
 1 

1-The new classification of lung adenocarcinoma 
A. General aspects 
In February 2011 Travis et al. reported, on behalf of multiple agencies (IASLC,ATS, 
ERS), a revised classification of lung adenocarcinoma (Table1).  
 
 

 
             From: JThorac Oncol 2011;6:244-285 
 
Outlines of differences with previous classification and novel criteria for classifying 
entites former known as BAC. 
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                New criteria for classifying former BAC  
 

• ≤3cm,  NO Stromal, or lymphatic, or  vascular, or pleural invasion or  
necrosis or growth patterns other than lepidic: 

 Adenocarcinoma in Situ     
° Serous  
° Mucinous 

• ≤3cm, with ≤5mm  area of stromal invasion or growth pattern(s) other than 
lepidic 

 Minimally Invasive Adenocarcinoma (MIA) 
• Any size, YES  lymphatic, or  vascular, or pleural invasion or  necrosis  
• ≤3cm, with ≥5mm  area of stromal invasion or growth pattern(s) other than 

lepidic 
 Invasive adenocarcinoma 

 Serous 
 Invasive adenocarcinoma, lepidic predominant  

 Mucinous 
 Invasive mucinous adenocarcinoma 

• ≥3cm,  NO Stromal, or lymphatic, or  vascular, or pleural invasion or  
necrosis or growth patterns other than lepidic 
- Serous  

 Invasive adenocarcinoma, lepidic predominant  
-Mucinous 

 Invasive mucinous adenocarcinoma 

 
Differences with the previous (WHO 2004) classification: 

1-The mixed subtype is dropped 
2-The concept of a cancer with a “predominant” growth pattern is introduced. 
3-A Minimally Invasive Adenocarcinoma (MIA) is introduced 
4-Lepidic predominant and mucinous adenocarcinoma are introduced as variants      
    of invasive adenocarcinoma 
5- The term Bronchiolo Alveolar Carcinoma (BAC) is discontinued (see table 2)  
    and the entities former known as BAC, i.e. tumors with a prominent or   
     exclusive lepidic growth pattern are reclassified, based on size and     
     morphological features 
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Table 2. Entities in which the term BAC was used. 
 

 
From: J. Thorac Oncol 2011;6:244-285 
 
 
B. Rationale and biological background 
1-The mixed subtype is dropped 
The 2004 classification had a mixed subtype, which included the great majority of cases, 
as lung cancer typically shows multiple growth patterns (see Table 3).  
 
Table 3. Mixed patterns are the norm in lung adenocarcinoma 
 Kerr et al., n=203 Motoi et al, n=100 
 Percentages 
 Any occurrence Predominant Any occurrence Predominant 
Acinar 44 90 31 88 
Solid with mucin 28 58 25 54 
BAC 16 42 7 51 
Papillary 12 41 37 78 
From: Histopathology 2009,54:12-27. 
 
A systematic classification of 514 cases, using the two systems, showed 95% of cases to 
fall in the mixed group, according to the 2004 classification (table 4), while the new 
classification allowed a much wider distribution.  
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Table 4. Comparison of new and old classification in 514 cases. 

 
From: Mod Pathol 2011, 24,653-664. 
 
Thus, the 2004 classification appears inadequate to provide a meaningful classification of 
lung adenocarcinoma. Furthermore, genetic analysis increasingly showed that distinct 
growth patterns have different clinical features, including associations with smoking, 
genetic profiles, and prognosis (see later). These findings lay the rational and biological 
premises for a revision of the 2004 classification and the suppression of the 
“mixed”group. 
 
2-The concept of a cancer with a “predominant” growth pattern is introduced 
“The term predominant is appended to all categories of invasive carcinoma, as most of 
these tumors consist of mixtures of histological subtypes”. 
 
Since more than two patterns may be present, the predominant pattern is defined as “the 
pattern with the largest percentage, not necessarily 50% or more”. On each section, the 
most predominant growth pattern is noted, and the tumor is classified according to the 
one most represented, overall. The suggestion (“weak recommendation”) is made that 
“the percentages of the subtypes also be reported, in 5% increments”. This system 
“addresses the heterogeneity of lung adenocarcinoma” while facilitating correlative 
studies of the prognostic and molecular features of distinct growth patterns. 
An additional benefit of this new classification is that “histological subtyping can be 
useful in comparing multiple tumors and distinguishing multiple primary tumors from 
intra-pulmonary metastases, which has a great impact on staging”. 
 
