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(Interpret Lung Nodules vs. Masses)
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B &% gp 51 E & Definition

B i} 5 Fleischner Society$2 & &9 B # B4 3R A% 04 7 35
&
e it & (Lung/Pulmonary nodule) : ﬂ;ﬁ A A 48< 3 cmy

RE B R & A (Opacity) % € & & 7F
o BEIH &Y 4 & (Solitary Pulmonary Nodule, SPN) :if 24549 - 5
ey > REAG) > & 806 - BB R4RET > A3 cm

— Completely surrounded by lung parenchyma
— |t occurs in 1 every 500 CXR

e ifiZfpEk (Lung mass): HE2I cmyAE K » BRIEL
BEBREERT 0 FRIAR T AL # 8 B AR o
—95% malignhancy

Ming-Lin HO Glossary of terms for thoracic imaging. Radiology. 2008;246:697-722.
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Size

Miliary nodule: <2 mm
Pulmonary micronodule: 2-7 mm
Pulmonary nodule: £ 30 mm

Pulmonary mass: > 30 mm

Miliary nodule micronodule Nodule Mass
Ming-Lin HO
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52-years old lady went for a health check-up

~gil T

She hasa 2.2cm
sized nodule
In the right mid-zone

m Next Steps

1. Do nothing
- old granuloma

2. Aggressive
- suspected malignancy

3. Give antibiotics ?
4. Investigate further

Ming-Lin HO
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92-years old lady went for a health check-up

She hasa 2.2cm

Ming-Lin HO
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52-years old lady went for a health checlf%up

CT scan show the lesion to be in the right upper lobe

529

She shows a significant increase in size over 2 %2 months

Ming-Lin HO
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52-years old lady went for a health check-tip = -

CT scan show the lesion to be in the right upper lobe

Contrast enhanced study shows enhancement

Ming-Lin HO
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92-years old lady went for a health check-up

Ming-Lin HO



52-years old lady went for a health checkKEup™ ="
Bronchogenic carcinoma — operable (T2NOMO)

=

ajt 00670 011

Ming-Lin HO
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Lung nodules differential diagnhosis

B & Neoplasms B % -E85# 5% Immune-mediated diseases

e =445 Malignant #2 B2 8 & % Rheumatoid arthritis
e % & 4 #+& Bronchogenic lung cancer ¥ 549 A ¥ B Granulomatosis with polyangiitis
e #: 2.8 Lymphoma £ 85 1% 5 85 55 Nodular sarcoidosis
« #&;& Carcinoid mEEs ¥ (BiRELEHE) Organizing
« 7% Sarcoma pneumonia (cryptogenic or secondary)
o Hi£# Lung metastases # & 4 ¥ 8 Lymphoid granulomatosis

e 2.4 Benign MAMLEH LA F 8 Necrotizing sarcoid

e &3 Hamartoma granulomatosis
» &% Chondroma B %M Z % Congenital abnormalities

» f5%:% Lipoma [ # ¥ 5.5 A Arteriovenous malformation
o =$vB M 554k % Respiratory . % & 4 %1 Bronchogenic cyst
papillomatosis e ¥ 5 & Pulmonary sequestration
o R iE#E#44-FF & Pulmonary benign e 3% $ 5% & 38 Pulmonary venous varix
metastasizing leiomyoma © % 5 FRE ¥ 5 % 144 2 Bronchial atresia
m (%5 Infections with bronchocele
& #4425 Mycobacteria m  E 4 Miscellaneous
° & % Fungi e E# ¥ RHE Round atelectasis
. &% % ¥ Round pneumonia ® ¥ _L:iEAM# i Endoparenchymal lymph node
° s A8:% Lung abscess e iEfTii# 1t Progressive mass fibrosis
° JLak 4> F Septic emboli ® X {%#{®:2 Inflammatory pseudotumor
. #+ % % Nocardia spp. ® Eai# % Amyloidosis
. 4 & % B Hydatid cyst e #AAs(¢4F ¥ Lipoid pneumonia
o Qi Qfever

Ming-Lin HO Ann Thorac Med. 2019 Oct-Dec: 14(4):226-238.
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Common Lung nodules differential diagnosis

Malignant  Primary lung carcinoma Vascular  Arteriovenous malformation
Primary pulmonary carcinoid tumor Haematoma

Solitary metastasis
Congenital Bronchial atresia

Sequestration

Benign
g Hamartoma Bronchogenic cyst

Chondroma
Infectious  Granuloma (tuberculous, fungal) 3’2”'3"‘3 E:zrzﬁiuont:ﬁc(tﬂ(;g,i:%zlf;er)nole)
Round pneumonia/atelactasis solitary Pleural plaque or mass
Abscess pulmonary Mucoid impaction
nodule
Non- Rheumatoid nodules

infectious  Wegener granulomatosis

Ming-Lin HO
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Factors Influencing Probablllty of Malighancy

B Size B Patient age

® Growth rate m Gender

m Attenuation and B Smoking history
Enhancement on CT m Occupational history

® Margin ® Endemic granulomatous

®m Location disease

B cavitation

kB E hREL!!!

