
Patologisk Institut
Aarhus Universitetshospital

AARHUS UNIVERSITET

Ikke Småcellet Lungecancer

onsdag den 20. juni 12



Patologisk Institut
Aarhus Universitetshospital

AARHUS UNIVERSITET

Ikke Småcellet Lungecancer

onsdag den 20. juni 12



Patologisk Institut
Aarhus Universitetshospital

AARHUS UNIVERSITET

Lunge Carcinom

Lunge carcinomer dannes fra stamceller i lungeepithelet

Ikke Småcellet Lungecancer

onsdag den 20. juni 12



Patologisk Institut
Aarhus Universitetshospital

AARHUS UNIVERSITET

Antal primære maligne lungetumorer i DK:

31INDLEDNING & VISITATION

�⇣�✏ �⇣�⇣↵

�⌅⌘◆⌥�⇧✓✓�↵⌥ ◆⌥✏⇤⇣↵ �◆⇥⌦�⌃
Epidemiologi
Der registreres årligt ca. 3.300 tilfælde af lungekræft (1996-data), som dermed er
den hyppigste kræftform hos mænd, årligt ca. 2.020 tilfælde, og den næsthyppigste
– efter brystkræft – hos kvinder [19]. Medianalderen på diagnosetidspunktet er ca.
65 år [11], således er ca. halvdelen af patienterne mellem 60 og 74 år, mens 20% af
mænd og 27% af kvinderne er under 59 år [19].

Hyppigheden blandt mænd nåede et toppunkt i 1985 med ca. 2300 tilfælde, hvorefter
der indtrådte et fald, som er under fortsat udvikling (figur 1.) Hyppigheden blandt
kvinder har siden 1960 (170 tilfælde årligt) udvist en markant stigning på 20-50%
per 5 års kalenderperiode, og der er ikke tegn til ændring i denne udvikling [11].
Hyppigheden hos kvinder er nu dobbelt så høj som i Norge og Sverige og fire gan-
ge hyppigheden blandt finske kvinder. Det forventes, at hyppigheden hos danske
kvinder vil stige med 50% i perioden 1987 - 2010, og få år senere overstige hyppig-
heden hos mænd!

Figur 1: Den registrerede og estimerede hyppighed hos kvinder og mænd i
perioden 1943 - 2035.
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8.7.3 Fig. Patologityper per år - totalt: 
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Fordelt på kvinder og mænd: 

 

8.7.4 Tabel Patologityper per år - kvinder: 

 
  2007 2006 2005 2004 2003 2002 2001 2000 Total
Antal henvisninger til behandling, totalt 964 1.038 1.181 1.064 568 110 18 2 4.945

Patologityper i % af henvisninger:          
Planocellulært karcinom 13,8 13,4 13,6 14,6 15,1 13,6 22,2 0,0 14,0 

Adeno karcinom 27,3 38,3 43,7 41,6 63,9 66,4 44,4 100,0 41,8 

Storcellet karcinom 3,5 3,9 3,9 3,2 6,0 2,7 5,6 0,0 3,9 

Småcellet karcinom 14,1 14,5 12,4 12,4 1,6 0,9 5,6 0,0 11,6 

Adenosquamøst karcinom 0,5 0,0 0,3 0,4 0,0 0,0 0,0 0,0 0,3 

Specifik anden malign tumor 0,2 0,1 0,2 0,2 1,1 0,0 0,0 0,0 0,3 

Uspecifik malign tumor 6,6 7,3 6,8 7,7 0,9 2,7 0,0 0,0 6,3 

Sarcomatoidt karcinom 0,3 0,6 0,2 0,2 0,0 0,0 5,6 0,0 0,3 

Spytkirtel tumor 0,0 0,1 0,3 0,2 0,0 0,0 0,0 0,0 0,1 

Karcinoid tumor 0,3 0,3 0,2 0,1 0,0 0,0 0,0 0,0 0,2 

Ikke småcellet karcinom 7,5 10,1 11,3 13,3 4,2 3,6 5,6 0,0 9,7 

Bronkioalveolært karcinom 0,3 0,4 0,8 0,6 0,2 0,0 0,0 0,0 0,5 

Combined small cell carcinoma 0,4 0,9 0,8 1,6 1,1 0,0 5,6 0,0 1,0 

Blandingstumor 2,6 2,6 1,3 1,0 0,0 0,0 0,0 0,0 1,6 

Mesotheliom 0,1 0,2 0,1 0,5 0,2 0,0 0,0 0,0 0,2 

Uoplyst 22,4 7,3 4,1 2,4 5,8 10,0 5,6 0,0 8,3 

Total 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0
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Tumour-cell pathways

Many of the signalling pathways involved in
tumour-cell development are initiated by the
interaction between growth factors and their
receptors. These combinations include
receptor tyrosine kinases (RTKs) such as
human epidermal growth factor
receptors (HER and EGFR family
members) and their ligands, as well as
insulin-like growth factor (IGF) and
IGF1R. mAbs have been developed
to disrupt the interaction between
receptor and ligand, and small-
molecule inhibitors inhibit their
signalling pathways.

When an RTK binds its ligand, its
tyrosine-kinase domain becomes
activated, leading to its
autophosphorylation (P) and
signalling. Two of the most important
pathways in tumour development
involve RAS and phosphatidylinositol-
3-kinase (PI3K)-mediated signalling.
Many agents have been developed to
disrupt these pathways, including RAF
and MEK inhibitors, which block cancer
cell proliferation. PI3K inhibitors promote
apoptosis in at least two ways. First, they
lead to the nuclear translocation of the FKHR
transcription factor, which activates
transcription of genes that encode pro-apoptotic
factors such as BIM and FAS ligand. Second, AKT
signalling regulates the activity of mitochondrial
proteins such as BAD, which promotes apoptosis. These
inhibitors, as well as rapamycin derivatives that inhibit
mammalian target of rapamycin (mTOR), can also slow cancer-
cell protein translation, mediated by factors such as S6K1,
eukaryotic translation initiation factor 4E (eIF4e) and eIF4E-binding
protein 1 (4E-BP1). PI3K inhibitors also disrupt transcriptional regulation by
DNA-binding factors such as nuclear factor of !B (NF-!B), and this can also be affected by
proteasome inhibitors, which have been found to selectively kill cancer cells. Crosstalk exists between
these different pathways (not shown), and the inhibitors might also work by affecting non-linear pathways. 

By altering these pathways, cancer cells can evade apoptosis, increase protein production, and activate
transcription of genes that promote cell-cycle progression, survival and migration.

Angiogenesis

The development of tumour vasculature — angiogenesis — is important for
progression of many tumour types, although tumours frequently form
abnormal leaky vessels. Angiogenesis is induced by factors such as
vascular endothelial growth factor (VEGF), basic fibroblast growth factor
(bFGF) and platelet-derived growth factor (PDGF). VEGF receptors (VEGFRs)
are expressed on the endothelial cells of the tumour vessels, whereas PDGF
receptors (PDGFRs) are expressed by the pericytes that support blood-
vessel growth. VEGF is produced by both pericytes and endothelial cells,
and PDGF is produced by endothelial cells, so each cell type produces the
growth factor that promotes proliferation and survival of the other cell type. 

A number of mAbs and receptor tyrosine kinase (RTK) inhibitors have
been developed to block these signalling pathways, and have been shown
to slow tumour growth in preclinical and clinical studies. Endothelial cells
also produce endogenous inhibitors of angiogenesis, such as
thrombospondin, endostatin and tumstatin. These are also being developed
as anticancer agents.

Targeting cancer pathways
Tumour formation and progression occur through a
range of defects that develop both within and
outside the cancer cell. Defects in cell-signalling
pathways allow cancer cells to alter their normal
programmes of proliferation, transcription, growth,
migration, differentiation and death. Changes in the
surrounding stroma and immune response allow
the tumour to expand, form new blood vessels and
spread to other organs. Many different anticancer

agents have therefore been developed to target
proteins that act in all of these pathways. Several
agents — both small-molecule inhibitors and
monoclonal antibodies (mAbs) — are on the
market, and many more are in clinical trials or at
earlier stages of development. The combined use
of these inhibitors with standard anticancer
treatments could allow researchers to attack
tumours on many fronts.

The tumour

A tumour is composed of more than just cancer cells — it consists of an intricate network of cell types,
including endothelial cells that comprise blood vessels and the stromal pericytes that stabilize the
developing tumour vasculature. Many other cell types, including stromal cells and immune cells, also
surround the cancer cells and influence their development. Anticancer agents are being developed
against many of these cell types. Combination therapies that target more than one cell type might be
particularly effective.

Chromatin modification

In addition to the transcription factors, a number of
DNA and chromatin-modifying enzymes also regulate
transcription of cancer-associated genes. Histone
deacetylases (HDACs) and DNA methyltransferases
(DNMTs) alter chromatin structure to prevent
transcription, whereas histone acetylases (HATs) allow
transcription initiation. HDAC inhibitors and DNMT
inhibitors are being tested in preclinical and clinical
trials for their ability to reactivate normal gene
transcription in tumour cells. HDAC inhibitors might
also have effects on non-histone substrates. These
agents might be used together in the clinic, as they
are suspected to work synergistically. Upregulated
genes include tumour suppressors such as cyclin-
dependent kinase (CDK) inhibitors.

Combining the productivity of research scientists at facilities in the United States and Switzerland and the contributions
of our commercial partners, Novartis Oncology is conducting a programme directed toward understanding the basic
mechanism of malignancy from uncontrolled cell growth to angiogenesis and metastasis. The goal is to produce inno-
vative new medicines that will extend and enhance the life of patients and improve the management of all types of can-
cer, particularly haematological cancers and cancers affecting the lung, breast, gastrointestinal and urogenital tracts. 

