Small pulmonary nodules detected
on CT scans: current strategy and
potential contribution of Al
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How to deal with incidentally detected
small pulmonary nodules ?



How to deal with incidentally detected pulmonary
nodules less than 10 mm in size on screening LDCT ?




6-month or 1-year follow-up ?

Spherical solid fissure-attached
Solid pleural-Dased pulmonary nodule pulmonary nodule




51-year-old

Lung Cancer 69 (2010) 123-126



The primary goal of lung cancer
screening CT is to detect

abnormalities that may represent

lung cancer and may require further
diagnostic evaluation.
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LDCT Examination

= Multidetector technigue in a single breath-hold
= Without use of IV contrast medium

m |n a suspended state of full inspiration

= Axial images from lung apices to CP sulci

= Viewed at axial 2 mm/2mm (< 2.5mm/2.5mm )
(coronal Image In 2.5mm/2.5mm Is option)

m Characterization of small lung nodules: exam may be
reconstructed at < 1.0-mm slice thickness and
reconstruction intervals (sent to center)

m Postprocessing technigues: MIP or VR, MPR
m Radiation dose: < 1.5 mSv (BMI < 30); < 2.0 mSv (BMI > 30)



Hospital

Scan type

Rotation Time (s)

Manufacturer

CT scan manufacturer

Single collimation
width (mm)

Total collimation (mm)

Reconstruction (Image
center)

Convolution Kernel

IR

Slice thickness

Spacing between slices

Reconstruction diameter

EXRER
Scanner

Helical

0.5

Philips Brilliance 64 slice

0.625

0.625x128

Standard (B)

X

1mm

1 mm

30-35cm (i patient size)

=i R
Scanner

Helical

0.5

Philips Brilliance 64 slice

0.625

0.625x128

Standard (B)

X

1 mm

1 mm

35-36¢cm (Fipatient size)

=8
Scanner

Helical

0.5

Philips Brillance 256 slice

0.625

0.625x128

Standard (B)

X

1 mm

1 mm

30-36¢cm (Fipatient size)

PROREE
Scanner

Helical

0.5

Toshiba 320-row

0.5

0.5x320

FC 02

No

1 mm, 0.5 mm

Equal to slice thickness

28-35
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The nodule is closely associated with 4—6 mm pulmonary blood vessels. Although it is

substantially larger than adjacent blood vessels, it appears less conspicuous.
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Axial LDCT image shows a LUL ground glass nodular opacity (arrow).

Radiol Clin N Am 56 (2018) 353-363



Usefulness of multiplanar reconstruction for the characterization of lung lesions.

(A) Axial LDCT image shows a LUL ground glass nodular opacity (arrow). (B) Sagittal LDCT
image reconstruction demonstrates a linear configuration of the LUL lesion, characterizing focal

scarring rather than a true ground glass nodule (arrow).



Current State of Radiologist Performance

m Detection performance have been highly
variable.

m Reported sensitivities range from 30-97%.

m ldentification of small pulmonary nodules is
very difficult.

m The location of nodule relative to normal
lung structures appears to affect consistency
of detection across readers.

Radiology 2015; 274:276-286



10 § Characterizing Search,
Recognition, and Decision in the
Detection of Lung Nodules on CT

Scans: Elucidation with Eye Tracking'

1.Characteristics
of target nodule

2.Quality of CT
acquisition

3.Patient factors

---- all impact
nodule detection
with eye tracking

Radiology 2015; 274:276-286



Regional lung complexity and cross-sectional area of the lungs on

CT cross-sections may be a key determinate in their detection.
RS ERE

J Thorac Imaging 2015; 30(2): 130-138
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J Thorac Imaging 2015; 30(2): 130-138



Images enhanced detection and characterization of

tiny nodules because of improved depiction of pulmonary
vessels and enhanced anatomic orientation.

TS-MIP images displaying the longitudinal course of the
vessels and enabling their discrimination from nodules.













* Nodule detection remains imperfect
even with the addition of MIP and
VR

processing.

* Further research in computer-
assisted

diagnosis (CAD) and other methods
of

image processing is essential.
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Artificial intelligence is changing radiology. How are you keeping up?
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Deep Learning for Lung Nodule Detection / Classification
How do a Radiologist Find Lung Nodules?
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300~400 slices per patient
5~10 mins to locate the
nodules

Nodules classification
takes even longer time to
handle (30 mins~2hours).