Ming-Lin HO Bankier et al. Radiology 2017; 285:584-600
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Past Cancer History

B In patients with melanoma, sarcoma, or testicular
carcinoma, a malignant SPN is 2.5 times more likely to be
a metastasis than a primary lung cancer
o LEAEZEEH NBREFALRYEL T EHMSPNEZ
B T fE PR R PR R 692.94%

B However, in patients with head and neck squamous cell
carcinoma, a malignant SPN is 8 times more likely to be a
primary lung cancer.

o 2R AEHARNMK @B EEF - BHSPNER
AR AT 69 7T AE R R H 49 84% -

Ming-Lin HO
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Malignant history
Colon cancer with lung metastasis

Solitary pulmonary mass on RLL
History of colon cancer s/p op.

Dx: Colon cancer with lung metastasis

Ming-Lin HO
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Malignant history
Adenocarcinoma of lung origin

GGO or part-solid nodule in extrapulmonary malignancy
Suggest primary lung cancer

Colon cancer s/p op.
Pulmonary nodule on RUL: adenocarcinoma of lung origin

Ming-Lin HO
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0. Satellite lesion

Image Analysis for Lung Nodules/Masses

Location: Intra-thoracic or extra-thoracic
Size/Diameter

Density: Solid/Sub-solid/Ground-glass
Margin/Shape

Growth rate/Doubling time

Calcification

Cavitation/Cavity wall thickness
Contrast enhancement

Multiple lung nodules

SEERE e b



Cancer

Research Article
See related article by Massion and Walker, p. 1173

Short- and Long-term Lung Cancer Risk Associated with
Noncalcified Nodules Observed on Low-Dose CT

Left lung

[Person level]
NCN pos/lung cancer pos

Upper lobe [Lung level]
Left lung: NCN neg/lung cancer neg
Right lung: NCN pos/lung cancer pos

Middle lobe

Lingula
. [Lobe level]

4 Lobes: NCN neg/lung cancer neg
Lower lobe Right upper: NCN pos/lung cancer neg
Right lower: NCN neg/lung cancer pos

Lower lobe

+

* NCN (noncalcified nodule)
=, Lung tumor

Ming-Lin HO Cancer Prev Res; 7(12) December 2014
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Algorithm using a typical case

Ming-Lin HO
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Left lower lobe (retrocardiac) lung cancer

Ming-Lin HO
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T1 tumor-A typical T1 tumor in the left lower lobe, completely
surrounded by pulmonary parenchyma.

Ming-Lin HO



In patients with idiopathic fibrosis, lung cancers =
more commonly involve periphery of lower lobe

"Ming-Lin HO
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Miss reading on the CXR

-

Ming-Lin HO
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Miss reading of lung cancer on the CXR

2018-08-13 2019-05-28

y 4

e
%
i

Ming-Lin HO
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Miss reading of lung cancer on the CXR

2019-05-30 2019-05-28

Ming-Lin HO
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This lesion is intra-pulmonary — seen o~

both frontal and lateral radiographs in the lung

Ming-Lin HO
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This lesion also pleural — probably an ol&
calcified hematoma and hence not an SPN

"__,_,-.——\‘\." T

Ming-Lin HO



This patient had neurofibromatosis 1 and came fof™ -

a CT guided biopsy of a left upper lobe mass

Ming-Lin HO
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This patient had neurofibromatosis 1 and came
for a CT guided biopsy of a left upper lobe mass

= - —_

Classic example of “hyposkilia”
— the patient had never been examined

Ming-Lin HO



This lady also came for a CT guided
biopsy of a left mid-zone lesion

Ming-Lin HO



Rib fracture in a 50-year-old woman with“*=2=
multiple myeloma

CT scan shows a healed fracture of the
right second rib (arrow).

Ming-Lin HO
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Segmental bronchial atresia in a 17-year-old girl

Ming-Lin HO
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Segmental bronchial atresia in a 17-year-old girl

Ming-Lin HO
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Lung cancer LUL with rib destruction

Ming-Lin HO
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Size of SPN

B Most SPN are less than 2 cm in diameter

® Malignant nodules
® 40% less than 2 cm
® 15% less than 1 cm
® 1% less than 7 mm
® 0% less than 5 mm

Ming-Lin HO
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Response Evaluation Criteria In Solid Tumors

Tumours Malignant lymph nodes

CT scan: long axis = 10mm Short axis diameter = 15mm
Chest X-ray: long axis = 20mm

Selection of lesions

Choose 1 to 5 target lesions, equally distributed over affected
organs (with a maximum of 2 per organ)

Preferably choose largest lesions
Preferably choose well-described lesions that are easy to measure

Ming-Lin HO
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Lung Window

7mm

S5mm

Ming-Lin HO Bankier et al. Radiology 2017; 285:584-600
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Fleischner 2017 guideline
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Premalignant AAH c

A localized BAC Iikel_y rnix_ed -
. BAC/invasive

B localized BAC adenocarcinoma

with foci of structural collapse

C localized BAC,
active fibroblastic proliferation

D, E, F poorly differentiated tubular,
papillary adenocarcinoma

C
mixed s
BAC/invasive
adenocarcinoma

Premalignant
AAH

C
mixed s
BAC/invasive
adenocarcinoma

A
localized BAC

D, E,F
poorly differentiated,
tubular, g
papillary
adenocarcinoma

W
7
3
&
Ed
£)
.
F
j.
AE
&
A
E2)|
1

B
localized BAC
with foci of
structural collapse

——

Ming-Lin HO
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Fleischner 2017 guideline ~ Density of pulmonary nodule

Part-solid

BARGEHEACTRIEPHRR > WEG AR REHER :
o 1. Faey& mp(Solid nodules) : &% A e9#A » At 9eia
2% ¥ 55 (homogeneous soft-tissue attenuation)
o 2. £k 4 (Ground-glass nodules) : 42734 4 B A BB
MEEARIERIE N MACTHEETEY XA T T EH
o 3. 3 ak 4 i (Part-solid nodules) : &35 B §2fv £ 3 3R IGm ©

Ming-Lin HO Ann Thorac Med. 2019 Oct-Dec; 14(4):226-238.



