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High-Quality Lung Cancer Screening

« NLST, I-ELCAP: larger academic centers
« Community centers?

« “Given the complex logistics of arranging screening and
follow-up, screening is best performed in the context of a

well-developed program with standardized practices” (Gould
MK. NEJM 2014)

 “Lung cancer screening is not solely an imaging test; it is a
process that should take place within an organized
program.” (Mazzone P et al. Chest 2015)
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Core Elements of Comprehensive

Screening Program (ACCP & ATS

* Who is offered lung cancer screening

* How often and for how long to screen
« How the CT is performed

 Lung nodule identification

» Structured reporting

 Lung nodule management algorithms
» Smoking cessation

» Patient and provider education

» Data collection

Mazzone P et al. Chest 2075  SNUHY wavioioey



How the CT is performed
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Lung Cancer Screening CT Protocols

 Key Elements
—One breath-hold

—Thin image thickness (< 2.5 mm, < 1.0 mm
preferred); MPR, MIPS encouraged

—CTDIvol < 3.0 mGy for a standard sized patient

— 16 detector row (or greater) scanner

» VVendor specific CT protocols: Available

SN U H 6 RADIOLOGY



E';r'igg“;tssf’pidd 11Ea Optima 660 LightSpeed VCT g?;;’; o
Scan Type Helical Helical Helical Helical
Rotation Time (s) 0.5 0.6 0.5 0.5
Beam Collimation {(mm) 10/20 40 40 40
Detector Configuration 16x0.625/ 16x1.25 64x0.625 64x0.625 64x0.625
Pitch 1.375 1.375 0.969 0.969
Speed (mm/rot) 13.75/ 27.50 550 19.375 3937
kW™ 120 120 120 120
mA’ 60 50 50 50
SFOv Large Body Large Body Large Body Large Body
CTDIvol" 2.3/ 20 mGy 1.8 mGy 1.9 mGy 1.9 mGy
RECON 1
Plane Axial Axial Axial Axial
Algorithm Bone or Lung Bone or Lung Bone or Lung Bone or Lung
Recon Mode Full Full Full Full
Thickness (mm) 125 1.25 1.25 1.25
Interval (mm) 125 1.25 1.25 125
ASIR (if used) 5550 5550 5550 S550

RECON 2
***Axial DMPR- **Axial DMPR- **Axial DMPR- .
Plane create Sag/Cor create Sag/Cor create Sag/Cor ‘Sﬂ:'?l:gﬂggﬂz?;e
reformats reformats reformats 9
Algorithm Bone or Lung Bone or Lung Bone or Lung Bone or Lung
Recon Mode Full Full Full Full
Thickness (mm}) 0.625 0.625 0.625 0.625
Interval (mm) 0.625 0.625 0.625 0.625
ASIR (if used) 5550 5550 5550 5550




Lung nodule management
algorithms
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Benefits and harms: NLST

» Benefits

—Reduction mortality from lung cancer by 20%

—Reduction in all-cause mortality by 6.7%

* Harms

—False positive results: 37% of NLST participants
 Health-related quality of life: not reduced

* Only 3% of FP results: F/U by an invasive procedure

SN U H 6 RADIOLOGY



False positive detections

* NLST

= > 4 mm noncalcified nodule (longest diameter)
= > 24% of three annual CT: positive

= > 96%: false positives

- Additional testing: F/U CT, tissue Bx

 Potential harm

SN U H 6 RADIOLOGY



Changing thresholds

Threshold for positive Cancer Dx Positive result

screen

(average diameter) No.(%) No.(%)
>5mm 232 (5.7%) 4080 (15.8%)

0.9% 33.8%

>6 mm 230 (8.5%) 2700 (10.5%)
>7 mm 226 (12.2%) 1847 (7.2%)
>8 mm 218 (16.0%) 1362 (5.3%)
>9 mm 209 (19.6%) 1067 (4.1%)

)//p R et al Rad/blogy 2074 SNUHE’RAmOLOGY



Communication

 Clear and concise communication of
screening results

—Appropriate management pathway

—Minimizing unnecessary workup

» Structured reporting

—Predefined content organization

SN U H 6 RADIOLOGY



Lung-RADS

« Lung Imaging Reporting and Data System

- Categorization and specific management
recommendation

* Location

* Size: average diameter on lung windows

— Rounded to the nearest whole humber
» Solid, part-solid, nonsolid (pure GGN)