Deep Learning for Lung Nodule Detection / Classification
How do a Radiologist Find Lung Nodules?

alolololololololololollolole

. .
300~400 slices per patient
LKDS-01214 12 [KDS-01214 12 LKDS-01214 12 LKDS-01214 12  LKDS-01214 12 LKDS-0121412  LKDS-01214 12 LKDS-01214 12 LKDS-01214 12 LKDS-0121412  (KDS-01214 13 LKDS-0121413  LKDS-01214.13  LKDS-0121413  LKDS-01214.13
0,img.png 1jmg.png 2 img.png 3 img.png 4 img.png 5 img.png 6img.png 7_img.png 8 img.png 9 img.png 0mg.png 1_img.png 2_img.png 3 img.png 4img.png 2 5 1 O M .t I t .th
. ~ mins 10 1oCate the
DIOIOIDIOIOIDIOIOIDIOIOIDIDIE nodules
o o .
3. Nodules classification
LKDS-0121413  LKDS-01214 13 LKDS-01214 13 LKDS-0121413  LKDS-0121413  LKDS-01214 14  LKDS-01214 14  LKDS-01214 14  LKDS-01214 14  LKDS-01214 14 LKDS-01214 14  LKDS-01214 14  LKDS-0121414  LKDS-01214 14 LKDS-01214 14 .
5img.png 6.img.png 7img.png 8 img.png 9img.png 0img.png 1.img.png 2.img.png 3img.png 4 img.png 5img.png 6.img.png 7 img.png 8img.png 9img.png ta kes even |Onger tlme to

(%) @ E @ CEMOICIOIG) handle (30 mins~2hours).

==Y
.

)
L)
L)
g

LKDS-01214 15 [KDS-01214 15 LKDS-01214 15 LKDS-01214 15 LKDS-01214 15 [KDS-01214 15  LKDS-01214 15 LKDS-01214 15 LKDS-01214 15 LKDS-01214 15  LKDS-01214 16  LKDS-01214 16  LKDS-01214 16  LKDS-01214 16 LKDS-01214 16
Oimgpng  limgpng  Zimgpng  3imgpng  Aimgpng  Simgpng  Gimgprg  Timgprg @i Oimgpng  Oimgpng  limgpng  2imgpng  3imgpng  4imgpng

Do D

LKDS-0121416  LKDS-01214 16 LKDS-01214 16  LKDS-01214.16  LKDS-0121416  LKDS-01214 17 LKDS-01214 17 LKDS-01214 17 - LKDS-01.T5% RC-0121417  LKDS-01214 17
5_img.png 6.img.png 7img.png 8 img.png 9 img.png 0.img.png 1_img.png 2.img.png 3.img.png 4img.png 6 img.png

@Ol B8

LKDS-01214 18 LKDS-01214.18  LKDS-01214 18 LKDS-0121418  LKDS-01214 18 LKDS-01214 18 LKDS-01214.18  LKDS-01214. 18 LKDS-01214 18 LKDS-0121418  LKDS-01214.19  LKDS-01214.19
0.img.png 1img.png 2img.png 3.imgpng 4 img.png 5img.png 6img.png 7 img.png 8imgpng 9img.png 0img.png 1.img.png

LKDS-01214 19 [KDS-01214 19 LKDS-01214.19  LKDS-01214.19  LKDS-01214 19 [KDS-01214 20 LKDS-0121420 LKDS-0121420 [LKDS-01214 20 LKDS-01214 20  LKDS-01214 20  LKDS-01214 20
Simgpng  6imgpng  Timgpng  &imgpng  Qimgprg  Oimgpng  limgpng  Zimgpng  3imgpng  Aimgpng  Simgpng  bimgpng

LKDS-01214 21  LKDS-01214 21  LKDS-01214 21  LKDS-01214 21 LKDS-01214 21  LKDS-01214 21  LKDS-01214 21  LKDS-01214 21  LKDS-01214 21  LKDS-01214 21  LKDS-01214 22 LKDS-01214 22
0.img.png 1img.png 2img.png 3 .img.png 4.img.png 5img.png 6.img.png 7 img.png 8img.png 9img.png 0img.png 1.img.png

<1
=1
<1
<1
<1
<1

[<1
<1
<1
<1
<1
<1

I3}
©
=3
©
=3
=3
©



Dear all:
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Deep Learning for Lung Nodule Detection / Classification
Challenge: Nodule Localization (1)

1.5% 1.5

Nodule is too
small to locate

X: 457 Y: 296 Val: 283
WL: -400 WW: 1500 [CT Lungs]
T: 1.5mm L: -180.3mm
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Deep Learning for Lung Nodule Detection / Classification
Challenge: Nodule Classification (2)

Three different classed ground-glass nodules (GGN)

Atypical adenomatous Adenocarcinoma Minimally invasive
hyperplasia (AAH) in situ (AIS) adenocarcinoma (MIA)



S8 W | ASLC/ATS/ERS International Multidisciplinary SRS RoE e
Mgl Classification of Lung Adenocarcinoma TR .

