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Abstract: Therapeutic management of lung cancer is mainly based on a dichotomic distinction between small cell
(SCLC) and non-small cell lung cancer (NSCLC), tumour stage and patient performance status. However, crossing the recent data emerging from molecular studies of gene expression profiling, from the new 2004-WHO histopathological classification of lung tumours as well as from clinical trials with newl targeted therapies against EGFR (gefitinib/erlotinib/cetuximab), it seems that a better definition of tumour histotype in NSCLC might somehow be helpful in
predicting clinical response and patient outcome. In addition, lung tumours histotype may deeply influence the tumour
stage when assessing parameters (i.e., pulmonary atelectasis, pleural invasion, tumour dimension) defining the current
lung tumours staging system. Thus, in this review we analyze the possible future role of histotype as an important influencing factor in the clinical management of patients with NSCLC.
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Non-small cell lung carcinoma (NSCLC) accounts for
about 75-80% of all cases of pulmonary malignancies [1].
Radical surgery still remains the only therapy with curative
intent in NSCLC. Several factors may influence the selection
of patients who undergo tumour surgical excision and/or
medical treatments, as follows: 1. factors related to the patient’s clinical background (pulmonary function and performance status); 2. factors related to the tumour (stage and
histology) [2].
Neoadjuvant therapy (chemotherapy ± radiotherapy) may
significantly lead to downstage locally advanced unresectable NSCLC (stages IIIA and IIIB), but most recently the
attention of the oncologists focused on the promising results
of clinical trials using platinum-based chemotherapy in adjuvant setting [3,4].
In histological tumour definition, clinicians generally
subdivide lung cancer into two major groups: small cell lung
carcinoma (SCLC) and NSCLC. This latter group includes
several tumour entities, mainly subdivided into adenocarcinoma, squamous cell carcinoma and large cell carcinoma,
together with their histological variants [1,5,6].
Basically, this dichotomic classification is considered
sufficiently exaustive for the management of patients with
lung cancer. However, the amount of molecular information
deriving especially from gene expression studies on lung
cancer has evidenced the key role of tumour histotype, resulting in a good correlation among molecular findings, lung
tumour histology and prognosis [7-10].
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Another important point on lung tumour histotype derives from epidemiologic studies performed from 1979 to
1998, demonstrating a significant increase in the incidence
of adenocarcinomas, especially in women [11-15]. This is
mainly due to the increase smoking habits in women [15]
and a different cigarettes composition leading to greater exposure of tobacco smoke carcinogens in the peripheral lung
[16].
1. HISTOTYPE AND PROGNOSIS
Among all the epithelial organs, the lungs are the anatomic site in which primary carcinomas show the broadest
spectrum of morphologic features.
This fact is further highlighted by the extreme heterogeneity at histopathological examination, but also supported by
the molecular findings on lung cancer gene expression profiling studies [1,5,6,7-9].
The most recent 2004-WHO classification [1,6] recognized and introduced several entities and variants of lung
tumours based on several published works providing additional and consistent information in patients treatment associated with specific tumour morphologic characteristics.
At a first glance, reading the list of pulmonary lesions
included in this classification, it appears quite evident that
there are lung tumour entities for which complete surgical
resection is curative without other additional therapy, and
lung tumours intrinsically associated with a clinical aggressive behaviour and a dismal prognosis when compared with
conventional stage-matched NSCLC. Intuitively, these tumours should be possibly treated with some benefit using
additional treatments, in particular chemotherapy. Indeed,
several recently appeared clinical trials using platinum-based
chemotherapy in adjuvant setting have shown welldemonstrated survival advantages in patients with NSCLC
[3,4]. So, it is desirable that lung cancers associated with the
© 2007 Bentham Science Publishers Ltd.
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worse prognosis could represent the best candidates to receive a post-surgical chemotherapeutic treatment in order to
have the best chance to control the disease after complete
tumour resection.
As summarized in Table 1, among malignant tumours
with good prognosis, salivary gland-type tumours (such as
mucoepidermoid carcinoma) (Fig. 1A) and typical carcinoid
(Fig. 1B) usually occur in children or non-smoking people
younger than those with conventional NSCLC [1,5,17,18].
These tumours have a central bronchial location frequently
leading to prompt discovery after recurrent antibioticresistant pneumonitis and/or lobar atelectasis [1,5].
Table 1.

Non-Small Cell Lung Cancer Histotypes Showing a
Well-Recognized Prognostic Value
Good Prognosis*

Poor Prognosis^

Salivary gland-type tumors

Basaloid carcinoma

Typical carcinoid

LCNEC

Fetal adenocarcinoma

Large cell carcinoma with rhabdoid features

Mucinous/colloid adenocarcinoma

Sarcomatoid carcinoma
Signet-ring cell adenocarcinoma

Non-mucinous BAC

Solid adenocarcinoma with mucin
production
Papillary/micropapillary adenocarcinoma

Abbreviations: BAC, bronchioloalveolar carcinoma; LCNEC, large cell neuroendocrine carcinoma.
*Complete resection is generally curative.
^Chemotherapy is noteworthy of consideration after radical surgery.

