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WHO 2021

1- Classification is based on growth patterns

Classification is based on predominant growth 
patterns, and thus is entirely centered on 
architectural (rather than cytological) 
features.

Current trend is for incorporating also the 
presence of minor, high risk growth patterns,  
to better stratify prognosis
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Patterns of invasive adenocarcinoma
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Acinar
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Papillary 
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Micropapillary
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(Micro) Papillary

Papillary
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Lepidic/AIS Invasive Adenocarcinoma

Lepidic= Lepidic/AIS component + > 5mm invasion
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At least 5 mucin + cells in each 2 high power fields
or TTF-1 positive stainSOLID
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Mucicarmine
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Mucinous
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What area the advantages of a classification based on 
predominant growth pattern ?

1- It allows a more detailed stratification of tumors

2- It correlates with biological differences

3- It has prognostic implications
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Kerr et al.,1 1n = 203 Motoi et al.,1 2n = 100

Predominant Any occurrence Predominant Any occurrence

Acinar, % 44 90 31 88

Solid with mucin, % 28 58 25 54

Bronchioloalveolar, % 16 42 7 51

Papil lary, % 12 41 37 78

Pulmonary adenocarcinomas virtually always show multiple patterns
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Different growth patterns present in the same tumor
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WHO 2004 fails to significantly distinguish aca types
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1) IASLC/ATS/ERS 2011 allows better classification than WHO 2004
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1-Comparison percentage pattern in primary  v s. metastasis: 
disproportionate representation of micropapillary and solid patterns in mets

A- Different  tendency to metastasize

2- Growth patterns have different biological features

Sica et al.: Am J Surg Pathol 2010,34,8:1155-62
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B. Different growth patterns (n-=604) have different  associations with smoking, SUV, 
and pathological prognostic parameters (s ize, VPU, LVI, STAS, node status and Stage)
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C. Different molecular alterations

Decreasing expression of 

differentiation markers 

and increasing expression of

stem cell markers
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Different growth patterns have different  mutation rates

FGA = Fractional Genomic Al terations
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Girard et al Eur Respir J 2012,39:366-372

EGFR and K-Ras mutations are mutually exclusive and 
inversely associated with smoking

EGFR *> Non smoking> lepidic patterns
KRas *> Smoking, NON-lepidic/solid component
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K-Ras* is INdirectly, EGFR* DIrectly associated with lepidic pattern 
MSKCC study
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Sol id growth pattern associated with heavy smoking history and K-Ras mutations
K-Ras* is DIrectly, EGFR* INdirectly associated with % of solid pattern

Prevalence and types of K-Ras* mutations associated wi th s moking

A large study (n=733) made for 1/3 only of resections (the rest was biopsies) did NOT confirm the association of K-Ras with solid pattern but DID 
confirm the associations of EGFR and K-Ras with smoking

Association solid pattern-smoking confirmed in cohort of 320 stage I Aca
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PDL-1 expression (n = 247) is associated with high grade  patterns



25

PDL-1 expression (n = 214) is associated with solid pattern
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EGFR mutations are further associated, within adenocarcinoma, with 
histological and cytological features of the cancer

EGFR mutations are associated with specific morphological tumor 
features, including lepidic pattern

Lepidic2,3,5, 6, Papillary, 1,2,3; Hobnail cytology3,5; TTF-1+3,4

1.Motoi e al. Am J Surg Pathol;2008;3296):810-27; 2. Zakowski et al. Arch Pathol Lab Medicine 2009;133:470-477;   3. Okada et al. Cancer 
Science 2010;101:1745-1753 4. Tang et al. Cl in Cancer Res;2011,17(8);2434-43. 5.Rathman et al. Mod Pathol 2013 Oct; 26(10): 1307-1309 
6.WHO Classification of Lung Tumors,5th Edition, 2021

TTF-1
Lepidic

Hob nail
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3) New classification predicts prognosis

N=514 Stage I  Adeno
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New grading (high vs. /low) is a significant predictor of prognosis by 
multivariate analysis

Others: Necrosis (should be commented on in reports); 
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Cribriform growth pattern, not present in original WHO 2015 classification, is 
currently recognized as a high grade variant of acinar growth pattern

back to back, poorly formed glandular spaces lacking intervening stroma or 
invasive tumor nests that produce small glandular lumina without solid components
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Among 125 tumors,  34 with cribriform patterns, show higher rate of metastases
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J Thorac Oncol, 2011 6,2;244-285

Concept of preinvasive 
les ions of Aca
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J Thorac Oncol, 2011 6,2;244-285

