancer mortality Year 8 Year 9 Year 10
rate ratio [95% CI]
Males 0.75 0.76 0.74
[0.59-0.95] [0.60-0.95] [0.60-0.91]
P=0.015 P=0.012 P=0.003
Females 0.39 0.47
[0.18-0.78] [0.25-0.84]
P=0.0037 P=0.0069

Patients at high risk for lung
cancer were randomized to 250

(F*)15,79
CT scan screening
at baselinge, 1, 3
and 5.5 years

Primary Outcomes

Control group:
Usual care

Cumulative lung cancer deaths

S0

157

No. of lung cancer
related deaths

Cumulative lung cancer deaths
(Men only)

Control: 214 lung cancer death
Screening: 157 lung cancer death

Years since randomization

WCLC 2018



Mortality, survival and incidence rates in the

ITALUNG randomised lung cancer screening trial

Eligible persons (N=3,206) in three Tuscan screening centers, Italy, [2004-2006]

O Smoking = 20 PY (current smoker or ex-smoker, quitting smoking time < 10 yr)

® Aged 55-69 years

© Exclusion: previous cancer history than non-melanoma skin cancer, poor general condition

Randomized to annual LDCT (4 years) vs. UC, median F/U time 9.3 year [Q1-Q3 8.8-9.9]

80

LDCT UC
Participant 1,613 1,593 ? Controlgroup
Incidence 67 71  Rate ratio ®
of LC (4.1%) (4.6%) 0.93[0.67-1.30] &
Stage I 36% 11% P=0.005

Stage IV 36% 49%

Active group

Death from  29.3 42.1 30%%¥, RR 0.70
LC /10,000 /10,000 [0.47-1.03], P= 0.07

PErson-yrs person-yrs

a
=

P
=

Cumulative number of lung cancer deaths
&

Death from  75.7 84.9 17%%, RR 0.83

all cause /10,000 /10,000 [0.67-1.03], P= 0.08
person-yrs person-yrs

1 2 3 4 5 [ 7 8 9 10
Years since randomisation

Paci E, et al. Thorax. 2017;72:825-831
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*1} NLST baseline (T0) Z1} H|1

Z+A1t 20184E 5& 312 7|=, N=8,676

HY 98
CH[QH QIS (L wrAY) | HOFQlg (L O]y | &
Chest CT . [2d] Lung RADS cat. 3-4 T ' B [ 2] A+B
23 Ed | [84] Lung RADS cat. 1-2 C [224] : D [Fl24] C+D
oHA| A+C B+D N
I m| A X NLST
H 2 AHE "HIA = oA E
:l_ B HAF BAL AMEAY  RADS =4mm
H Mo
HA 0k D (A+B)/N HA/SHZ/HX| SHXL  63y0/42PY/54% 66y0/48PY/48%
S ee= x| OFM .2 15.7% 13.6% 27.3%
ﬂ:||':’|' =] grs = A/N Ot o o=
ot (Rlotd e ook g 151%  12.8% 26.6%
ga= {;; g M:f A 2 5 Qe 96.2%  93.1% 96.2%
d s AJ(A+B] Z=7|H12k,17]) H2 67.9% 67.5%
58 05~ D/(C+D) EEZAL A S 9.6% 2.4%
AL 24 F #2EB/(A+B) T ERIAACH §j otk A S 72.2% 33.3%
Hede B/(B+D) T2 NS 3.6% 4.7%
S8 C/(A+C) g hUAE 81.5% 75.6%
2K E (concordanc A/(A+B+C) YdHEX T iU ME 0.52% 3.4%

HAATIAHAIG 1, 2HX ArEE D



Positive screening rate according to the

criteria of positivity in baseline LDCT

Trial Criteria for positivity Positive rate, Overall LC LC stage
baseline incidence I-II  III-IV
NLST Diameter > 4mm 27.3% 3.6% 70.2% 29.8%
DANTE Not specified 13.4% 2.2% 54% 43%
DLCST Diameter = 5mm 9.2% 0.8% 71.2% 28.8%
MILD-1/-2 Volume = 250mm?3 15% 0.62% [annual], 71.4% 28.6%
0.46% [Biennial]
LUSI Diameter > 5mm 26.7% 1.1% 82.5% 17.5%
NELSON Volume > 500mm?3 [or [1.6%+1%] 2.6% NA NA

VDT<400 day in 3mo-F/U 2.6%
CT for indeterminate result]
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Lung cancer deaths prevented by LDCT

The participants in the NLST
Stratification into five quintiles for the predicted 5-year risk of death from lung cancer
Selected risk factors for prediction model: ® age, @ BMI, ® family history, ® smoking dose, ®emphysema

88%

Risk of lung cancer development
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Kovalchik SA, et al. N Engl J Med. 2013;369:245-54