3- The term Bronchiolo- Alveolar Carcinoma (BAC) is discontinued and the entity former 
known as BAC is reclassified.  
4-The concept of Minimally Invasive Adenocarcinoma is introduced. 
These two changes are interrelated and stem from the acceptance of the view that the a) 
the BAC growth pattern may be regarded as pre-invasive lesion and b) the relation 
existing between the size of an invasive component in the background of an in situ 
pattern and prognosis, with excellent prognosis of tumors with invasion ≤ 5mm. 
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The distinction between serous and mucinous tumors present in the 2004 classification is 
kept and is an important one, since the biological features of the two diseases vary widely. 
The  lepidic growth pattern that characterizes AIS is defined as “growth restricted to 
neoplastic cells, along preexisting alveolar structures (lepidic growth pattern), lacking 
stroma, vascular or pleural invasion  Papillary or micropapillary patterns and intra-
alveolar tumor cells are absent. AIS  is subdivided into nonmucinous and mucinous 
variants, but virtually, all cases of AIS are non-mucinous, consisting of type II 
pneumocytes and/or Clara cells”. In contrast, most mucinous tumors are both  associated 
with invasion and > 3cm size, and worse prognosis  and are thus classified as invasive 
mucinous adenocarcinoma. AIS thus, may be seen as an intermediate step in a 
morphological progression from normal to invasive adenocarcinoma, which follows 
Atypical Adenomatous Hyperplasia (AAH).  AAH and AIS emerge conceptually as 
peripheral equivalents of low and high grade squamous dysplasia. The  biological 
potential of these lesions for evolving into invasive adenocarcinoma, already recognized 
in the 2004 classification for AAH, has been amply demonstrated: a) by the frequent 
coexistence of these patterns with overt, invasive adenocarcinoma; b) by their occurrence 
in in vivo models of adenocarcinoma, preceding invasion; c) by the existence of a genetic 
continuum of increasing molecular abnormalities, from AAH to AIS (former BAC) to 
invasive adenocarcinoma, both in in vivo models, in mice and in humans; d) by the 
excellent prognosis of ≤ 3cm tumors with an exclusive lepidic pattern and the inverse 
relation in these tumors between prognosis and size of invasion. The setting of a 3 cm 
limit is related to the existing evidence of (good) prognosis, limited to tumors of such size. 
Note that the presence of a) morphological evidence of invasion of lymphatics, or blood 
vessels, or the presence of necrosis is sufficient to take a tumor out of the AIS category 
and place it in an invasive carcinoma category, either predominant lepidic (serous) or 
mucinous adenocarcinoma. The presence of either stromal invasion or a non lepidic 
growth pattern also prohibits the AIS designation and places serous tumors tumor in an 
invasive group, either MIA or LPA, depending on size of the invasive focus. 
Minimally Invasive Adenocarcinoma (MIA) is a tumor with a predominant lepidic growth, 
minimal invasion and excellent prognosis, if resected.  The size limit of invasion is 
≤5mm. Invasion is defined as “(1)-histological subtypes other than lepidic or (2) 
presence of a myofibroblastic stroma associated invasive tumor”. MIA is found almost 
exclusively among serous tumors (former serous BAC), and rare in mucinous tumors 
(former mucinous BAC). The invasive focus for tumors with multiple foci should be 
measured in the largest dimension on a single slide and not by the summation of all 
invasive foci.  Tumors that are classifiable as MIA have an excellent prognosis (100% at 
5 years). MIA with mucinous features are rare but the existing evidence points to a good 
prognosis, if the tumor is classified according to these parameters. 
4-Lepidic predominant (LPA) and mucinous adenocarcinoma are introduced as variants 
of invasive adenocarcinoma 
This distinction emphasizes that serous and mucinous tumors are two biologically distinct 
entities. Size (≥3cm) and/or histological features are, after the cell type, the decisive 
parameters. These include: a) invasion ≥5mm OR b) the	  presence	  of	  invasion	  of	  
lymphatics,	  OR	  blood	  vessels,	  OR	  pleura,	  OR	  of	  c)	  the	  presence	  of	  tumor	  necrosis.	  
Thus,	  tumors	  of	  any	  size	  with	  invasion	  or	  necrosis	  are	  classified	  as	  invasive	  
adenocarcinoma.	  Among	  invasive	  adenocarcinomas	  the	  LPA	  designation	  should	  be	  



 6 

restricted	  to	  serous	  tumors	  and,	  even	  though	  the	  designation	  of	  “lepidic”	  may	  
descriptively	  appropriate	  for	  mucinous	  tumors,	  they	  are	  to	  be	  designated	  invasive	  
mucinous	  adenocarcinoma.	  Serous	  tumors,	  which	  include	  AIS,	  MIA	  and	  LPA,	  and	  
mucinous	  tumors,	  formerly	  designated	  mucinous	  BAC,	  which,	  in	  the	  new	  
classification	  fall	  predominantly	  in	  the	  category	  of	  invasive	  mucinous	  
adenocarcinoma	  have	  distinct	  clinical,	  radiological,	  morphological	  and	  molecular	  
features	  (table5).	  The	  rare	  tumors	  that	  have	  both	  mucinous	  and	  non	  mucinous	  
features	  should	  be	  classified	  as	  mixed	  mucinous	  and	  non	  mucinous	  if	  at	  least	  10%	  of	  
each	  component	  is	  present.	  
 
