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Invasive
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Preinvasive lesions
(no stromal invasion)

Minimally invasive
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Progressive genomic evolution from AAH to ADC

Log2 (total mutation burden)/Mb
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Progressive genomic evolution from AAH to ADC
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Histology patterns of adenocarcinoma
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Invasive ADC is classified by its predominant histology



Histologic subtype correlates with
post-operative outcome
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Surgical implications

* Limited resection for early-stage lung
adenocarcinomas?

(1) AIS & MIA (& Lepidic predominant AdCA?)

— Limited resection may be appropriate

(2) Invasive predominant adenocarcinoma

— Limited resection may not be sufficient, especially
for tumors containing high grade components



Challenges in pathological diagnosis of
early small lung adenocarcinoma

* Preoperative biopsies

* Frozen sections

* Reproducibility and interobserver agreement




Histologic subtyping using
preoperative biopsy specimen

Concordance between biopsy and resection:
* Histologic subtype = Overall accuracy = 58% - 77% 14
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1. ) Thorac Cardiovasc Surg. 2017 Jul;154(1):332-339. 3. Ann Thorac Surg. 2019 Aug;108(2):392-398.
2. Lung Cancer. 2016 Apr;94:1-6. 4. Tsai et al. (VGH-TPE data, in submission)



Histologic subtyping using
preoperative biopsy specimen

Concordance between biopsy and resection:
* Presence/absence of high grade patterns (MIP/SOL):
- Low sensitivity, high specificity

Histologic pattern Specificity

Micropapillary 7.8% — 30% 95% — 97.4%

Solid 14.6% — 44% 97% — 97.7%

J Thorac Cardiovasc Surg. 2017 Jul;154(1):332-3309.
Lung Cancer. 2016 Apr;94:1-6.

Ann Thorac Surg. 2019 Aug;108(2):392-398.

Tsai et al. (VGH-TPE data, in submission)



Histologic subtyping using
preoperative biopsy specimen

Factors influencing concordance:
(1) Tumor size
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Histologic subtyping using
preoperative biopsy specimen

Factors influencing concordance:

(2) Radiologic appearance
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Histologic subtyping using
preoperative biopsy specimen

Factors influencing concordance:

(3) Percentage of subtype component
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Challenges in pathological diagnhosis
of early small lung adenocarcinoma

* Preoperative biopsies

* Frozen sections

* Reproducibility and interobserver agreement




Potential applications of frozen sections
in early small lung adenocarcinoma

* Histologic subtyping?
* Lepidic, acinar, papillary, micropapillary, solid,..

* Detect high grade histologic features?
* Micropapillary & solid growth patterns

* Evaluate degree of invasion?
e AIS vs. MIA vs. Invasive adenocarcinoma



Accuracy of FS:
Predominant histologic subtype

e Study in MSKCC: 361 cases
Overall accuracy for histology subtype: 68%

Predominant

histologic subtype Sensitivity Specificity Kappa
Lepidic 75% 93% 0.681
Acinar 70% 79% 0.481
Papillary 62% 91% 0.527
Micropapillary 21% 99% 0.277
Solid 79% 94% 0.700

Histopathology. 2015 Jun;66(7):922-38.



Accuracy of FS:
Presence/absence of histologic patterns

e Study in MSKCC: 361 cases

Histologic pattern

Lepidic 75% 91% 0.588
Acinar 90% 67% 0.252
Papillary 70% 79% 0.397
Micropapillary 37% 94% 0.321
Solid 69% 96% 0.670

High specificity, but low sensitivity for MIP and SOL patterns

Histopathology. 2015 Jun;66(7):922-38.
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Reason for discrepancy in frozen sections

Parameters

No. (%) of each type of error

Sampling error

Interpretation error

Sampling + interpretation error

Predominant histologigal subtype

Overall 58 (69.0) 17 (20.2) 9 (10.7)
Lepidic 8 (57.1) 5 (35.7) 1(7.1)
Acinar 19 (79.2) 4 (16.7) 1(4.2)
Papillary 18 (78.3) 4 (17.4) 1(4.3)
Micropapillary 5 (41.7) 3 (25.0) 4 (33.3)
Solid 8 (72.7) 1(9.1) 2 (18.2)
Presence/absence of histological pattern

