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SUMMARY
Background: In Germany, lung cancer causes more 
deaths than any other malignant disease. Its main 
 etiology is smoking, but other risk factors need to be 
considered as well. The morphological, molecular and 
biological phenotype is complex and should no longer 
be just categorized as either small-cell or non–small 
cell lung cancer.

Methods: This review article is based on the authors’ 
longstanding involvement in the scientific investigation 
and diagnostic evaluation of lung cancer, including con-
tributions to the current WHO classification and collab-
oration in the new interdisciplinary classification of 
adenocarcinoma. The relevant literature was selectively 
reviewed. 

Results: Lung cancer is morphologically classified into 
four main subtypes—small-cell carcinoma, squamous-
cell carcinoma, adenocarcinoma, and large-cell carci-
noma. Genetic and molecular analyses have revealed 
distinct differences within subtypes; in particular, ade-
nocarcinomas can be further subdivided. Complex tech-
niques of genomic analysis are now available, but clini-
copathological data are still the most important deter-
minants of prognosis and are clearly better for this pur-
pose than molecular classification alone. Nonetheless, 
the assessment of specific molecular markers is be-
coming increasingly important. 

Conclusion: The morphological and molecular classifi-
cation of lung cancer is undergoing a re-evaluation 
which will lead to more accurate assessment of indi -
vidual prognoses and to improved prediction of the 
 response to specific treatment regimens.
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L ung cancer is responsible for 14.2% of neoplasms 
in men and 7.4% in women; it is the third most 

common cancer in Germany. In terms of mortality, 
however, it is in first place: 25.7% of male cancer pa-
tients (1st place) and 12.1% of female cancer patients 
(3rd place) die due to lung cancer. The reasons include 
the aggressiveness of the tumor and its strong tendency 
to metastasize. The current 5-year survival rates for 
men are 15% and for women, 18%; these rates have not 
really improved in recent years (1).

Further risk factors in addition to smoking include 
environmental and occupational factors. In Germany, 
lung cancer may be accepted as an occupational 
 disease, which is the case especially for exposures to 
asbestos and radon; more rarely, polycyclic aromatic 
hydrocarbons, chromates, crystalline silicium dioxide, 
arsenic, nickel, and chloromethyl methylether (2). 
 Viruses also play a part in the genesis of lung cancer. 
Large cell lymphoepithelial lung carcinoma, a rare vari-
ant of large cell carcinoma, is associated with the 
 Epstein-Barr virus (3). Human papillomaviruses (HPV) 
have also been associated with the development of lung 
cancer. There are notable geographical differences, 
however. In Germany, maximum HPV detection rates 
of 4.2% have been reported, whereas in certain regions 
of Asia these were as high as 80% (4). Smoking is, 
however, by some margin the most common cause for 
the development of lung cancer (2).

Morphological classification
The 2004 classification from the World Health Organ-
ization (WHO) is currently the standard system for the 
morphological classification of lung cancer (eTable). 
The WHO classification was the first to consider ge -
netic parameters in the characterization of subtypes (3). 
The practicing clinician should at least be aware of the 
four main types of lung cancer: squamous cell carcino-
ma, adenocarcinoma, and large cell carcinoma—which 
as a group are known as the non–small cell carcino-
mas—as well as the small cell carcinoma (Figure 1).

Squamous cell carcinoma is defined by the 
 identification of keratinization or intercellular bridges. 
 Adenocarcinoma is either characterized by mucus 
formation, which may be discrete or intracellular, or by 
distinct growth patterns such as glandular/acinar 
growth, papillar differentiation, or a single-layer, 
 wallpaper-like spread along the alveolar septum and 
bronchioles; the latter is characteristic for Institut für Pathologie, Universitätsklinikum Jena: Prof. Dr. med. Petersen
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 bronchioloalveolar carcinoma. Large cell carcinoma is 
an exclusion diagnosis; the term refers to a barely dif-
ferentiated, non–small cell cancer with a poor progno-
sis, in which neither the characteristics of squamous 
cell carcinoma nor those of adenocarcinoma are detect-
able. Small cell carcinoma represents the other extreme 
of a poorly differentiated lung cancer with a poor 
 prognosis. On the one hand it is a tumor with a high 
proliferative activity and small tumor cells, which can-
not be larger than three lymphocytes; and on the other 
hand, neuroendocrine differentiation has been 
 identified (3). 