Compounds in the Novartis pipeline encompass innovative platforms that target multiple pathways. For example,
ongoing research efforts target growth-factor signal transduction to impact tumour-cell growth and apoptosis. This
includes investigation into two tyrosine-kinase inhibitors: one, which is in Phase I development, targets EGFR, HER2
and VEGFR, whereas the other agent, which targets FLT3, is in Phase II trials. 

Phase III research is being conducted with an anti-angiogenesis agent that blocks tumour vascularization to pre-
vent tumour growth and metastasis and targets all VEGFR tyrosine kinases. Therapies are also being investigated

in the cytotoxic and cell-cycle/apoptosis platforms to inhibit aberrant genetic processes that are responsible for
malignant transformation. Research in cytotoxics includes Phase II trials that are being conducted into a micro-
tubule-stabilizing agent and in an inhibitor of the enzyme topoisomerase I, while one other microtubule stabiliz-
er is in Phase I development. Meanwhile, inhibitors of the mTOR kinase pathway and an inhibitor of histone
deacetylase are in Phase II and Phase I trials, respectively.

By approaching oncology research from these multiple fronts, Novartis Oncology hopes to optimize the future
treatment of patients with cancer.

For further information, please consult  http://www.novartis.com
Contact Geoff Cook
Novartis Oncology Tel: +1 862 778 2675
geoffrey.cook@novartis.com ONC-9529 

Advisors: Julian Downward, Rakesh Jain, 
Tony Kouzarides, Charles Sawyers, Judith Sebolt-Leopold
Edited by Emma Greenwood, Kristine Novak. 
Designed by Claudia Bentley. 
© 2005 Nature Publishing Group. 
http://www.nature.com/reviews/cancer
http://www.nature.com/onc

© 2005 Nature Publishing Group 
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compound, disease control was achieved in 47 (58%) of 
81 patients with ALK-fusion-positive tumours.22 A phase 3 
trial is underway to compare PF-02341066 with 
pemetrexed or docetaxel in this population 
(table 2).22–29ALK-fusion-positive lung tumours are 
resistant to treatment with the EGFR tyrosine kinase 
inhibitors gefi tinib and erlotinib.19

HER! mutations
Like EGFR, the HER2 protein (also known as ERBB-2) is 
a member of the HER family of receptor tyrosine kinases. 
The protein forms homodimers or heterodimers with 
other members of the HER family.30 It is overexpressed in 
about 20% of NSCLC, but gene amplifi cation occurs 
in only 2% of cases.31,32 Early clinical trials with 
trastuzumab, a humanised monoclonal antibody to HER2 
that is active in breast cancer where HER2 is amplifi ed, 
have reported only slight eff ects in unselected NSCLC.25

HER2 (also known as ERBB2) mutations are present in 
2% of NSCLC (fi gure).32–34 The mutations involve in-
frame insertions in exon 20, mostly involving the 
aminoacid sequence Tyr-Val-Met-Ala at codon 776. The 
frequency of HER2 mutations is increased in people who 
have never smoked, in women, and in Asian patients, 
and are more frequent in adenocarcinoma than in other 

NSCLC. HER2 mutations are not present in tumours 
harbouring EGFR or KRAS mutations.

Biologically, HER2 insertions lead to constitutive 
activation of the receptor.35 Cells harbouring these 
mutations are sensitive to treatment with small-molecule 
tyrosine kinase inhibitors that target the kinase activity of 
EGFR and HER2 (eg, lapatinib [tested as HKI-272, Wyeth, 
Madison, NJ, USA])23 but not to those that target EGFR 
alone. Transgenic mice expressing the HER2 Tyr-Val-
Met-Ala mutation develop lung adenosquamous 
carcinomas; in these models, substantial tumour 
shrinkage was observed when BIBW 2992 
(Boehringer Ingelheim, Ingelheim, Germany), a tyrosine 
kinase inhibitor that inhibits EGFR and HER2, was 
combined with sirolimus, an inhibitor of the downstream 
eff ector protein mTOR.36 Consistent with this fi nding, 
another trial of BIBW 2992 has shown promising activity 
in patients with lung adenocarcinoma positive for 
HER2 mutations.24 A lung cancer harbouring the HER2 
Gly776Leu mutation has also been shown to respond to 
treatment with trastuzumab and paclitaxel in a patient 
with chemotherapy-refractory lung adenocarcinoma.37

PIK"CA mutations
Phosphatidylinositol 3-kinases (the PI3K protein family) 
are lipid kinases that regenerate phosphatidylinositol-3-
phosphate, which is a key mediator between growth-
factor receptors and intracellular downstream signalling 
path ways.38 The main catalytic subunit of PI3K proteins 
is the p110α isoform, which is encoded by PIK3CA.39 
Mutations in this gene have been identifi ed in 30% of 
glioblastomas and gastric cancers, but are much less 
frequent in lung cancer (about 2% of NSCLC cases; 
fi gure).39 In NSCLC, PIK3CA mutations most frequently 
aff ect residues Glu542 and Glu545 in exon 9 encoding 
the catalytic domain.12,39–41 These mutations are as frequent 
in squamous-cell carcinoma as in adeno carcinoma,40 and 
can occur in EGFR-mutated tumours.40 PIK3CA 
mutations lead to gain of enzymatic function in vitro, 
and activate the protein kinase B signalling pathway in 
the absence of growth factors.42 PIK3CA mutations also 
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compound, disease control was achieved in 47 (58%) of 
81 patients with ALK-fusion-positive tumours.22 A phase 3 
trial is underway to compare PF-02341066 with 
pemetrexed or docetaxel in this population 
(table 2).22–29ALK-fusion-positive lung tumours are 
resistant to treatment with the EGFR tyrosine kinase 
inhibitors gefi tinib and erlotinib.19

HER! mutations
Like EGFR, the HER2 protein (also known as ERBB-2) is 
a member of the HER family of receptor tyrosine kinases. 
The protein forms homodimers or heterodimers with 
other members of the HER family.30 It is overexpressed in 
about 20% of NSCLC, but gene amplifi cation occurs 
in only 2% of cases.31,32 Early clinical trials with 
trastuzumab, a humanised monoclonal antibody to HER2 
that is active in breast cancer where HER2 is amplifi ed, 
have reported only slight eff ects in unselected NSCLC.25

HER2 (also known as ERBB2) mutations are present in 
2% of NSCLC (fi gure).32–34 The mutations involve in-
frame insertions in exon 20, mostly involving the 
aminoacid sequence Tyr-Val-Met-Ala at codon 776. The 
frequency of HER2 mutations is increased in people who 
have never smoked, in women, and in Asian patients, 
and are more frequent in adenocarcinoma than in other 

NSCLC. HER2 mutations are not present in tumours 
harbouring EGFR or KRAS mutations.

Biologically, HER2 insertions lead to constitutive 
activation of the receptor.35 Cells harbouring these 
mutations are sensitive to treatment with small-molecule 
tyrosine kinase inhibitors that target the kinase activity of 
EGFR and HER2 (eg, lapatinib [tested as HKI-272, Wyeth, 
Madison, NJ, USA])23 but not to those that target EGFR 
alone. Transgenic mice expressing the HER2 Tyr-Val-
Met-Ala mutation develop lung adenosquamous 
carcinomas; in these models, substantial tumour 
shrinkage was observed when BIBW 2992 
(Boehringer Ingelheim, Ingelheim, Germany), a tyrosine 
kinase inhibitor that inhibits EGFR and HER2, was 
combined with sirolimus, an inhibitor of the downstream 
eff ector protein mTOR.36 Consistent with this fi nding, 
another trial of BIBW 2992 has shown promising activity 
in patients with lung adenocarcinoma positive for 
HER2 mutations.24 A lung cancer harbouring the HER2 
Gly776Leu mutation has also been shown to respond to 
treatment with trastuzumab and paclitaxel in a patient 
with chemotherapy-refractory lung adenocarcinoma.37

PIK"CA mutations
Phosphatidylinositol 3-kinases (the PI3K protein family) 
are lipid kinases that regenerate phosphatidylinositol-3-
phosphate, which is a key mediator between growth-
factor receptors and intracellular downstream signalling 
path ways.38 The main catalytic subunit of PI3K proteins 
is the p110α isoform, which is encoded by PIK3CA.39 
Mutations in this gene have been identifi ed in 30% of 
glioblastomas and gastric cancers, but are much less 
frequent in lung cancer (about 2% of NSCLC cases; 
fi gure).39 In NSCLC, PIK3CA mutations most frequently 
aff ect residues Glu542 and Glu545 in exon 9 encoding 
the catalytic domain.12,39–41 These mutations are as frequent 
in squamous-cell carcinoma as in adeno carcinoma,40 and 
can occur in EGFR-mutated tumours.40 PIK3CA 
mutations lead to gain of enzymatic function in vitro, 
and activate the protein kinase B signalling pathway in 
the absence of growth factors.42 PIK3CA mutations also 
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compound, disease control was achieved in 47 (58%) of 
81 patients with ALK-fusion-positive tumours.22 A phase 3 
trial is underway to compare PF-02341066 with 
pemetrexed or docetaxel in this population 
(table 2).22–29ALK-fusion-positive lung tumours are 
resistant to treatment with the EGFR tyrosine kinase 
inhibitors gefi tinib and erlotinib.19

HER! mutations
Like EGFR, the HER2 protein (also known as ERBB-2) is 
a member of the HER family of receptor tyrosine kinases. 
The protein forms homodimers or heterodimers with 
other members of the HER family.30 It is overexpressed in 
about 20% of NSCLC, but gene amplifi cation occurs 
in only 2% of cases.31,32 Early clinical trials with 
trastuzumab, a humanised monoclonal antibody to HER2 
that is active in breast cancer where HER2 is amplifi ed, 
have reported only slight eff ects in unselected NSCLC.25

HER2 (also known as ERBB2) mutations are present in 
2% of NSCLC (fi gure).32–34 The mutations involve in-
frame insertions in exon 20, mostly involving the 
aminoacid sequence Tyr-Val-Met-Ala at codon 776. The 
frequency of HER2 mutations is increased in people who 
have never smoked, in women, and in Asian patients, 
and are more frequent in adenocarcinoma than in other 

NSCLC. HER2 mutations are not present in tumours 
harbouring EGFR or KRAS mutations.