« Growth: an increase in size of >1.5 mm

SN U H 6 RADIOLOGY



1: Negative No nodules/ Specific calcification

Solid < 6 mm, new <4 mm
2: Benign

- Annual LDCT
appearance or Part solid < 6 mm
e Non solid < 20 mm OR = 20 mm unchanged or slow growing
Solid : 6-8 mm at baseline OR new 4-6 mm
S;Eig):ably Part solid: = 6 mm with solid < 6 mm OR new < 6 mm total 6 month LDCT
Non solid = 20 mm
Solid 8-15 mm at baseline OR growing < 8 mm OR new 6-8
_ 3 month LDCT;
4A: mm
- _ _ _ _ PET/CT when >
Suspicious Par solid: = 6 mm with solid 6-8 mm OR new or growing <4 g mm solid
mm solid
Solid: = 15 mm OR new or growing and = 8 mm
4B: Chest CT, PET/CT,
Suspicious Bx

Part solid: solid = 8 mm OR new or growing = 4 mm solid



National
AN Comprehensive - NCCN Guidelines Version 1.2017
Laneer Lung Cancer Screening

Network®
Annual screening LDCT until patient is no longer a
0
<20 mm candidate for definitive treatment*:"
Non-solid
nodule on
initial screening
LbcTmVv
220 mm® — LDCT in 6 mo*— See Evaluation LCS-9
<20 mm — Annual LDCTK:N
k,n
New < g:mual LDCT No Annual LDCT until patient
e
220 mm —— | Consider biopsy*t¥| # cancer  |to ' Gafinfiive treatment
or
. .
. Surgical excision Can(_:er —» See appropriate NCCN Guidelines
Non-solid <20 Annual LDCTED confirmed
nodule on mm >
follow-up Stable
or annual
LDCTM Wy 220 mm — LDCT in 6 moX—— Stable — Annual LDCTk.°
<20 mm — LDCT in 6 moX
Growing LDCT in 6 mok No Annual LDCT until patient
or —|is no longer a candidate
220 mm — | Consider biopsys-tu |/ €aNcer for definitive treatment®"
or Cancer

Surgical excision! —» See appropriate NCCN Guidelines

confirmed



Structured reporting/
Communication
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A survey of the KSTR members

Consensus
Answer

Growmg 5 x 4 mm solid nodule at annual repeat CT

_ Growing 5 x 4 mm part-solid nodule with a solid-portion of 3 x 2 mm at annual repeat CT 4A
_ Growing 5 x 4 mm part-solid nodule with a solid-portion of 4 x 3 mm at annual repeat CT 4B
_ New 5 x 4 mm part-solid nodule with a solid-portion of 3 x 2 mm at annual repeat CT 3
Growing 12 x 10 mm part-solid nodule with a solid-portion of 3 x 2 mm at annual repeat s
CT
Growing 12 x 10 mm part-solid nodule with a solid-portion of 7 x 6 mm at annual repeat e
CT
Growing 9 x 8 mm non-solid nodule at annual repeat CT 2
_ New 9 x 8 mm non-solid nodule at annual repeat CT 2
- Growing 24 x 20 mm non-solid nodule at annual repeat CT 2
n New 24 x 20 mm non-solid nodule at annual repeat CT 3

Han DH et al. KIR 2017 SNUHERADIOLOGY



A survey of the KSTR members

Number

10
8
6
4
| I I I
0 I I
3 4 5 6 7 8 9 10 Score

Han DH et al. KIR 2017 SNUHY zs00006y




A survey of the KSTR members

45

[
40 -
35 4
30 -
4B
25 A [ Un-categorizable
4B M No response
M Category 4B
20 - 4A [ Category 4A
4A M Category 3
15 | 5 5 [l Category 2
4 3
10 2
5 i
0 I T T T T T . T T T T
Q3 Q4 Q5 Q6

Q1 Q2 Q7 Q8 Q9 Q10

Number of responses

Question

Han DH et al. KIR 2017 SNUHERADIOLOGY



Rearranged Lung-RADS

Baseline- 22
P No ch.angea 2. Part-solid nodule
Growing « 4A0 Baseline« 20
New <4 mms 20 No change- 2a
# New (24, <6 mm)- 3a <6 mme Growing (solid <4 mm)- 4A:
Baseline- 3e Growing (solid >4, <6 mm)- 4B~
No changes 20 New- 3.
=6, <8 mm« :
Growing « 4A0 Baseline- 30
New (>6 mm, <8 mm)- 4Ae No change- 2.
Baseline- 4Ae0 » i solid <6 Growing (solid <4 mm)- 4A.
<6 mimne
8 <15 mme No change- 2a =0 DI WAL SO Growing (solid >4, <6 mm)- 4B~
Growing « 4B~ New (solid <4 mm)- 4A
Newe 4B- New (solid =4, 6 mm)- 4B«
Baseline~ 4B Baseline- 4Ae
No change- 2e
No change- 2.
=15 mme . . .
=6 mm with solid =6, <8 mm
Growing ~ 4B- : Growing (solid =6, <8 mm)- 4B~
New R New (solid 26, <8 mm)- 4B
Baseline- 4B
No change- 2
26 mm with solid 28 mm o .
- Growing « 4B~
Baseline~ 2s .
=
No changes - New (solid =8 mm)- 4B~
<20 mme ;
Growinge 26
News £ Endobronchial nodule- ¢ 4A0
Baseline- 3 Suspicion of malignancy« Additional features on category 3 or 4 « 4Xe
No change- 2¢
=20 mme ;
Growinge 2e
Newv 3e