Mucinous/colloid carcinoma (Fig. 1C), fetal adenocarcinoma (Fig. 1D) and non-mucinous bronchioloalveolar carcinoma (BAC) (Fig. 1E) are considered well-differentiated
variants of adenocarcinoma with peculiar morphologic clues
[1,5,6,19-24].
All these lesions are peripherally-located but characterized respectively by large pools of mucus with neoplastic
cells having a goblet and/or signet ring cell apperance and an
intestinal differentiation at immunohistochemistry (nuclear
positivity for CDX2) [19,20], the presence of neoplastic
glands resembling fetal lung tubules in pseudoglandular
stage or secretory-type endometrium with morules [21,22],
and a prominent lepidic growth along the alveoli of nonmucinous cells with Clara cell or type II cell differentiation,
but lacking invasion of interstitial stromal tissue, vessels
and/or lymphatics and pleural surface [1,23]. Interestingly,
Zell et al. [24] demonstrated a significant survival advantage
in patients with BAC diagnosed after the introduction of the
morphologic criteria of the WHO classification independently from smoking status or tumour stage at diagnosis.
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Basaloid carcinoma, as first described by Brambilla et al.
[25,26], is a variant of large cell carcinoma with vague neuroendocrine morphologic features (organoid or solid nodules
growth pattern with peripheral palisading and anastomoting
trabeculae) (Fig. 1F) coupled with the immunophenotype of
squamous cell carcinoma (positivity for high-molecular
weight cytokeratins 1,5,10,14 and/or p63, but negativity for
TTF-1) [27]. Stage I and II basaloid carcinomas have a
worse prognosis than conventional squamous cell carcinoma
even when poorly differentiated [26].
Large cell neuroendocrine carcinoma (LCNEC) is another variant of large cell carcinoma, first defined by Travis
et al. [1,6,28], showing a clear-cut neuroendocrine differentiation at morphology (Fig. 1G) and at immunohistochemistry/electron microscopy. Prognosis is poor and similar to that
of SCLC [29-34]. A significantly worse prognosis was reported for patients with stage I LCNEC when compared with
stage-stratified conventional NSCLC [29,35]. Overall survival at 5 years ranges from 13% to 51%, possibly depending on the pathologic criteria used to detect this entity [33].
Large cell carcinoma with rhabdoid features (Fig. 1H),
first decribed by Colby et al. in 1995 [5], is a very rare tumour characterized by large cells with abundant cytoplasm
and a rounded cytoplasmic inclusion [36-39]. Rhabdoid features may also be observed as a minor component of adenocarcinoma or sarcomatoid carcinoma and seems to be associated with a very aggressive clinical course (the median survival of published cases with available follow-up was 5
months) [36-39].
Sarcomatoid carcinoma is an umbrella term to indicate a
group of poorly-differentiated/undifferentiated NSCLC
showing sarcoma-like (giant and/or spindle cell component)
or true sarcomatous (mainly chondrosarcoma, osteosarcoma
and rhabdomyosarcoma) differentiation with or without a
component of conventional NSCLC [1,6], then including
pleomorphic carcinoma (Fig. 1I), spindle cell carcinoma, giant cell carcinoma (Fig. 1J), carcinosarcoma and pulmonary
blastoma. Sarcomatoid carcinomas are usually advanced tumours at diagnosis, and, even when completely resected, the
5 years’ survival in early stages (stage I) is about 20% [4046].
Adenosquamous carcinoma is a carcinoma showing a
double component (of at least 10%) consisting of a
squamous cell carcinoma and of an adenocarcinoma deeply
intermingled or with a separate (back-to-back) growth pattern (Fig. 1K) [1,5,6]. Again, adenosquamous carcinoma
showed a poor prognosis after complete surgical resection.
Some authors found that stage I adenosquamous carcinoma
had the same prognosis of patients with stage IIIA conventional NSCLC and a particularly significant higher frequency
of pleural invasion [47-49]. The cumulative survival at 5
years is about 18.5% [50].

Conversely, there are several pulmonary neoplastic entities that are strongly associated with an aggressive behaviour, for which post-operative chemotherapy could offer
some benefit in the disease growth control.

Solid adenocarcinoma with mucin is a variant of adenocarcinoma, characterized by a solid growth pattern consisting
of sheets of polygonal cells without presence of glandular
differentiation but with a substantial presence of intracytoplasmic mucin deposition (Fig. 1L) [1,5,6].

The great majority of patients with NSCLC for which
histotype alone is by definition a negative prognosis predicting factor are represented by current and heavy smokers.

Riquet et al. [51] in a review study of a large series of
squamous cell carcinomas and adenocarcinomas found that
solid adenocarcinoma with mucin component was associated
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with a significant poorer survival rate (36.8% at 5 years survival) than that observed in squamous cell carcinoma
(50.2%) or in adenocarcinoma without areas of solid adenocarcinoma with mucin deposition (58.1%).
Signet-ring cell carcinoma is a mucin-producing variant
of adenocarcinoma characterized by the presence of a neoplastic proliferation of cells with abundant intracytoplasmic
mucin accumulation displacing the nucleus at the periphery
of the cells then leading the appearance of a “signet-ring”
(Fig. 1M) [1,5,6]. The morphology in primary lung tumours
is similar to that observed in signet-ring cell adenocarcinomas occurring in more ordinary locations, such as the stomach, but markers of pulmonary primary (cytokeratin 7 and
TTF-1) are commonly positive [52,53]. The prognosis is
dismal. Recently, Tsuta et al. [54] found that 5 years’ survival of adenocarcinomas with a signet-ring cell component
> 50% is significantly poorer than that observed in patients
with adenocarcinoma without signet-ring cell component
(20.4% versus 52.7%).
Another variant of adenocarcinoma associated with a bad
outcome is the papillary/micropapillary subtype.
This entity is characterized by the presence of papillary
and micropapillary projections without fibrovascular core
coming off from larger papillary structures with a single
layer of cells covering a fibrovascular core (Fig. 1N) [1,5561]. The loss of adhesion molecules network seems to be a
possible molecular mechanism leading to extensive release
of cancer cells into the airways and lymphatics [61].
Mucinous type BAC is a mucin-rich low-grade tumour
entity generally characterized by a bland-looking cytology
(Fig. 1O) but also by a massive aerogenous spread leading to
satellite nodules and inexorably to lobar and subsequently
extensive lung consolidation (pneumonia-like appearance)
[1,5,62-64]. It is almost impossible to perform a complete
resection of this sort of neoplasm, and the pulmonary recurrences are the rule. Since chemotherapy is uneffective,
mucinous BAC represents the lung tumour with the worse
prognosis among of the low-grade lung tumours [5,65]. Of
note, the overall incidence of such lung tumours is not insignificant,reaching at least one fifth of all pulmonary malignancies.
2. HISTOTYPE AND STAGE
While SCLC is still subdivided in limited or extensive
disease by clinical staging and treated with multimodal
chemo-radiotherapy [66,67], tumour staging in NSCLC (according to the recent AJCC guidelines) is the most important
parameter in establishing the therapeutic strategy [68,69].
While clinical staging is mainly based on radiologic workup, the pathological stage (“pT, pN, pM”) relies on accurate
macroscopic and histopathological examination at microscope assessed on pulmonary surgical resection [70]. A recent study by Lopez-Encuentra et al. [71] found a lower diagnostic accuracy of clinical staging as compared with
pathological accuracy, showing a high rate of downstaging
with a good degree of comparison only in stage I.
Pathological staging information is indeed essential for
oncologists, and relies not only on objectionable criteria
(tumour size; invasion of visceral and parietal pleura as well
as the adjacent structures- chest wall, diaphragm, mediastinal
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pleura, pericardium, mediastinum, heart, great vessels, trachea, esophagus, vertebral body, carina-; presence of tumour
cells in pleural effusion), but also on subjective or inconsistent features (presence of atelectasis or obstructive pneumonitis extending to the hilar region– pT2 - or to the entire
lung- pT3; involvement of main bronchus with tumour 2 cm
or more distal to the carina- pT2- less than 2 cm distal to the
carina but without involvement of the carina- pT3). In particular, even when pathological examination is performed by
an expert pulmonary pathologist, these latter features are
very difficult to be diagnosed and rather need to be recognized by radiologists [72]. So, pathological report may
downstage the lung tumour based on the lack of recognition
of atelectasis and distance to carina.
In addition, histotype may have some role in determining
tumour stage. It is well known that squamous cell carcinoma
has a central location involving the main lobar bronchus in
the majority of cases [1,5]. By contrast, adenocarcinoma and
large cell carcinoma are more frequently located at the periphery of the lung [1,5]. Then, it is implicit that squamous
cell carcinoma should involve the carina or that atelectasis/obstructive pneumonitis present more often than adenocarcinoma due to the tumour growth occluding the lobar
bronchus. However, this fact is unlikely defined in a clearcut way in the pathological report, somehow leading to a
lung tumour downstaging. On the other hand, adenocarcinoma histotype is most often associated with visceral pleura
invasion. In this way pT2 squamous cell carcinoma is basically determined by tumour size greater than 3 cm, but not
by atelectasis/obstructive pneumonitis or distance to carina,
while pT2 adenocarcinoma determined by pleural invasion is
more accurately detected on histopathological examination.
Having said that, it is also important to underline that pathologists not infrequently are aware of a squamous cell carcinoma infiltrating soft tissues (mainly adipose tissue)
around the main bronchus also involving the surgical resection margin (not the bronchial margin but that sketched by
the neighbouring soft tissues) as evidenced by the presence
of tissues cauterization artefacts. It is difficult to accurately
determine the staging value of this latter finding. Anatomically, soft tissues in this area should be considered as mediastinum tissue/mediastinal pleura, then leading to a pT3/pT4
tumor. Nevertheless, this is a controversial and open question, probably never dealt with in literature and possibly requiring further considerations on large series of such cases.
Again, tumour stage determined solely on the presence of
multiple nodules in the same (pT4) or different (pM1) pulmonary lobe is a histotype-related finding, being almost exclusively observed in patients with adenocarcinoma showing
a bronchioloalveolar pattern [73,74].
At this point, it is more reasonable to introduce blood
vessel/lymphatic invasion as a more objective factor to determine pT2 stage instead of atelectasis/obstructive pneumonitis. Blood vessel/lymphatic invasion is almost uniformely accepted as a prognostic factor worsening patients’
survival [75] and it is significantly associated with other parameters predicting dismal outcome such as pleural invasion
or pN+ and tumour grade differentiation [75].
Given the renewed interest of the oncologists in adjuvant
chemotherapy that actually seems to offer some benefit in