Biologically, HER2 insertions lead to constitutive 
activation of the receptor.35 Cells harbouring these 
mutations are sensitive to treatment with small-molecule 
tyrosine kinase inhibitors that target the kinase activity of 
EGFR and HER2 (eg, lapatinib [tested as HKI-272, Wyeth, 
Madison, NJ, USA])23 but not to those that target EGFR 
alone. Transgenic mice expressing the HER2 Tyr-Val-
Met-Ala mutation develop lung adenosquamous 
carcinomas; in these models, substantial tumour 
shrinkage was observed when BIBW 2992 
(Boehringer Ingelheim, Ingelheim, Germany), a tyrosine 
kinase inhibitor that inhibits EGFR and HER2, was 
combined with sirolimus, an inhibitor of the downstream 
eff ector protein mTOR.36 Consistent with this fi nding, 
another trial of BIBW 2992 has shown promising activity 
in patients with lung adenocarcinoma positive for 
HER2 mutations.24 A lung cancer harbouring the HER2 
Gly776Leu mutation has also been shown to respond to 
treatment with trastuzumab and paclitaxel in a patient 
with chemotherapy-refractory lung adenocarcinoma.37

PIK"CA mutations
Phosphatidylinositol 3-kinases (the PI3K protein family) 
are lipid kinases that regenerate phosphatidylinositol-3-
phosphate, which is a key mediator between growth-
factor receptors and intracellular downstream signalling 
path ways.38 The main catalytic subunit of PI3K proteins 
is the p110α isoform, which is encoded by PIK3CA.39 
Mutations in this gene have been identifi ed in 30% of 
glioblastomas and gastric cancers, but are much less 
frequent in lung cancer (about 2% of NSCLC cases; 
fi gure).39 In NSCLC, PIK3CA mutations most frequently 
aff ect residues Glu542 and Glu545 in exon 9 encoding 
the catalytic domain.12,39–41 These mutations are as frequent 
in squamous-cell carcinoma as in adeno carcinoma,40 and 
can occur in EGFR-mutated tumours.40 PIK3CA 
mutations lead to gain of enzymatic function in vitro, 
and activate the protein kinase B signalling pathway in 
the absence of growth factors.42 PIK3CA mutations also 

Figure: Evolution of knowledge in non-small-cell lung cancer
Traditionally, non-small-cell lung cancers have been classifi ed according to 
histological features. Various driver mutations have been associated with these 
cancers over time. The mutations are mutually exclusive, except for those in PIK!CA. 
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compound, disease control was achieved in 47 (58%) of 
81 patients with ALK-fusion-positive tumours.22 A phase 3 
trial is underway to compare PF-02341066 with 
pemetrexed or docetaxel in this population 
(table 2).22–29ALK-fusion-positive lung tumours are 
resistant to treatment with the EGFR tyrosine kinase 
inhibitors gefi tinib and erlotinib.19

HER! mutations
Like EGFR, the HER2 protein (also known as ERBB-2) is 
a member of the HER family of receptor tyrosine kinases. 
The protein forms homodimers or heterodimers with 
other members of the HER family.30 It is overexpressed in 
about 20% of NSCLC, but gene amplifi cation occurs 
in only 2% of cases.31,32 Early clinical trials with 
trastuzumab, a humanised monoclonal antibody to HER2 
that is active in breast cancer where HER2 is amplifi ed, 
have reported only slight eff ects in unselected NSCLC.25

HER2 (also known as ERBB2) mutations are present in 
2% of NSCLC (fi gure).32–34 The mutations involve in-
frame insertions in exon 20, mostly involving the 
aminoacid sequence Tyr-Val-Met-Ala at codon 776. The 
frequency of HER2 mutations is increased in people who 
have never smoked, in women, and in Asian patients, 
and are more frequent in adenocarcinoma than in other 

NSCLC. HER2 mutations are not present in tumours 
harbouring EGFR or KRAS mutations.

Biologically, HER2 insertions lead to constitutive 
activation of the receptor.35 Cells harbouring these 
mutations are sensitive to treatment with small-molecule 
tyrosine kinase inhibitors that target the kinase activity of 
EGFR and HER2 (eg, lapatinib [tested as HKI-272, Wyeth, 
Madison, NJ, USA])23 but not to those that target EGFR 
alone. Transgenic mice expressing the HER2 Tyr-Val-
Met-Ala mutation develop lung adenosquamous 
carcinomas; in these models, substantial tumour 
shrinkage was observed when BIBW 2992 
(Boehringer Ingelheim, Ingelheim, Germany), a tyrosine 
kinase inhibitor that inhibits EGFR and HER2, was 
combined with sirolimus, an inhibitor of the downstream 
eff ector protein mTOR.36 Consistent with this fi nding, 
another trial of BIBW 2992 has shown promising activity 
in patients with lung adenocarcinoma positive for 
HER2 mutations.24 A lung cancer harbouring the HER2 
Gly776Leu mutation has also been shown to respond to 
treatment with trastuzumab and paclitaxel in a patient 
with chemotherapy-refractory lung adenocarcinoma.37

PIK"CA mutations
Phosphatidylinositol 3-kinases (the PI3K protein family) 
are lipid kinases that regenerate phosphatidylinositol-3-
phosphate, which is a key mediator between growth-
factor receptors and intracellular downstream signalling 
path ways.38 The main catalytic subunit of PI3K proteins 
is the p110α isoform, which is encoded by PIK3CA.39 
Mutations in this gene have been identifi ed in 30% of 
glioblastomas and gastric cancers, but are much less 
frequent in lung cancer (about 2% of NSCLC cases; 
fi gure).39 In NSCLC, PIK3CA mutations most frequently 
aff ect residues Glu542 and Glu545 in exon 9 encoding 
the catalytic domain.12,39–41 These mutations are as frequent 
in squamous-cell carcinoma as in adeno carcinoma,40 and 
can occur in EGFR-mutated tumours.40 PIK3CA 
mutations lead to gain of enzymatic function in vitro, 
and activate the protein kinase B signalling pathway in 
the absence of growth factors.42 PIK3CA mutations also 

Figure: Evolution of knowledge in non-small-cell lung cancer
Traditionally, non-small-cell lung cancers have been classifi ed according to 
histological features. Various driver mutations have been associated with these 
cancers over time. The mutations are mutually exclusive, except for those in PIK!CA. 
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compound, disease control was achieved in 47 (58%) of 
81 patients with ALK-fusion-positive tumours.22 A phase 3 
trial is underway to compare PF-02341066 with 
pemetrexed or docetaxel in this population 
(table 2).22–29ALK-fusion-positive lung tumours are 
resistant to treatment with the EGFR tyrosine kinase 
inhibitors gefi tinib and erlotinib.19

HER! mutations
Like EGFR, the HER2 protein (also known as ERBB-2) is 
a member of the HER family of receptor tyrosine kinases. 
The protein forms homodimers or heterodimers with 
other members of the HER family.30 It is overexpressed in 
about 20% of NSCLC, but gene amplifi cation occurs 
in only 2% of cases.31,32 Early clinical trials with 
trastuzumab, a humanised monoclonal antibody to HER2 
that is active in breast cancer where HER2 is amplifi ed, 
have reported only slight eff ects in unselected NSCLC.25

HER2 (also known as ERBB2) mutations are present in 
2% of NSCLC (fi gure).32–34 The mutations involve in-
frame insertions in exon 20, mostly involving the 
aminoacid sequence Tyr-Val-Met-Ala at codon 776. The 
frequency of HER2 mutations is increased in people who 
have never smoked, in women, and in Asian patients, 
and are more frequent in adenocarcinoma than in other 

NSCLC. HER2 mutations are not present in tumours 
harbouring EGFR or KRAS mutations.

Biologically, HER2 insertions lead to constitutive 
activation of the receptor.35 Cells harbouring these 
mutations are sensitive to treatment with small-molecule 
tyrosine kinase inhibitors that target the kinase activity of 
EGFR and HER2 (eg, lapatinib [tested as HKI-272, Wyeth, 
Madison, NJ, USA])23 but not to those that target EGFR 
alone. Transgenic mice expressing the HER2 Tyr-Val-
Met-Ala mutation develop lung adenosquamous 
carcinomas; in these models, substantial tumour 
shrinkage was observed when BIBW 2992 
(Boehringer Ingelheim, Ingelheim, Germany), a tyrosine 
kinase inhibitor that inhibits EGFR and HER2, was 
combined with sirolimus, an inhibitor of the downstream 
eff ector protein mTOR.36 Consistent with this fi nding, 
another trial of BIBW 2992 has shown promising activity 
in patients with lung adenocarcinoma positive for 
HER2 mutations.24 A lung cancer harbouring the HER2 
Gly776Leu mutation has also been shown to respond to 
treatment with trastuzumab and paclitaxel in a patient 
with chemotherapy-refractory lung adenocarcinoma.37