= Major Alteration (3): Predominant Pattern Replaces Former
Mixed Subtype in Invasive Adenocarcinoma: comprehensive
histologic subtyping improves molecular, therapeutic, and prognostic
correlations.

= Major histologic patterns of invasive adenocarcinoma:
A, Lepidic predominant pattern with mostly lepidic growth
(right) and a smaller area of invasive acinar adenocarcinoma
(left). B, Lepidic pattern consists of a proliferation type I
pneumocytes. C, Acinar adenocarcinoma. E, Papillary
adenocarcinoma. F, Micropapillary adenocarcinoma.
G, Solid adenocarcinoma.

J Thorac Oncol 2011;6(2):244-285.
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Artificial intelligence (Al) is the future of radiology ---
and the future is happening now!



REPORTING

m anatomic location (lung lobe, segment)

m , (soft tissue, type of calcification,
fat), (solid, part-solid, GGO), and
(eg, smooth, lobulated, spiculated)

m series/image number: to facilitate comparison

= \When comparing changes in nodule size, opacity, and contour,
efforts should be made to compare the oldest scans available in

addition to the most recent prior scan to assess for changes over
time.



(1) Solid nodules
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<4 mm . Tyr
1yr
>4 -6 mm » 6 Mo
» Size increase * BxorOP
S/PS
> 6 mo > 1 yr
>6-8mm
» Size increase » BxorQOP
> 8 mm » PET o2 » BxorOP
» BxorQOP

AATS 2013, ACCP 2013, Fleischner Society 2013, NCCN 2014 v1
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A solid spiculated 15 x 10-mm nodule in the LLL (arrow).

Canadian Association of Radiologists Journal 65 (2014) 121-134



Figure. Transient spiculated nodule in a patient with a recent history of pneumonia. (A) Baseline computed
tomography (CT) in a patient who was asymptomatic, demonstrating a 15 x 10-mm nodule in the
LLL (arrow). The patient was found to have had consolidation in the LLL on a chest radiograph obtained for cough
and fever 3 months before the baseline CT, and, therefore, the nodule was classified as Lung Reporting and Data
System (LU-RADS) 3L (indeterminate; requires serial CT). (B) Follow-up 6 weeks later, demonstrating marked
size decrease (arrow). Classification is now LU-RADS 2.

Canadian Association of Radiologists Journal 65 (2014) 121-134



Approximately 10% of solid,
Intermediate-sized, intraparenchymal
nodules resolved during F/U.



Small pulmonary nodule (< 5 mm)



An approximately 2-mm lung nodule (arrow): There is essentially

this nodule within the context of lung cancer screening.
Because nodules of this size are overwhelmingly benign there is no
relevance to their identification unless disseminated or presenting as a new
finding in a patient with documented malignancy.



A 43-year-old male with history of colon cancer
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A 53-year-old female with history of RCC
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Follow-Up of Small (4 mm or Less) Incidentally
Detected Nodules by Computed Tomography In
Oncology Patients

® In oncologic patients, 28% of small pulmonary nodules
detected at initial CT will increase in size, suggesting
metastasis.

m This Increase In size tends to occur early, and follow-up
CT in 3 months and 6 months would be appropriate in
further evaluation.

m Small nodules that are stable in size for more than 365
days are unlikely to be pulmonary metastasis.

Follow-Up of Small (4 mm or Less) Incidentally Detected

Nodules by Computed Tomography in Oncology Patients

A Retrospective Review

J Thorac Oncol. 2010;5: 1958-1962



Small Incidental Pulmonary Nodules (<4 mm)
How Useful is Short-Term Interval CT Follow-Up?

m The chance of growth in <4 mm NCNs in a 3- to 6-
month period In patients with no previous history of
malignancy or immune disorder is small; therefore,

Small Incidental Pulmonary Nodules
How Useful is Short-Term Interval CT Follow-Up?

J Thorac Imaging 2005;20:5-9



Smooth or attached indeterminate
solid NCNs



6-month or 1-year follow-up ?

Spherical solid fissure-attached
Bolid pleural=based nodule nodule

Radiology 2009; 250:264-272



In smooth or attached indeterminate solid NCNSs, were found
at 1-year follow-up (NELSON study).