72 Current Respiratory Medicine Reviews, 2007, Vol. 3, No. 1

Rossi et al.

Fig. (1). Examples of NSCLC subtypes at hematoxylin-eosin stain associated with an intrinsic prognostic value, as follows: mucoepidermoid
carcinoma (A), typical carcinoid (B), mucinous/colloid adenocarcinoma (C), fetal adenocarcinoma (D), non-mucinous type BAC (E), basaloid carcinoma (F), LCNEC (G), large cell carcinoma with rhabdoid features (H), pleomorphic carcinoma (I), giant cell carcinoma (J),
adenosquamous carcinoma (K), solid adenocarcinoma with mucin production (L), signet-ring cell adenocarcinoma (M), papillary/micropapillary adenocarcinoma (N), mucinous type BAC (O).
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disease-free and overall survival particularly in patients with
stage IB NSCLC, it is mandatory to reconsider the parameters determining pT2 stage in the near future [74]. Marginally, several recent works have highlighted the need for further refinement of tumour size as pT influencing factor
[77,78] showing that a different tumour size cut-off (<2 cm;
between 2 and 5, and >5 cm) may determine a more reliable
clinico-pathological parameter in establishing NSCLC patients’ survival. Besides, the heterogeneity of pT2 stage,
which comprises the great majority of resected NSCLC, is
not sufficiently recognized by the current criteria, which
should therefore be revised in the next future [76].
Finally, there is a great attention to early stage lung cancer detection by helical CT scanning into the programs of
lung cancer screening. As expected, the great majority of
these screen-detected cancers are small-sized adenocarcinomas and may pose some problems in differential diagnosis
between pre-malignant (atypical adenomatous hyperplasia),
pre-invasive (bronchioloalveolar adenocarcinoma) and invasive (acinar adenocarcinoma) glandular lesions [79]. Since
non-invasive or minimally-invasive adenocarcinomas have a
survival next to 100%, a correct diagnosis has an important
clinical significance in this setting [80,81].
Table 2 summarized the key points related to the histotype features involving the lung tumour’s stage.
Table 2.

Summary of Major Histotype-Related Features Influencing Tumor Stage

Squamous cell carcinoma and other centrally-located tumors (salivary gland type tumors, adenoid cystic carcinoma, carcinoids) are
more often associated with:
•

lobar atelectasis/obstructive pneumonia

•

involvement of the main bronchus and carina

•

involvement of soft tissue of the main lobar bronchus for which no
clear-cut significance/value has been established (pT3 ?)

•

no pleural involvement

Adenocarcinoma and other peripherally-located tumors (large cell
carcinoma variants) are more often associated with:
•

pleural involvement

•

absence of lobar atelectasis/obstructive pneumonia

•

no involvement of the main bronchus and/or carina and/or soft tissue of the main lobar bronchus