PIK"CA mutations
Phosphatidylinositol 3-kinases (the PI3K protein family) 
are lipid kinases that regenerate phosphatidylinositol-3-
phosphate, which is a key mediator between growth-
factor receptors and intracellular downstream signalling 
path ways.38 The main catalytic subunit of PI3K proteins 
is the p110α isoform, which is encoded by PIK3CA.39 
Mutations in this gene have been identifi ed in 30% of 
glioblastomas and gastric cancers, but are much less 
frequent in lung cancer (about 2% of NSCLC cases; 
fi gure).39 In NSCLC, PIK3CA mutations most frequently 
aff ect residues Glu542 and Glu545 in exon 9 encoding 
the catalytic domain.12,39–41 These mutations are as frequent 
in squamous-cell carcinoma as in adeno carcinoma,40 and 
can occur in EGFR-mutated tumours.40 PIK3CA 
mutations lead to gain of enzymatic function in vitro, 
and activate the protein kinase B signalling pathway in 
the absence of growth factors.42 PIK3CA mutations also 
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compound, disease control was achieved in 47 (58%) of 
81 patients with ALK-fusion-positive tumours.22 A phase 3 
trial is underway to compare PF-02341066 with 
pemetrexed or docetaxel in this population 
(table 2).22–29ALK-fusion-positive lung tumours are 
resistant to treatment with the EGFR tyrosine kinase 
inhibitors gefi tinib and erlotinib.19

HER! mutations
Like EGFR, the HER2 protein (also known as ERBB-2) is 
a member of the HER family of receptor tyrosine kinases. 
The protein forms homodimers or heterodimers with 
other members of the HER family.30 It is overexpressed in 
about 20% of NSCLC, but gene amplifi cation occurs 
in only 2% of cases.31,32 Early clinical trials with 
trastuzumab, a humanised monoclonal antibody to HER2 
that is active in breast cancer where HER2 is amplifi ed, 
have reported only slight eff ects in unselected NSCLC.25

HER2 (also known as ERBB2) mutations are present in 
2% of NSCLC (fi gure).32–34 The mutations involve in-
frame insertions in exon 20, mostly involving the 
aminoacid sequence Tyr-Val-Met-Ala at codon 776. The 
frequency of HER2 mutations is increased in people who 
have never smoked, in women, and in Asian patients, 
and are more frequent in adenocarcinoma than in other 

NSCLC. HER2 mutations are not present in tumours 
harbouring EGFR or KRAS mutations.

Biologically, HER2 insertions lead to constitutive 
activation of the receptor.35 Cells harbouring these 
mutations are sensitive to treatment with small-molecule 
tyrosine kinase inhibitors that target the kinase activity of 
EGFR and HER2 (eg, lapatinib [tested as HKI-272, Wyeth, 
Madison, NJ, USA])23 but not to those that target EGFR 
alone. Transgenic mice expressing the HER2 Tyr-Val-
Met-Ala mutation develop lung adenosquamous 
carcinomas; in these models, substantial tumour 
shrinkage was observed when BIBW 2992 
(Boehringer Ingelheim, Ingelheim, Germany), a tyrosine 
kinase inhibitor that inhibits EGFR and HER2, was 
combined with sirolimus, an inhibitor of the downstream 
eff ector protein mTOR.36 Consistent with this fi nding, 
another trial of BIBW 2992 has shown promising activity 
in patients with lung adenocarcinoma positive for 
HER2 mutations.24 A lung cancer harbouring the HER2 
Gly776Leu mutation has also been shown to respond to 
treatment with trastuzumab and paclitaxel in a patient 
with chemotherapy-refractory lung adenocarcinoma.37

PIK"CA mutations
Phosphatidylinositol 3-kinases (the PI3K protein family) 
are lipid kinases that regenerate phosphatidylinositol-3-
phosphate, which is a key mediator between growth-
factor receptors and intracellular downstream signalling 
path ways.38 The main catalytic subunit of PI3K proteins 
is the p110α isoform, which is encoded by PIK3CA.39 
Mutations in this gene have been identifi ed in 30% of 
glioblastomas and gastric cancers, but are much less 
frequent in lung cancer (about 2% of NSCLC cases; 
fi gure).39 In NSCLC, PIK3CA mutations most frequently 
aff ect residues Glu542 and Glu545 in exon 9 encoding 
the catalytic domain.12,39–41 These mutations are as frequent 
in squamous-cell carcinoma as in adeno carcinoma,40 and 
can occur in EGFR-mutated tumours.40 PIK3CA 
mutations lead to gain of enzymatic function in vitro, 
and activate the protein kinase B signalling pathway in 
the absence of growth factors.42 PIK3CA mutations also 
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compound, disease control was achieved in 47 (58%) of 
81 patients with ALK-fusion-positive tumours.22 A phase 3 
trial is underway to compare PF-02341066 with 
pemetrexed or docetaxel in this population 
(table 2).22–29ALK-fusion-positive lung tumours are 
resistant to treatment with the EGFR tyrosine kinase 
inhibitors gefi tinib and erlotinib.19

HER! mutations
Like EGFR, the HER2 protein (also known as ERBB-2) is 
a member of the HER family of receptor tyrosine kinases. 
The protein forms homodimers or heterodimers with 
other members of the HER family.30 It is overexpressed in 
about 20% of NSCLC, but gene amplifi cation occurs 
in only 2% of cases.31,32 Early clinical trials with 
trastuzumab, a humanised monoclonal antibody to HER2 
that is active in breast cancer where HER2 is amplifi ed, 
have reported only slight eff ects in unselected NSCLC.25

HER2 (also known as ERBB2) mutations are present in 
2% of NSCLC (fi gure).32–34 The mutations involve in-
frame insertions in exon 20, mostly involving the 
aminoacid sequence Tyr-Val-Met-Ala at codon 776. The 
frequency of HER2 mutations is increased in people who 
have never smoked, in women, and in Asian patients, 
and are more frequent in adenocarcinoma than in other 

NSCLC. HER2 mutations are not present in tumours 
harbouring EGFR or KRAS mutations.

Biologically, HER2 insertions lead to constitutive 
activation of the receptor.35 Cells harbouring these 
mutations are sensitive to treatment with small-molecule 
tyrosine kinase inhibitors that target the kinase activity of 
EGFR and HER2 (eg, lapatinib [tested as HKI-272, Wyeth, 
Madison, NJ, USA])23 but not to those that target EGFR 
alone. Transgenic mice expressing the HER2 Tyr-Val-
Met-Ala mutation develop lung adenosquamous 
carcinomas; in these models, substantial tumour 
shrinkage was observed when BIBW 2992 
(Boehringer Ingelheim, Ingelheim, Germany), a tyrosine 
kinase inhibitor that inhibits EGFR and HER2, was 
combined with sirolimus, an inhibitor of the downstream 
eff ector protein mTOR.36 Consistent with this fi nding, 
another trial of BIBW 2992 has shown promising activity 
in patients with lung adenocarcinoma positive for 
HER2 mutations.24 A lung cancer harbouring the HER2 
Gly776Leu mutation has also been shown to respond to 
treatment with trastuzumab and paclitaxel in a patient 
with chemotherapy-refractory lung adenocarcinoma.37

PIK"CA mutations
Phosphatidylinositol 3-kinases (the PI3K protein family) 
are lipid kinases that regenerate phosphatidylinositol-3-
phosphate, which is a key mediator between growth-
factor receptors and intracellular downstream signalling 
path ways.38 The main catalytic subunit of PI3K proteins 
is the p110α isoform, which is encoded by PIK3CA.39 
Mutations in this gene have been identifi ed in 30% of 
glioblastomas and gastric cancers, but are much less 
frequent in lung cancer (about 2% of NSCLC cases; 
fi gure).39 In NSCLC, PIK3CA mutations most frequently 
aff ect residues Glu542 and Glu545 in exon 9 encoding 
the catalytic domain.12,39–41 These mutations are as frequent 
in squamous-cell carcinoma as in adeno carcinoma,40 and 
can occur in EGFR-mutated tumours.40 PIK3CA 
mutations lead to gain of enzymatic function in vitro, 
and activate the protein kinase B signalling pathway in 
the absence of growth factors.42 PIK3CA mutations also 

Figure: Evolution of knowledge in non-small-cell lung cancer
Traditionally, non-small-cell lung cancers have been classifi ed according to 
histological features. Various driver mutations have been associated with these 
cancers over time. The mutations are mutually exclusive, except for those in PIK!CA. 
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compound, disease control was achieved in 47 (58%) of 
81 patients with ALK-fusion-positive tumours.22 A phase 3 
trial is underway to compare PF-02341066 with 
pemetrexed or docetaxel in this population 
(table 2).22–29ALK-fusion-positive lung tumours are 
resistant to treatment with the EGFR tyrosine kinase 
inhibitors gefi tinib and erlotinib.19

HER! mutations
Like EGFR, the HER2 protein (also known as ERBB-2) is 
a member of the HER family of receptor tyrosine kinases. 
The protein forms homodimers or heterodimers with 
other members of the HER family.30 It is overexpressed in 
about 20% of NSCLC, but gene amplifi cation occurs 
in only 2% of cases.31,32 Early clinical trials with 
trastuzumab, a humanised monoclonal antibody to HER2 
that is active in breast cancer where HER2 is amplifi ed, 
have reported only slight eff ects in unselected NSCLC.25

HER2 (also known as ERBB2) mutations are present in 
2% of NSCLC (fi gure).32–34 The mutations involve in-
frame insertions in exon 20, mostly involving the 
aminoacid sequence Tyr-Val-Met-Ala at codon 776. The 
frequency of HER2 mutations is increased in people who 
have never smoked, in women, and in Asian patients, 
and are more frequent in adenocarcinoma than in other 

NSCLC. HER2 mutations are not present in tumours 
harbouring EGFR or KRAS mutations.