When looking more closely at the classification, sev-
eral mixed entities become obvious—such as the com-
bined small cell carcinoma, which has a proportion of 
non-small cells; the adeno squamous carcinoma (ade-
nocarcinoma and squamous cell carcinoma); or the car-
cinosarcoma. The most common form of adenocarcino-
ma is also a mixed type, which consists of a 
 combination of the growth patterns described above. 
The diversity of lung cancer may cause problems with 
the diagnostic evaluation. The mixed entities, the 
 heterogeneity of the tumors, and the observed pheno-
typic transitions between subtypes reflect the high 

 genetic instability, which is also responsible for the 
high malignancy of and mortality due to lung cancer.

Genotype of lung cancer—ploidy and 
 chromosomal changes
From the perspective of tumor genetics, lung cancers 
should be differentiated not so much on the basis of 
their cell size but rather on the basis of the size of their 
cell nuclei, because the nucleus is the location of the 
DNA and thus the primary information for the tumor 
genotype. Since the small cell carcinoma has hardly 
any cytoplasm, the denomination “small cell” actually 
means “small nucleus.” The situation is different for 
non–small cell carcinomas, where cell size and nucleus 
size may differ substantially. This problem is now well 
known, and newer classifications take this into account 
(5, 6).

Of importance is the fact that the nucleus size corre-
lates to the DNA content of the tumor cells, and both 
variables significantly differ between small cell and 
non–small cell cancers. Small cell lung cancer typically 
has a reduced chromosome set—it is hypo -
diploid—whereas non–small cell cancers are usually 
hyperdiploid and often have chromosome numbers in 

Figure 1: Examples of the histomorphology of the four main types of lung cancer: 

a) squamous cell carcinoma (p63, CK5/6); b) adenocarcinoma (TTF1, CK7); c) large cell carcinoma.   

These three main types constitute the group of non–small cell lung cancers. 

d) Small cell carcinoma (synaptophysin, chromogranin, CD56/NCAM). 

Typical immunochemical marker proteins of each individual entity are listed in parentheses. These may, however, be lacking or expressed in 

other entities, and the immunophenotype should therefore always be interpreted in the morphological context

a b

c d
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the triploid range and higher. However, wide variation 
exists between the nucleus size and the ploidy level 
within the individual entities as well as within individ-
ual tumors. Atypical small cell carcinomas exist that 
contain large nuclei and hyperdiploid DNA content, 
whereas individual non–small cell carcinomas have 
been observed that have small nuclei and hypodiploid 
chromosome sets (5, 7). It is currently not known 
whether such tumors behave in clinically atypical 
ways. 

Aneuploidy—the chromosomal changes in the 
tumor genome that are associated with the gain or loss 
of individual chromosomes or chromosome sections 
(DNA imbalances)—are of major importance in the 
context of lung cancer. It is found in all carcinomas; 
 aneuploidy and the frequency of certain chromosomal 
imbalances clearly exceed the rate of specific gene 
 mutations (3, 8). 

DNA imbalances have been shown in archived 
tumor tissue by means of genomic screening proce -
dures, such as comparative genomic hybridization 
(CGH) or array-CGH (a-CGH). These analyses show 
up characteristic changes that are associated with 
 differences in tumor differentiation relating to adeno -
carcinomas, squamous cell carcinomas, large cell carci-
nomas, and small cell carcinomas. Small cell lung 
cancers show deletions of the short arm of chromosome 
3 (3p deletions) in more than 90% of cases. These often 
 affect the entire chromosomal arm and are often associ-
ated with a gain of the long chromosome arm, forming 
a so-called 3q isochromosome. In more than 80% of 
cases, deletions were seen on chromosomes 17p13 in 
50% and 13q14 in 15% to 30% of cases for non–small 
cell carcinomas. Changes associated with tumor 
 progression and metastasis have also been observed at 
the chromosome level (3). 