Lepidic 32 (64.0) 18 (36.0) 0 (0)
Acinar 20 (74.1) 7 (25.9) 0 (0)
Papillary 44 (67.7) 21 (32.3) 0 (0)
Micropapillary 47 (62.7) 28 (37.3) 0 (0)
Solid 26 (72.2) 10 (27.8) 0 (0)

Sampling error is the most common source of errors (67%)

Histopathology. 2015 Jun;66(7):922-38.



Accuracy of frozen section diagnosis for
AIS/MIA/Invasive AdCA (1)

Study from Cedars-Sinai Medical Center:

e 224 lung adenocarcinoma with frozen sections

* Cases accurately diagnosed at FS:
* AIS: 16 / 27 cases (59%)
* MIA: 21 / 46 cases (46%)
* [nvasive AdCA: 146 / 151 cases (97%)

* Most common FS errors
- Overdiagnosis of MIA as invasive AdCA (n=13, 28%)

Arch Pathol Lab Med. 2012 Dec;136(12):1515-21.



Accuracy of frozen section diagnosis for
AIS/MIA/Invasive AdCA (2)

Study from MSKCC:

Permanent section diagnosis (Final diagnosis)
FS diagnosis by 5
pathologists AlS MIA LPD AdCA
(n=2) (n=15) (n=18)
AlS 100% 6.7% 3.3%
MIA 0% 41.3% 17.7%
LPD AdCA 0% 52.0% 79.0%

Most common error: Overdiagnosis of MIA as invasive AdCA (lepidic)

Histopathology. 2015 Jun;66(7):922-38.



Accuracy of frozen section diagnosis for
AIS/MIA/Invasive AdCA (3)

Study from Fudan University Shanghai Cancer Hospital:

Permanent section diagnosis (Final diagnosis)
FS diagnosis AAH AIS MIA Inv AdCA
(n=32) (n=126) (n=273) (n=372)
AAH 100% 21.4% 2.6% 0

AIS 0% 73.8% 20.9% 1.6%
MIA 0% 0.8% 75.5% 4.6%

Inv AdCA 0% 0% 0.7% 93.3%
Benign 0% 4.0% 0.4% 0.5%

Most common error: Underdiagnosis of AlS, MIA and Inv AdCA
J Clin Oncol. 2016 Feb 1;34(4):307-13.



VGH-TPE experience (2013-2018)

Permanent section diagnosis (Final diagnosis)
FS diagnosis
AlS MIA AdCA-LPD AdCA-Others
(n=80) (n=42) (n=41) (n=89)
AdCA, Lepidic 79% 69% 54% 2%
AdCA, Invasive 21% 31% 46% 98%

Most common error: Overestimate of invasion

*Only include primary lung adenocarcinomas
*Only include cases with FS diagnosis made by the two pulmonary pathologist



Potential applications of frozen sections
in early small lung adenocarcinoma

* Histologic subtyping?
— Accuracy about 70%, hampered by sampling error

* Detect high grade histologic features?
- Low sensitivity, despite high specificity

* Evaluate degree of invasion?

- Challenging
— Overdiagnosis (USA, VGH-TPE) / Underdiagnosis (China)
- Invasive predominant AdCA: > 90% accuracy



Challenges in pathological diagnosis of
early small lung adenocarcinoma

* Frozen sections

* Preoperative biopsies

* Reproducibility and interobserver agreement




Distribution of histologic subtypes

Histologic predominant subtype (%)

No. of mAIS/MIA W Lepidic W Acinar W Papillary
Author patients SRge m Micropapillary  m Solid m Others
Yoshizawa et al. 514 I I
Yoshizawa et al. 440 I-11A
Tsuta et al. 904 -1V -_ |
| | |

0% 20% 40% 60% 80% 100%
Lee MC et al. J Thorac Dis. 2014 Oct;6(Suppl 5):S568-80.