H et MeEtE = 1-S(t)exp[f(x)]

X1, X3, X3 ..., X & values of risk factors
By, By, Bs .....Bi : coefficient estimates from Cox proportional hazard model

a8 HEd
(COPD, HZ3)




Previous lung diseases and lung cancer risk

A systematic review and meta-analysis

% Relative Risk (RR) for lung cancer in the patients with previous lung diseases

Overall Never smoker
Study no. RR Study no. RR
All these diseases 39 1.80 [1.60-2.11]
© COPD 16 2.22 [1.66-2.97]
® Chronic bronchitis 23 1.52 [1.25-1.84]
©® Emphysema 20 2.04 [1.72-2.41]
Pneumonia 22 1.43 [1.22-1.68] 8 1.36 [1.10-1.69]
Tuberculosis 30 1.76 [1.49-2.08] 11 1.90 [1.45-2.50]

Brenner DR, et al. PLoS One. 2011;6:e17479



COPD and risk of lung cancer

A meta-analysis of prospective cohort studies

Marcus et al. (2015)
Aldrich et al. (2015)
Shen et al. (2014)
Leung et al. (2012)

de Torres et al. (2011)
Rodriguez et al. (2010)
Mortensen et al. (2010)
van Gestel et al. (2009)
Slatore et al. (2008)
Wilson et al. (2008)

de Torres et al. (2007)
Purdue et al. (2007)
Littman et al. (2004)
Mannino et al. (2003)
Overall (l-squared = 96.7%, p = 0.000)

NOTE: Weights are from random effects analysis

Relative %

Risk (95% Cl) Weight

243 (1.79, 3.30) 7.38
2.12(1.59, 2.82) 7.44

- 4.81 (4.20, 5.51) 7.80

1.86 (1.58, 2.19) 1.75

1.76 (1.15, 2.69) 6.96
3.95 (2.39, 6.52) 6.64

Chronic bronchitis Study N = 3

RR 1.17 [0.79-1.73]

—= Emphysema Study N =4 RR 2.33 [1.56-3.49]

—=— | Never smoker Study N = 3 RR 2.32 [1.42-3.77]

—* Ever smoker Study N =3 RR 1.60 [1.28-2.01]

" COPD, mild Study N =4 RR 1.46 [1.20-1.76]

ol COPD, moderate  Study N =3 RR 2.05[1.67-2.52]

™ | COPD, severe Study N = 3 RR 2.44 [1.73-3.45]
Z T (ToZ,9.TJ) [ ]

[2.08(1.50,2.87) | 100.00

|
A

1

—
<~

10

Zhang X, et al. Oncotarget. 2017;8:78044-56




COPD and lung cancer screening

A post-hoc analysis of 10,054 screening participants from NLST

= COPD prevalence (%) ' Lung cancer rate/1,000

W | ung cancer deaths/1,000 ™ Non-lung cancer deaths/1,000
120
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Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5 Healthy GOLD1 GOLD2 GOLD 3-4
Quintile classification based on PLCOm2012

Young RP, et al. Transl Lung Cancer Res. 2018;7:347-60



Cumulative incidence function for lung cancer

AZHSAZCE HZFAXISZIX}, N=338,548, 2002.01~2013.12

20 - Subdistribution HR
———— Never smokers without COPD

S T v ke with GOPD 6.19 [5.04-7.61]
by Ever smokers with COPD
g 15
5
5
S o 2.67 [2.09-3.40]
g 1.97 [1.75-2.21]
2 s
= 1.00 [Reference]
£
3 /

O_

[ I I T [ 1

40 50 60 70 7 80 90
Age (years)

Park HY, et al. In submission
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3. multiple logistic regression
simple regression0i M J28=F 5% oA F2Io H
B HEEH S backward elimination 2HESE EFH DEE
f

LR A OhE|, S£EA[2] 25 HZ 2 odds/+ 1.994

=otad 08 R HFIAE E.JEEF_* stepwise £ IH7
=0 E0 Z2 HAUO| pdds”t 1.95HF SUL|CE

=55 Yo 27 Y|, S5 9= 25 HEE oddss 0.648 2L

SET Z5& Uots 27 UH|, o= S5 HE2 odds= 0.578) ZLILH

HESFE5A4F OiH BS55% ?1¥E *2—"?— H 22| odds”t 1.60H1 0|0,

ST/ Sl SEE 25 Ol A0 E8E 2EE S5 HEE odds= 26852 LI

Y E5EE oA = SFMHY|, = 48] 0|22 2 5= odds 7t 3.6780 7 E LI

HEZ2 ZESY 2ic SFUH|, s 25 HEE odds= 3.055 LD

{HEED 710 A2 Zs Z2 U, 718 22 2 E0A 28 0] s T2 HZ2 odds= 16457 E UL
2d Old HEF0 e SFUHE, 2IEEE 280 D55 25 HEE odds7F 0.57H A 2T