Radiology 2009; 250:264-272



Low-dose CT screening






Typical
(PFN) -

Radiology 2010; 254:949-956
Radiology 2012; 265:611-616



Perifissural nodules (PFN)



Typical PEN

= We defined a typical PFN as a fissure-attached,
homogeneous, solid nodule that had smooth
margins and an oval, lentiform, or triangular
shape.

a
Perifissural Nodules Seen at CT ”(
Screening for Lung Cancer’ -

Radiology 2010; 254:949-956



Typical PEN




Non-PFN

m All other nodules were defined as non-PFN.
This included nodules that showed features
typical of malignancy, like spiculation.
Spherical nodules were also classified as non-
PFN because a spherical shape suggests that
the nodule is not influenced by the fissure, but
IS Instead growing through the fissure.




Pulmonary Perifissural Nodules
on CT Scans: Rapid Growth Is
Not a Predictor of Malignancy

Pulmonary Perifissural
Nodules on CT Scans: Rapid

Growth Is Not a Predictor
of Malignancy’

Radiology 2012; 265:611-616






Pulmonary Nodular Ground-Glass Opacities (NGGOs)
In Patients With Extrapulmonary Cancers

What is Their Clinical Significance and How Can We Determine Whether They
Are Malignant or Benign Lesions?

= Pulmonary NGGOs in patients with extrapulmonary
cancers tend to have high malignancy rates and are
very often primary lung cancers.

m All malignant NGGOs were primary lung cancers.

(:HEST Original Research

Extrapulmonary Cancers*

LUMNG CAMNCER
| " Pulmonary Nodular Ground-Glass
Opacities in Patients With

CHEST 2008; 133:1402-1409



(2) Ground-glass opacity (GGO)
or GGN




Ground-glass nodules (GGNSs)

m A GGN is an area of increased
pulmonary attenuation with preservation
of the bronchial and vascular margins.

m GGN can be partly solid or nonsolid.

m A large range of benign diseases (eg,
Inflammatory disease or fibrosis) can
manifest as GGN, most GGNSs that
persist longer are AAH, AlS, or MIA.




CT scan obtained with 5-mm-thick sections

J Thorac Imaging 2015; 30(2): 130-138



Image reconstruction at 1 mm or less minimizes volume-averaging effects and,
therefore, should be available to optimize characterization of small lung nodules,
particularly in the assessment of and pertaining to solid and

subsolid components.

Radiology 2013; 266: 304-317
Radiol Clin N Am 2018; 56: 353-363



Ground-glass nodules (GGNSs)

m GGNs are regularly encountered during CT
screening for lung cancer.

m These GGNSs pose a challenging task for the
clinician because they grow slowly but, at
the same time, have a malignancy rate as
high as 63%.



Ground-glass nodules (GGNSs)

m Predictive CT findings of malignancy: a size of
> 10 mm, a lobulated margin and bubble-like
appearance on initial CT were indicative of the
future growth of pure GGNSs, which implies
probable malignancy.

m Resolving pulmonary nodules share CT features
with malignant nodules.



There are no predictive CT features
to aid in differentiating lesions likely
to progress versus those that remain
stable.

Radiology 2009; 253:606-622.





http://radiology.rsna.org/content/253/3/606/F11.large.jpg
http://radiology.rsna.org/content/253/3/606/F16.large.jpg

-
.

Fig. Focal inflammation . (2) Magnified 1-mm
CT section through the right upper lobe shows nodules with GGO Initially
diagnosed as probable BAC. (b) Follow-up CT scan obtained 3 months later
shows near complete resolution of the lesion (arrow), now presumed to
represent focal nonspecific inflammation.


http://radiology.rsna.org/content/253/3/606/F11.large.jpg
http://radiology.rsna.org/content/253/3/606/F12.large.jpg

Figure. ADC. Sequential
magnified 1-mm CT
sections through the
right upper lobe show
minimal increase in size
of a nodule with GGO
over a 3-year period. The
central area of higher
attenuation represents a
vessel bifurcation and
not a solid component,
which was better
characterized on
sequential images.



http://radiology.rsna.org/content/253/3/606/F16.large.jpg
http://radiology.rsna.org/content/253/3/606/F17.large.jpg
http://radiology.rsna.org/content/253/3/606/F18.large.jpg
http://radiology.rsna.org/content/253/3/606/F19.large.jpg
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Malignant
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Management Recommendations



Solitary subsolid GGN

m Solid: 7%; Part-solid: 63%; GGN: 18%.
m Large pure GGNs are more likely to be invasive.

m Solid component > 5 mm: malignancy should be
considered.

m Development of a solid component within lesions
IS also strong evidence of an invasive adenoCA.