S pemat=slodol oo

Fleischner 2017 guideline

Pure Subsolid Nodule Part Solid Nodule Solid Nodule

Subsolid lesion Subsolid: 8 x5 =7 mm Solid: 7x3=>5mm
(B+5):2=6.5mm Solid:4x3 =>4 mm

Final measurement: 7mm

Ming-Lin HO
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Lung Window

Ming-Lin HO Bankier et al. Radiology 2017; 285:584-600
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ORIGINAL ARTICLE

Probability of Cancer in Pulmonary Nodules

Detected on First Screening CT
B Nodules <20 mm

A All Nodules

~ 0.64 = 0.154

8 8

= &

J ¥

& 04 e 010

3 3

— -

‘s ‘s

g 0.24 g 0.054

B B

2 2

g 00 T T T T E 0.00 L) T L] U
0 20 40 60 80 0 5 10 15 20

Nodule Size (mm)

Nodule Size (mm)

C Nodules 510 mm D Nodules =6 mm

& 0.044 & 0.008
: :
'-é 0.03- "é 0.006-
3 3
‘s 0.024 s 0.004
£ g [T
= 0014 S 0.002
: :
< 0.00 0.000 -

0 1 2

Nodule Size (mm) Nodule Size (mm)
Figure 1. Relationship between Nodule Size ang _
Nodule (0.5 0.8 cm) Risk X 50

The reference variables for this model were
of variables are taken from the parsimonious md

Ming-Lin HO N Engl J Med 2013;369:910-9



Fleischner Society 2017 53] » ==*%=E

=iz P ,ﬁ- =l - 2
& B BT e A B & =3 IR & Bp % B3 o
B F Y 4 e (Solid nodule)
— : HHEGE

REEAN
fSERunE <6bmm 6-8mm >8mm b3 L8
fi— Single

EEBaEs 2N BLENR 6-1218 A B % H W38 ®BR K5E/DF omm RN SER - H&
CT» M 18248 CT RIETFHE »  BEREFS OF o] REAYRS T RYAR SRS H 0L

A% @an CT SAHLERY) 1> ERHHE » a7 12 {8 H #akE CT
MR e 12 EA® 6-12f8 H B ¥ HWIMA®ER [L
EEECT CT: H1824{ CT» RIEFIRE
H %88 CT AR Y

%% Multiple

EEpgRF AN BLER -6 A #%& 8 B 3-6f A #& 8 Bt LURRTRERIRSEN Fbitay - HRIBH A/
CT» R 18248 CT- A& 182418 SUEBRH|E BN
H&%FEEHR CT  A&RF®EH CT

AR HE12EA%® 36f A % ;B ¢ 368 H & B & [HL
E¥ECT CT» Hf* 18241 CT- HN 182418
AR CT A B CT

Ming-Lin HO PoREsE 2018 © 29 : 137-142
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Assessment of Probability of Malignancy

Probability of Malignancy

Low Probability of Intermediate Probability of High Probability of

Criteria Malignancy (<5%) Malignancy (5-65%) Malignancy (>65%)

*Young Patient *QOlder Patient
*Less Smoking Heavy Smoking
Clinical *No Prior Cancer *Mixture of Low and High *Prior Cancer
Factors *Smaller Nodule Size Probability Features *Larger Nodule Size
*Regular Nodule Margins *Irregular/Spiculated Nodule Margins
*Non-Upper Lobe Nodule Location *Upper Lobe Nodule Location

; *Resolution or Near-Complete Resolution
Surveillance : : i
cT *Progressive Decrease in Size o 1
ResS:Iat L *No Growth Over 22 yrs (Solid Evidence of ro
Nodule) or =3-5 yrs (Subsolid Nodule)

PET Scan * L *Weak-Moderate PET *Intensely Hypermetabolic

Non-Surgical
Biopsy (TTNA, *Specific Benign
Bronchoscopy) Diagnosis
Result

*Suspicious for

*Non-Diagnostic Malignancy

Ming-Lin HO



Flelschner Society 2017 35 3] E: Rma

B Ve ,3?:. 3 K fk £ - 2
B R A B S B IR A 4 B 2 B 2 2

». a 14X

mBCEH -,!-;E’ﬁ (Solid nodule)

1

— R HBESEH
FEEIAN
fE BYNE <6mm > 6mm e
ﬂ_.
EHIR AANSER 6-12 {5 B8 CT » LHMFMEE + <omm (Ha]BEAURSIIRAE » BN S
RN CT « HREM B L TR BOBPYAEEEE CT - AR
EWHE D - HRFRVIER
HaHE AN EER 6 EHEERCT  LRIMFRTFE K ERAOFMEFLE BREE 2
AR HREE S <omm - FEBRECT » > 6mm » ZI#%EREMN
R R A
EZ0 3-6 [ HEERE CT - 3-6 ffl H B CT » AR MR T REN 231 EHIHRSE <omm 31y 21 -
HIE « HRREZ Sk (B0 R BREE - F 85 A BRI
S BB VYSEERE CT BHECT

Ming-Lin HO PoREsE 2018 © 29 : 137-142
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Cancer Research UK

i

o Mac iPhone

App Store Preview

This app is available only on the App Store for iPhone and iPad.

