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Cryobiopsy vs. Surgical Lung Biopsy
for the Diagnosis of ILD

Pro



Diagnostic work-up

2HE M T B EkO| 210l

« Familial and occupational
history

* Drug —amiodarone, MTX,
leflunomide, anti-cancer
drug...

 Exposure (2421’44 &)

o Autoimmune diseases
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Clinical evaluation
History, occupational and domestic exposure, drug intake,
tobacco history, family history, etc
Crackles, finger clubbing, signs of connective tissue disease, signs
of telomeropathy, etc
Autoimmune serology and routine laboratory investigations

— —
HRCT assessment
UIP
Probable UIP
Indeterminate for UIP
Suggesting alternative diagnosis
J
N
BAL
Lung biopsy
.
Multidisciplinary
discussion
Diagnosis
Confident diagnosis / Working diagnosis
Management decision and assessement of outcome ]
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Major IIPs

e |diopathic pulmonary
fibrosis

e |diopathic nonspecific
interstitial pneumonia

e Acute interstitial
pneumonia

e Desquamative interstitial
pneumonia

e Respiratory bronchiolitis
-interstitial lung disease

e Cryptogenic organizing
pneumonia

Rare IIPs

e |diopathic lymphoid
interstitial pneumonia

e |diopathic pleuroparen-
chymal fibroelastosis

e Unclassifiable I1Ps
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Clinical evaluation
History, occupational and domestic exposure, drug intake,
tobacco history, family history, etc
Crackles, finger clubbing, signs of connective tissue disease, signs
of telomeropathy, etc

\° Autoimmune serology and routine laboratory investigations )
- I ~
HRCT assessment

s UIP
* Probable UIP
* Indeterminate for UIP
* Suggesting alternative diagnosis
& 7/
[ N
BAL
Lung biopsy
Multidisciplinary
discussion
Diagnosis
Confident diagnosis / Working diagnosis
( Management decision and assessement of outcome ]




[IP: IPF vs others
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20 - Prognosis

UIP
: \ Treatment /
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Years after diagnosis
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The N EW ENGLAND JOURNAIL of MEDICINE

ORIGINAL ARTICLE

Prednisone, Azathioprine, and
N-Acetylcysteine for Pulmonary Fibrosis

The Idiopathic Pulmonary Fibrosis Clinical Research Networks

Time to Death or Hospitalization
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0.0

Probabili

Combination therapy -
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Weeks since Randomization
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Increased incidence of ILD =

Interstitial lung disease and
pulmonary sarcoidosis

-~ Both sexes
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Decreased numbers of SLB In IPF |

Interstitial lung disease and
pulmonary sarcoidosis
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The decline in SLB for IPF =

1500 - — Elective patients
[ --- Non-elective patients
* Recognition of the value of

1000 4 HRCT in diagnosis of IPF

« Concerns over the safety of
SLB

500 -

Number of biopsies

0 1 1 | I I |
2000 2002 2004 2006 2008 2010 2012

Year

r_l"1 INJE UNIVERSITY AJRCCM 2016:193:1161-1167
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— Elective patients
--- Non-elective patients
« Recognition of the value of

HRCT in diagnosis of IPF
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Role of HRCT =

UIP on HRCT

- More than 90% In
Histopathology

4

7 - N— AJRCCM 2018;198(5):e44-668
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/ “

Histologic exam

- Probable for UIP
- Indeterminate for UIP
- Alternative

¢y INJE UNIVERSITY AJRCCM 2018;198(5):e44-e68
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— Elective patients
--- Non-elective patients

« Concerns over the safety of
SLB
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Risk of mortality after surgical lung biopsy =

In-Hospital Mortality after Surgical Lung Biopsy for Interstitial Lung
Disease in the United States
2000 to 2011

Total Admissions (n = 32022) Elective Admissions (n =21,227) Nonelective Admissions (n = 10,310)
[Number (%)] [Number (%)] [Number (%)]

Sex

Male 15,351 (47.94) 9,942 (46.84) 5,163 (50.08)