—RAL SHEE =50 2= 2 UiH, iR =2 22 H22 odds”t 357187 L



Selection strategy for screening population

at highest lung cancer risk

ILST
’,

Risk factor

— NLST UKLS

— NELSON Fixed population

— DANTE - Simulation ~E Fixed effectiveness

— ITALUNG Fixed efficiency

— DLCST Fixed population: same cost
— MILD Fixed effectiveness: same NNS/prevented LC death
__ LUSI Fixed efficiency: same FP/prevented LC death




United Kingdom Lung Cancer Screening (UKLS) trial

4000 people aged 50-75 who have an increased |
| risk of lung cancer are selected

l

i

! — algorithm)

Risk questionnaire completed and risk score > 5
based on the Liverpool Lung Project Risk Prediction
Model (includes age, sex, smoking duration, history

of previous pneumonia, history of previous cancer,
family history, (early/ late onset) exposure to asbestos

Divided randomly into: ’

¥

| 2000 who do not have low dose CT

¥
‘ Current smokers are offered
help to stop smoking

2000 who have low dose CT scan

Current smokers are offered

help to stop smoking

Control Group
(no CT scan)

Y

Follow-up questionnaires and

| confidential medical record review

Low dose CT

Follow-up questionnaires and

confidential medical record review

=

O.m&z'“g:m MYLUNGRISK (MLR)

Questions
Basic Information
Click here for el risk

Have you ever been diagnosed with any of the follawing respiratory
diseases? @

Have you ever been diagnosed with a malignancy or a cancer? @

Can you recall any Job or activity in which you were exposed to asbestos? @

Have any of your first degree relatives (incuding pasents) had a disgnosis of
hung cancer? @

rrr

Liverpo |

H QY ZddE A4t web page
http://www.MylungRisk.org




— 1 "
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| Lung cancer risk predittion model (PLCOy,415) B C D E
Characteristics to be entered Enter Centered or Coefficient Contribution to ORs
Values referent group estimate
Age in years 64 62 0.07TEBEE 0.1567T36 1.08
Education {enter the number identifying the highest level obtained)
1 = Less than high school grad,
2 = High schoal grad;
3 = Post high school training; 2 4 A0.0812744 01625488 0.9z
4 = Some college;
2 = College grad,
6 = Postgraduate/professional.
L]
Endg Mass Index EBMI. weight in kilﬁmmsﬁleigm in meters™2) 27 27 00274194 0 0.897
COPD, emphysema or chronic bronchitis (0=No; 1=Yes) 0.3553063 0.3553063 1.43
Personal history of cancer (0=No; 1=Yes) ] 0.45884571 [i] 1.58
Family history of lung cancer (0=MNo; 1=Yes) 1 0.587185 0.587185 1.80
Racefethnicity {select only one from this category)
White (referent group) (0=No; 1=Yes) 0 0 0
Black (non-Hispanic) (0=Mo; 1=Yes) 0 0. 3944778 0 1.48
Hispanic (0=No; 1=Y%&as) 0 0. 7434744 0 0.48
Asian (0=Mo; 1=Yes) 1 -0.466585 -0.466585 0.63
American Indian/Alaskan Mative (D=MNo; 1=Yes) ] 0 0
Mative Hawailan/Pacific Islander {0=Mo; 1=Yes) 0 1.027152 0 2789
Smaoking status,
0 = Former-smoker 1 0.2597431 0.2597431 1.30
1 = Current-smoker
Average number of cigarettes smoked per day™ 20 0.0597845838 -1.822606 40178334413 nonlinear
Duration smoked (years) 40 27 00317321 04125173 1.03
Years ago guit smoking. Enter zero for current smokers. ] 10 0.0308572 0.3085T72 0.87
|Model constant -4 532506 -4 532506
| xh = -2 935779313
| EXP(xb) = 0.0531
Probability of lung cancer in 6 years =| 0.050

| Tammemadgi MC, et al. N Engl J Med. 2013;368:728-36
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List of variables

in epidemiological prediction models

Table 1 List of Variables in Epidemiological Prediction Models

Liverpool Lung African-
Risk Factors Bach™ Project”* Spitz’® | American'® PLCO" PLCOmo2 - | Hoggart™
Personal Factors
Age Y Y Y Y Y Y Y Y
Sex Y Y Y Y N N N N
Fthnicity N N N N N N Y N
Body mass index N N N N Y Y Y N
Subject to x-rays N i M N Y Y N i
Fducation {evels) N N N N Y Y Y N
Frevious malignant turmaor N Y M N M N Y i
Smoking History
smoking status N ¥ Y Y Y Y Y
Start age N N N N N N N Y
Cassation N N Y Y N N N N
age
Smoking duration Y Y N N Y Y Y Y
Cigarettas Y N N N N N Y Y
per day
Pack-yeaars M M Y Y Y Y M
Quit duration Y N N Y N Y Y
Ervimnmental smoke N N Y N N N N N
Family History of Cancer Gray EP, et al. (Jin Lungp Cancer. 2016;17:95-106