Pulmonary Nodule Risk

Cancer Research UK

Free

Ming-Lin HO



Malignant features:

1. Air-bronchogram
2. Vascular invasion

airbronchograrm

3. Bubble lucency: patent small bronchi or small cystic spaces withintumor
Favor: adenocarcinoma (30%). Adenocarcinoma in situ (60%)

R B
Bubble lucency e :

Ming-Lin HO
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Shape and margin

B Smooth border: 20% malignancy 1. BHEETE - 20% ’W[L

m Scalloped border: 60% malignancy 2. '— 3 Lﬂff} =% ¢ 609055

m Spiculation border: 80% malignancy 3. Br- ﬂ'ﬂ :_;- fr~ 80" =
1

Corona radlata 95% mallgnancy | 4. ELYJ{FT 95! U_-

0‘0.

CORONA RADIATA

Ming-Lin HO p. SPICULATED
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Patterns of Margins

m Corona radiata sign
® Fine linear strands

extending 4-5 mm ©

outward
B Spiculated on CXRs

m 84 — 90% are

malighant

Ming-Lin HO
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82/M smoker, progressive enlarged LUL nodule
CT: spiculation pattern in pul. nodule
Dx: adenocarcinoma of lung, LUL

Ming-Lin HO



Corona radiata pattern

ren

Ming-Lin HO
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Small nodule on LUL
pFEs s

CT: lobulated nodule with spiculation on LUL
Dx: adenocarcinoma of lung, LUL

'Ming-Lin HO
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Growth of a nodule

B Benign lesions grow slowly with doubling time exceeding
200 days

o RIBEA KER » B3 IFRIARBI0OX

B A doubling time of less than 20 days signifies inflammatory
process

o U200 K oy 453 oy ] Ko X i AR

B Always compare the current radiographs with prior ones (if

available)
 WLHFEAT SRR R LA SRR A #ITHEE (X
A )

Ming-Lin HO
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Vanishing or Phantom Tumor of the Lung

B {5 (False tumor; Phantom tumor) : G ER 58 2 AKREA — % R2ZBREHE 8 - 8%
BBETRES  EKSENRERN - A EEZEXETE AL T84 - bR &2 X
HEREXEEK  R—ML o — B S E[HL SR KR » BHBA RGN R (minor
fissure ) ik {ol i B E 2 5 151

Complete resolution of the patient’s phantom
tumor after 6 days of therapy for congestive
heart failure.

Ming'l-in HO Texas Heart Institute Journal Volume 37, Number 6, 2010

a phantom tumor as a well delineated,
drop-like density in the right middle lung field.
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&% (False tumor; Phantom tumor)

7

11/26/2007 01/07/2008

Vanishing tumor
Round pneumonia

Ming-Lin HO
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Tumor doubling time, TDT

A #
& T (months) SR

T

Basas x 2 = R X (22)

Log2=3|og(%)

— Tlog 2
TDT = 5505807,

Ming-Lin HO
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Volume-Doubling Time (VDT)

V.= V. x Ht/VDT

t x log 2

TR

V=n/6 x ab’

Ming-Lin HO The British journal of radiology, 2000, 73.876: 1252-1259



F #2D:8 2 ER: pEa

Volume-Doubling Time (VDT)

Online calculator for lung nodule volume-doubling time (VDT)

Volume Volume

Date Diumensions <o (alliscid)

Examination 1 2020-05-08[ X

Examination 2

Examination 3

2day 3mo 6mo < Year > < Month > < Day >

Date 1 Reset Help -

Type in your data above.

©Tore Sjeboden, 2013. Hosted by http:/Radiologv.no

EI 2 XPhone

EI + for Android

Android App VDT2

Ming-Lin HO https://www.radiology.no/vdt/
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Tumor doubling time, TDT

® Malignant nodules grow at a constant rate expressed as doubling time
o AR BHEHAELREE K © KT AT
o REIMEEARBEGFLELEE  HAEPRAMBASHE REELA
ATy mA—EHEEILY) LA EE L TAE MY
o —BEAAE RMRIBOYAERE > TRe G RAMR TRE » S RABRTET
c B EMAERRENBRRTRA &4~ £7& - BBAFHRAEAR
X% %%

® This usually falls between 25 and 450 days with a median of 120 days
o il KN N25%|450 K =1 0 b s A120%

B An increase of 28% in nodule diameter indicates doubling
o :Eh AR ¥E Hu289% & I hu— 4%

Ming-Lin HO
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Tumor doubling time. TDT

JEERRIAS 18R (Lung cancer Doubling Times) Hﬂj‘ﬁ E’gﬁ%@ﬂ%ﬁfﬂ

=HE 4 cm
EE 1cm pr—N

D, O 6 months / \ D,

!