Table5.	  Summary	  of	  differential	  features	  of	  invasive	  mucinous	  adenocarcinoma,	  
including	  most	  of	  tumors	  formerly	  designated	  mucinous	  BAC,	  and	  non	  mucinous	  
tumors	  former	  serous	  BAC,	  reclassified	  as	  AIS,	  MIA	  or	  LPA.	  
	  
	   Invasive	  Mucinous	  

Adenocarcinoma	  
Non	  mucinous	  tumors	  

AIS/MIA/LPA	  
Clinical-radiological	  features	  

Female	   58%	   72%	  
Smoker	   45%	   46%	  
Radiology	   Consolidation	   Ground-‐glass	  opacity	  
Multi-‐focal/lobar	  or	  
bilateral	  
involvement	  

Frequent	   Unusual	  

Morphological	  features	  
Cell	  Type	   Mucin	  filled	  columnar	  

and/or	  goblet	  cells	  
Type	  II	  pneumocytes	  and/or	  

Clara	  cells	  
CK7	   ~90%	   ~98%	  
CK20	   ~54%	   ~5%	  
TTF-‐1	   ~17%	   ~67%	  

Molecular	  features	  
K-‐Ras	  mutation	   ~76%	   ~13%	  
EGFR	  mutation	   ~3%	   ~45%	  
	   	   	  
Modified	  from: J. Thorac Oncol 2011;6:244-285 
	  
Invasive	  adenocarcinomas	  that	  secrete	  mucin	  but	  lack	  the	  characteristic	  goblet	  cells	  
or	  columnar	  cells,	  should	  not	  be	  classified	  as	  mucinous	  adenocarcinoma	  and	  
reclassified	  according	  to	  the	  current	  criteria,	  on	  the	  basis	  of	  the	  predominant	  
growth	  pattern,	  adding	  the	  	  qualification	  “with	  mucinous	  features”	  or	  “with	  mucin	  
production”.	  
It	  should	  also	  be	  remembered	  that	  tumors	  with	  a	  lepidic	  growth	  pattern	  may	  
represent	  metastases,	  i.e.	  metastatic	  mucinous	  tumors	  of	  the	  pancreas	  or	  ovary.	  
	  
5-A micropapillary predominant subtype is introduced. 
This entity, characterized by the presence of short, stubby papillae with no or minimal 
fibro-vascular stalks, was introduced on the account of its distinct association with 
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(worse) prognosis in many reports. 
 
Other growth patterns 
The acinar, the papillary and the solid growth patterns are recognized as in the previous 
classification, with the added qualifier of “predominant” if they represent the main 
pattern. The acinar growth pattern consists of “round to oval-shaped malignant glands 
invading fibrous stroma”.The papillary growth pattern consists of “malignant cuboidal to 
columnar cells growing on the surface of fibrovascular cores”, even in presence of a 
lepidic pattern. The solid pattern is diagnosed when it represents 100% of the growth 
pattern of the tumor; the presence of intracellular mucin, as demonstrated by 
mucicarmine or PAS with diastase digestion, is a prerequisite for the diagnosis and needs 
to be present in “at least 5 tumor cells in each of two high power fields”. 
Other variants  
Colloid adenocarcinoma. 
Characterized, as in other sites, by pools of extracellular mucin, which, in the lung, 
distend or destroy alveoli and may form large cystic spaces. It is usually found in 
association with other growth patterns, the percentages of which should be recorded. 
Fetal adenocarcinoma 
Characterized by epithelium growing in tubules and papillae, resembling fetal lung 
tubules. Cells show subnuclear vacuoles, often resembling secretory endometrium; 
squamoid morules occur. Typically they occur in young patients. A low and a high grade 
variant have been described. They are part of the spectrum of blastomas, which also 
include pleuropulomonary blastoma and biphasic blastoma (see Table 6). 
 