Development and validation of risk models to select

ever-smokers for CT lung cancer screening

Screening Strategies

Fixed-USPSTF population size

USPSTF
Recommended
population

Risk-based
population

.....
........
.o

Risk of lung cancer development

........
...........
......

Fixed-USPSTF effectiveness

USPSTF
Recommended
population

Current smoker
Aged 65-80y
African American
Less educated
Lower BMI
Emphysema

Family history of LC

Risk-based

ppulation

1.1%/5y LC risk
813 NNS

Katki HA, et al. JAMA. 2016;315:2300-11



Selection into screening programs;

Interplay of risk algorisms, Risk modeling, Genetic
markers, and Biomarkers

Biomarkers

Risk modeling Genetic markers

f

Optimal selection
~  for screening—

_——



Currently explored biomarker candidates

in lung cancer screening

Origin @ Nucleic acids

Nasal epithelial cells

Airways epithelial cells /_

Tumor cells

Microenvironment

Host —

Cells Proteins @ Other molecules Source

RNA signature

"Julahle cnnpnunds
Preinvasive histo/cytology

Chromosome aberrations

DMA alterations

Autoantibodies

Masal epithelial scrapping @
— Exhaled breath [ ]

Sputum @

x\x;‘&

Bronchoscopy samples @

— Blood ow

— Urine @

Seijo LM, et al. J Thorac Oncol. 2019;14:343-57



Serum and blood based biomarkers for lung cancer

screening: a systematic review

Table 1 Summary of study characteristics

Jett et al. 2014 Sozzi et al. 2014 Montani et al. 2015
Test Evaluated EarlyCDT-lung MSC miR-test
Number of patients 1613 939 1008

Patient Inclusion Criteria EarlyCDT-lung test made available
to treating physicians Clear inclusion
criteria not defined

Patient Exclusion Criteria Clear exclusion criteria not defined

MILD trial participants: > 20

pack-years smoking history

> 50 years old without history
of cancer in past 5 years.
1000 consecutive plasma
samples from trial participants
Additional 69 plasma samples
from 85 patients with lung
cancer in MILD trial

Hemolyzed samples No known
pulmonary pathology

Table 2 Diagnostic performance of biomarkers alone for detection of lung cancer

COSMOS trial participants:

> 20 pack-years smoking
> 50 years old Lung cancer patients
diagnosed outside of COSMOS trial

No known pulmonary pathclogy

Test Evaluated EarlyCDT-lung MSC miR-test

Sensitivity 419% (95% Cl: 29-53%) 87% (95%CI: N/A) 78% (95%Cl: N/A)
Specificity 87% (95% CI: 86-89%) 819 (95% CI: 79-849%) 75% (95% ClI: 72—78%)
PPV 11% (95% Cl: 7-15%) 27% (95% CI: 21-32%) 10% (95% Cl: 7-14%)
NPV 97% (95% Cl: 97-98%) 98% (95% CI: N/A) 98% (95% CI: N/A)
Positive LR 319 467 309

Negative LR 068 0.16 0.30

Chu GCW, et al. BMC Cancer. 2018;18:181



Determination of the detection lead time for

autoantibody biomarkers in early stage lung cancer
using the UKCTOCS cohort

14 AAB to p53, NY-ESO-1, SOX2, HuD, GBU4-5, CAGE, MAGE A4, CK8, CK20, LMYC2, p62, p16, SSX1, p53-N

Average 7 blood sampling from lung cancer case cohort (N=142) and matched control cohort (N=142)
Validation set: 664 case—control pairs in MCCS, NSHDS and EPIC HD cohorts

Phase 1: patient sample at TO versus control cohort sample
Phase 2: patient sample at subsequent time point for patients negative at TO

Results: Detection lead time distribution
6 m Phase 2

4 H Phase 1
o .-

Ox—\—NNMM‘EI"ﬂ'mLOtDtDI\-h-Ome
Year pre-Dx

Frequency

Detection lead time of TAAB = median 4 years prior to lung cancer diagnosis (range: 0~9yr)

Jett J, et al. J Thor Oncol 2017;12:52170



What should we do?

Future directions

1. Lung cancer prediction model: risk variables

2. Biomarkers
3. Screening methods and interval