S i [ > __blog2 4§ e
Doubling time 3 10g (Oy/0p) Slog @) 1 (months)

Doubling time Z 1~6 months ( 20~400 days ), EEZR ST d

Wi iets AR
5 A

Minglin Ho

Ming-Lin HO
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Growth rate

Malignant cells

m CT nodule doubling time:

e pure GGN 1556 days
e part-solid nodule
e solid component < Smm 1199 days
e solid component > 5mm 627 days

Ming-Lin HO (Radiology 2014; 273: 276-284)



L <
ER R S
mmcr (810

Small pulmonary nodules: follow-up

Pure GGN
Part solid nodule @
Solid nodule @

Ming-Lin HO

-

At detection (F, 40s)

Small pure GGN rarely grow in size (1)

9 years later
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Small pulmonary nodules: follow-up

Pure GGN
Part solid nodule .

Solid nodule

jﬁ

At detection (M, 60s)
(2mm thlckness image)

Ming-Lin HO

Small pure GGN rarely grow in size (2)

0 R

- s

6 years later
(1mm thickness)

—dl

11 years later
(1mm thickness)
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Small pulmonary nodules: follow-up

Pure GGN
Part solid nodule @
Solid nodule @

Small pure GGN rarely grow in size (4)

At detection (M, 60s)

Ming-Lin HO

12 years later
(2mm thickness image) (1mm thickness image)
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Small pulmonary nodules: follow-up

Pure GGN GGN which slightly grew in size during 7 years

Part solid nodule '@
Solid nodule @

N——— —

o

:
AlS

N N .

At detection (F 70s) 7 years later
(2mm thickness image) (1mm thickness)

Ming-Lin HO

nnnnnnn

Partial resection
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Small pulmonary nodules: follow-up

* Pure GGN GGN which slightly grew in size during 5 years
« Part solid nodule '@
. Solidnodue @

= i

>

A ,
lll-defined GGN = ‘BB

At detection (F, 50s) 5 years later
(S6 segmentectomy — MIA)

Ming-Lin HO
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Small pulmonary nodules: follow-up

e Pure GGN GGN which decrease in size, and become denser
« Part solid nodule @
. Solidnodue @

§

At detection (F 6035 4 years later
Right upper lobectomy — MIA

Ming-Lin HO
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Small pulmonary nodules: follow-up

Pure GGN
Part solid nodule '@
Solid nodule @

10/30/2006

11/30/2012

Indolent tumor growth

Adenocarcinoma RUL, T1aNOMO
Invasive, non-mucinous

Ming-Lin HO



Small pulmonary nodules, -

« Pure GGN
« Part solid nodule @

« Solid nodule . Indolent tumor growth
Adenocarcinoma,

LUL, stage IA GGN, no : ucinous

€9,63

07/06/2006 04/01/2008 01/05/2013
Ming-Lin HO
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Small pulmonary nodules: follow-up

Pure GGN
Part solid nodule '@
Solid nodule @

Pure GGN is generally unchanged for years.

A few pure GGNs extremely slowly grow.

\

GGN is not considered
an ‘early’ stage lung cancer.

Ming-Lin HO Kakinuma R, et al. Radiology. 2015;276:873-82.
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Small pulmonary nodules: follow-up

* Pure GGN GGN that appear solid portion
for 5 years of follow-up

 Part solid nodule (@
. Solidnodue @

Rare case
N
> - y MIA

At detection 3 years later O years later

Ming-Lin HO



L =3
ES L T SR

nnnnnnn

Small pulmonary nodules: follow-up

&

Pure GGN
Part solid nodule (@
Solid nodule @

Part Solid Nodule

Persistent and well-defined — Lepidic Ad or MIA

4

MIA

Ming-Lin HO

Lepidic Adeno ca.
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Small pulmonary nodules: follow-up

* Pure GGN
« Part solid nodule (@

« Solid nodule

Subsolid (GGN + Part solid): Follow-up

Follow-up
(4.3+£2.5 years)

Pure GGN 1046 » 997
3
56
Hetro GGN 81 > /8
&
Part solid 102 - 174

Resected cases (n=79)

AAH AlS MIA Inv Ad
5 21 9
2 5
1 10 26 12

'Ming-Lin HO

Kakinuma R, et al. J Thorac Oncol. 2016:11:1012-28.
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Small pulmonary nodules: follow-up

* Pure GGN
» Part solid nodule (@ | Part Solid Nodule: Follow-up case (1)
. Solidnodule @

1Y

At detection M 70s) 4 years later 8 years later (M 80s)
Under follow—up

Ming-Lin HO
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Small pulmonary nodules: follow-up

» Pure GGN
» Part solid nodule (@ | Part Solid Nodule: faint GGA (F, 60s)

. Solidnodue @

, &
At detection 3 years later 6 years later
(Right upper lobectomy)

'Ming-Lin HO
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Small pulmonary nodules: follow-up

Pure GGN
Part solid nodule (@
Solid nodule @

At detection 1 year later

Part Solid Nodule: a case after gastrectomy

lepidic predominant AdenoCa.