Reproducibility of small adenocarcinoma classification
International interobserver study
» 60 cases of AIS/MIA/Inv AdCA from Massachusetts General Hospital

» Six expert lung pathologists from 4 countries
» Whole slide images as materials

Round 1 Round 2 Round 3
Baseline Consensus Elastic stain
-4 4 4
i ik 3 [
1A 7
H&E H&E ‘ = p\vd" asaad ;E
l l Elastic stain tutorial
R " . i ' l
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|
Consensus conference #1 Consensus conference #2 HREEVG

Histopathology. 2019 Nov;75(5):649-659.



Reproducibility of small adenocarcinoma classification
International interobserver study

Agreement on degree of invasion

0.500
® Round 1

0.450 ST
=0.400 otn
()]
E 0.350 ® Round 3
"0830.300
c 0.250
e
EO.ZOO
0 0.150
k%)
20.100
LL

0.050

0.000

Score 0 Score 1 Score 2
AlS vs MIA vs INV AlIS vs MIA+INV AlS + MIA vs INV
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Reproducibility of small adenocarcinoma classification
International interobserver study

Agreement on predominant pattern

0.5 = r

0.45 m RBound 1
0.4 ®Round 2
' B Round 3

Fleiss kappa coefficient

Lepidic vs Acinar vs Lepidic vs
Papillary vs Other Invasive Patterns

Fleiss Kappa:
0.21 -0.40 Fair agreement

0.41-0.60 Moderate agreement Histopathology. 2019 Nov;75(5):649-659.




Morphological overlap of histologic pattterns




Summary

* Adenocarcinoma consists of a biological spectrum

* From preinvasive lesions, minimally invasive
adenocarcinomas, to invasive adenocarcinomas

* Progressive genomic evolution
* Histology is of prognostic significance

* Diagnosis in preoperative biopsy and frozen sections
* Predominant subtype: around 60-70% accuracy
* Detect MIP/SOL pattern: low sensitivity, high specificity
* AIS vs. MIA vs. Lepidic AdCA: challenging
* |Invasive predominant AdCA: > 90% accuracy in FS

* Reproducibility and interobserver agreement
* Only fair to moderate agreement
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Percentage of high-grade subtypes (%)

Histologic subtyping using
preoperative biopsy specimen

Factors influencing concordance (for aggressive pattern):

(3) Percentage of the MIP/SOL component
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J Thorac Cardiovasc Surg. 2017 Jul;154(1):332-339.



Proportion of clonal

mutations (%)

p-value = 1.45e-03
(Kruskal-Wallis test)
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Reproducibility of small adenocarcinoma classification
International interobserver study

Intra-observer agreement
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WHO Classification of Tumours of the
Lung, Pleura, Thymus and Heart

Edited by
William D. Travis, Elisabeth Brambilla, Allen P. Burke, Alexander Marx, Andrew G. Nicholson

WHO Classification of tumours of the lung®®

Epithalial Tumours
Adenocarcinoma
Lapidic adanocarcinoma
Acinar adanocarcinoma
Papillary adanocarcinoma
Mizropapillary adenocarcinama
Solid adenocarncinama
Invasive mucinous adanocarcinoma
Mizad invasive mucinous and
non-mucinous adanocarcinama
Colloid adenacarcinoma
Fatal adenocarcinama
Enteric adanocarcinoma
Minimally invasive adenocanzinoma
Non-rmucinaus
Mucinous
Praimasive lesions
Atypical adenomatous hyperplasia
Adanacarcinoma in Situ
Nan-mucinaus
Mucinous
Souamous call carcinoma
Earatinizing sguamaous call carcinama
Mon-karatinizing squamous cell carcinoma
Basaloid squamous cell carcinoma
Praimvasive lesion
Squamous cell carcinama in situ
Neurcandocring Tumours
Small cell carcinoma
Combinad small cell carcinama
Large call neurcendocring carcinama
Combinad large call neuroendocring
carcinama
Carcinoid tumours
Typical cancingid tumour
Atypical carcingid fumour
Praimasiva lesion
Ditfuse idiopathic pulmanany
neursendocring call hyperplasia
Larga call carcinoma
AdenosQuUamous Cancinoma
Sarcomatoid carcinama
Plaomarphic carcinoma
Spindle call carcinoma
Giant call carcinoma
Carcinosarcoma
Pulmanary blastoma
Oither and unclassified carcinomas
Lymphoepithalioma-like carcinoma
MUT carsinama
Salivary gland-type tumours
Mucoepidermoid carcinoma
Adanoid cystic carcinama
Epithalial-myoepithelial carcinoma
Plaomarphic adanoma