Concept of minimally 
invasive Aca

Concept of Lepidic 
predominant invasive 
Aca

Pathologist i s forced to recognize and measure invasion

Invasion 5mm

Invasion 5mm
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Cribriform growth pattern
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Cribriform pattern has a high frequency of Kras mutations and a low frequency 
of EGFR mutations
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A new proposed takes into account,  in addition to the predominant 
pattern, the presence of high grade pattern(s) (with a 20% cuto-off)
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N=1029 resected stage I Adeno
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Other salient feature of WHO 2021
Revisitation of lepidic growth patterns

A. Recognition of pre- invasive patterns: lepidic pattern  is  a 
precursor of  Adenocarcinoma

B- Concept of Minimally Invasive Adenocarcinoma

C- BAC is discontinued

D- Difference between mucinous and non-mucinous     
pattern: mucinous BAC=mucinous adenocarcinoma
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Atypical Adenomatous Hyperplasia (AAH) 

Preinvasive lesions      
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AAH vs. AIS (former BAC)

Both: proliferations of atypical pneumocytes along alveoli,
with no invasion ,i.e. LEPIDIC   growth pattern but

AAH
Lesser cytological atypia
Septa thin
5 mm or less

Incidental finding

AIS

Higher cytological atypia
Septa more fibrotic
> 5 mm < 3 cm

May have clinical  manifestations
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Normal peripheral lung
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Atypical Adenomatous Hyperplasia

44

AAH
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AIS

No stromal or lymphatic invasion
Lepidic growth pattern only
No invasive growth pattern
No tumor necrosis is present
No STAS is present(3) STAS is present.
Size:> 5mm, < 3cm
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Lepidic  component= Ground Glass Opacity (GGO) on CT scan
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J Thorac Oncol, 2011 6,2;244-285

Non Mucinous AIS (former serous BAC)
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AIS, non-mucinous (former serous BAC)
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Minimally Invasive Adenocarcinoma

A tumor WITH a lepidic component and invasion 
equal to or less than 5 mm

Lepidic Adenocarcinoma
A tumor WITH a lepidic component and > 5 mm 

invasion
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Invasion =
Either stomal remodelling

OR

Presence of one of the growth patterns of 
invasive adenocarcinoma

Pathologist is required to recognize and measure invasive component

Redefinition of Invasion

Lepidic vs. invasive growth patterns

Invasive growth patterns framed in red
Importance of stromal invasion: A-F

Role of non-lepidic growth patterns and of intra-alveolar tumor cells: G-K

Invasive in virtue of stromal remodelling
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Invasive in virtue of stromal remodelling
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Invasive in virtue of 
growth pattern
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Invasive in virtue of 
growth pattern
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Invasive in virtue of 
growth pattern
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Invasive in virtue of 
growth pattern
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Acinar (deciduoid- apocrine cytology) tumor filing alveoli: Invasive
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AIS

1-Prominent or exclusive serous lepidic component

Normal AIS

Mixed AIS- Invasive (MIA, Lepidic)

2 Pathways to Lung 
Adenocarcinoma

AAH AIS
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Increasing p16 methylation, LOH of 3p, 9p, 18q, p53 mutations, Ras 
mutations, telomerase activation

Lepidic pattern= Precursor of adenocarcinoma 

(equivalent to an in situ lesion)

AIS/AcaAAH AIS Aca
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2) Pred. or exclusive  Invasive Pattern

2 Pathways to Lung Adenocarcinoma

Type od invasive growth pattern drives prognosis
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Lepidic ? / Invasion ?

Lepidic YES/ Invasion NO Lepidic NO/ Invasion YESLepidic YES/ Invasion YES

< 5mm 5mm-3 cm >3 cm

AAH AIS Lepidic

Invasion 
<5mm

Invasion 
>5mm

MIA Based on pred 
growth pattern

Lepidic

Acinar

Pap

Micropap

Solid

Based on pred 
growth pattern

Acinar

Pap

Micropap

Solid

Tumor size ? Invasion size ?
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2 types of Aca: 1) with prominent lepidic component; 2) w/o it.

In the former, there is marked difference between gross vs. 
microscopic invasive tumor size
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Gross Microscopic

Correlation size-DFS is much sharper if T1a (0.6-2 cm) vs. 
T1b (2.1-3 cm) is adjusted for microscopic invasion
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Implications of new classification system for 
staging

1) AIS=pTis (ACA)                   2) MIA=pT1mi;                                                                               

3) T stage is based on size of invasive component only,  not on overall     
gross tumor size

CT: Solid appearance = Invasive vs. Ground Glass= Lepidic component
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Tumor Size 
Total Tumor Size 
The size of the entire tumor (total tumor size) applies to all tumors and includes the invasive component and the 
nonmucinous lepidic component of adenocarcinomas . 
___ Greatest dimension: cm

Size of Invasive Component  (required only if invasive nonmucinous adenocarcinomas with lepidic component is 
present) 
The size of the invasive component applies only to invasive nonmucinous adenocarcinomas with lepidic component. 