3. HISTOTYPE AND CHEMOTHERAPY
Data from multivariate analyses on large cooperative
groups on chemotherapy in advanced NSCLC stated that histotype is not a determinant factor of efficacy and have a little, if none, prognostic significance [82]. This lead to a
change in chemotherapeutic protocols, so that a more homogeneous use of chemotherapy concerning drugs schedules in
lung oncologic field is currently accepted worldwide [83,84].
It is now universally accepted that chemotherapy for NSCLC
should include platinum-derivatives associated with taxanes,
gemcitabine or vinorelbine.
However, there are some experiences in literature reporting a different response rate in lung tumour histotype
[85,86].
At least in Japanese people, tegafur-uracil in adjuvant
setting seems to improve overall survival of patients with
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stage I adenocarcinoma subtype [85]. Again, Georgoulias et
al. [86] found that the chemotherapeutic regimen including
gemcitabine and docetaxel had a significantly higher response rate in patients with adenocarcinoma histology than
in those of the group with non-adenocarcinomatous tumours.
By contrast, patients with non-adenocarcinoma histology had
a significant greater response rate to cisplatinum and docetaxel than those with adenocarcinoma. Histology, in these
studies [85,86], then appeared as a main predictive factor for
response both at univariate and multivariate analysis. Interestingly, the authors suppose that this fact should be related
to the higher frequency of k-ras mutations observed in adenocarcinoma subtype, with k-ras mutations providing a high
sensitivity to gemcitabine in human tumour cells [87,88].
Another interesting issue concerns the role of chemotherapy in BAC. Response rate to chemotherapy in this subset of
lung tumours is significantly lower (6-11%) than that expected for conventional NSCLC (20-40%) as reported by
Shiller et al. [83] and more recently by Scagliotti et al. [89].
These latter authors [89] in a phase II trial on 19 advanced
BACs with paclitaxel alone found a limited efficacy, as supported by a response rate ranging from 5.6% to 11.1%, a
median survival of 8.6 months and a median progression free
survival of 2.2 months.
Although the median survival in patients with BAC is
better than that observed in patients with other NSCLC, the
response rate to chemotherapy is very low [64,65] and this
may be due to the low doubling replication time and cytoproliferative activity of BAC cells. Response rate in SWOG
9714 study was 14% using paclitaxel alone in advanced
stage BAC patients [64]. Recently, we performed a retrospective studies on 51 cases of “pure” BACs reviewed according to the recent criteria of the 2004-WHO classification
of lung tumours and found a partial response in only 1
among 16 patients undergoing platinum-based chemotherapy
(Rossi & Marchioni, personal unpublished observations). In
particular, we noted no response to chemotherapy and high
frequency of k-ras mutations in absence of EGFR mutations
in the mucinous variant (12 out 12), while EGFR and k-ras
mutations characterized 34% and 13%, respectively, of the
non-mucinous type.
As suggested by Marchetti et al. [90], it seems plausible
that the concept of BAC includes an heterogeneous subset of
lung adenocarcinomas and the mucinous type actually represents a biologic entity separate from other subtypes of adenocarcinoma.
Since mucinous BAC seems to lack EGFR mutations
[91] and more frequently occur in smokers, we argue that it
should be important to have a detailed classification of tumour (possibly with central pathologic review) in ongoing
and future studies on EGFR inhibitors in lung cancer, and
BAC in particular.
Another controversial lung tumour entity for which no
standard chemotherapeutic protocols were defined is
LCNEC. First defined by Travis et al. [28], LCNEC seems
to be correlated to a very dismal outcome akin to that of
SCLC, with which also shares several molecular features
[11,33,34]. Although retrospectively, recent clinicopathologic studies have evidenced a significant better survival
in patients undergoing chemotherapy using SCLC-based
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regimens in adjuvant and metastatic setting [33,92-95]. In
addition, a prospective work of adjuvant chemotherapy for
pulmonary LCNEC by Iyoda et al. [96] confirmed that patients (15 cases) receiving cisplatin and VP16 after surgery
had a significant improvement of their prognosis (overall
survival rate at 2 and 5 years of 88.9%).

testing the efficacy of different chemotherapeutic regimens,
the advent of targeted therapies using anti-EGFR or antiVEGF molecules/antibodies coupled to the key role of adenocarcinoma subtype as one of the main successful response
predictors, seems to have awaken up the attention of physicians on histology.

4. HISTOTYPE AND TARGETED THERAPIES

Table 3.

EGFR/HER1 is a receptor tyrosine kinase deeply involved in lung cancerogenesis and represents a molecular
tumour target for selective small molecule inhibitors, namely
gefitinib and erlotinib. Recent phase II and III trials have
demonstrated partial responses in about 10% of unselected
patients with chemoresistant progressive NSCLC [97].
Responses were higher in female sex, never-smokers,
asian ethnicity and adenocarcinoma histotype [98,99], particularly when showing bronchioloalveolar features. Among
biologic factors predicting clinical response, the presence of
EGFR mutations occurring in the exons 19 and 21 encoding
for the kinase domain of the protein were correlated with
dramatic response to drugs as well as to clinicopathologic
predicting factors [100-103]. Of note, patients with
squamous cell carcinoma harboring EGFR mutations did not
have a significant response to gefitinib [101].
In addition, several studies highlighted that adenocarcinoma with BAC features at histology appeared as one of the
most useful and valuable predicting factor of response to
anti-EGFR therapies [103-107].
Mutations in HER2/neu or ErbB2 have been recently reported in a limited subset of patients with NSCLC. Again,
never-smokers, femal gender and adenocarcinomas were
significantly associated with these mutations [107, 108].
Estrogen and progesterone receptors are overexpressed in
a not insignificant number of NSCLC possibly representing
targets for endocrine therapies. The upregulations of these
receptors is more frequent in the adenocarcinoma histotype
[109].
VEGF is another possible tumor target in NSCLC which
can be inhibited using the recombinant, humanized monoclonal antibody Bevacizumab. This antibody, either in combination with erlotinib or carboplatin and paclitaxel, seems
to improve overall and time to progression survival in patients with advanced or recurrent NSCLC [110,111]. However, these clinical trials demontrated that squamous cell carcinoma histotype was associated with a significantly higher
occurrence of fatal pulmonary hemorrhage, then leading the
investigators to exclude patients with squamous cell carcinoma from these trials [110,111].
The key points concerning the histotype-related features
possibly influencing lung cancer therapies are summarized in
Table 3.
5. CONCLUSIONS
Despite the great efforts by an international panel of expert pulmonary pathologists of the WHO/IASLC in developing the new classification of lung tumours, characterized by
a good reproducibility and simplicity as well as clinical relevance, histotype seems to remain an underrated factor in the
management of patients with lung cancer. However, although this is particularly true in oncologic clinical trials

Summary of the Major Histotype-Related Features
Influencing Tumor Therapy

Chemotherapy
•

Gemcitabine is more effective in adenocarcinomas

•

Lack of chemotherapeutic protocols for mucinous BAC and mucinproducing tumors in general

Targeted therapies
•

Adenocarcinoma histotype is one of the main clinicopathological
predicting factor of efficacy when using gefitinib or erlotinib

•

Patients with squamous cell carcinoma should be excluded from
therapies with anti-VEGF bevacizumab due to the high rate of
haemorrhagic events