Although the surgical indications for
GGO lesions are not well established,
generally, when the size of a pGGO
lesion grows or when a newly developed
solid component Is observed, the
operation may be performed.



For subsolid nodules, the limitations In

assessing growth are compounded because
these lesions are typically small and poorly
defined with growth that may be indolent

and difficult to perceive.

Br J Radiol 2000;73(876):1252-1259
RadioGraphics 2014; 34:1658-1679
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Natural history of pGGNSs

of pure GGNs increases in size or grow solid
component, while others remain unchanged for years.

GGN: 122 GGNs (Chest 2013- screening-detected GGNs, median
F/U period: 59 months): median size of 5.5 mm (range, 320 mm; 5
of the 12 pure GGNs < 5 mm). 9.8% (12/122 GGNs) growth, VDT: 769
days (2.1 years: 330-3031 days) for growing pGGNs, 2/12:
developing solid component.

Conclusions: About 90% of the screening-detected pure GGO
lung nodules did not grow during long-term follow-up in
subjects with no history of malignancy and most growing
nodules had an indolent clinical course. A strategy of long-
term follow-up and selective surgery for growing nodules
should be considered for pure GGO lung nodules.

CHEST 2013; 143(1):172-178
Radiology 2015;276:873-82
Respir Med 2013; 107:904-10



Growth Patterns of Pure GGNSs
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Months

91% of the pure GGN were dormant for > 12 months and subsequently
grew, but one (9.1%) exhibited a linear growth pattern without dormancy.

CHEST 2013; 143(1):172-178



Solitary Pure Ground-Glass
Nodules 5 mm or Smaller:
Frequency of Growth'

Purpose:

Results:

Conclusion:

Radiology 2015; 276:873-882
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MIA, tumor size: 0.8 cm; invasive focus: 2 mm; TNM stage 1A1: pT1miNoMo;
segment 3 of the left upper lobe; VDT, 265 days.

Radiology 2015;276:873-882






Growth of pure GGN

m of patients with GGO nodules who underwent surgery,
27.3% had invasive adenocarcinoma and 9.1% had
microscopic mediastinal nodal metastasis.

m A portion of pure GGO lung nodules could develop
Into Invasive adenocarcinoma.

ity (GGO) lung nodule
he purpose of this study was
ected pure GGO lung nodules in patients with no his
tively reviewed the ddt.ub.:-. ) l.ub]u(l-. uhu ]1.:(] und
" scans. We ir

Abbreviations: € d-g v; HU = Hounslield unit; LDCT
disappearance rate

CHEST 2013; 143(1):172-178



2018-(51-26 2019-01-22 2019-02-19

Well-differentiated adenocarcinoma, tumor size: 7 mm; TNM stage 1AL,
the left upper lobe.



Fig. CT from 57-year-old with long-term follow-up of pure ground-glass opacity (PGGQ) for more than
10 years. Patient had undergone operation for ADC originating in right upper lobe 10 years previously. (A)
Small PGGO in left upper lobe (arrow) was pointed out as a function of the retrospective review of
conventional CT taken at that operation. (B) On follow-up 124 months later, high-resolution CT
shows enlargement of PGGO from 8 mm (A) to 25 mm in diameter. Most of the resected specimen
reveals bronchioloalveolar carcinoma (hematoxylin and eosin, x 2.5). Focus of invasive
adenocarcinoma can also be recognized. (Hematoxylin and eosin, x 66.)

Ann Thorac Surg 2002;73:386-93



Natural History of Pure Ground-Glass Nodule (pGGN)