SN U H a RADIOLOGY
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Education
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* A successful LCS programs requires

education of all stakeholders.
* Participants to screening
- Radiologists, Physicians

» CT technologists, Support staffs

SN U H 6 RADIOLOGY



Education: Radiologists

THORACIC
IMAGING FORUM
2016

2L | 201649 68 1743), 2F 24|~ 18U(E)
I | HO| RORRIXE, 15 AHIE

Lung Cancer Screening: Updates and Hands-on

15:50 ~ 16:10 CT Protocols LEHE (A MMBHE)
16:10 ~ 16:30 Nodule Categorization : Lung- RADS M (D CHorEHA)
16-30 ~ 16:50 Nodule Management - Diagnostic Options O[EF (MBOMHIHH)
16:50 ~ 17-:30 Hands-on Interpretation Bl (MSH2EH) & FAD (SYUTHH)

1730 ~17:40 Q & A

SN U H a RADIOLOGY



Quality improvement
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CAD in lung cancer screening

* Nodule detection
* Nodule volumetry

* Nodule characterization:
—Size, shape, texture

* Follow-up registration, nodule matching
» Variability: classification, measurements
» Subsolid nodules

» Workflow: integration to PACS

Goo JM. Korean J Radiol, 2011  SNUH LY RADIOLOGY



Management of Lung Nodules

 NELSON Trial
— CT-based screening: 16-detector MDCT

« Semiautomated volume measurements

« Manual measurement
— Solid pleural-based nodules

— Non-solid nodules

» Growth: defined as an increase in volume > 25%
between two scans

Van Klaveren R) et al. New England J Med 2009 ~ SNUHY woioiocy



CAD to reduce variability btw radiologists in

the interpretation of lung nodules at LDCT

- Initial reading/ Second reading with CAD
» Positive vs Negative Screen
—Initial: 0.53 (95%CI: 0.49, 0.56)

—After CAD: 0.66 (95%CI: 0.62, 0.70)

* F/U recommendation
—Initial: 0.54 (95%CI: 0.51, 0.57)
—After CAD: 0.67 (95%CI: 0.64, 0.70)

Jeon KN, Goo JM, et al. Invest Radiol 2012 SNUHY wviowosy
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National Screening

Program
[ Database
LDCT
Network-based CAD
Center

' - Qe Quality

[ Structured | |»a Control
report T

Nodule
Category

A

s D

Cloud Center




OR () Report

4>

b Q & @ O

Nodule Control

Nodule List Remove
Type Status Diameter{mm) :i:':)gg

Part Solid Baseline 13mm(5mm) 3

Region v

Type PartSolid v

Shape =+ =
Size n .

D Remove Vessels
Status Baseline v
E] Specific Calcium Only

Significant Findings v

Lung-RADS n

Additional Info.

D Prior Cancer Dx

Additional Findings

Lung-RADS

29531048

KU CHEOL SU 056Y (M)
2015/05/06 09:32:39

7 chest 1.25mm

| Type:
Status:
Diameter:
Solid Diameter:
Longest:
Longest 2D:
Eff. Diameter:
Volume:
Solid Longest:
Solid Longest 2D:

Solid Eff. Diameter:

Solid Volume:
Ratio (Diameter):
Ratio (Longest):

Ratio (Lonoest 2D):

Part Solid
Baseline
13.4 mm
4.9 mm
13.9 mm
11.8 mm
11.2 mm
0.7 cc
5.5 mm
4.8 mm
4.3 mm
0.0 cc
0.363
0.353
0.405

Sagittal

2853104
KU

Trlz 9.9 mm

Coronal

WY AAA—ES66-~T06




SPN malignancy risk

Calculator: Solitary pulmonary nodule malignancy risk (Brock University cancer prediction equation)

Logodds = (0.0287 * (Age - 62)) + Sex + FamilyHistoryLungCa + Emphysema - (5.3854 * ((Nodulesize!1l]]'°'5 -1.58113883)) + Noduletype + NoduleUpperLung -
(0.0824 * (Nodulecount - 4)) + Spiculation - 6.7892

Cancerprobability = 100 * (e(L°90dds) ; (1 4 g(Logodds)))

Input:

N —ro—
Sex () Female (0.6011) Results:
(® Male (0)