The biological importance of the chromosomal im-
balances lies in the change of the number of copies of 
the genes localized in the respective chromosomal re-
gions. If these are transcribed into RNA and translated 
into proteins—that is, expressed—the result of the loss 
in DNA is a reduced expression of the respective genes. 
Deletions on chromosomes 17p13 and 13q14 are often 
associated with a reduced expression or inactivation of 
the tumor suppressor gene p53 and RB that are local-
ized there. Accordingly, DNA gain may produce gene 
overexpression. The extreme variant of DNA gain is 
gene amplification. This is rare but may be crucial for 
the biology of the tumor in question, in case certain 
 oncogenes are amplified (8).

Specific gene mutations, concept of  
oncogene addiction
In addition to amplifications, point mutations are often 
observed in lung cancer. KRAS mutations were 
 described as one of the first alterations in 1987 (8). 
They are present in 10% to 15% of non–small cell car-
cinomas, most often in adenocarcinomas (20% to 30%) 
(3, 8). In the meantime, identifying this mutation has 
gained diagnostic relevance, because it is associated 

with primary resistance to treatment with small 
 molecular antagonists of the epidermal growth factor 
receptor (EGFR). In 2004, an association was observed 
between activating mutations of the EGFR gene and 
successful treatment with EGFR inhibitors. The 
 mutations are present in a maximum of 10% to 15% of 
lung carcinomas, primarily adenocarcinomas. Since 
July 2009, their identification has been the necessary 
requirement for first-line treatment with the EGFR 
 inhibitor gefitinib (2, 8).

Activating mutations of the EGFR gene are an 
example of the so-called oncogene addiction of a 
tumor. This means that a specific oncogene is crucial 
for the tumor’s proliferation and growth; the tumor is 
dependent on the effects of the oncogene. If the onco-
gene is switched off then growth stops or the tumor 
may even regress. This is the reason for the success of 
targeted therapy with EGFR antagonists in non–small 
cell carcinomas. Within the tumor subgroups with 
 activating EGFR mutations, response rates have been 
observed that are substantially higher than those associ-
ated with conventional chemotherapy (8). A similar 
 association has been observed in the meantime for the 
detection of the so-called EML4-ALK translocation, 
which is present in 3% of all adenocarcinomas, and 
treatment with the ALK inhibitor crizotinib.

In small cell carcinomas, oncogene amplifications 
have been confirmed, especially of the MYC gene. 
 Activating point mutations such as in the EGFR gene 
do not occur as such. This may explain why approaches 
using targeted molecular therapy have thus far not been 
successful in this tumor entity (3).

Molecular markers in differential   diagnosis
Molecular markers, especially immunohistologically 
detectable antigens, have gained relevance for the diag-
nostic evaluation of lung cancer (3, 8). The immunohis-
tological makers that are most often used in lung cancer 
are given in Figure 1. They include neuroendocrine 
markers such as synaptophysin, chromogranin, or 
CD56/NCAM, cytokeratines (CK5/6, CK7), or 
 transcription factors (p63, TTF1), which, as lineage-
specific antigens, may indicate a line of differentiation. 

Since the lungs are often the location of cancer meta-
stases, differential diagnosis uses further biomarkers. In 
the case of adenocarcinomas, these are in particular 
molecules that indicate a particular line of differenti-
ation of the tumor cells and thus the origin from another 
organ—such as CDX-2 and CK20 as markers for colo-
rectal cancer or prostate specific antigen in prostate 
cancer (9, 10). In squamous cell carcinomas, such 
markers do not exist, but the molecular genetic 
 confirmation or exclusion of infection with human 
 papillomavirus (HPV) may be helpful in deciding 
whether a squamous cell carcinoma of the lung is a 
 primary tumor or a metastasis (11).

Genomic approaches to classification
Gene expression studies have made a crucial contribu-
tion to identifying new molecular markers in lung 
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FIGURE 2Classification of 
lung cancer by 

means of hierarchi-
cal clustering 

(adapted from [12]). 
The columns corre-
spond to individual 
tumor specimens, 

the rows to individ-
ual genes, which 
are grouped ac-
cording to their 

similarity by means 
of cluster analysis. 
The analysis iden -

tified the four main 
types of lung 

cancer and the 
three subtypes of 
adenocarcinoma. 