Furthermore, there are several NSCLC entities that are
associated with a particularly poor survival rate, thus requiring more aggressive treatments and possibly dedicated clinical trials aimed at identifying the optimal therapeutic approach.
Finally, NSCLC subtypes may be strongly related to a
specific anatomic location in the lungs impacting on tumour
stage (e.g., the great majority of squamous cell carcinomas is
centrally-sited and adenocarcinoma or large cell carcinoma
are mainly peripheral). This evidences critical key issues in
staging system of NSCLC, possibly suggesting future debate
which may lead to important changes in the identification of
lung cancer staging system (i.e., introduction of other objective data such as vessel/lymphatic invasion, different tumour
size cut-off, abolition of atelectasis/obstructive pneumonitis
as pT2/pT3 staging feature, consideration for tumour infiltration of soft tissue around the main bronchi).
Practically speaking, clinicians should reconsider the factor “histotype” in the ongoing therapeutic approach of
NSCLC, at least for the following aspects: 1. in the impossibility to perform histotype-based clinical trials, patients with
a NSCLC associated with a particularly aggressive outcome
should be the preferable candidates for adjuvant chemotherapy; 2. adenocarcinoma has the higher incidence among
NSCLC and seems to represent a sort of “epidemic” tumor in
the near future, particularly in women; 3. distinction between
adenocarcinoma and non-adenocarcinoma subtype among
NSCLC should be performed in order to obtain a better selection of patients undergoing targeted-therapies with EGFR
inhibitors or anti-VEGF; 4. mucus-producing adenocarcinomas are strongly correlated to K-RAS mutations, chemoresistance and poor response to anti-EGFR therapies; 5. adenocarcinoma subtype and the relevant variants are generally
peripherally-located and then most often associated with
pleural and lymphatic invasion (lymphatic vessels are particularly numerous in pleural/subpleural areas) and T4/M1
stages due to multiple neoplastic nodules; 6. the broader
spectrum of chemotherapeutic drugs of third generation and
of molecular targeted-therapies in the treatment of NSCLC
will require a more patient-tailored approach and then a
striking collaboration between physicians and pathologists,
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these latter being also deeply engaged in determination of
biomarkers (EGFR, K-RAS, HER2, pharmacogenetic markers as RRM-1 or ERCC-1) positively predicting the efficacy
of the adopted therapies.

Current Respiratory Medicine Reviews, 2007, Vol. 3, No. 1
[23]

[24]

REFERENCES
[1]

[2]

[3]
[4]

[5]

[6]

[7]

[8]
[9]
[10]
[11]

[12]
[13]

[14]
[15]

[16]
[17]
[18]

[19]
[20]

[21]

[22]

Travis WD, Brambilla E, Muller-Hermelink HK, Harris CC (eds).
Tumours of the Lung, Pleura, Thymus and Heart. Pathology & Genetics. World Health Organization Classification of Tumours.
IARC Press, Lyon, 2004.
Birim O, Kappetein AP, van Klaveren RJ, Bogers AJJC. Prognostic
factors in non-small cell lung cancer surgery. EJSO 2006; 32: 1223.
Winton T, Livingston R, Johnson D,et al. Vinorelbine plus cisplatin vs. Observation in resected non-small-cell lung cancer. N
Engl J Med 2005; 352: 2589-2597.
The International Adjuvant Lung Cancer Trial Collaborative
Group. Cisplatin-based adjuvant chemotherapy in patients with
completely resected non-small cell lung cancer. N Engl J Med
2004; 350: 351-60.
Colby TV, Koss MN, Travis WD: Small cell carcinoma and large
cell neuroendocrine carcinoma in Atlas of Tumor Pathology, 3rd series: Tumors of the lower respiratory tract. Washington, DC,
Armed Forces Institute of Pathology, pp 235-257, 1995.
Brambilla E, Travis WD, Colby TV, Corrin B, Shimosato Y. The
new World Helath Organization classification of lung tumors. Eur
Respir J 2001; 18: 1059-68.
Bhattacharjee A, Richards WG, Staunton J, et al. Classification of
human lung carcinomas by mRNA expression profiling reveals distinct adenocarcinoma subclasses. Proc Natl Acad Sci 2001; 98:
13790-95.
Garber ME, Troyanskaya OG, Schluens K, et al. Diversity of gene
expression in adenocarcinoma of the lung. Proc Natl Acad Sci
2001; 98: 13784-89.
Fong KM, Minna JD. Molecular biology of lung cancer: clinical
implications. Clin Chest Med 2002; 23; 83-100.
Meyerson M, Franklin WA, Kelley MJ. Semin Oncol 2004; 31: 419.
Jones MH, Virtanen C, Honjoh D, et al. Two prognostically significant subtypes of high-grade lung neuroendocrine tumours indipendent of small-cell and large-cell neuroendocrine carcinomas
identified by gene expression profiles. Lancet 2004; 363: 775-81.
Auerbach O, Garfinkel L. The changing pattern of lung carcinoma.
Cancer 1991; 68: 1973-77.
Charloux A, Quoix E, Wolkove N, et al. The increase incidence of
lung adenocarcinoma : reality o artefact ? A review of the epidemiology of lung adenocarcinoma. Int J Epidemiol 1997; 26: 14-23.
Travis WD, Lubin J, Ries L, Devesa S. United States lung carcinoma incidence trends: eclining for most histologic types among
males, incresing among females. Cancer 1996; 77: 2464-70.
Tyczynski JE, Bray F, Parkin DM. Lung cancer in Europe in 2000:
epidemiology, prevention, and early detection. Lancet Oncol 2003;
4: 45-55.
Boffetta P, Pershagen G, Jockel KH, et al. Cigar and pipe smoking
and lung cancer risk: a multicentric study from Europe. J Natl Cancer Inst 1999; 91: 697-701.
Yousem SA, Hochholzer L. Mucoepidermoid carcinoma of the
lung. Cancer 1987; 60: 1346-52.
Thomas CFJr, Tazelaar HD, Jett JR. Typical and atypical carcinoids: outcome in patients presenting with regional lymph node involvement. Chest 2001; 119: 1143-50.
Moran CA, Hochholzer L, Fishback N, et al. Mucinous (so-called
colloid) carcinomas of the lung. Mod Pathol 1992; 5; 634-638.
Rossi G, Murer B, Cavazza A, et al. Primary mucinous (so-called
colloid) carcinomas of the lung. A clinicopathologic and immunohistochemical study with special reference to CDX-2 homeobox
gene and MUC2 expression. Am J Surg Pathol 2004; 28:442-452.
Kodama T, Koide T, Shimosato Y, et al. Six cases of well differentiated adenocarcinoma simulating fetal type tubules in pseudoglandular stage. Comparison with pulmonary blastoma. Am J Surg
Pathol 1984; 8: 735-744.
Amirat L, le Pimpec Barthes F, Danel C, et al. Well differentiated
foetal-type pulmonary adenocarcinoma: a tumour with a good
prognosis. Rev Mal Respir 2003; 20: 429-32.