Preoperative
Patient Age at No. of Means of Location Follow-up Initial/Final
No. Discovery (y) Sex  Lesions Detection (lobe) (mo) Size (mm) Surgery Histology Outcome
1 57 M 1 Postoperative Left upper 124 8/25 WWR AC with MS Disease-free®
follow-up
2 66 M 1 Postoperative Right lower 96 18/20 Segmentectomy BAC Disease-free
follow-up
3 70 M 1 Postoperative Right upper 32 4/10 WWR BAC Disease-free
follow-up
4 76 M 2 Postoperative Left upper 28 15/25 & Segmentectomy BACs Dead without recurrence
follow-up 10
5 66 M 1 CT screening Middle 26 77 VATS WWR BAC Disease-free
6 60 F 1 Incidentally Right upper 29 6/6 VATS WWR AAH Disease-free
7 47 M 1 CT screening Right upper 39 6/10 Segmentectomy PLD Disease-free
8 35 M 1 CT screening Middle 24 11/14 WWR PLD Disease-free
) 64 F 1 Postoperative Left lower 52 10725 WWR PLD Disease-free
follow-up
10 62 F 1 CT screening Right upper 37 8/8 VATS WWR Fibrosis Disease-free
11 65 F Many CT screening All lobes 37 =10/=10"° ND BAC or AAH® Alive with lesions
12 74 F 1 Postoperative Left upper 48 18/20 ND Unknown Alive with lesion
follow-up
13 53 F 1 CT screening Left lower 36 6/6 ND Unknown Alive with lesion
14 52 F 1 CT screening Right upper 34 5/5 ND Unknown Alive with lesion
15 75 M 1 CT screening Right upper 30 10/13 ND Unknown Alive with lesion
16 67 M 1 CT screening Left upper 30 8/14 ND Unknown Alive with lesion
17 65 F 1 Postoperative Left lower 26 5/5 ND Unknown Alive with lesion
follow-up
18 53 F 1 CT screening Left upper 26 8/8 ND Unknown Alive with lesion
19 65 M 1 CT screening Right lower 30 8/8 ND Unknown Alive with lesion

* Involving recurrence from prior cancer.

P Some of lesions have shown only a slight increase in size or density, but remained within 10 mm in diameter;

¢ Probably.

AAH = atypical adenomatous hyperplasia; ND = not done;

disorder; VATS = video-assisted thoracic surgery;

AC with MS = adenocarcinoma with mixed subtypes;
WWR = wide wedge resection.

CT = computed tomography; PLD = pulmonary lymphoproliferative

PGGN (4- 18 mm) after long-term F/U of more than 2 years: 1) no change: 8/19 (42%);
2) increased slightly (up to 5 mm): 6/19 (32%); 3) increased by more than 5 mm: 5/19 ( ).

These data suggest that some pGGNs will never progress to clinical disease and
would be included in the category of overdiagnosis bias.

Ann Thorac Surg 2002;73:386-93



Natural history of GGNs: Long-term follow-up
of small pulmonary GGNs stable for 3 Years

= Introduction: How long persistent and stable GGNs should
be followed is uncertain, although a minimum of 3 years is
suggested.

m Results: 2003-2015, 453 GGNs (438 pGGNSs and 15 part-
solid GGNEs; size: 2-31 mm, median size: 5 mm) were
found in 218 pts. Of the 218 pts, 14 had 15 GGNs showing
subsequent growth after the initial 3 yrs during the median
follow-up period of 6.4 years.

For the person-based analysis, the frequency of subsequent
growth of GGNSs that had been stable during the initial 3 yrs
was 6.7% (14/218). For the nodule-based analysis, the
frequency was 3.3% (15/453).

J Thorac Oncol 2016; 11: 1453-1459



Growth patterns of 15 GGNs: 6.7% (14/218)

26

24 - — Part-solid GGN
—— Pure GGN

Size of GGNs (mm)

I 1
0 12 24 36 48 60 72 84 96 108 120
Duration of follow-up (months)

J Thorac Oncol 2016; 11: 1453-1459



2 yrs7 m later 3 years later 50 months later 125-month after initial CT

Serial HRCT over the 126 months of a 51-year-old man with a history of right upper
lobectomy for lung cancer (squamous cell carcinoma) (pT2N2MO).

Stepwise evolution from a focal pure pulmonary ground-glass opacity nodule into an
invasive lung adenocarcinoma: An observation for more than 10 years.

Lung Cancer 69 (2010) 123-126



Fig.—Subsolid nodule, demonstrating worrisome change. (A) An annual CT, demonstrating
a persistent 14-mm pure GGO (arrow). This is a Lung Reporting and Data System (LU-
RADS) 4B nodule (likely low-grade adenocarcinoma). The patient was not referred to

surgery and did not return for recommended follow-up. (B) CT 3 years later, showing

the nodule has . The nodule
Is now classified as LU-RADS 4C (likely malignant).

Can Assoc Radiol J 2014; 65(2):121-134



57-year-old man with visible but unidentified 6.3-mm nodule (arrow) in left
lower lobe similar in size and shape to surrounding blood vessels.

AJR 2014; 203:965-972



a, 57-year-old man with visible but unidentified 6.3-mm nodule (arrow) in
LLL similar in size and shape to surrounding blood vessels. b, CT image
obtained 12 months after a.

(T3). Diagnosis was small cell carcinoma with N1 lymph node metastasis
(stage I11A).

AJR 2014; 203:965-972



Fig. — 61-year-old woman with cancer not visible at previous CT screening (category 1).