OA] N

Family history of lung cancer [/] (0.2961) =
Nodule type C) Nonsolid or ground-glass (-0.1276)
Nodule in upper lung [ (0.6581) CAD

Emphysema [/] (0.2953) CAD Cancer probability |9.12
Nodule size |9 l mm v l CAD
Decimal Precision:
(@ Partially solid (0.377)
() Solid (0)
Nodule count |3 l # v l CAD
Spiculation [ ] (0.7729) CAD

Notes

+ This calculator estimates the probabilty that a lung nodule described above will be diagnosed as cancer within a two to four year follow up period.

http.//www.uptodate.comy/contents/calculator-solitary-pulmonary-nodule-malignancy-risk-brock-university-cancer-prediction-equation

McWilliams A, et al. NEJM 2013



Screening of never-smokers
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Lung cancer in never-smokers

* 10% to 25% of all lung cancers: 7t as a
cause of cancer death

* Risk factors

—Second-hand smoking
—EXxposure to carcinogens (asbestos, radon gas,
ionizing radiation)

—Genetic susceptibility

SN U H 6 RADIOLOGY



Targeting of LDCT screening according

to the risk of lung-cancer death

* Quintile of 5-year risk of lung cancer death

—ranging from 0.15 to 0.55% in the lowest-risk
group [quintile 1] to more than 2.00% in the
highest-risk group [quintile 5]

» Significantly decreasing trends in false
positive results

» 88% of the screening-prevented lung
cancer deaths: quintiles 3 through 5

* Quintile 1: only 1% of prevented lung-
cancer deaths

Kovalchik SA, et al. NEJIM 2013  SNUHY wroi000cy



Evaluation of the lung cancer risks at which

to screen ever- and never-smokers

.004 .006 .008
| | |

.002
|

Lung cancer mortality rate (death/person-year)

0

0 5 15 25 35 45 55 65 75 85 95 100
Percentile of risk

————— Chest x-ray Computed tomography

Tammemagi MC, et al. PLoS Med 2014  SNUH® wroio106v



Evaluation of the lung cancer risks at which

to screen ever- and never-smokers

« PLCOM2012 model

* At PLCO, 41, risk =20.0151, the 65th percentile of
risk, the NLST CT arm mortality rates are
consistently below the CXR arm's rates.

* None of 65,711 PLCO never-smokers had PLCO, 41>
risk 20.0151.

- Currently, never-smokers should not be
screened.

Tammemagi MC, et al. PLoS Med 2014  SNUH® wroi0106v



Should never-smokers at increased

risk for lung cancer be screened?
« MISCAN-Lung model: calibrated to NLST, PLCO, SEER

Aver Screening % of Screen-
Early stage% Lung ca deaths Screens per lung exams per person detected lung ca
averted/ 100,000 ca death averted .
screened overdiagnosed

USPSTF 59.4 4,305 353 16.2 8.4
NS aver risk 65.8 354 6,162 22.5 9.5
NS x 2 risk 65.9 706 3,075 22.5 9.6
NS x 5 risk 65.8 1,764 1,216 22.2 9.6
NS x 10 risk 65.8 3,541 593 21.9 9.6
NS x 15 risk 65.8 5,322 387 21.5 9.6
NS x 20 risk 65.8 7,118 283 21.1 9.6
NS x 35 risk 65.9 12,509 151 19.9 9.6

ten Haaf K, et al. JTO 2015



Should never-smokers at increased

risk for lung cancer be screened?

* PLCOmM2014 model

—A white never-smoker with the highest level of
RR (6.98) would not reach this level of risk until
age /3 years.

* LLP model

—Only four (0.04% of 10,697) never-smokers
had a high LLP risk (a risk of 5% or higher over
a 5-year period) and all were aged at least 73
years.

- For most never-smokers, lung cancer
screening is not beneficial.

ten Haaf K, et al. JT0 2015  SNUH¥ caviorocy



Lung cancer occurrence in never-

smokers

13 cohorts and 22 cancer registry studies

 Death rate from lung cancer among never-smokers is higher in

men than in women.

 African American and Asians living in Korea and Japan (but not
in the US) had higher death rates from lung cancer than
individuals of European descent.

 Lung cancer incidence rates were higher and more variable
among women in East Asia than in other geographic areas with

low female smoking

Thun MJ, et al. PLoS Med 2008 SNUHY o000y



JECS Study

- Japan, Randomized controlled trial

* 50-64 years

* Non-smokers and smokers of < 30 PY

* Duration of trial: 10 years

- Intervention arm: LDCT, 1st and 5t years
 Control arm: CXR, 1st year

* Annual CXR: both arm, encouraged
 Required sample size: 17,500 for each arm

Sagawa M, et al. Jon J Clin Oncol 2012 SNUH cavioroey



Thank you for
your attention
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