[25]

[26]
[27]

[28]

[29]

[30]

[31]

[32]
[33]

[34]

[35]

[36]
[37]
[38]

[39]
[40]
[41]

[42]

[43]
[44]

75

Travis WD, Garg K, Franklin WA, et al. Evolving concepts in the
pathology and computed tomography imaging of lung adenocarcinoma and bronchioloalveolar carcinoma. J Clin Oncol 2005; 23:
3279-87.
Zell JA, Ou ISH, Ziogas A, Anton-Culver H. Epidemiology of
bronchioloalveolar carcinoma: improvement in survival after release of the 1999 WHO classification of lung tumors. J Clin Oncol
2005; 23: 8396-405.
Brambilla E, Moro D, Veale D, et al. Basal cell (basaloid) carcinoma of the lung: a new morphologic and phenotypic entity with
separate prognostic significance. Hum Pathol 1992; 23: 993-1003.
Moro D, Brichon P, Brambilla E, et al. Basaloid bronchial carcinoma: a histologic group with a poor prognosis. Cancer 1994; 73:
2734-39.
Sturm N, Lantuejoul S, Laverriere MH, et al. Thyroid transcription
factor 1 and cytokeratins 1, 5, 10, 14 (34betaE12) expression in basaloid and large celle neuroendocrine carcinoma of the lung. Hum
Pathol 2001; 32: 918-925.
Travis WD, Linnoila RI, Tsokos MG, et al. Neuroendocrine tumors
of the lung with proposed criteria for large cell neuroendocrine carcinoma. An ultrastructural, immunohistochemical and flow cytometry study of 35 cases. Am J Surg Pathol 1991; 15: 529-53.
Takei H, Asamura H, Maeshima A, et al. Large cell neuroendocrine carcinoma of the lung: a clinicopathologic study of eightyseven cases. J Thorac Cardiovasc Surg 2002; 124: 285-292.
Wick MR, Berg LC, Hertz MI. Large cell carcinoma of the lung
with neuroendocrine differentiation. A comparison with large cell
“undifferentiated” pulmonary tumors. Am J Clin Pathol 1992; 97:
796-805.
Travis WD, Rush W, Flieder DB, et al. Survival analysis of 200
pulmonary neuroendocrine tumors with clarification of criteria for
atypical carcinoid and its separation from typical carcinoid. Am J
Surg Pathol 1998; 22: 934-944.
Battafarano RJ, Fernandez FG, Ritter J, et al. Large cell neuroendocrine carcinoma: an aggressive form of non-small cell lung cancer. J Thorac Cardiovasc Surg 2005; 130: 166-172.
Rossi G, Cavazza A, Marchioni A, et al. Role of chemotherapy and
the receptor tyrosine kinases KIT, PDGFRalpha, PDGFRbeta, and
Met in large cell neuroendocrine carcinoma of the lung. J Clin Oncol 2005; 23: 8774-8785.
Iyoda A, Hiroshima K, Moriya Y, et al. Prognostic impact of large
cell neuroendocrine histology in patients with pathologic stage Ia
pulmonary non-small cell carcinoma. J Thorac Cardiovasc Surg
2006; 132: 312-5.
Iyoda A, Hiroshima K, Baba M, et al. Pulmonary large cell carcinomas with neuroendocrine features are high-grade neuroendocrine
tumors. Ann Thorac Surg 2002; 73: 1049-1054.
Cavazza A, Colby TV, Tsokos M, et al. Lung tumors with a rhabdoid phenotype. Am J Clin Pathol 1996; 105: 182-188.
Miyagi J, Tsuhako K, Kinjo T, et al. Rhabdoid tumors of the lung
is a dedifferentiated phenotype of pulmonary adenocarcinoma.
Histopathology 2000; 37: 37-44.
Shimazaki H, Aida S, Sato M, et al. Lung carcinoma with rhabdoid
cells. A clinicopathologic study and survival analysis of 14 cases.
Histopathology 2001; 38: 425-34.
Tomboli P, Toprani TH, Amin MB, et al. Carcinoma of lung with
rhabdoid features. Hum Pathol 2004; 35: 8-13.
Fishback NF, Travis WD, Moran CA, et al. Pleomorphic (spindle/giant cell) carcinoma of the lung. A clinicopathologic correlation of 78 cases. Cancer 1994; 73: 2936-45.
Rossi G, Cavazza A, Sturm N, et al. Pulmonary carcinomas with
pleomorphic, sarcomatoid or sarcomatous elements: a clinicopathologic and immunohistochemical study of 75 cases. Am J Surg
Pathol 2003; 27: 311-324.
Nakajima M, Kasai T, Hashimoto H, et al. Sarcomatoid carcinoma
of the lung. A clinicopathologic study of 37 cases. Cancer 1999;
86: 608-16.
Raveglia F, Mezzetti M, Panigalli T, et al. Personal experience in
surgical management of pulmonary pleomorphic carcinoma. Ann
Thorac Surg 2004; 78: 1742-47.
Chang YL, Lee YC, Shih JY, Wu CT. Pulmonary pleomorphic
(spindle) cell carcinoma: peculiar clinicopathologic manifestations
different from ordinary non-small cell lung cancer. Lung Cancer
2001; 34: 91-97.

76 Current Respiratory Medicine Reviews, 2007, Vol. 3, No. 1
[45]

[46]
[47]
[48]

[49]
[50]

[51]
[52]

[53]
[54]

[55]
[56]

[57]

[58]

[59]

[60]
[61]

[62]
[63]
[64]
[65]

[66]
[67]
[68]
[69]