A, CT image shows no nodule in left lower lobe.
B, CT image 11 months after A shows new nodule measuring 22.0 x 19.0 mm. Diagnosis was large cell

carcinoma (stage I).

AJR 2014; 203:965-972



Value of initial short-term follow-up of malignant GGNs. Consecutive 1-mm-thick sections
through RLL section obtained at same anatomic level over a 6-month period (A, baseline.

Radiology 2013; 266:304-317: a statement from the Fleischner Society



Fig: Value of initial short-term follow-up of malignant GGNs. Consecutive 1-mm-thick sections
through RLL section obtained at same anatomic level over a 6-month period (A, baseline; B, 3 months;
C, 6 months) show rapid transformation (arrow in A)

(arrow in B and C), which subsequently proved to be mucinous

adencarcinoma.

Radiology 2013; 266:304-317: a statement from the Fleischner Society



It Is sometimes difficult to determine proper follow-up
examinations, particularly in case of GGO nodule
growing slowly on serial CT scans.

CT images in a 68 y/o smoker show (a) a nonsolid nodule (17 X 13 mm) in the LUL at baseline screening,
(b) the nodule remained nonsolid at follow-up 2 years later.



The follow-up duration should be extended to 5 or 10 years,
considering the long volume doubling time.

baseline 2 years later .zl 9 years later

CT 1mages in a 68 y/o smoker show (a) a nonsolid nodule (17 X 13 mm) in the LUL at
baseline screening, (b) the nodule remained nonsolid at follow-up 2 years later, and (c)
a solid component emerged at follow-up 9 years later. At that time, it was resected, and
the final diagnosis was 2.1-cm invasive adenocarcinoma.

Radiology 2015; 277:555-564



If such change should be considered as a benign lesion ?

(A) A solid nodule was detected by conventional CT screening in the RUL and considered
as granuloma and followed up (10 mm x 9 mm). (B) The nodule unchanged in size by the

follow up CT (after 2 years and 6 months).

European Journal of Radiology 81 (2012) e548—e553



Fig. A case of the VDT changed during follow up period. In this case, the follow up
durations was 3 years and 4 months. (A) A solid nodule was detected by conventional
CT screening and followed up (10 mm x 9 mm). (B) The nodule unchanged in size by the
follow up CT (after 2 years and 6 months),

(C) The pathological findings was mucoepidermoid carcinoma.

European Journal of Radiology 81 (2012) e548— €553



If such change should be considered as a benign lesion ?

Nodule diameter (with 36-mm diameter at initial CT image) has decreased to 16mm and solid component has
become linear at 1 year after initial CT.

Lung Cancer 60 (2008) 298-301



1 year later 3 years later

E N F

&3

Adenocarcinoma: (A) Nodule with 36-mm diameter shows ground-glass opacity (GGO) with high attenuation in LUL.
(B) Solid component in GGO 6 months later. (C) Nodule diameter has decreased to 16mm and solid component has
become linear at 1 year after initial CT. (D) Linear solid component is slightly enlarged at 3 years after initial CT. (E)

Solid round nodule of 10-mm diameter and focal GGO at 4 years after initial CT. (F) At 6 months thereafter, solid nodule
has increased to 20mm in diameter, and GGO has disappeared.

Lung Cancer 60 (2008) 298-301



Malignant lesions may occasionally show a temporary
decrease In size, due to contraction of a fibrotic or
atelectatic component.

Lung Cancer 2008; 60:298-301
Cancer Imaging (2013) 13(3), 365-373



If such change should be considered as a benign lesion ?

Two sequential transverse CT scans (5-mm section width) obtained 1 year apart
show a nodule (arrow) in the RML that became smaller after initial screening CT.

Radiology 2007; 242:555-562



Three sequential transverse CT scans (5-mm section width) obtained 1 year apart
show a grade 3 (arrow) in the RML that became smaller after
initial screening CT but enlarged on the subsequent scan.

Radiology 2007; 242:555-562
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11 growth curves suggested a decrease in volume at some point.

Chest 2009; 136:1586—1595



A small number of tumors become
smaller, decreased in attenuation, or
become more smoothly marginated -
-- such changes negate
follow-up of an indeterminate tumor.
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Conclusion

There remains a growing need to
reexamine the radiologic approach to
small nodules, particularly when CT Is
performed for indications other than
SCreening. 4 Axk4x 3 ch2 & # 573 40

Radiology 2005; 237:395-400



Conclusion

m Guideline awareness among clinicians is
widespread, but conformance shows large
heterogeneity.

= Overmanagement iIs common, which may
lead to avoidable financial and physical
burden.