Female 16,671 (52.06) 11,285 (53.16) 5,147 (49.92)
Age group, yr

<45 5,192 (16.21) 3,153 (14.85) 1,958 (18.99)

45-54 6,264 (19.56) 4,229 (19.92) 1,944 (18.86)

55-64 8,093 (25.27) 5,643 (26.58) 2,331 (22.61)

65-74 8,147 (25.44) 5,623 (26.58) 2,406 (23.34)

75-84 4,037 (12.61) 2,431 (11.45) 1,535 (14.89)

>84 289 (0.90) 148 (0.70) 136 (1.32)
Level of comorbidity (updated Charlson score)

0 13,908 (43.43) 10,627 (50.06) 3,030 (29.39)

1 10,844 (33.86) 7,158 (33.72) 3,558 (34.51)

2 3,304 (10.32) 1,728 (8.14) 1,523 (14.77)

=3 3,966 (12.39) 1,714 (8.07) 2,199 (21.33)

Ll"-_, INJE UNIVERSITY
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— Elective patients
---- Non-glective patients

(per 100,000)
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Overall mortality
6.4 %
0

2000 2002 2004 2006 2008 2010 2012
Year

v/ 12,0008, 2000~2011
v' Elective 2 1.7%

v Non-elective >15%
v' Co-morbidity

v Age

v Male

v Open surgery

v IPFor CTD



Severe complications and mortality in invasive diagnostic test/‘¥
E==

Cerebral Angiography Diagnostic CAG
ST 0) 0}
Complications of 19 826 Cerebral Angiography Procedures Morta"ty 1% (19603) = 0.08% (19903)
Complication No. of Procedures
Loca Reference Patients Incidence| CABG MI Death |Death,%
Hematoma 828 (4.2 Bittl et al., 1993 764 3% M7 43 9 0.012
Ll L 5003 Aflmietal, 1994 | 8932 | 040% | 3w | 26 | 36 | oo
Thrombosis 9(0.05)*
|nfect|0n 2 (001 )* HG'J]]EE et HL, 1994 2:“59 ]_3[}'3'/& 36]. 16:" 48 [}[}[}2
Systemic Ellis., 1994 12000 | 0.50% 24 19 0 < (.00
t
MR 10508 Cohenetal, 1996 | 2953 | 070% | 41 | 45 | 9 | 000
Nausea, vomiting, transient hypotension 235(1.2*
Chest pain, arrythmia 61(03" Gruberg et al, 2000 0746 | 0.29% 39 M 10 <(.001
Urticaria, rhinorrhea 2 (0.1} Dipple., 2001 6214 | 0.58% 2 NA 1 0.002
b
Death 12(0.6) Gumingetal, 2002 | 645 | 080% | ¥ | 29 | £ | 000
Anaphylaxis and/or circulatory collapse 5(0.09)
Acute renal failure 3002 Fejlca et al., 2002 25697 | 0.12% 39 29 42 0.002
Neurologic Stankovic etal, 2004 | 5728 1.47% 13 27 § 0.001
TA 41409 Witzkeetal,2004 | 12658 | 030% | 5 18 25 | <0001
Reversible 71(0.36)
Permanent 27014 Ramanaetal, 2005 | 4886 | 0.50% 0 20 8 0.002
Death related to neurologic condition 10(0.09®
Total 522 (2.63)
¢y INJE UNIVERSITY Radiology (2007);243:3

J” HAEUNDAE PAIK HOSPITAL GJHS 2012(4); 1



Surgical lung biopsy: VATS y |

« Adequate sample (100%, 2-3 different lobe)

« Diagnostic yield: 88.2%
« Mortality: 6.4 (1.5%-16.7%), procedure-related mortality (1.7%)

« AE (6.1%), bleeding (0.8%), severe bleeding (0.2%), prolonged
air leak (5.9%), infection (6.5%)

* No recommendation for UIP pattern on HRCT

* Gold standard

P
cy HAEUNDAE PAIR NOSPITAL AJRCCM 2018; 198



Procedure in IPF at the first diagnosis _s&

n

100

20 Cryobiopsy
80

70
60
50
40

30
20 SLB

first diagnosis in the respective year

10

Percentage of bioptic procedures in patients with

2001-2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

==Forceps Biopsy =@=Cryobiopsy  =#=Lung Biopsy

¢y INJE UNIVERSITY Respirology Research (2018) 19:141
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Indication of TBLC =

* |Indication of TBLC or SLB?