Koss MN, Hochholzer L, Frommelt RA. Carcinosarcomas of the
lung: a clinicopathologic study of 66 patients. Am J Surg Pathol
1999; 23: 1514-26.
Koss MN, Hochholzer L, O’Leary T. Pulmonary blastomas. Cancer
1991; 67: 2368-81.
Ishida T, Kaneko S, Yokoyama H, et al. Adenosquamous carcinoma of the lung. Clinicopathologic and immunohistcohemical features. Am J Clin Pathol 1992; 97: 678-95.
Nakagawa K, Yasumitu T, Fukuhara K, et al. Poor prognosis after
lung resection for patients with adenosquamous carcinoma of the
lung. Ann Thorac Surg 2003; 75: 1740-44.
Riquet M, Perrotin C, Lang-Lazdunski L, et al. Do patients with
adenosquamous carcinoma of the lung need a more aggressive approach ? J Thorac Cardiovasc Surg 2001; 122: 618-9.
Shimizu J, Oda M, Hayashi Y, et al. A clinicopathologic study of
resected cases of adenosquamous carcinoma of the lung. Chest
1996; 109: 989-994.
Riquet M, Foucault C, Berna P, et al. Prognostic value of histology
in resected lung cancer with emphasis on the relevance of the adenocarcinoma subtyping. Ann Thorac Surg 2006; 81: 1988-95.
Hayashi H, Kitamura H, Nakatani Y, et al. Primary signet-ring cell
carcinoma of the lung: histochemical and immunohistochemical
characterization. Hum Pathol 1999; 30: 378-83.
Castro CY, Moran CA, Flieder DG, et al. primary signet-ring cell
adenocarcinomas of the lung: a clinicopathologic study of 15 cases.
Histopathology 2001; 39: 397-401.
Tsuta K, Ishii G, Yoh K, et al. Primary lung carcinoma with signetring cell carcinoma components. Clinicopathologic analysis of 39
cases. Am J Surg Pathol 2004; 28: 868-74.
Silver SA, Askin FB. True papillary carcinoma of the lung: a distinct clinicopathologic entity ? Am J Surg Pathol 1997; 21: 43-51.
Amin MB, Tomboli P, Merchant SH, et al. Micropapillary component in lung adenocarcinoma: a distinctive histological feature with
possible prognostic significance. Am J Surg Pathol 2002; 26: 35864.
Miyoshi T, Satoh Y, Okumura S, et al. Early-stage lung adenocarcinoma with a micropapillary pattern, a distinct pathological
marker for a significantly poor prognosis. Am J Surg Pathol 2003;
27: 101-9.
Roh MS, Lee JI, Choi PJ, Hong YS. Relationship between micropapillary component and micrometastasis in the regional lymph
nodes of patients with stage I lung adenocarcinoma. Histopathology 2004; 45: 580-86.
Makimoto Y, Nabeshima K, Iwasaki H, et al. Micropapillary pattern: a distinct pathological marker to subclassify tumours with
significantly poor prognosis within small peripheral lung adenocarcinoma (20 mm) with mixed bronchioloalveolar and invasive subtypes (Noguchi’s type C tumours). Histopathology 2005; 46: 67784.
Kuroda N, hamaguchi N, Takeuchi E, et al. Lung adenocarcinoma
with a micropapillary pattern: a clinicopathological study of 25
cases. APMIS 2006; 114: 381-85.
Miyoshi T, Shirakusa T, Ishikawa Y, et al. Possible mechanism of
metastasis in lung adenocarcinomas with a micropapillary pattern.
Pathol Int 2005; 55: 419-25.
Barkley JE, Green MR. Bronchioloalveolar carcinoma. J Clin Oncol 1996; 14: 2377-86.
Miller VA, Hirsch FR, Johnson BE. Systemic therapy of advanced
bronchioloalveolar cell carcinoma: challenges and opportunities. J
Clin Oncol 2005; 23: 3288-93.
Laskin JJ, Sandler AB, Johnson DH. Redefining bronchioloalveolar
carcinoma. Semin Oncol 2005; 32: 329-335.
Breathnach OS, Ishibe N, Williams J, et al. Clinical features of
patients with stage IIIB and IV bronchioloalveolar carcinoma of the
lung. Cancer 1999; 86: 1165-73.
Morstyn G, Ihde DC, Lichter As, et al. Small cell lung cancer
1973-1983: early progress and recent obstacles. Int J Radiat Oncol
Biol Phys 1984; 10: 515-39.
Darling GE. Staging of the patients with small cell lung cancer.
Chest Surg N Am 1997; 7: 81-94.
Mountain CF. Revisions in the International System for Staging
Lung Cancer. Chest 1997; 111: 1710-17.
Greene FL, Page DL, Fleming ID, Fritz AG, Balch CM, Haller DG,
Morrow M (eds). AJCC Cancer Staging Manual, 6th ed. SpringerVerlag, New York, 2002.

Rossi et al.
[70]
[71]

[72]
[73]

[74]
[75]

[76]
[77]

[78]
[79]
[80]

[81]
[82]

[83]
[84]

[85]
[86]

[87]

[88]
[89]

[90]
[91]

[92]
[93]

[94]

Marchevsky AM. Problems in pathologic staging of lung cancer.
Arch Pathol Lab Med 2006; 130: 292-302.
Lopez-Encuentra A, Garcia-Lujan R, Rivas JJ, et al. Comparison
between clinical and pathologic staging in 2994 cases of lung cancer. Ann Thorac Surg 2005; 79: 974-79.
Kessler R, Gasser B, Massard G, et al. Blood vessel invasion is a
major prognostic factor in resected non-small cell lung cancer. Ann
Thorac Surg 1996; 62: 1489-93.
Battafarano RJ, Meyers BF, Guthrie TJ, Cooper JD, Patterson GA.
Surgical resection of multifocal non-small cell lung cancer is associated with prolonged survival. Ann Thorac Surg 2002; 74: 988-93.
Roberts PF, Strazniska M, Lara PN, et al. Resection of multifocal
non-small cell lung cancer when the bronchioloalveolar subtype is
involved. J Thorac Cardiovasc Surg 2003; 126: 1597-602.
Shimizu K, Yoshida J, Nagai K, et al. Visceral pleural invasion is
an invasive and aggressive indicator of non-small cell lung cancer.
J Thorac Cardiovasc Surg 2005; 130: 160-5.
Jones DR, Daniel TM, Denlinger CE, et al. Stage IB nonsmall cell
lung cancers: are they all the same ? Ann Thorac Surg 2006; 81:
1958-62.
Flieder DB, Port JL, Korst RJ, et al. Tumor size is a determinant of
stage distribution in T1 non-small cell lung cancer. Chest 2005;
128: 2304-2308.
Mulligan CR, Meran AD, Proctor CD, et al. Lung cancer staging: a
case for a new T definition. Ann Thorac Surg 2006; 82: 220-226.
Flieder DB, Vazquez M, Carter D, et al. Pathologic findings of
lung tumors diagnosed on baseline CT screening. Am J Surg Pathol
2006; 30: 606-13.
Noguchi M, Moricawa A, Kawasaki M, et al. Small adenocarcinoma of the lung. Histologic characterization and prognosis. Cancer 1995; 75: 2844-52.
Sakurai H, Maeshima A, Watanabe S, et al. Grade of stromal invasion in small adenocarcinoma of the lung: histopathological minimal invasion and prognosis. Am J Surg Pathol 2004; 28: 198-206.
Albain KS, Crowley JJ, LeBlanc M, et al. Survival determinants in
extensive-stage non-small cell lung cancer: the Southwest Oncology Group experience. J Clin Oncol 1991; 9: 1618-26.
Schiller JH, Harrington D, Belani C, et al. Comparison of four
chemotherapy regimens for advanced non-small cell lung cancer. N
Engl J Med 2002; 346: 92-98.
Pfister DG, Johnson DH, Azzoli CG, et al. American Society of
Clinical Oncology treatment of unresectable non-small cell lung
cancer guideline: update 2003. J Clin Oncol 2004; 22: 330-53.
Kato H, Ichinose Y, Ohta M, et al. A randomized trial of adjuvant
chemotherapy with uracil-tegafur for adenocarcinoma of the lung.
N Engl J Med 2004; 350: 1713-1721.
Georgoulias V, Papadakis E, Alexopoulos A, et al. Platinum-based
and non-platinum-based chemotherapy in advanced non-small-cell
lung cancer: a randomised multicentre trial. Lancet 2001; 357:
1478-84.
Koo HM, McWilliams MJ, Alvord WG, et al. Ras oncogeneinduced sensitization to 1-beta-D-arabinofuranosylcytosine. Cancer
Res 1999; 59: 6057-62.
Rodenhuis S, Slebos RJC, Evers SG, et al. K-ras oncogene activation on adenocarcinoma of the lung: frequency and possible clinical
significance. Cancer Res 1998; 48: 5738-41.
Scagliotti GV, Smit E, Bosquee L, et al. A phase II study of paclitaxel in advanced bronchioloalveolar carcinoma (EORTC trial
08956). Lung Cancer 2005; 50: 91-96.
Marchetti A, Buttitta F, Pellegrini S, et al. Bronchioloalveolar lung
carcinomas: K-ras mutations are constant events in the mucinous
subtype. J Pathol 1996; 179: 254-59.
Marchetti A, Martella C, Felicioni L, et al. EGFR mutations in
NSCLC: analysis of a large series of cases and development of a
rapid and sensitive method for diagnostic screening with potential
implications on pharmacologic treatment. J Clin Oncol 2005; 23:
857-65.
Iyoda A, Hiroshima K, Toyozaki T, et al. Adjuvant chemotherapy
for large cell carcinoma with neuroendocrine features. Cancer
2001; 92: 1108-1112.
Kozuky T, Fujimoto N, Ueoka H, et al. Complexity in the treatment of pulmonary large cell neuroendocrine carcinoma. J Cancer
Res Clin Oncol 2005; 131: 147-151.
Yamazaki S, Sekine I, Matsuno Y, et al. Clinical responses of large
cell neuroendocrine carcinoma of the lung to cisplatin-based chemotherapy. Lung Cancer 2005; 49: 217-223.