T Descriptor Subsolid Nodules

CTimage on
HRCT

cl*
solid part 0.6-1.0 cmf 1.1-2.0 cmt 2.1-30 cmt

Total tumor size
< %, +t u %
including GG 0.6-3.0cmit <3.0 cmit 0..6-3.0cm 1.1-3.0 cmtt 2.1-3.0 cmtt

o i LPA, Invasive
Differential AAHT, AIS, MIA | AIS, MIA, LPA MIA, LPA, AIS AD. MIA LPA, Invasive AD Invasive AD
Diagnosis '

ClinicalStage* | | crstt | cTimifg

A5 T8RN (<3 em: Tis/TImi/Tla) il < THa 3 AR FEa%: solid

component size R H (8™ edition TNM){E Ry 733 HT 3 JHRYEE S8

« |If pure GGO > 3 cm, classified as cT1a.

« |f GGO predominant part-solid nodule has solid component < 0.5 cm
but total size > 3 cm, classified as cT1a.

« Tis [AIS] cT: These lesions typically show pure GG nodules (GGNSs)

measuring 3 cm or less.

Journal of Thoracic Oncology 2016;Vol. 11 No. 8: 1204-1223
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Results: Between May 2003 and June 2015, 453 GGNs (438
pure GGNs and 15 part-solid GGNs) were found in 218
patients. Of the 218 patients, 14 had 15 GGNs showing
subsequent growth after the initial 3 years during the me-
dian follow-up period of 6.4 years. For the person-based
analysis, the frequency of subsequent growth of GGNs that
had been stable during the initial 3 years was 6.7% (14 of

218). For the nodule-based analysis, the frequency was
3.3% (15 of 453). In a multivariate analysis, age 65 years
or older (OR = 5.51, p = 0.012), history of lung cancer
(OR = 644, p = 0.006), initial size or_large
(OR = 5.74, p = 0.008), presence of a solid compc

(OR = 583,

(OR = 16.58, p = 0.009), and ai
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(3) Part-solid nodules




The solid component of PSNs is

known to represent the

of adenocarcinomas although other
histologic changes, such as alveolar
collapse, inflammation, fibrosis, and,
occasionally, mucus, may also appear
as a solid region of PSNs on CT.



-

Lt - Part-solid nodules

m Such a nodule is more likely to be malignant than a
solid one.

m Persistent part-solid GGNs with
usually are considered to be
Invasive adenocarcinomas and are recommended for
biopsy or surgical resection according to the

Fleischner socilety statement.

= In contrast to growth in solid nodules, which is based solely on size, In
subsolid nodules, growth may manifest as an increase In size, an increase
In attenuation, development of a solid component, or an increase in size
of a solid component.

Radiology 2009; 253:606-622



Importance of solid component in PSNs

m represent invasive foci of ADCs.

m IS related to prognosis: size of solid region Is
found to be predictive of nodal involvement,
high-grade malignancy (positive lymphatic,
vascular, or pleural invasion) and disease-free
survival in clinical stage 1A lung ADCs.

m a T factor measured by the solid component
might be a more accurate prognostic parameter.




Persistent part-solid nodules with solid part of 5 mm or smaller:

Can the ‘follow-up and surgical resection after interval growth’
policy have a negative effect on patient prognosis?

Persistent part-solid nodules with solid part of 5 mm or smaller:
Can the ‘follow-up and surgical resection after interval growth’
policy have a negative effect on patient prognosis ?

m Conclusion: did not negatively influence the
prognosis of patients.

IR interval B AT 417, S 7 prognosis R e 4 G IR 22 -

Eur Radiol accepted: 11 April 2016
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A 54-year-old female with history of colon cancer
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Multiple Ground-glass/Lepidic Lesions.—Lung cancers manifesting as
multiple pulmonary lesions with ground-glass or lepidic features are
associated with various demographics, excellent patient outcomes, and

iInfrequent recurrences.

Multifocal adenocarcinoma should be classified by the T category of the
lesion with the highest-level T descriptor and by the number of lesions (#)—
or simply “(m)” for multiple—indicated in parentheses (Fig).



Fig. Multiple ground-glass/lepidic lesions (multifocal adenocarcinoma).
MDCT image shows approximately 16 ground-glass nodules bilaterally, the
largest of which is in the RUL and measures approximately 2.2 cm in focal
diameter. In the setting of multiple ground-glass lesions or lepidic tumors, the
IASLC recommends use of the dominant lesion for T staging purposes.

In this case, 2.2 cm corresponds to a T1c lesion, and the overall descriptor can
be listed as either T1c(16) or T1lc(m).