Table 6. Differential features of pulmonary blastomas  
 Fetal 

Adenocarcinoma 
Biphasic 
blastoma 

Pleuro-pulmonary 
blastoma 

Peak Incidence IV decade IV decade I decade 
Smoker often often  
Malignant epithelium yes yes no 
Malignant stroma no yes yes 
Morules 86% 43% 0% 
Chromogranin +  frequent frequent never 
Modifed from: Colby TV. et al.: Tumors of the Lower respiratory tract, In: Atlas of tumor pathology. Third 
Series, fascicle 13.  AFIP, Washington, DC,1995. 
 
Enteric adenocarcinoma 
This tumor resembles colorectal adenocarioma, both histologically and 
immunohistochemically (at least one intestinal marker positive among Cdx-2, Ck20 or 
Muc2). It is positive for TTF-1 in about half of cases but almost always positive for Ck7. 
Clear cell, and signet ring cell are removed as adenocarcinoma variants 
 
C. Prognostic significance of the new classification 
The strongest argument for the new classification is that it has prognostic implications, 
allowing to stratify lung cancers in low, intermediate and high risk groups, based on 
different disease-free survival at 5 years in stage I cancers (Table 5 and figure 1). 
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Table 5. Prognostic relevance of new IASLC/ATC/ERS classification of lung 
adenocarcinoma. 
 

From: Mod Pathol 2011, 24,653-664 
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Figure 1. The difference in survival among low, intermediate and high risk groups is 
statistically significant (from: Mod Pathol 2011, 24,653-664). 
 
When the very few tumors in the low risk group, i.e. tumors with a pure lepidic pattern, 
(AIS, former pure BAC) + tumors with minimal invasion (MIA), were grouped with the 
much larger intermediate risk group, the difference in survival with the high risk group 
remained significant, even by multivariate analysis (Table 6).  
 
 
Table 6. Prognostic factors in stage I adenocarcinoma by multivariate analysis 

 
From: Mod Pathol 2011, 24,653-664 
 
As a whole, the lepidic, acinar and papillary growth patterns, are associated with better 
prognosis than the solid, micropapillary and mucinous growth patterns. Thus, the simple 
classification of a tumor by H.E. has important clinical implications. Not surprisingly, 
distinct genetic alterations tag along with these morphological and prognostic features 
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(see later). 
 
.D-Questions and unresolved issues 
-Does the extent of invasion correlate with prognosis in lepidic predominant tumors and 
should it be measured? 
While the overall tumor size, among T1 stage tumors, with the current cut off of ≤2 cm 
vs. >2≤3cm (i.e. stage T1a vs. T1b) is significant in predicting prognosis, adjusting for 
the extent of microscopic invasion, in tumors with a lepidic predominant growth pattern, 
allows an even sharper correlation with prognosis (see figure 2).  
 

  
From: Mod Pathol 2011, 24,653-664 
 
Figure 2. Correlation with prognosis of tumor size, classified in T1 (≤2cm) and T2 (2-
3cm), according to overall gross tumor gross size (a) or microscopic size of invasive 
tumor. 
 
This is an important conclusion, since the size of invasion appears over-estimated by the 
tumor gross size, particularly in tumors with a significant lepidic component (AIS, lepidic 
predominant, invasive mucinous and mixed mucinous/non-mucinous), as demonstrated 
by a systematic comparison of the two measurements. This shows that in the lepidic 
predominant, invasive mucinous and mixed mucinous/non mucinous tumors, the size of 
invasion is on average less than half of the gross tumor size (table 8). 
 
Table 8. Correlation between gross size and microscopic size of invasive tumor 
 Mean gross (cm) Mean microscopic (cm) 
AIS or MIA 1.3 0.2 
Lepidic predominant 2.3 1 
Invasive mucinous and mixed 
mucinous/non mucinous 

2.5 1.1 

Acinar predominant 2.1 1.9 
Papillary predominant 2.2 1.9 
Solid 2.5 2.5 
AIS=Adenocarcinoma in Situ; MIA=Minimally Invasive Adenocarcinoma 
From: Mod Pathol 2011, 24,653-664 
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These data seem to justify an inclusion in the pathological reports of lung 
adenocarcinomas with a predominant lepidic pattern of a microscopic measurement of 
largest invasion, as well as an according adjustment of the stage on the basis of such 
microscopic measurement rather than on gross tumor size. An additional advantage of a 
quantitative measurement of the invasive component in tumors with a lepidic growth 
pattern is the ability to correlate it with the extent of solid component seen in the tumor 
by radiology. The authors include a “weak recommendation” for providing such 
quantitative measurement; however, at the moment, this is not part of the AJCC 
guidelines for reporting resected lung adenocarcinomas.   
 