Histotype in Non-Small Cell Lung Cancer Therapy and Staging
[95]

[96]
[97]

[98]

[99]
[100]

[101]

[102]

[103]

Current Respiratory Medicine Reviews, 2007, Vol. 3, No. 1

Kishi K, Homma S, Takaya H, et al. A clinical study of advanced
large cell neuroendocrine carcinoma. Nihon Kokyuki Gakkai
Zasshi 2006; 44: 556-60.
Iyoda A, Hiroshima K, Moriya Y, et al. Prospective study of adjuvant chemotherapy for pulmonary large cell neuroendocrine carcinoma. Ann Thorac Surg 2006; 82: 1802-7.
Kris MG, Natale RB, Herbst RS, et al. Efficacy of gefitinib, an
inhibitor of the epidermal growth factor receptor tyrosine kinase, in
symptomatic patients with non-small cell lung cancer: a randomized trial. JAMA 2003; 290: 2149-58.
Shepherd FA, Rodrigues Pereira J, Ciuleanu T, et al. Erlotinib in
previously treated non-small cell lung cancer. N Engl J Med 2005;
353: 123-32.
LynchTJ, Bell DW, Sordella R, et al. Activating mutations in the
EGFR underlying responsiveness of NSCLC to gefitinib. N Engl J
Med 2004; 350: 2129-39.
Pao W, Miller V, Zakowski M, et al. EGFR gene mutations are
common in lung cancer from “never smokers” and are associated
with sensitivity of tumors with gefitinib and erlotinib. Proc Natl
Acad Sci USA 2004; 101: 13306-11.
Paez JG, Janne PA, Lee JC, et al. EGFR mutations in lung cancer:
correlation with clinical response to gefitinib therapy. Science
2004; 304: 1497-500.
Chou TY, Chiu CH, Li LH, et al. Mutation in the tyrosine kinase
domain of EGFR is a predictive and prognostic factor for gefitinib
treatmen in patients with non-small cell lung cancer. Clin Cancer
Res 2005; 11: 3750-57.
Miller VA, Kris MG, Shah N, et al. Bronchioloalveolar pathologic
subtype and smoking history predict sensitivity to gefitinib in advanced non-small cell lung cancer. J Clin Oncol 2004; 22: 1103-9.

Received: September 30, 2006

[104]

[105]

[106]
[107]
[108]

[109]

[110]

[111]

77

Blons H, Cote JF, Le Corre D, et al. EGFR mutations in lung cancer are linked to bronchioloalveolar differentiation. Am J Surg
Pathol 2006; 30: 1309-15.
Eberhard DA, Johnson BE, Amler LC, et al. Mutations in the
EGFR and in KRAS are predictive and prognostic indicators in patients with NSCLC treated with chemotherapy alone or in combination with erlotinib. J Clin Oncol 2005; 23: 5900-09.
Shigematsu H, Lin L, Takahashi T, et al. Clinical and biological
features associated with EGFR gene mutations in lung cancers. J
Natl Cancer Inst 2005; 97: 339-46.
Stephens P, Hunter C, Bignell G, et al. Lung cancer: intragenic
ERBB2 kinase mutations in tumours. Nature 2004; 431: 525-6.
Buttitta F, Barassi F, Fresu G, et al. Mutational analysis of the
HER2 gene in lung tumors from Caucasian patients: mutations are
mainly present in adenocarcinomas with bronchioloalveolar features. Int J Cancer 2006; 119: 2586-91.
Stabile LP, Lyker J, Gubish CT, et al. Combined targeting of the
estrogen receptor and the epidermal growth factor receptor in nonsmall cell lung cancer shows enhanced antiproliferative effects.
Cancer Res 2005; 65: 1459-70.
Herbst RS, Johnson DH, Mininberg E, et al. Phase I/II trial evaluating the anti-vascular endothelial growth factor monoclonal antibody Bevacizumab in combination with the HER-1/Epidermal
growth factor receptor tyrosine kinase inhibitor Erlotinib for patients with recurrent non-small cell lung cancer. J Clin Oncol 2005;
23: 2544-55.
Johnson DH, Fehrencbacher L, Novotny WF, et al. Randomized
phase II trial comparing Bevacizumab plus carboplatin and paclitaxel with carboplatin and paclitaxel alone in previously untreated
locally advanced or metastatic non-small cell lung cancer. J Clin
Oncol 2004; 22: 2184-91.

Revised: November 2, 2006

Accepted: November 11, 2006