8140/3
B8250/3*
8551/3*
82603
B265/3
8230/3
8253/3"

8254/3*
848043
83333
814443

B2s0/2*
B257/3"

8250/0"

8410/2
82532
a070/3
8071/3
807213
80833

80Tz

804173
B045/3
801343

8013/3

8240/3
8249/3

Bo40/0*
801213
8560/3
80333
802213
803213
803113
8980/3
897213

808213
80233

8430/3
8200/3
856213
8940/0

Papillomeas
Sguamous call papilloma
Exophytic
rivarted
Glandular papilloma

Mixed squamous call and glandular papilloma

Adanomas
Sclerosing pnaumocytoma
Alvaolar adenama
Papillary adanama
Mucinous cystadenoma
Mucous gland adenoma

Measanchymal tumours

Pulmonary hamartoma

Chondrama

PEComatows tumaours
Clear cell tumcur
Lymphangial@iomyamatosis
PEComa, banign

Congeanital pedibranchial
myofibroblastic turmowr

Diffuse pulmonary lymphangiomatosis

Inflammatary myofibrobilastic turmours

Epithalioid haamangicandathalioma

Pleurapulmonary blastoma

Synowial sarcoma

Pulmonary artary intimal sarcoma

Pulmonary myxoid sarcoma with
EWSR1-CREBE franslocation

Myoapithelial tumours
NMyoapithalioma
Myoapithalial carcinoma

Lymphohistiocytic tumours
Extranodal marginal zana lymphoma of mucosa-

BOS20
BOSZ0
80530
22600
BEEID

BA320
22510
22600
B4T0N0
24800

22920
az220/0

BO0D
2174
ari4f0

BB27I

BB25{1
91333
Ba733
20403
913713

BB4213"

E9820
20823

associated lymphoid tissue (MALT lymphoma) 95953

Diffuse large B-cell lymphoma
Lymmphomatoid granulomatiosis
Intravascular larga B-call ymphoma
Pulmonary Langarhans call histiocytosis
Erdheim-Chestar disaase

Tumours of ectopic orgin

Garm call urnours
Teratoma mature
Teratama immature

Intrapulmonary thyrmarma

Melanoma

Meningioma, NOS

Malastatic lumours

25803
aTGEM
9580/3
7511
arsni

a0a00
20801
Bh80/3
arana
a530/0



Lung adenocarcinoma

* Preinvasive lesions
e Atypical adenomatous hyperplasia (AAH)
 Adenocarcinoma in situ (AlS)

* Minimally invasive adenocarcinoma (MIA)

* |nvasive adenocarcinoma
° Lep|d|c WHLZ:;?:TSL::,H:I':;;:: il .:e:fr:he
 Acinar |
Papillary
Micropapillary
Solid

e Uncommon variants




Cumulative incidence of recurrence
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Procedure-specific risk of recurrence in
MIP (+) patients

Limited resection patients

Lobectomy patients

5-year CIR (95% ClI)
—— MIP<5 g9 (1.8% to 27.5%)
T MIP>5 40.0% (27.5% to 58.2%)

P (Grey test, 2-sided) = .002

|

5-year CIR (95% Cl)
— MIP <5 9.9 (4.2% to 23.6%)
—— MIP>5 16.3% (7.9% to 33.9%)

|

P (Grey test, 2-sided) = .33

Cumulative incidence of recurrence
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J Natl Cancer Inst. 2013 Aug 21;105(16):1212-20.