For all tumor types other than invasive nonmucinous adenocarcinoma with lepidic component, invasive tumor size 
equals total tumor size. 
Greatest dimension: ______cm

Percentage of Total Tumor Size
Specify percentage: _________________ %

Pathologist is asked to indicate size of invasive tumor only 
for tumor with a prominent lepidic component 
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Implications of new classification system for 
staging

4) T stage for multiple tumors different for tumors with and w/o lepidic component

Multiple tumors with lepidic component
In the same lobe

Multiple tumors w/o lepidic component in 
the same lobe

T stage is driven by largest 
tumor (as  in breast) Tumor is  T3
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Multiple tumors with lepidic component
in different lobes

Implications of new classification system for 
staging

4) T stage for multiple tumors different for tumors with and w/o lepidic component

Multiple tumors w/o lepidic component in 
different lobes

T stage is driven by largest 
tumor (as  in breast)

Tumor is  T4
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Mucinous Adenocarcinoma In Situ

Rare occurrence: NO invasion 
Tumor < 3 cm

Mucinous lepidic pattern i s ONLY very rarely NOT associated with invasion
By and large the mucinous lepidic pattern (former mucinous BAC) i s associated 
wi th invasion= INVASIVE mucinous adenocarcinoma
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Mucinous Adenocarcinoma 

Notice inv olv ement of  
entire lobe, with dif f use 
consolidation, without a 
single, discrete mass.

Notice distension of  
pleural surf ace and 
glistening cut surf ace
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Notice discontinuous or circumf erential 
(arrow heads) lepidic growth and lack of  
stromal reaction 

Mucinous
Adenocarcinoma
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Higher magnification of cut 
surface, showing consolidation, 
glistening cut surface and a 
discrete areas of reticular fibrosis 
(arrow heads).

Such areas tend to be associated 
with stromal invasion.
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Inv asion in mucinous adenocarcinoma: notice destruction of  nativ e pulmonary  
architecture, associated with f ibrosis around inf iltrating acini. 

This micrograph was taken f rom the area of  f ibrosis v isible in the gross picture.
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Higher power of  a f ield with stromal  
inv asion showing high grade cy tological 
f eatures of  inf iltrating glands
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For the same reason, presumably KRas and EGFR mutations are not co-selelected in 
tumors and this helps their molecular classification and mirrors differences in clincial 
and morphological features

Lepidic patterns :                                               
Mucinous vs Non mucinous MATTERS

MUCINOUS NON MUCINOUS :      
AIS, MIA, LP

Female
55% 70%

Smoking 45% 45%

CT Consolidation; multilobar, 
multifocal

Mostly solitary; Ground Glass 
Opacity

Prognosis Poor Good

Modified from WHO 2021
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MUCINOUS NON MUCINOUS:
AIS, MIA, LP

Cell type Columnar, mucin filled Type II or Clara cells; 
Non-mucinous

Phenotype
Ck7

90% 90%

Ck20 50% 5%
TTF-1 40% 75%

WHO 2021

Lepidic patterns :                                               
Mucinous vs Non mucinous MATTERS
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Genotype

K-Ras* Most + (~60%) Most - (

EGFR* Most - (

Muc Aca is characterized by high frequency of KRas
mutations and very low frequency of EGFR mutations

MUCINOUS NON MUCINOUS :      
AIS, MIA, LP

WHO 2021
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NRG1- gene fusions also characterize Mucinous adenocarcinoma

doi: 10.1158/1078- 0432.CCR-14-0107. doi:10.1016/j.annonc.2020.08.2335.

- 80% of gene fusions are found in mucinous adenocarcinoma
- Incidence varies from 7% to 31% ( depending on s ensitivity of detection technique)
- Phas e 2 trial in progress with antibody against HER3 in progress
- Mutua l ly exclusive with EGFR mutations and ALK trans locations
- Als o found in non-lung adenocarcinoma

CRESTONE study



81

NRG1 gene fusion results in constitutive activation of the 
Her2/3 pathway

CRESTONE study
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CRESTONE study
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Different microanatomical compartments: difference in macroanatomical site of origin= 
diff in cell origin

Differential Anatomical Locations Betray Different 
Cellular Origins

Bronchial mucosa

(Stem cells)

Small Cell; Sq Cell Ca

Bronchioles-Alveoli

(Clara cells/Type II Pneumocytes)

Aca; LC
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Molecular pathogenesis of squamous cell carcinoma
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