Characteristic 
genes that are 

 responsible for the 
grouping of the 
tumor types are 

listed to the right. In 
case of green color-

ing the respective 
genes of the tumor 

specimens were 
subject to reduced 

expression at the 
mRNA level, red 

signifies over -
expression. 
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cancer. Molecular classification recapitulated morpho-
logical subtyping and, for adenocarcinomas, showed a 
further subclassification into three groups that proved 
to be of prognostic importance (12, 13). Genes and 
classes of genes were identified whose overexpression 
or underexpression was characteristic for the individual 
tumor groups (Figure 2). Large cell lung cancers have a 
reduced expression of the gene E-cadherin, which may 
be interpreted as a sign of epithelial-mesenchymal tran-
sition. The loss of E-cadherin has generally been 
 associated with a poorer survival in patients with 
non–small cell lung cancers (12, 14). Reduced 
 expression of TTF1 in adenocarcinomas has also been 
associated with a poorer prognosis; the gene may not be 
identifiable in less differentiated cancers, which should 
be considered in molecular diagnosis.

Molecular versus morphological classification
Further gene signatures are also of prognostic 
 relevance. Over the years, the number of genes with 
relevance for prognostic assessment fell from 835 (12) 
to 50 (15), 25 (16), and finally only 5 genes (17). The 
number of genes to be analyzed is important because 
the analytic technique is selected on this basis. Several 
100 or several dozens of genes can be analyzed using 
complex methods such as chip analysis, whereas five or 
a dozen genes can be analyzed using simpler tech-
niques, such as immunohistochemistry or polymerase 
chain reaction. 

In general, global gene expression analysis is 
 currently not relevant in the diagnosis of lung cancer. 
An important study from 2008 showed that classifiers 
that were established solely on the basis of gene 
 expression yielded poorer results than those that also 
considered clinical data, such as age, sex, and stage (18).

These results may seem to call into question the 
 relevance of complex molecular analytic techniques in 
the classification of lung cancer. But it can be stated 
without any doubt that comprehensive genomic ana-
lytic methods for characterizing lung cancers have re-
sulted in a new quality in the understanding of disease 
mechanisms and possible therapies (19, 20). 
 Furthermore, the molecular, radiological, histomorpho-
logical, and clinical insights have helped to develop a 
new interdisciplinary classification for adenocarcinoma 
of the lung (8) under the aegis of the International 
Agency for the Study of Lung Cancer (IASLC) and the 
American Thoracic Society (ATS) in collaboration with 
the European Respiratory Society (ERS). 

New classification of adenocarcinoma
The new classification of the adenocarcinoma of the 
lung is shown in the Box. It is based on the understand-
ing that histomorphologically, distinction can be made 
not only between subtypes with a distinct prognosis but 
that the pathology can also give an idea of different 
genetic defects and the therapeutic response (8). Prein-
vasive lesions (atypical adenomatous hyperplasia, ade-
nocarcinoma in situ [AIS]), and minimally invasive 
adenocarcinoma (MIA) have an excellent prognosis.

BOX

New classification of adenocarcinoma*
● Pre-invasive lesions

–  Atypical adenomatous hyperplasia (AAH)
–  Adenocarcinoma in situ (AIS) 

 (≤ 3 cm, formerly: “pure” bronchioloalveolar carcinoma) 
    Non-mucinous
    Mucinous
    Mixed non-mucinous/mucinous

● Minimally invasive adenocarcinoma (MIA)
– Predominantly lepidic 

(adenocarcinoma up to ≤ 3 cm in size and ≤ 5 mm invasion)
    Non-mucinous
    Mucinous
    Mixed non-mucinous/mucinous

● Invasive adenocarcinoma
– Predominantly lepidic 

(formerly: non-mucinous bronchioloalveolar growth patterns with >5 mm 
 invasion)

–  Predominantly acinar
–  Predominantly papillary
–  Predominantly micropapillary
–  Predominantly solid and mucinous

● Variants of invasive adenocarcinoma
– Invasive mucinous adenocarcinoma  

(formerly: mucinous bronchioloalveolar carcinoma)
–  Colloidal adenocarcinoma
–  Fetal adenocarcinoma (of low of high malignancy)
–  Enteric adenocarcinoma

* under the aegis of the International Agency for the Study of Lung Cancer (IASLC) and the  American 
Thoracic Society (ATS,) in collaboration with the European Respiratory Society (ERS), please also 
note details in the original publication (8) 
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Adenocarcinoma in situ corresponds to the entity 
formerly known as pure bronchioloalveolar carcinoma 
without invasive growth. The term bronchioloalveolar 
carcinoma had caused confusion in the old WHO 
 classification, because it was associated with the named 
tumor entity as well as with the characteristic growth 
pattern. The new classification dropped the term and re-
placed it with “adenocarcinoma in situ” and “lepidic 
tumor pattern.” 