Biologically, HER2 insertions lead to constitutive 
activation of the receptor.35 Cells harbouring these 
mutations are sensitive to treatment with small-molecule 
tyrosine kinase inhibitors that target the kinase activity of 
EGFR and HER2 (eg, lapatinib [tested as HKI-272, Wyeth, 
Madison, NJ, USA])23 but not to those that target EGFR 
alone. Transgenic mice expressing the HER2 Tyr-Val-
Met-Ala mutation develop lung adenosquamous 
carcinomas; in these models, substantial tumour 
shrinkage was observed when BIBW 2992 
(Boehringer Ingelheim, Ingelheim, Germany), a tyrosine 
kinase inhibitor that inhibits EGFR and HER2, was 
combined with sirolimus, an inhibitor of the downstream 
eff ector protein mTOR.36 Consistent with this fi nding, 
another trial of BIBW 2992 has shown promising activity 
in patients with lung adenocarcinoma positive for 
HER2 mutations.24 A lung cancer harbouring the HER2 
Gly776Leu mutation has also been shown to respond to 
treatment with trastuzumab and paclitaxel in a patient 
with chemotherapy-refractory lung adenocarcinoma.37

PIK"CA mutations
Phosphatidylinositol 3-kinases (the PI3K protein family) 
are lipid kinases that regenerate phosphatidylinositol-3-
phosphate, which is a key mediator between growth-
factor receptors and intracellular downstream signalling 
path ways.38 The main catalytic subunit of PI3K proteins 
is the p110α isoform, which is encoded by PIK3CA.39 
Mutations in this gene have been identifi ed in 30% of 
glioblastomas and gastric cancers, but are much less 
frequent in lung cancer (about 2% of NSCLC cases; 
fi gure).39 In NSCLC, PIK3CA mutations most frequently 
aff ect residues Glu542 and Glu545 in exon 9 encoding 
the catalytic domain.12,39–41 These mutations are as frequent 
in squamous-cell carcinoma as in adeno carcinoma,40 and 
can occur in EGFR-mutated tumours.40 PIK3CA 
mutations lead to gain of enzymatic function in vitro, 
and activate the protein kinase B signalling pathway in 
the absence of growth factors.42 PIK3CA mutations also 

Figure: Evolution of knowledge in non-small-cell lung cancer
Traditionally, non-small-cell lung cancers have been classifi ed according to 
histological features. Various driver mutations have been associated with these 
cancers over time. The mutations are mutually exclusive, except for those in PIK!CA. 
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compound, disease control was achieved in 47 (58%) of 
81 patients with ALK-fusion-positive tumours.22 A phase 3 
trial is underway to compare PF-02341066 with 
pemetrexed or docetaxel in this population 
(table 2).22–29ALK-fusion-positive lung tumours are 
resistant to treatment with the EGFR tyrosine kinase 
inhibitors gefi tinib and erlotinib.19

HER! mutations
Like EGFR, the HER2 protein (also known as ERBB-2) is 
a member of the HER family of receptor tyrosine kinases. 
The protein forms homodimers or heterodimers with 
other members of the HER family.30 It is overexpressed in 
about 20% of NSCLC, but gene amplifi cation occurs 
in only 2% of cases.31,32 Early clinical trials with 
trastuzumab, a humanised monoclonal antibody to HER2 
that is active in breast cancer where HER2 is amplifi ed, 
have reported only slight eff ects in unselected NSCLC.25

HER2 (also known as ERBB2) mutations are present in 
2% of NSCLC (fi gure).32–34 The mutations involve in-
frame insertions in exon 20, mostly involving the 
aminoacid sequence Tyr-Val-Met-Ala at codon 776. The 
frequency of HER2 mutations is increased in people who 
have never smoked, in women, and in Asian patients, 
and are more frequent in adenocarcinoma than in other 

NSCLC. HER2 mutations are not present in tumours 
harbouring EGFR or KRAS mutations.

Biologically, HER2 insertions lead to constitutive 
activation of the receptor.35 Cells harbouring these 
mutations are sensitive to treatment with small-molecule 
tyrosine kinase inhibitors that target the kinase activity of 
EGFR and HER2 (eg, lapatinib [tested as HKI-272, Wyeth, 
Madison, NJ, USA])23 but not to those that target EGFR 
alone. Transgenic mice expressing the HER2 Tyr-Val-
Met-Ala mutation develop lung adenosquamous 
carcinomas; in these models, substantial tumour 
shrinkage was observed when BIBW 2992 
(Boehringer Ingelheim, Ingelheim, Germany), a tyrosine 
kinase inhibitor that inhibits EGFR and HER2, was 
combined with sirolimus, an inhibitor of the downstream 
eff ector protein mTOR.36 Consistent with this fi nding, 
another trial of BIBW 2992 has shown promising activity 
in patients with lung adenocarcinoma positive for 
HER2 mutations.24 A lung cancer harbouring the HER2 
Gly776Leu mutation has also been shown to respond to 
treatment with trastuzumab and paclitaxel in a patient 
with chemotherapy-refractory lung adenocarcinoma.37

PIK"CA mutations
Phosphatidylinositol 3-kinases (the PI3K protein family) 
are lipid kinases that regenerate phosphatidylinositol-3-
phosphate, which is a key mediator between growth-
factor receptors and intracellular downstream signalling 
path ways.38 The main catalytic subunit of PI3K proteins 
is the p110α isoform, which is encoded by PIK3CA.39 
Mutations in this gene have been identifi ed in 30% of 
glioblastomas and gastric cancers, but are much less 
frequent in lung cancer (about 2% of NSCLC cases; 
fi gure).39 In NSCLC, PIK3CA mutations most frequently 
aff ect residues Glu542 and Glu545 in exon 9 encoding 
the catalytic domain.12,39–41 These mutations are as frequent 
in squamous-cell carcinoma as in adeno carcinoma,40 and 
can occur in EGFR-mutated tumours.40 PIK3CA 
mutations lead to gain of enzymatic function in vitro, 
and activate the protein kinase B signalling pathway in 
the absence of growth factors.42 PIK3CA mutations also 

Figure: Evolution of knowledge in non-small-cell lung cancer
Traditionally, non-small-cell lung cancers have been classifi ed according to 
histological features. Various driver mutations have been associated with these 
cancers over time. The mutations are mutually exclusive, except for those in PIK!CA. 
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compound, disease control was achieved in 47 (58%) of 
81 patients with ALK-fusion-positive tumours.22 A phase 3 
trial is underway to compare PF-02341066 with 
pemetrexed or docetaxel in this population 
(table 2).22–29ALK-fusion-positive lung tumours are 
resistant to treatment with the EGFR tyrosine kinase 
inhibitors gefi tinib and erlotinib.19

HER! mutations
Like EGFR, the HER2 protein (also known as ERBB-2) is 
a member of the HER family of receptor tyrosine kinases. 
The protein forms homodimers or heterodimers with 
other members of the HER family.30 It is overexpressed in 
about 20% of NSCLC, but gene amplifi cation occurs 
in only 2% of cases.31,32 Early clinical trials with 
trastuzumab, a humanised monoclonal antibody to HER2 
that is active in breast cancer where HER2 is amplifi ed, 
have reported only slight eff ects in unselected NSCLC.25

HER2 (also known as ERBB2) mutations are present in 
2% of NSCLC (fi gure).32–34 The mutations involve in-
frame insertions in exon 20, mostly involving the 
aminoacid sequence Tyr-Val-Met-Ala at codon 776. The 
frequency of HER2 mutations is increased in people who 
have never smoked, in women, and in Asian patients, 
and are more frequent in adenocarcinoma than in other 

NSCLC. HER2 mutations are not present in tumours 
harbouring EGFR or KRAS mutations.

Biologically, HER2 insertions lead to constitutive 
activation of the receptor.35 Cells harbouring these 
mutations are sensitive to treatment with small-molecule 
tyrosine kinase inhibitors that target the kinase activity of 
EGFR and HER2 (eg, lapatinib [tested as HKI-272, Wyeth, 
Madison, NJ, USA])23 but not to those that target EGFR 
alone. Transgenic mice expressing the HER2 Tyr-Val-
Met-Ala mutation develop lung adenosquamous 
carcinomas; in these models, substantial tumour 
shrinkage was observed when BIBW 2992 
(Boehringer Ingelheim, Ingelheim, Germany), a tyrosine 
kinase inhibitor that inhibits EGFR and HER2, was 
combined with sirolimus, an inhibitor of the downstream 
eff ector protein mTOR.36 Consistent with this fi nding, 
another trial of BIBW 2992 has shown promising activity 
in patients with lung adenocarcinoma positive for 
HER2 mutations.24 A lung cancer harbouring the HER2 
Gly776Leu mutation has also been shown to respond to 
treatment with trastuzumab and paclitaxel in a patient 
with chemotherapy-refractory lung adenocarcinoma.37

PIK"CA mutations
Phosphatidylinositol 3-kinases (the PI3K protein family) 
are lipid kinases that regenerate phosphatidylinositol-3-
phosphate, which is a key mediator between growth-
factor receptors and intracellular downstream signalling 
path ways.38 The main catalytic subunit of PI3K proteins 
is the p110α isoform, which is encoded by PIK3CA.39 
Mutations in this gene have been identifi ed in 30% of 
glioblastomas and gastric cancers, but are much less 
frequent in lung cancer (about 2% of NSCLC cases; 
fi gure).39 In NSCLC, PIK3CA mutations most frequently 
aff ect residues Glu542 and Glu545 in exon 9 encoding 
the catalytic domain.12,39–41 These mutations are as frequent 
in squamous-cell carcinoma as in adeno carcinoma,40 and 
can occur in EGFR-mutated tumours.40 PIK3CA 
mutations lead to gain of enzymatic function in vitro, 
and activate the protein kinase B signalling pathway in 
the absence of growth factors.42 PIK3CA mutations also 

Figure: Evolution of knowledge in non-small-cell lung cancer
Traditionally, non-small-cell lung cancers have been classifi ed according to 
histological features. Various driver mutations have been associated with these 
cancers over time. The mutations are mutually exclusive, except for those in PIK!CA. 
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variant 3 was amplified from total cDNA of a NSCLC specimen (ID no. 2075)
with PrimeSTAR HS DNA polymerase (Takara Bio) and the primers
5¶-ACTCTGTCGGTCCGCTGAATGAAG-3¶ and 5¶-CCACGGTCTTAGG-
GATCCCAAGG-3¶; PCR was done for 35 cycles of 98jC for 10 s and
68jC for 6 min. The fusion point of EML4-ALK in the genome was amplified
by PCR with genomic DNA of NSCLC specimens, PrimeSTAR HS
DNA polymerase, and the primers 5¶-GGCATAAAGATGTCATCATCAAC-
CAAGG-3¶ and 5¶-AGCTTGCTCAGCTTGTACTCAGGG-3¶. The nucleotide
sequences of the EML4-ALK variant 3a and 3b cDNAs have been deposited
in DDBJ/EMBL/GenBank under accession nos. AB374361 and AB374362,
respectively.

