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Nat Commun. 2019 Jul 5;10(1):2978.

Progressive genomic evolution from AAH to ADC



Progressive genomic evolution from AAH to ADC

Nat Commun. 2019 Jul 5;10(1):2978.
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Histology patterns of adenocarcinoma

Invasive ADC is classified by its predominant histology



Histologic subtype correlates with
post-operative outcome

Yoshizawa A. et al. J Thorac Oncol. 2013 Jan;8(1):52-61
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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



• Preoperative biopsies

• Frozen sections

• Reproducibility and interobserver agreement

Challenges in pathological diagnosis of 
early small lung adenocarcinoma 



Histologic subtyping using 
preoperative biopsy specimen

Concordance between biopsy and resection:

• Histologic subtype → Overall accuracy = 58% - 77% 1-4

1. J Thorac Cardiovasc Surg. 2017 Jul;154(1):332-339.
2. Lung Cancer. 2016 Apr;94:1-6. 

3. Ann Thorac Surg. 2019 Aug;108(2):392-398.
4. Tsai et al. (VGH-TPE data, in submission)

Based on Ref. 3

MIP



Histologic subtyping using 
preoperative biopsy specimen

Concordance between biopsy and resection:

• Presence/absence of high grade patterns (MIP/SOL):

→ Low sensitivity, high specificity

J Thorac Cardiovasc Surg. 2017 Jul;154(1):332-339.
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 pattern Sensitivity Specificity

Micropapillary 7.8% – 30% 95% – 97.4%

Solid 14.6% – 44% 97% – 97.7%



Histologic subtyping using 
preoperative biopsy specimen

Factors influencing concordance:

(1) Tumor size

Tsai et al. (in submission)



Factors influencing concordance:

(2) Radiologic appearance

Histologic subtyping using 
preoperative biopsy specimen

Tsai et al. (in submission)

(N: 82) (N: 68) (N: 168)



Histologic subtyping using 
preoperative biopsy specimen

Factors influencing concordance:

(3) Percentage of subtype component

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



Challenges in pathological diagnosis 
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?
• AIS vs. MIA vs. Invasive adenocarcinoma



Accuracy of FS: 
Predominant histologic subtype

• Study in MSKCC: 361 cases

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. 

Overall accuracy for histology subtype: 68%



• Study in MSKCC: 361 cases

Histologic pattern
(yes/no)

Sensitivity Specificity Kappa

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

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

High specificity, but low sensitivity for MIP and SOL patterns

Accuracy of FS: 
Presence/absence of histologic patterns



Frozen sections

Frozen sections
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Permanent sections: acinar

Permanent sections: micropapillary

Frozen sections

Frozen sections



Reason for discrepancy in frozen sections

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

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



Study from Cedars-Sinai Medical Center:

• 224 lung adenocarcinoma with frozen sections

• Cases accurately diagnosed at FS:

• AIS: 16 / 27 cases (59%)

• MIA: 21 / 46 cases (46%)

• Invasive AdCA: 146 / 151 cases (97%)

• Most common FS errors

→ Overdiagnosis of MIA as invasive AdCA (n=13, 28%)

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

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



FS diagnosis by 5 

pathologists

Permanent section diagnosis (Final diagnosis)

AIS             

(n=2)

MIA             

(n=15)

LPD AdCA            

(n=18)

AIS 100% 6.7% 3.3%

MIA 0% 41.3% 17.7%

LPD AdCA 0% 52.0% 79.0%

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

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

Study from MSKCC:

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



FS diagnosis

Permanent section diagnosis (Final diagnosis)

AAH

(n=32)

AIS

(n=126)

MIA

(n=273)

Inv AdCA

(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%

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

Study from Fudan University Shanghai Cancer Hospital:

J Clin Oncol. 2016 Feb 1;34(4):307-13.

Most common error: Underdiagnosis of AIS, MIA and Inv AdCA



FS diagnosis

Permanent section diagnosis (Final diagnosis)

AIS

(n=80)

MIA

(n=42)

AdCA-LPD

(n=41)

AdCA-Others

(n=89)

AdCA, Lepidic 79% 69% 54% 2%

AdCA, Invasive 21% 31% 46% 98%

VGH-TPE experience (2013-2018)

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

Most common error: Overestimate of invasion



• 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

Potential applications of frozen sections 
in early small lung adenocarcinoma



• Frozen sections

• Preoperative biopsies

• Reproducibility and interobserver agreement

Challenges in pathological diagnosis of 
early small lung adenocarcinoma 



Lee MC et al. J Thorac Dis. 2014 Oct;6(Suppl 5):S568-80.

Distribution of histologic subtypes



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

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



Reproducibility of small adenocarcinoma classification
International interobserver study

Fleiss Kappa:
0.21 – 0.40   Fair agreement
0.41 – 0.60   Moderate agreement

Agreement on degree of invasion

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



Reproducibility of small adenocarcinoma classification
International interobserver study

Fleiss Kappa:
0.21 – 0.40   Fair agreement
0.41 – 0.60   Moderate agreement

Agreement on predominant pattern

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



Thanks for your attention
Have a nice day!





Histologic subtyping using 
preoperative biopsy specimen

Factors influencing concordance (for aggressive pattern):

(3) Percentage of the MIP/SOL component

J Thorac Cardiovasc Surg. 2017 Jul;154(1):332-339.



Nat Commun. 2019 Jul 5;10(1):2978.

Selective clonal sweep during neoplastic evolution of AAH



Intra-observer agreement

Reproducibility of small adenocarcinoma classification
International interobserver study

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





Lung adenocarcinoma

• Preinvasive lesions
• Atypical adenomatous hyperplasia (AAH)
• Adenocarcinoma in situ (AIS)

• Minimally invasive adenocarcinoma (MIA)

• Invasive adenocarcinoma
• Lepidic
• Acinar
• Papillary
• Micropapillary
• Solid

• Uncommon variants 



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

Limited resection patients Lobectomy patients

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