Minimally invasive adenocarcinoma is defined as a 
tumor of less than 3 cm in diameter with an invasive 
part of less than 5 mm. Such tumors can present a char-
acteristic image in computed tomography scans, i.e. 
ground glass opacity with central consolidation. 
 Ultimately, the final diagnosis of MIA requires full 
pathological work-up of the resected tumor.

Invasive adenocarcinomas are classified according 
to their predominant growth pattern; micropapillary 
adenocarcinoma was added as an individual subtype. It 
is recommended that growth patterns that are present in 
the tumor be documented and quantified and a decision 
be reached about the predominant growth type. This 
means that no mixed subtypes will exist in future. This 
distinction is also of prognostic relevance. The pre-
dominantly lepidic (G1) adenocarcinoma has the best 
prognosis, followed by the predominantly papillary 
subtype and acinar subtype (G2), whereas the predomi-
nantly micropapillary adenocarcinoma and solid ade-
nocarcinoma are classified as G3 tumors and have the 
worst survival rates. 

The growth pattern can be reliably classified only on 
the basis of histological analysis of the resected tumor. 
However, most lung cancers are diagnosed on the basis 
of small biopsy samples or cytology samples. For the 
first time, the classification acknowledges this problem 
and provides recommendations for the terminology and 
how to use such limited specimens. To simplify, analyz-
ing a biopsy or cytology specimen should suffice to not 
only differentiate between small cell cancers and 
non–small cell cancers, but also to decide on whether 
the tumor is an adenocarcinoma or a squamous cell car-
cinoma. If that is not possible using molecular markers 
then making a diagnosis of a non–small cell cancer that 
is not otherwise specified (NSCLC-NOS) is justifiable. 

In conclusion it may be stated that the classification 
of lung cancer is undergoing a phase of transition. In 

addition to subtle morphological analysis, targeted use 
of molecular markers and close interdisciplinary col-
laboration are required in order to decide on the best 
possible therapy for a patient. The hope is that all this 
will yield an improved prognosis for this disease.
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cell carcinoma, adenocarcinoma, and large cell carcinoma.

● Using molecular analytic techniques has resulted in more precise typing, 
 especially in adenocarcinoma.
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eTABLE 

WHO classification of malignant epithelial lung tumors

Squamous cell carcinoma

Papillary

Clear cell

Small cell

Basaloid

Small-cell carcinoma

Combined small-cell carcinoma

Adenocarcinoma

Mixed subtype

Acinar

Papillary

Bronchioloalveolar

– Non-mucinous

– Mucinous

– Mixed or undetermined

Solid (with mucus formation)

Variants

– Fetal

– Mucinous (colloidal)

– Mucinous cystadenocarcinoma

– Signet ring cell adenocarcinoma

– Clear cell

Large-cell carcinoma

Large-cell neuroendocrine carcinoma

– Combined subtype

Basaloid carcinoma

Lymphoepithelioma-like carcinoma

Clear cell carcinoma

Carcinoma with rhabdoid phenotype

Adenosquamous carcinoma

Sarcomatoid carcinoma

– Pleomorphic carcinoma

– Spindle cell carcinoma

– Giant cell carcinoma

– Carcinosarcoma

– Pulmonary blastoma

Carcinoid tumor

– Typical carcinoid

– Atypical carcinoid

Salivary gland tumors

– Mucoepidermoid carcinoma

– Adenoid cystic carcinoma

– Epithelial-mesenchymal carcinoma

8070/3

8052/3

8084/3

8073/3

8083/3

8041/3

8045/3

8140/3

8255/3

8550/3

8260/3

8250/3

8252/3

8253/3

8254/3

8230/3

8333/3

8480/3

8470/3

8490/3

8310/3

8012/3

8013/3

8013/3

8123/3

8082/3

8310/3

8014/3

8560/3

8033/3

8022/3

8032/3

8031/3

8980/3

8972/3

8040/3

8240/3

8249/3

8030/3

8200/3

8562/3