2 years later 3 years later
(5mm reconstruction images)

Ming-Lin HO



L <
ER R S
mmcr (810

Small pulmonary nodules: follow-up

* Pure GGN
« Part solid nodule (@
. Solidnodule @

Part Solid Nodule

\

\

"y

A

A

Before 3 months Curing process of inflammatory nodule

[ .

Ming-Lin HO
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Small pulmonary nodules: follow-up

* Pure GGN

; ' | During follow-up of GGN at right upper lobe,
Part solid nodule (@ Part solid nodule appears at left lower lobe

. Solidnodule @

" ra

| S

—
Before 1 year At detection 3 months later
(5mm thickness) (1mm thickness) (1mm thickness)

Ming-Lin HO
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Small pulmonary nodules: follow-up

* Pure GGN
« Part solid nodule @
« Solid nodule . Solid nodule: Cancer or Granuloma?

Granuloma

‘Q | — 00

Detection 3M later — 6M later — 1 year later 2 2 years later

Ming-Lin HO
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Small pulmonary nodules: follow-up

* Pure GGN
* Part solid nodule @
. . Male 50s, Smoker
Solid nodule . Status after endoscopic therapy

for colon cancer

Before 1 year
with mediastinal lymphnode metastasis

'Ming-Lin HO
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Small pulmonary nodules: follow-up

* Pure GGN
« Part solid nodule @
. Solidnodule @ | Solid nodule?

Squamous cell ca.

Irregular margin nodule in pulmonary emphysema

Ming-Lin HO
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Small pulmonary nodules: follow-up

Pure GGN
Part solid nodule @
Solid nodule @

. =

At detection

Ming-Lin HO

Solid nodule with irregular margin
in the emphysema

2 months later 4 months later
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Small pulmonary nodules: follow-up

* Pure GGN
« Part solid nodule @
« Solid nodule . Small solid nodule, Male 60s, Smoker
;.‘. I ‘ I
_——A g
At detection 3 months later Left hilar lymphadenopathy!

Ming-Lin HO
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Small pulmonary nodules: follow-up

* Pure GGN

« Part solid nodule @

« Solid nodule . Small solid nodule, Male 60s, Smoker
— e ——
Primary lesion of SCLC 3 month later Left hilar lymphadenopathy!

(No lymphadednopathy)

Ming-Lin HO
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Small pulmonary nodules: follow-up

Pure GGN
Part solid nodule @
Solid nodule . Small solid nodule, Male 60s, Smoker

2 months later | ‘ ’ i

B.

4 months later

Mediastinal lymphadenopathy!

Small cell carcinoma!

Ming-Lin HO
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Small pulmonary nodules: follow-up

Pure GGN
Part solid nodule '@
Solid nodule @

-
r &
8.
2

At detection

Small solid nodule, Male 60s, Smoker

Small cell carcinoma!

2 months later 4 months later

Ming-Lin HO



e 1] <
ES e RS
wmcr F91 0

Small pulmonary nodules: follow-up

« Pure GGN
* Part solid nodule @
« Solid nodule . Small solid nodule, Male 70s, Smoker

‘

Assume image 3 months later

- Disappeared — inflammation
-Nochange — Granuloma ?

- Increased — Squamous cell ca. ?
(poorly diff. Adeno ca.?)

- Lymphadonpathy — SCLC

A

'Ming-Lin HO



A Bl do) L

Satellite lesion
Benign granuloms on LUL

Benign granuloms on LUL

Ming-Lin HO
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Satellite nodule
Favor TB granuloma

o
A
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Radiographic pattern of calcium deposition is helpful

2. Benign lesions tend to have central, laminated (bull's eye),

diffuse or popcorn pattern
RIMEREEZERA TR BAK (HFR) - R MR K

3. Malignant lesions have speckled or eccentric pattern
BT E A B RS

Benign calcification patterns in nodules

Calcification . @ @ @

Diffuse Central Lamellar Chondroid |
Ilpopcornll

| - ookBma i
Ming-Lin HO



Calcification: Laminated or central ==*%=%%
attern typical of granuloma

Ming-Lin HO
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Benign:
Well-defined shape, Homogeneous density , Calcification,

S Ls‘:%btiﬁuﬁf- # (Sclerosing hemangioma) = it # 48 ¥t& b Ry R M Ad
IZ’ %ﬁ“40*‘*ﬁiﬁf ké’}‘#’#s’ﬂi Hyh A 23 —mf"H*"“lUﬁ"i‘&%ﬁ
TR A *‘ Roysbe o mSAME D KRG AEILME 0 R IET D Ray o
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Benign Calcification: Popcorn Calcification
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Benign Calcification: Popcorn Calcification
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Benign Calcification: Central Calcification

Ming-Lin HO
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Pneumoconiosis and PMF in RUL

}5‘- }‘-.'?71 4 - Tilt: 0.0

s Vi1 ]
D: 19290818

[

.1
1

RUL tumor with calcification (diffused)
LN calcification (+)

Multiple small nodules bil. Lung fields
Dx: pneumoconiosis and PMF in RUL

Ming-Lin HO
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NSCLC in a 45-year-old woman

Ming-Lin HO



Typical pulmonary carcinoid tumaéy===~
in a 68-year-old woman
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« Thin-walled/ Thicked-walled
Inner wall smooth/ Irregular

» Inflammatory processes?