 IPF diagnosis
-=> UIP pattern
-> Probable UIP pattern

 Benefits (diagnostic yield) vs Risks (Safety)

* No absolute contra-indication

¢y INJE UNIVERSITY Respiration (2018) 95:188-200
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Contraindication of Cryobiopsy ?

Key Points

a. The major risks after TBCB are pneumothorax and
bleeding.

b.|Bleeding diathesis and anticoagulant therapy,|treat-
ment with thienopyridines or other new antiplatelet
drugs and thrombocytopenia with |platelets <50 x 10” /L
should be considered as contraindications.
c.|Pulmonary hypertension|may increase the bleeding
risk and 1s therefore considered as a relative contraindi-
cation.

d.[No age limits are suggested.

e.lFVC <50% and DLCO <35% |of the predicted values
are regarded as relative contraindications.

¢y INJE UNIVERSITY Respiration (2018) 95:188-200
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Comparison of

pathologic specimens

from VATS, cryobiopsy
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CASE ,ﬁ

- M/ 62

 C.C:Dyspnea

- PI:422H9| SAXIE IS MPE =0 XICH] S0 X0 HE
H EHU HIHE M SKICH SOl 012 J|&E2 UX| oL Y2
eACt Stk

- Current smoker, 42pyrs

- Family history (-] Social history(-)

- Goutrooa, COPDro1s), Alcholic liver disease, Hyperlipoproteinemia woig
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*PFT 100

80

60 =O=FVC (%)
=0-DLco (%)

40

20

2018.02 2018.04 2018.10 |2019.07| 2020.01 2020.06
*6MWT Initial SpO,(%) End SpO,(%) Distance(m)

2018.04.24 99 97 369

2019.07.23 95 97 444

2020.01.08 96 96 528

2020.06.17 99 98 540

r_l"1 INJE UNIVERSITY
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HRCT =

(1.7 =)
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Transbronchial lung cryobiopsy

i
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STUDY 1
5/22/2020
10:31:49 AM
2IMA 2
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LUT Linear
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*6/5/1946

STUDY 1
5/22/2020
10:31:49 AM
2IMA3

LUT Linear
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Transbronchial lung cryobiopsy

LP1 INJE UNIVERSITY
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Young mural and intra-alveolar fibrosis and slight lymphocyte
infiltration Alveolar macrophages

Sample quality - A
Peri-lobular fibrosis, Fibroblastic foci
No honeycombing
Probable UIP with high confidence (A)

LP1 INJE UNIVERSITY
+J” HAEUNDAE PAIK HOSPITAL



Final diagnosis by MDD |

-

Indeterminate for Alternative

Fruhlhln uiP IPF (Likely)™ Hﬂn IPF dx

HRCT
pattern '“":::"L'::"‘ IPF (Likely)" il Non-IPF dx
Alternative

IPF (Likely)*

diagnosis non-IPE dx Non-IPF dx Non-IPF dx Non-1PF dx

Lr'., INJE UNIVERSITY
J° HAEUNDAE PAIK HOSPITAL



Target location of cryobiopsy |

217 HAEUNDAE PAIK HOSPITAL Respiration (2018);95:188-200
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Cryobiopsy with radial

endobronchial ultrasound

—
-
-
-
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Cryobiopsy with radial endobronchial ultrasound @

-
-
—
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Characteristics of good diagnostic test g

Minimally invasive
Diagnostic yield
Inexpensive

Safety

Large biopsy specimens
Multiple sites for spatial heterogeneity

Minimal crush artifact

r_l"-_, INJE UNIVERSITY
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Author (Year)