Fluorescence in situ hybridization. Fluorescence in situ hybridization
(FISH) analysis of the fusion gene was done with archival pathology
specimens and with bacterial artificial chromosomes containing genomic
DNA corresponding to EML4 or ALK and their flanking regions as probes.
In brief, surgically removed lung cancer tissue was fixed in 20% neutral

buffered formalin, embedded in paraffin, and sectioned at a thickness of
3 Am. The sections were placed on glass slides and processed with a
Histology FISH Accessory Kit (DakoCytomation) before hybridization with
the EML4 and ALK probes and examination with a fluorescence microscope
(BX61, Olympus).

Transforming activity of EML4-ALK variant 3. Analyses of the
function of EML4-ALK variant 3 were done as described previously (5). In
brief, the cDNA for EML4-ALK variant 3a or 3b was fused with an
oligonucleotide encoding the FLAG epitope tag and then inserted into the
retroviral expression plasmid pMXS (6). The resulting plasmids as well as
similar pMXS-based expression plasmids for EML4-ALK variant 1, variant
1 (K589M), or variant 2 were individually introduced into mouse 3T3
fibroblasts by the calcium phosphate method for a focus formation assay
and assay of tumorigenicity in nu/nu mice. The same set of EML4-ALK
proteins was expressed in HEK293 cells and assayed for kinase activity
in vitro with the YFF peptide (7).

Figure 1. Identification of EML4-ALK variant 3. A, detection of fusion cDNAs linking exon 6 of EML4 to exon 20 of ALK by RT-PCR analysis. Two RT-PCR products
of 548 bp (corresponding to variant 3b) and 515 bp (corresponding to variant 3a) were detected by agarose gel electrophoresis with total RNA from two NSCLC
specimens (tumor ID nos. 2075 and 7969). Lane (!), no-template control; lane M, size markers (50-bp ladder). B, genomic organization of EML4 . Intronic sequences
downstream of exons (e) 6, 13, and 20 of EML4 are fused to intron 19 of ALK to generate variants (v ) 3, 1, and 2 of EML4-ALK , respectively. Exon-intron
boundary sequences as well as the size of exon 6b are indicated. C, predicted amino acid sequence of EML4-ALK variant 3b. Blue, green, and red, amino acids
corresponding to exons 1 to 6a of EML4 , exon 6b of EML4 , and ALK , respectively. Amino acid number is indicated on the right. D, fusion of an amino-terminal portion
of EML4 [which consists of a basic region (Basic ), HELP domain (H ), and WD repeats] to the intracellular region of ALK (containing the tyrosine kinase domain)
generates EML4-ALK variant 3b. Green, the region of the fusion protein encoded by exon 6b of EML4. TM, transmembrane domain.
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compound, disease control was achieved in 47 (58%) of 
81 patients with ALK-fusion-positive tumours.22 A phase 3 
trial is underway to compare PF-02341066 with 
pemetrexed or docetaxel in this population 
(table 2).22–29ALK-fusion-positive lung tumours are 
resistant to treatment with the EGFR tyrosine kinase 
inhibitors gefi tinib and erlotinib.19

HER! mutations
Like EGFR, the HER2 protein (also known as ERBB-2) is 
a member of the HER family of receptor tyrosine kinases. 
The protein forms homodimers or heterodimers with 
other members of the HER family.30 It is overexpressed in 
about 20% of NSCLC, but gene amplifi cation occurs 
in only 2% of cases.31,32 Early clinical trials with 
trastuzumab, a humanised monoclonal antibody to HER2 
that is active in breast cancer where HER2 is amplifi ed, 
have reported only slight eff ects in unselected NSCLC.25

HER2 (also known as ERBB2) mutations are present in 
2% of NSCLC (fi gure).32–34 The mutations involve in-
frame insertions in exon 20, mostly involving the 
aminoacid sequence Tyr-Val-Met-Ala at codon 776. The 
frequency of HER2 mutations is increased in people who 
have never smoked, in women, and in Asian patients, 
and are more frequent in adenocarcinoma than in other 

NSCLC. HER2 mutations are not present in tumours 
harbouring EGFR or KRAS mutations.

Biologically, HER2 insertions lead to constitutive 
activation of the receptor.35 Cells harbouring these 
mutations are sensitive to treatment with small-molecule 
tyrosine kinase inhibitors that target the kinase activity of 
EGFR and HER2 (eg, lapatinib [tested as HKI-272, Wyeth, 
Madison, NJ, USA])23 but not to those that target EGFR 
alone. Transgenic mice expressing the HER2 Tyr-Val-
Met-Ala mutation develop lung adenosquamous 
carcinomas; in these models, substantial tumour 
shrinkage was observed when BIBW 2992 
(Boehringer Ingelheim, Ingelheim, Germany), a tyrosine 
kinase inhibitor that inhibits EGFR and HER2, was 
combined with sirolimus, an inhibitor of the downstream 
eff ector protein mTOR.36 Consistent with this fi nding, 
another trial of BIBW 2992 has shown promising activity 
in patients with lung adenocarcinoma positive for 
HER2 mutations.24 A lung cancer harbouring the HER2 
Gly776Leu mutation has also been shown to respond to 
treatment with trastuzumab and paclitaxel in a patient 
with chemotherapy-refractory lung adenocarcinoma.37

PIK"CA mutations
Phosphatidylinositol 3-kinases (the PI3K protein family) 
are lipid kinases that regenerate phosphatidylinositol-3-
phosphate, which is a key mediator between growth-
factor receptors and intracellular downstream signalling 
path ways.38 The main catalytic subunit of PI3K proteins 
is the p110α isoform, which is encoded by PIK3CA.39 
Mutations in this gene have been identifi ed in 30% of 
glioblastomas and gastric cancers, but are much less 
frequent in lung cancer (about 2% of NSCLC cases; 
fi gure).39 In NSCLC, PIK3CA mutations most frequently 
aff ect residues Glu542 and Glu545 in exon 9 encoding 
the catalytic domain.12,39–41 These mutations are as frequent 
in squamous-cell carcinoma as in adeno carcinoma,40 and 
can occur in EGFR-mutated tumours.40 PIK3CA 
mutations lead to gain of enzymatic function in vitro, 
and activate the protein kinase B signalling pathway in 
the absence of growth factors.42 PIK3CA mutations also 

Figure: Evolution of knowledge in non-small-cell lung cancer
Traditionally, non-small-cell lung cancers have been classifi ed according to 
histological features. Various driver mutations have been associated with these 
cancers over time. The mutations are mutually exclusive, except for those in PIK!CA. 
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compound, disease control was achieved in 47 (58%) of 
81 patients with ALK-fusion-positive tumours.22 A phase 3 
trial is underway to compare PF-02341066 with 
pemetrexed or docetaxel in this population 
(table 2).22–29ALK-fusion-positive lung tumours are 
resistant to treatment with the EGFR tyrosine kinase 
inhibitors gefi tinib and erlotinib.19

HER! mutations
Like EGFR, the HER2 protein (also known as ERBB-2) is 
a member of the HER family of receptor tyrosine kinases. 
The protein forms homodimers or heterodimers with 
other members of the HER family.30 It is overexpressed in 
about 20% of NSCLC, but gene amplifi cation occurs 
in only 2% of cases.31,32 Early clinical trials with 
trastuzumab, a humanised monoclonal antibody to HER2 
that is active in breast cancer where HER2 is amplifi ed, 
have reported only slight eff ects in unselected NSCLC.25

HER2 (also known as ERBB2) mutations are present in 
2% of NSCLC (fi gure).32–34 The mutations involve in-
frame insertions in exon 20, mostly involving the 
aminoacid sequence Tyr-Val-Met-Ala at codon 776. The 
frequency of HER2 mutations is increased in people who 
have never smoked, in women, and in Asian patients, 
and are more frequent in adenocarcinoma than in other 

NSCLC. HER2 mutations are not present in tumours 
harbouring EGFR or KRAS mutations.