» Acute/ Chronic

« Single/ Multiple cavity

« Air-crescent sign/ Ball-in-hole

Cavity
t

i,

Ming-Lin HO
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Cavitation

Thick-walled cavity in 80/F, dyspnea. Chest pain for three months.
Wall thickness > 15 mm
Favor malignancy or wegener’s granulomatosis

: ?,
> !

Dx: Squamous cell carcinoma of lung, RUL

Ming-Lin HO
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Air crescent on LUL Mass shadow

= — ——

£

Ball-in-hole
Dx: mycetoma, LUL

Ming-Lin HO
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Fungal Ball o

Crescent sign in relation to the right upper lobe SPN due to a fungal ball in a cavity

115

Ming-Lin HO
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Aspergillosis on LLL (ball-in-hole)

26/F hemosputum off and on for three yrs.

—

-

|

Aspergillosis on LLL (ball-in-hole)

Ming-Lin HO
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Minimally invasive adenocarcinoma (MIA) ®
In a 68-year-old woman

Table 2. Minimally Invasive Adenocarcinoma

Pathologic criteria

e A small tumor <3 cm

¢ A solitary adenocarcinoma"

¢ Predominantly lepidic growth

* Invasive component <0.5 cm in greatest dimension in any one
focus

* |nvasive component to be measured includes
1. Any histologic subtype other than a lepidic pattern (such as

acinar, papillary, micropapillary, solid, colloid, fetal, or
invasive mucinous adenocarcinoma)

2. Tumor cells infiltrating myofibroblastic stroma

¢ The diagnosis of minimally invasive adenocarcinoma is excluded
if the tumor
1. Invades lymphatics. blood vessels, air spaces, or pleura
2. Contains tumor necrosis,
3. Spread through air spaces

* The cell type in most cases consists of nonmucinous (type ||
pneumocytes or Clara cells), but rarely may be mucinous (tall
columnar cells with basal nuclei and abundant cytoplasmic
mucin, sometimes resemblingjoblet cells)

“When multiple adenocarcinomas in situ are found, they should be regarded
as separate primaries rather than intrapulmonary metastases.

Ming-Lin HO Journal of Thoracic Oncology 2016 Vol. 11 No. 8: 1204-1223
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No enhancement whatsoever - benign

4

post-contra

Ming-Lin HO



1. Inflammatory processes: TB. Granuloma, septic
embolism, pneumoconiosis with PMF, fungal infection,
wegener's granulomatosis

Primary lung tumor: lymphoma, lung cancer,

3. Metastatic carcinoma: pancreas, cervix, NPC, colon,
renal cell ca.

Multiple lung nodules

b

Ming-Lin HO
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Causes of Multiple Lung Nodules
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Multiple Lung Nodules
Cryptococcal pneumonia

Cryptococcal pneumonia

Ming-Lin HO
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Multiple pulmonary nodule
Miliary TB

Benign Multiple pulmonary nodules:

fungal infection, sarcoidosis, granulomatous infection,
lipomatosis, rheumatoid nodules, AV malformation

Ming-Lin HO



Multiple pulmonary sites of lung

ES et 2R S e

cancer

Tumor Site 1 Tumor Site 2

TNM Classification

Second

5, Separate T, N and M

for each tumor

w
Separate
Tumor Nodules | Primary Cancer

w1 T3ifin same lobe
&1 T4 if same side (other lobe)

M1a if different lobe,
Single N and M for all

Multifocal

ey N

T according to highest T
lesion, single N and M for
all lesions collectively, (#/m)
indicates multiplicity

O
Diffuse
Pneumonic-Type| GGI/L Nodules

1y

T3 if in same lobe

T4 if same side (other lobe)
M1a if different lobe,

Single N and M for all

Ming-Lin HO Journal of Thoracic Oncology 2016 Vol. 11 No. 5: 639-650
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Radiographic Characteristics

Malignant disease Benign disease
B Spiculated (primary) B Characteristic
e 90% malignant calcifications

Smaller than 5 mm
Non-solid lesion 5-9 mm
Thin walled cavity
Satellite nodules

Contrast enhancement
less than 15 HU has a
very high predictive
value for benignity
(99%).

B Round, smooth, and
peripheral (metastatic)
e 20% malignant

B Thick walled cavity
B Eccentric calcification

Ming-Lin HO
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CC: Airway narrowing

Dx: Carcinoma poorly differentiated, RUL
Ming-Lin HO



1. Calcification
2. Absence of enhancement
3. No growth in 2 years

Favored to Benign

Ming-Lin HO
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Benign:
Well-defined shape, Homogeneous density , Calcification,

S Ls‘:%btiﬁuﬁf- # (Sclerosing hemangioma) = it # 48 ¥t& b Ry R M Ad
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Benign:
Well-defined shape, Homogeneous density , Calcification, ...