Fruchter et al. (2014)

Griff et al. (2014)

Hagmeyer et al. (2015)

Hernandez-Gonzalez et al. (2015)

Kropski et al. (2013)

Pajares et al. (2014)

Overall (I-squared = 90.6%, p = 0.000)

NOTE: Weights are from random effects analysis

11 studies, 731 TBLC

Yield (95% CI)
| .- 0.98 (0.95, 1.01)
:
1
. 0.79 (0.68, 0.90)
:
1
- 0.72 (0.56, 0.88)
:
—— 0.88 (0.77, 0.99)

-

0.80 (0.64, 0.96)

-

0.51 (0.36, 0.67)

Weight (%)

19.16

17.20

15.52

17.18

15.47

15.47

<> 0.79 (0.65, 0.93)

100.00

LP'J INJE UNIVERSITY
+J” HAEUNDAE PAIK HOSPITAL

I T T T I

25 5 75 1.0 1.25

MDD Diagnostic Yield (95% Cl)

AnnalsATS 2016; 13(10):1828-1838
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Roglic et al. 2017
Sriprasart et al. 2017
Bondue et al. 2017
Brueder et al. 2017
Cooley et al, 2017
Bango-Alvarez et al. 2017
Owuor et al. 2017
DiBardino et al, 2017
Kronborg-White et al. 2017
Fournier et al, 2017
Lentzet al. 2017
Ussavarungsi et al. 2016
Ramaswamy et al, 2016
Hagmeyer et al. 2016
Palazon et al. 2016
Rvaglia et al. 2016
Cortadellas et al. 2016
Hernandez-Gonzalez et al. 2015
Lopez et al. 2015

Griff et al. 2014

Fruchter et al. 2014
Pajares et al. 2014
Oberle et al. 2014
Jabbardarjani et al. 2013
Pritchett et al. 2013
Boing et al. 2012

Babiak et al. 2009

Total (random effects)

INJE UNIVERSITY
HAEUNDAE PAIK HOSPITAL

BRSNS REERGH SRR

27 studies, 1443 TBLC

Diagnostic Yield of Transbronchial Cryobiopsies (TBCB)

72.9% (67.9-77.7%)

] | L | ] | ] | ] |

0.2 0.4 0.6 0.8 1.0
Diagnostic Yield

J Bronchial Intervent Pulmonol 2019;26(1)
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Study Events/
total

15 studies, 781 TBLC

Multidisciplinary team diagnosis

Hagmeyer [19], 2015 23/32 B 0.72 (0.55, 0.84) 5.83
Pajares [21], 2014 20/39 S — 0.51 (0.36. 0.66) 6.16
Martin [28], 2014 27/36 —a—— 0.75 (0.59, 0.86) 6.03
Griff [23], 2014 41/52 — 0.79 (0.66, 0.88) 6.58
Fruchter [32], 2014 73/75 | — 0.97 (0.91, 0.99) 7.03
Kropski [20], 2013 20/25 " E— 0.80 (0.61. 0.91) 5.39
Babiak [7], 2009 39/41 : B 0.95 (0.84, 0.99) 6.23
Subtotal (17 = 87.41%, p = 0.00) —{"‘r_},— 0.81 (0.66, 0.92) 43.25
Histological diagnosis :
Ravaglia [this study] 246/297 _i"g_ 0.83 (0.78, 0.87) 7.94
Pourabdollah [29], 2014 31/41 B 0.76 (0.61. 0.86) 6.23
Pajares [21], 2014 29/39 _— 0.74 (0.59, 0.85) 6.16
Hernandez-Gonzalez [24], 2015 26/33 —is‘-ll— 0.79 (0.62, 0.89) 5.88
Fruchter [32], 2014 51/75 —— | 0.68 (0.57, 0.77) 7.03
Azcuna [26], 2014 47/54 —_— 0.87 (0.76, 0.94) 6.63
Fruchter [31], 2013 15/15 4 = 1.00 (0.80. 1.00) 4.39
Pajares [9], 2010 5/10 ! 0.50 (0.24, 0.76) 3.59
Subtotal (I = 68.08%, p = 0.00) <j'>- 0.80 (0.72, 0.87) 47.86