-Are there are other histological parameters that are predictive of prognosis? 
Yes:  a) vascular invasion and b) necrosis. The former constitutes a recommended field in 
the AJCC endorsed form for reporting lung cancer. In contrast, necrosis constitutes a 
powerful predictor of prognosis, even when expressed as a simple binary parameter, i.e. 
yes vs. no, and not in a quantitative fashion (Table 5), yet is not included in the 
parameters of the AJCC-endorsed form for lung cancer resections, to date. 
 
E- Select molecular abnormalities of lung adenocarcinoma and their relation to 
clinical and pathological features, including growth patterns. 
 

 EGFR mutations 
Frequency and distribution 
Virtually exclusive of adenocarcinomas: rare positivity in other histotypes: 3% in 
squamous and small cell, up to 10 % in large cell undifferentiated, much more common 
in non/light smokers or former smokers, particularly long time quitters, than smokers, 
particularly current smokers. Range of positivity in adenocarcinoma: 20-60%, with 
highest percentages in East Asian compared to Western patients. 
Pathology 
Predominant growth patterns: Lepidic, Papillary and Micropapillary   
Predominant cell type: Hob-nail/Clara cell; cells are NON mucinous  
Predominant associated immunohistochemical/molecular features:  

TTF-1 positivity; K-Ras, EML4-ALK wild type 
Clinical 
Predominant clinical features:  
Non-smoking status ; Female gender; East Asian origin 
 

 EML4-ALK translocation 
Frequency and distribution 
Adenocarcinoma only; 5- 10%; highest frequency in East Asian patients 
Pathology 
Predominant growth patterns: Solid   
Predominant cell type: Signet ring 

The combination of both a solid growth pattern and prominent signet ring cells 
(>10%) is significantly associated with the presence of the mutation  

Predominant associated immunohistochemical/molecular features: 
TTF-1 positivity; EGFR, K-Ras wild type 
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Clinical 
Predominant clinical features:  

Non smoking status; Younger age: median age of occurrence:51 years, 15 years  
younger than EML4-ALK wild type tumors; Advanced stage 
 

 K-Ras mutations 
Frequency and distribution 
Adenocarcinoma only; 20-30% smokers; ~5% smokers 
Pathology 
Predominant growth patterns: Mucinous adenocarcinoma; Solid 
Predominant cell type:Mucinous  
Predominant associated immunohistochemical/molecular features: 

TTF-1 overall, more frequently negative than in EGFR mutated cases; frequency 
of positivity depends on growth pattern: solid: 70%; mucinous: 0-30%. 
EGFR, EML4-ALK wild type 

Clinical 
Predominant clinical features: 
Overall, much more frequent in smokers (20-30%) than in non-smokers (~5%), but also 
very frequent in mucinous adenocarcinoma (85-100%), which has distinctive clinical 
features, including ~50% occurrence in non smokers in (see table 5). 
 
2- Classification of non small cell lung cancer on small biopsies 
Recommendations provided by Travis et al. for classification of Non Small Cell Lung 
Cancers (NSCLC) on biopsies.This rests on mere morphological features (Table 9) and 
ancillary tests (Table 10). When the former are diagnostic per se, there is no need for 
ancillary tests. When the former are indefinite, guidelines are provided for reporting, 
according to an algorithm (Table11). 
 
Table 9. Morphological features per se diagnostic of squamous cell carcinoma and  
adenocarcinoma 
Adenocarcinoma Squamous Cell Carcinoma 
-Growth patterns: 
Lepidic; Acinar; Papillary; Micropapillary 
 

 
Keratinization and/or intercellular bridges 

-Cytology: 
3D arrangement; delicate, foamy-
vaculolated cytoplasm; fine nuclear 
chromatin and often prominent nucleoli 

 

 
Table 10.Ancillary tests useful to classify adenocarcinoma and squamous cell carcinoma 
Adenocarcinoma (Aca) Squamous Cell Carcinoma (SqCC) 
Special Stains for mucin  
  -PAS-d 
  -Mucicarmine 

 

                                                     Immunohistochemical (IHC) markers 
TTF-1 p63 



 13 

Napsin Ck5/6 
 
 
 
 
Table 11. Diagnostic Algorithm Using Ancillary Tests 
Mucin +  OR ≥1 IHC Aca marker + NSCLC, favor Aca 
Mucin OR ≥1 IHC Aca marker +  AND ≥ 1 IHC SqCCa marker+ 

Same cells NSCLC, favor Aca 
Different cells NSCLC, possible AdenoSquamous Carcinoma 

Mucin – AND IHC SqCCa markers - NSCLC 
Mucin – AND≥ 1 IHC Sq Cca marker + NSCLC, favor SqCCa 