B A4t AER (pulmonary hamartoma) % 21§83 8, > A BRTHE RS R M ER
o WP FHA0260RZEHEBR  FUFMHAE  UHEAFARASH > P HA
RENAER - K 7MEHBRIBARRKER > VA EHEE - SETUPE
SPHUBIIRREES - BERZHEEE  ZLEHECTURARTRE RS
VA REESET R A c BEBBK c EERRBMRIFEEL RTAERZIESL
=] 3% M B Bk S F F A6 R -

Ming-Lin HO ESpRE2E2 2018; 82: 558-61



52-years old lady went for a health checkKEup™ ="
Bronchogenic carcinoma — operable (T2NOMO)

=

ajt 00670 011
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For a tumor in the Right lung the N-stages are:

N1

e |psilateral peribronchial
and/or hilar lymph nodes

e 10R-14R

m N2
e [psilateral mediastinal and/or
subcarinal lymph nodes
e 2R, 3aR, 3p, 4R, 7, 8R, 9R
m N3
e Contralateral mediastinal

and/or hilar, as well as any
supraclavicular lymph nodes

e 1,2L,3aL,4L, 5,6, 8L, 9L,
10L-14L

Ming-Lin HO
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For a tumor in the Left lung the N-stages are:

m N1

e |psilateral peribronchial
and/or hilar lymph nodes

o 10L-14L
N2

e |psilateral mediastinal and/or
subcarinal lymph nodes

e 2L.3alL,4L. 5 6,7, 8L 9L
m N3

e Contralateral mediastinal
and/or hilar, as well as any
supraclavicular lymph nodes

e 1,2R, 3aR, 3pR, 4R, 8R, 9R,
10-14R

Ming-Lin HO
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™

A 52-year old doctor with bronchogenic carcinoma and solita@‘ﬁ
focus of uptake in the left humeral head — nonoperable (NOM1)

552

The fundamental idea when dealing with a solitary pulmonary nodule > 8mm is to not miss malignancy.
o ¥2> 8mMM ey IR SLPERR &5 B B > KR BE R A R B2 B S BT A A o
Ming-Lin HO



the deep-learning based computer-aided diagnosis system will

likely play a vital role in the early detection and diagnosis of
pulmonary nodules/masses on chest radiographs.

BRI G B 6 E RGBS B & 7T Ae & 42 B 3F
XH TR R A BT & e R IR P 45 0 E B AF

R, ?

P . Y )

Mlng -Lin HO .
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C.-H. Liang et al. / Clinical Radiology 75 (2020) 38e45
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Original Image Findings - = D

® A solid nodule 2.3 cm, diaghosed as lung cancer, in the left middle lung
field properly detected by the heat map algorithm, with an abnormality
score of 0.67.

Ming-Lin HO C.-H. Liang et al. / Clinical Radiology 75 (2020) 38e45
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Original Image Findings

m A faint nodule with false-negative findings missed by the heat map
algorithm, which was diagnosed as pulmonary adenocarcinoma
manifesting as a part-solid right upper lobe nodule of 2.9 cm as
demonstrated at CT; however, it was properly detected with an
abnormality score of 0.48.

Ming-Lin HO C.-H. Liang et al. / Clinical Radiology 75 (2020) 38e45
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Original Image Findings
m A faint nodule with false-negative findings missed by both classifiers

(heat map and abnormal probability score), which was diagnosed as

0.30
pulmonary adenocarcinoma manifesting as a right lower lobe part-solid
nodule of 1.6 cm as demonstrated at CT.

Ming-Lin HO

C.-H. Liang et al. / Clinical Radiology 75 (2020) 38e45
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CT N 0) ok

Original Image Findings
sa

; 0.49

B False positive nodule by both Al algorithm classifiers (nodule and
abnormality score). The chest radiography showed that this 73-yearold
woman with increasing lung marking in both lower lung fields, which

was diagnosed as a normal chest finding at CT.
Ming-Lin HO C.-H. Liang et al. / Clinical Radiology 75 (2020) 38e45
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Potential Harms of LDCT Screening

A

a Nodule at Baseline LDCT that are Benign

Il A
h false positive

aVeronisi
m Wilson
B Menezes

M Sobue ”
O Swenson
@ Pastornno
@ Henschke 20 -
O Bastarrika
M Diederich
3 ovello

M Picozzi 0
Y T T 1

RCT Cohort RCT Cohort

% of Screened Subjects with | B % of Baseline Nodules

ONLST
mLSS
@ Depiscan

50

|
Hi

30 +

Percent

20 -

10 -

Ming-Lin HO CHEST 2013; 143(5)(Suppl):e785-€92S
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Guideline of the British Thoracic Society

Pulmonary Nodule = Smm = ;f:a 1 Y
o HAMLAIMMEHEE c BENHFRESLHRERE
mhamarlomaswpermssural nodules : @ F R B i
2=
CT {1% 3 Ifﬂonth:. | ;ff! 2 _;{-(
Stable | Growth o E=bmm &EHE R #5% 5 soldf
- 2 subsolid (groundglass = part solid )

Brock model ® -1,k% Brock Model /& & #2 54318 A sL A9 #& £ & sold
lesions =8mm #Fzsubsolid lesions &) £4¢ Elf& -

risk <10% risk >10% risk ;fi:v 4 '»jr_
: o | o #FPET-CT# + s#4g MHerders & -
cT e wERBAFHHE (volumetry) * B| T &2 1%

at 1-2-4 year: g g
f stable..stop 82D FRIZ R2F 980 -

>10%
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Perifissural nodules
| typical PFN atypical PFN | non PFN
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Typical Perifissural nodules
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Non- Perifissural nodules

B OO RN B R B AIEPFNG s (B ) » 3B F T -
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