I
Not specified i
Oezkan [30]. 2015 15/17 o 0.88 (0.66. 0.97) 4.64
O’'Donovan [25], 2014 13/14 —_ = 0.93 (0.69, 0.99) 4.25
Subtotal (I2 = 95.44%, p = 0.00) e g 0.90 (0.76. 0.99) 8.90

I
Heterogeneity between groups: p = 0.433 81% (75-87%) :
Overall (I? = 77.76%, p = 0.00) -<{> 0.81 (0.75. 0.87) 100.00

I

I | | & |
0 0.4 0.6 0.8 1

INJE UNIVERSITY
HAEUNDAE PAIK HOSPITAL
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COLDICE study
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Diagnostic accuracy of transbronchial lung cryobiopsy for
interstitial lung disease diagnosis (COLDICE): a prospective,
comparative study

Transbronchial lung cryobiopsy
MDD diagnosis

Y

/

Y

6 unclassifiable 20 low confidence 39 definite or high confidence
y y A
Concordantwith SLB MDD Concordantwith SLB MDD Concordantwith SLB MDD
diagnosis diagnosis diagnosis
\ \ \J \ \J \
1yes 5no 12yes 8no 37 yes 2n0
4
35LBMDD 25LBMDD 4SLBMDD 4 SLBMDD 1SLBMDD 1SLBMDD
low definite undlassifiable ] high unclassifiable |~ high
confidence || orhigh or low confidence diagnosis confidence
confidence confidence

t._l".:, INJE UNIVERSITY
J” HAEUNDAE PAIK HOSPITAL

Mean tissue 7.1 mm
SLB — mean 46.4mm, hospital length
median 4

* Primary outcome

1) Histopathological assessment,
agreement between TBLC and SLB: 70.8%
with k of 0.70

2) MDD diagnosis, agreement 76.9% with
k of 0.62

* In high confidence or definite final
MDD: 39 (60%) of TBLC and 48 (74%)
of SLB

* In high confidence or definite final
MDD, concordance was 37 (95%) of 39
TBLC

Lancet Respir Med 2019




Diagnostic accuracy of transbronchial lung cryobiopsy for
interstitial lung disease diagnosis (COLDICE): a prospective,
comparative study

v Good agreement of pathology and
MDD diagnosis between TBLC and
SLB in same patients, especially high
confidence of TBLC

v Not enough data for complications of
TBLC (study design and patient
selection for SLB)

v" Probable UIP more common in TBLC

v" Clinical utility for interstitial lung than SLB

disease within MDD

v Low diagnostic yield for specific

v" Experienced proceduralist . .
P P diagnosis other than UIP

(intervention specialist)

r_l"-_, INJE UNIVERSITY
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Safety of TBLC =

Mortality rate (TBLC vs VATS: 1/297 [0.3%] vs 4/150 [2.7%], p = 0.045)

Severe bleeding [hemodynamic or respiratory instability, tamponade or surgical interventions,

transfusion or ICU care]

- 0% - 6.3% (median: 1.1%)

Moderate bleeding [bleeding controlled by endobronchial blocker]
2> 1.8% - 47%

»  Acute exacerbation rate (TBLC vs SLB: 1/297 [0.3%] vs 5/150 [3.3%)], relative risk of 0.10
[95% CI, .012-0.85])

» Hospitalization time (TBLC vs SLB: 2.6 days vs 6.1 days, p < 0.0001)
*  Pneumothorax rate: 1.4% - 20.2% (median: 9.5%) vs 100% in SLB

« Lower rate of mortality and acute exacerbation in favor of TBLC

compared with SLB

Respiration 2016;91:215-227
LP‘J INJE UNIVERSITY
J” HAEUNDAE PAIK HOSPITAL



Time of chest tube
drainage = similar to
time after VATS

High risk

UIP histopathology
Fibrotic reticulation
Close to pleur

e B I Bl

Frequency (95% Cl)