Biologically, HER2 insertions lead to constitutive 
activation of the receptor.35 Cells harbouring these 
mutations are sensitive to treatment with small-molecule 
tyrosine kinase inhibitors that target the kinase activity of 
EGFR and HER2 (eg, lapatinib [tested as HKI-272, Wyeth, 
Madison, NJ, USA])23 but not to those that target EGFR 
alone. Transgenic mice expressing the HER2 Tyr-Val-
Met-Ala mutation develop lung adenosquamous 
carcinomas; in these models, substantial tumour 
shrinkage was observed when BIBW 2992 
(Boehringer Ingelheim, Ingelheim, Germany), a tyrosine 
kinase inhibitor that inhibits EGFR and HER2, was 
combined with sirolimus, an inhibitor of the downstream 
eff ector protein mTOR.36 Consistent with this fi nding, 
another trial of BIBW 2992 has shown promising activity 
in patients with lung adenocarcinoma positive for 
HER2 mutations.24 A lung cancer harbouring the HER2 
Gly776Leu mutation has also been shown to respond to 
treatment with trastuzumab and paclitaxel in a patient 
with chemotherapy-refractory lung adenocarcinoma.37

PIK"CA mutations
Phosphatidylinositol 3-kinases (the PI3K protein family) 
are lipid kinases that regenerate phosphatidylinositol-3-
phosphate, which is a key mediator between growth-
factor receptors and intracellular downstream signalling 
path ways.38 The main catalytic subunit of PI3K proteins 
is the p110α isoform, which is encoded by PIK3CA.39 
Mutations in this gene have been identifi ed in 30% of 
glioblastomas and gastric cancers, but are much less 
frequent in lung cancer (about 2% of NSCLC cases; 
fi gure).39 In NSCLC, PIK3CA mutations most frequently 
aff ect residues Glu542 and Glu545 in exon 9 encoding 
the catalytic domain.12,39–41 These mutations are as frequent 
in squamous-cell carcinoma as in adeno carcinoma,40 and 
can occur in EGFR-mutated tumours.40 PIK3CA 
mutations lead to gain of enzymatic function in vitro, 
and activate the protein kinase B signalling pathway in 
the absence of growth factors.42 PIK3CA mutations also 

Figure: Evolution of knowledge in non-small-cell lung cancer
Traditionally, non-small-cell lung cancers have been classifi ed according to 
histological features. Various driver mutations have been associated with these 
cancers over time. The mutations are mutually exclusive, except for those in PIK!CA. 
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compound, disease control was achieved in 47 (58%) of 
81 patients with ALK-fusion-positive tumours.22 A phase 3 
trial is underway to compare PF-02341066 with 
pemetrexed or docetaxel in this population 
(table 2).22–29ALK-fusion-positive lung tumours are 
resistant to treatment with the EGFR tyrosine kinase 
inhibitors gefi tinib and erlotinib.19

HER! mutations
Like EGFR, the HER2 protein (also known as ERBB-2) is 
a member of the HER family of receptor tyrosine kinases. 
The protein forms homodimers or heterodimers with 
other members of the HER family.30 It is overexpressed in 
about 20% of NSCLC, but gene amplifi cation occurs 
in only 2% of cases.31,32 Early clinical trials with 
trastuzumab, a humanised monoclonal antibody to HER2 
that is active in breast cancer where HER2 is amplifi ed, 
have reported only slight eff ects in unselected NSCLC.25

HER2 (also known as ERBB2) mutations are present in 
2% of NSCLC (fi gure).32–34 The mutations involve in-
frame insertions in exon 20, mostly involving the 
aminoacid sequence Tyr-Val-Met-Ala at codon 776. The 
frequency of HER2 mutations is increased in people who 
have never smoked, in women, and in Asian patients, 
and are more frequent in adenocarcinoma than in other 

NSCLC. HER2 mutations are not present in tumours 
harbouring EGFR or KRAS mutations.

Biologically, HER2 insertions lead to constitutive 
activation of the receptor.35 Cells harbouring these 
mutations are sensitive to treatment with small-molecule 
tyrosine kinase inhibitors that target the kinase activity of 
EGFR and HER2 (eg, lapatinib [tested as HKI-272, Wyeth, 
Madison, NJ, USA])23 but not to those that target EGFR 
alone. Transgenic mice expressing the HER2 Tyr-Val-
Met-Ala mutation develop lung adenosquamous 
carcinomas; in these models, substantial tumour 
shrinkage was observed when BIBW 2992 
(Boehringer Ingelheim, Ingelheim, Germany), a tyrosine 
kinase inhibitor that inhibits EGFR and HER2, was 
combined with sirolimus, an inhibitor of the downstream 
eff ector protein mTOR.36 Consistent with this fi nding, 
another trial of BIBW 2992 has shown promising activity 
in patients with lung adenocarcinoma positive for 
HER2 mutations.24 A lung cancer harbouring the HER2 
Gly776Leu mutation has also been shown to respond to 
treatment with trastuzumab and paclitaxel in a patient 
with chemotherapy-refractory lung adenocarcinoma.37

PIK"CA mutations
Phosphatidylinositol 3-kinases (the PI3K protein family) 
are lipid kinases that regenerate phosphatidylinositol-3-
phosphate, which is a key mediator between growth-
factor receptors and intracellular downstream signalling 
path ways.38 The main catalytic subunit of PI3K proteins 
is the p110α isoform, which is encoded by PIK3CA.39 
Mutations in this gene have been identifi ed in 30% of 
glioblastomas and gastric cancers, but are much less 
frequent in lung cancer (about 2% of NSCLC cases; 
fi gure).39 In NSCLC, PIK3CA mutations most frequently 
aff ect residues Glu542 and Glu545 in exon 9 encoding 
the catalytic domain.12,39–41 These mutations are as frequent 
in squamous-cell carcinoma as in adeno carcinoma,40 and 
can occur in EGFR-mutated tumours.40 PIK3CA 
mutations lead to gain of enzymatic function in vitro, 
and activate the protein kinase B signalling pathway in 
the absence of growth factors.42 PIK3CA mutations also 
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compound, disease control was achieved in 47 (58%) of 
81 patients with ALK-fusion-positive tumours.22 A phase 3 
trial is underway to compare PF-02341066 with 
pemetrexed or docetaxel in this population 
(table 2).22–29ALK-fusion-positive lung tumours are 
resistant to treatment with the EGFR tyrosine kinase 
inhibitors gefi tinib and erlotinib.19

HER! mutations
Like EGFR, the HER2 protein (also known as ERBB-2) is 
a member of the HER family of receptor tyrosine kinases. 
The protein forms homodimers or heterodimers with 
other members of the HER family.30 It is overexpressed in 
about 20% of NSCLC, but gene amplifi cation occurs 
in only 2% of cases.31,32 Early clinical trials with 
trastuzumab, a humanised monoclonal antibody to HER2 
that is active in breast cancer where HER2 is amplifi ed, 
have reported only slight eff ects in unselected NSCLC.25

HER2 (also known as ERBB2) mutations are present in 
2% of NSCLC (fi gure).32–34 The mutations involve in-
frame insertions in exon 20, mostly involving the 
aminoacid sequence Tyr-Val-Met-Ala at codon 776. The 
frequency of HER2 mutations is increased in people who 
have never smoked, in women, and in Asian patients, 
and are more frequent in adenocarcinoma than in other 

NSCLC. HER2 mutations are not present in tumours 
harbouring EGFR or KRAS mutations.

Biologically, HER2 insertions lead to constitutive 
activation of the receptor.35 Cells harbouring these 
mutations are sensitive to treatment with small-molecule 
tyrosine kinase inhibitors that target the kinase activity of 
EGFR and HER2 (eg, lapatinib [tested as HKI-272, Wyeth, 
Madison, NJ, USA])23 but not to those that target EGFR 
alone. Transgenic mice expressing the HER2 Tyr-Val-
Met-Ala mutation develop lung adenosquamous 
carcinomas; in these models, substantial tumour 
shrinkage was observed when BIBW 2992 
(Boehringer Ingelheim, Ingelheim, Germany), a tyrosine 
kinase inhibitor that inhibits EGFR and HER2, was 
combined with sirolimus, an inhibitor of the downstream 
eff ector protein mTOR.36 Consistent with this fi nding, 
another trial of BIBW 2992 has shown promising activity 
in patients with lung adenocarcinoma positive for 
HER2 mutations.24 A lung cancer harbouring the HER2 
Gly776Leu mutation has also been shown to respond to 
treatment with trastuzumab and paclitaxel in a patient 
with chemotherapy-refractory lung adenocarcinoma.37

PIK"CA mutations
Phosphatidylinositol 3-kinases (the PI3K protein family) 
are lipid kinases that regenerate phosphatidylinositol-3-
phosphate, which is a key mediator between growth-
factor receptors and intracellular downstream signalling 
path ways.38 The main catalytic subunit of PI3K proteins 
is the p110α isoform, which is encoded by PIK3CA.39 
Mutations in this gene have been identifi ed in 30% of 
glioblastomas and gastric cancers, but are much less 
frequent in lung cancer (about 2% of NSCLC cases; 
fi gure).39 In NSCLC, PIK3CA mutations most frequently 
aff ect residues Glu542 and Glu545 in exon 9 encoding 
the catalytic domain.12,39–41 These mutations are as frequent 
in squamous-cell carcinoma as in adeno carcinoma,40 and 
can occur in EGFR-mutated tumours.40 PIK3CA 
mutations lead to gain of enzymatic function in vitro, 
and activate the protein kinase B signalling pathway in 
the absence of growth factors.42 PIK3CA mutations also 
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compound, disease control was achieved in 47 (58%) of 
81 patients with ALK-fusion-positive tumours.22 A phase 3 
trial is underway to compare PF-02341066 with 
pemetrexed or docetaxel in this population 
(table 2).22–29ALK-fusion-positive lung tumours are 
resistant to treatment with the EGFR tyrosine kinase 
inhibitors gefi tinib and erlotinib.19
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a member of the HER family of receptor tyrosine kinases. 
The protein forms homodimers or heterodimers with 
other members of the HER family.30 It is overexpressed in 
about 20% of NSCLC, but gene amplifi cation occurs 
in only 2% of cases.31,32 Early clinical trials with 
trastuzumab, a humanised monoclonal antibody to HER2 
that is active in breast cancer where HER2 is amplifi ed, 
have reported only slight eff ects in unselected NSCLC.25

HER2 (also known as ERBB2) mutations are present in 
2% of NSCLC (fi gure).32–34 The mutations involve in-
frame insertions in exon 20, mostly involving the 
aminoacid sequence Tyr-Val-Met-Ala at codon 776. The 
frequency of HER2 mutations is increased in people who 
have never smoked, in women, and in Asian patients, 
and are more frequent in adenocarcinoma than in other 

NSCLC. HER2 mutations are not present in tumours 
harbouring EGFR or KRAS mutations.