0.03 (-0.01, 0.06)

0.19 (0.05, 0.33)

0.12 (0.01, 0.23)

0.08 (~0.01, 0.16)

0.20 (0.16, 0.25)

0.12 (0.03, 0.21)

Weight (%)

100.00

1

125
Pneumothorax (95% CI)




Seve re bleed ing Frequency (95% Cl)  Weight (%)
0.04 (-0.00, 0.08) 25.71

-> Very rare

-> usually well controlled
endobronchial
blockers

0.78 (0.64, 0.92)

0.21 (0.07, 0.35)

- even death if no
blockers

0.56 (0.41, 0.72)

0.39 (0.03, 0.76) 100.00

NOTE: Weights are from random effects analysis

25
Moderate/Severe Bleeding (95% Cl)




TBLC vs SLB in guidelines

BAL cellular analysis

Surgical lung biopsy

Transbronchial lung biopsy

Lung cryobiopsy

LP'J INJE UNIVERSITY
+J” HAEUNDAE PAIK HOSPITAL

2018 Guideline

HRCT Pattern of Probable UIP*,
Indeterminate for UIP, and
Alternative Diagnosis

We suggest performing BAL
cellular analysis (conditional)

We suggest performing surgical
lung biopsy (conditional)

No recommendation was made
either for or against
transbronchial lung biopsy

No recommendation was made
either for or against cryobiopsy

HRCT Pattern of UIP*

We suggest NOT performing BAL
cellular analysis (conditional)

We recommend NOT performing
surgical lung biopsy (strong)

We recommend NOT performing
transbronchial lung biopsy (strong)

We recommend NOT performing
cryobiopsy (strong)

AJRCCM 2018; 198



CHEST

W\

[ Thoracic Oncology Guidelines and Consensus Statements _]

Transbronchial Cryobiopsy for the @ check for upaates
Diagnosis of Interstitial Lung Diseases
CHEST Guideline and Expert Panel Report

» In patients with suspected interstitial lung disease (ILD), we suggest that
transbronchial cryobiopsy (TBC) can be used to provide histopathologic

findings for multidisciplinary discussion diagnosis

(Weak Recommendation, Very Low-Quality Evidence)

» The choice between TBC and surgical lung biopsy (SLB) should be based
on local availability and expertise, benefit-risk assessments, and patient

preference following informed consent.

‘-5" HAEUNDAE PAIK HOSPITAL CHEST 2020:157(4)2:1030-1042
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cons =
= s .S
- - - IN-

 Diagnostic yield(-) = SLB or not ?
« Availability

* Cryobiopsy team

 Cost benefit

 Profitability

» Expertise (pulmonologist and pathologist)

AAAAAAAAAAAAAAAAAAAA
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Case

—
-
-
-

F/68
mMMRC gr 2
*PFT i
Ratio 88 %
FVvC 53 %
FEV1, predicted 59%
DLco, corrected 54 %
*6MWT Baseline End of test
Heart rate 89 117
Dyspnea(Borg scale) 1 3
Fatigue(Borg scale) 0 0
Sp02 96 84

Total distance walked in 6 minutes: 309m




Upper lung pre-dominant
or
Upper lung and lower lung co-involvement

Ll"-_, INJE UNIVERSITY
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|deal diagnostic tool for ILD ,,,*

« Minimally invasive TBLC > VATS
 Large biopsy specimens TBLC < VATS

« Multiple sites for spatial heterogeneity TBLC ~ VATS

 Diagnostic yield TBLC < VATS
* Inexpensive TBLC ~ VATS
e Minimal crush artifact TBLC ~ VATS

« Safety compared to SLB TBLC > VATS
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Summary |

 Diagnostic yield (MDD > Histopathologic)
« Safety
 Indication
* Hurdles in Korea
« EXxperienced center
(interventional bronchoscopist and pathologist)

 Safety >>> Diagnostic yield
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