Biologically, HER2 insertions lead to constitutive 
activation of the receptor.35 Cells harbouring these 
mutations are sensitive to treatment with small-molecule 
tyrosine kinase inhibitors that target the kinase activity of 
EGFR and HER2 (eg, lapatinib [tested as HKI-272, Wyeth, 
Madison, NJ, USA])23 but not to those that target EGFR 
alone. Transgenic mice expressing the HER2 Tyr-Val-
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carcinomas; in these models, substantial tumour 
shrinkage was observed when BIBW 2992 
(Boehringer Ingelheim, Ingelheim, Germany), a tyrosine 
kinase inhibitor that inhibits EGFR and HER2, was 
combined with sirolimus, an inhibitor of the downstream 
eff ector protein mTOR.36 Consistent with this fi nding, 
another trial of BIBW 2992 has shown promising activity 
in patients with lung adenocarcinoma positive for 
HER2 mutations.24 A lung cancer harbouring the HER2 
Gly776Leu mutation has also been shown to respond to 
treatment with trastuzumab and paclitaxel in a patient 
with chemotherapy-refractory lung adenocarcinoma.37
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Phosphatidylinositol 3-kinases (the PI3K protein family) 
are lipid kinases that regenerate phosphatidylinositol-3-
phosphate, which is a key mediator between growth-
factor receptors and intracellular downstream signalling 
path ways.38 The main catalytic subunit of PI3K proteins 
is the p110α isoform, which is encoded by PIK3CA.39 
Mutations in this gene have been identifi ed in 30% of 
glioblastomas and gastric cancers, but are much less 
frequent in lung cancer (about 2% of NSCLC cases; 
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aff ect residues Glu542 and Glu545 in exon 9 encoding 
the catalytic domain.12,39–41 These mutations are as frequent 
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can occur in EGFR-mutated tumours.40 PIK3CA 
mutations lead to gain of enzymatic function in vitro, 
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pemetrexed or docetaxel in this population 
(table 2).22–29ALK-fusion-positive lung tumours are 
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inhibitors gefi tinib and erlotinib.19
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The protein forms homodimers or heterodimers with 
other members of the HER family.30 It is overexpressed in 
about 20% of NSCLC, but gene amplifi cation occurs 
in only 2% of cases.31,32 Early clinical trials with 
trastuzumab, a humanised monoclonal antibody to HER2 
that is active in breast cancer where HER2 is amplifi ed, 
have reported only slight eff ects in unselected NSCLC.25

HER2 (also known as ERBB2) mutations are present in 
2% of NSCLC (fi gure).32–34 The mutations involve in-
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frequency of HER2 mutations is increased in people who 
have never smoked, in women, and in Asian patients, 
and are more frequent in adenocarcinoma than in other 

NSCLC. HER2 mutations are not present in tumours 
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Biologically, HER2 insertions lead to constitutive 
activation of the receptor.35 Cells harbouring these 
mutations are sensitive to treatment with small-molecule 
tyrosine kinase inhibitors that target the kinase activity of 
EGFR and HER2 (eg, lapatinib [tested as HKI-272, Wyeth, 
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shrinkage was observed when BIBW 2992 
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combined with sirolimus, an inhibitor of the downstream 
eff ector protein mTOR.36 Consistent with this fi nding, 
another trial of BIBW 2992 has shown promising activity 
in patients with lung adenocarcinoma positive for 
HER2 mutations.24 A lung cancer harbouring the HER2 
Gly776Leu mutation has also been shown to respond to 
treatment with trastuzumab and paclitaxel in a patient 
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the catalytic domain.12,39–41 These mutations are as frequent 
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were insufficient to correlate the presence of the 
EML4-ALK breakpoint with either smoking his-
tory or response rate (Fig. 3). Immunohistochemi-

cal analysis of ALK in FFPE tumor sections with 
an anti-ALK rabbit monoclonal antibody21 revealed 
positive ALK protein expression in all 25 samples 
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Figure 2. Response to ALK Inhibition.

Panel A shows the best response of patients with ALK-positive tumors who were treated with crizotinib, as compared with pretreatment 
baseline. Numbers along the x axis indicate arbitrarily assigned subject numbers from 1 to 79. The bars indicate the percent change in 
tumor burden from baseline. Three study patients are not included in this plot: one patient was clinically assessed as having had a par-
tial response, although the response was primarily in areas of nonmeasurable disease, so the patient was classified as having stable dis-
ease; two patients with abrupt clinical deterioration could not be assessed. Four patients had complete resolution of their target lesions 
but were classified as having had a partial response on the basis of stability in nontarget lesions. Eight patients had tumor shrinkage of 
more than 30% but were classified as having stable disease either because confirmatory scans were not available by the data-cutoff 
point (for five patients) or early restaging was performed at 6 weeks after crizotinib initiation (for three patients). The dashed line indi-
cates a tumor reduction of 30% from baseline, the minimal percent decrease that constitutes a partial response, according to Response 
Evaluation Criteria in Solid Tumors. Panel B shows the results of CT with coronal reconstruction in a representative patient at baseline 
(left) and after two cycles of therapy (right). This patient had undergone previous left lower lobectomy.
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Lung cancer research landscape –
MoA group and phase

Source: Compiled by Neeta Somaiah and George Simon. 

Approved/Launched Src Inhibitors

PI3K. mTOR, AKT, 
MAPK/ERK Inhibitors

Apoptosis Agonist

FGFR Inhibitors

DNA Repair Inhibitors

Vascular Disrupting Agents

Mitotic/Topoisomerase Inhibitors

Other

Alkylating Agents

Protein Degradation

IGFR Inhibitors

Immunostimulants/Vaccines

EGFR Inhibitors

VEGF Inhibitors
Fosbretabulin (CA4P)

ABT-751

ANG-615

NPI-2358

ASA404

Aflibercept
IVandetanib

ARamucirumab
IXL-647

IAV-951

CT-322

ABevacizumab

Ixabepilone

BI-2536

ARRAY520

Vorinostat

Retaspimycin
Etinostat

AUY922

Everolimus (RAD-001)
Sirolimus (Rapamycin)

Temsirolimus (CCI-779)
Enzostaurin

Deforolimus (AP23573)

AZD-6244 PX-866

OSI-027

AZD-8055

I XL-184

Figitumumab 
(CP-751871)

AVE-1642
A Cixutumumab

A AMG-479

OSI-906

= IV & PO
= PO
= IV
= 1st-line

= 2nd-line
= 1st and 2nd line

= 3rd-line

= Undeclared

PF-2341066

MetMab

BHB022

Dulanermin (AMG-951)
A Mapatumumab

AApomab
AMG655

LCL-161

YM-155

I Dasatinib (Sprycel)
AZD-0530

KX2-391

IBrivanib
AV-370

ITKI-258

AG-014699
ABT-888

CS-7017

Phase III

Phase II

Phase I

Cancer Stem Cell Targeting (PPAR, Hedgehog)

IPI-926

XL-281

BMS833923

BIBW2992

I PF-00299804

IBMS-690514

Cisplatin

Carboplatin
Ifosfamide

ACetuximab
I Erlotinib

Docetaxel

Antimetabolites

= SCLC

Etoposide

Gemcitabine

Irinotecan

Paclitaxel

Pemetrexed

Vinorelbine/ Vinblastine

Paclitaxel 
(Albumin B.)

Liposomal Cisplatin

Panobinostat

GDC0449

AMG102

AEG35156

A Bavituximab

I Cediranib

APanitumumab
ANimotuzumab

Matuzumab

Gefitinib

I Sunitinib

Sorafenib
I Axitinib

I Motesanib

A R-1507

XL-228

MKC-1Oblimersen

Cilengitide

Talactoferrin
Sapacitabine

Reolysin
Irvalec (Custirsen)

Mage-A3
Stimuvax

PF-3512676 
(agatolimod)

Tremelimumab

Imprime PGG

GVAX

CimaVax EGF

AVE-8062

Pralatrexate

ARQ197

Apricoxib

IABT-869

ARRY-886

ARC-100

AS-1411

BI-6727

Decitabine

Cositecan

Glufosfamide

Eribulin

I Bosutinib

Kahalalide F

IMO-2055

EC-145

AF-50035

GI4000

KOS-1584
A Lexatumumab

ARQ-621

Lip. PaclitaxelCamptothecin

ISIS-23722

PEG-Irinotecan

MDX-1105

AIntetumumab

IE-7080

AMP-001

IMGN-242

IDanusertib

JNJ-26854165

Vical-2 vaccine

A

Itipifarnib

Pertuzumab

INeratinib

A Naptumomab

MGCD-0103

AMORab-009

MP-470

V-930VX-001

Vinorelbine (emulsion)

V-935

Crinobulin

Registered

XL-999
IBIBF-1120

I

XL-184 I
I BMS-690514

I Pazopanib

SNX5542

Temozolomide
PicoPt

Obatoclax

AT-101

Zibotentan

Amrubicin

PF-00299804 I

Topotecan

ABT-263

INeratinib

LY573636

BEZ-235 / BTGT226 / BKM

Bcl-2 Inhibitors

obatoclax

A

I

BSI-201

Auristatin PE

ADH-1 (Exherin)I = TKI
A = Antibody

Zometa

bexarotene

Lucanix
NOV-002

belinostat

CYT-997

AMG-386

Retaspimycin

ABT-263

BNC-105

rebimastat

Fremtid
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The end
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