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Abstract Somatic mutations have been demonstrated
in various tumors. EGFR mutations were first demon-
strated in adenocarcinoma of the lung, and a large-
scale retrospective study has clearly shown that these
mutations are specifically observed in this form of the
disease. Recently, possible occurrence of EGFR muta-
tions in other tumor types including ovarian and colo-
rectal malignancies has been reported. This raises the
possibility of application of EGFR-specific tyrosine
kinase inhibitors (EGFR-TKI) to the treatment of
these malignancies, although broad success in this ven-
ture would depend on the frequency of such mutations.
In this article, we discuss somatic mutations in various
tumors as well as potential application of TKI to their
treatment. Ethnic difference in the frequency of
somatic mutations is another area of interest since it is
closely related to clinical response to EGFR-TKIs.
Preliminary studies have revealed such ethnic varia-
tions regarding EGFR mutation and gene amplifica-
tion. Ethnic difference of transcriptional regulation of
EGPFR has also been demonstrated. We recently found
a biomarker related to clinical response to EGFR-TKI
that might explain the ethnic differences in response to
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this therapy. Various tyrosine kinases are known tar-
gets of TKIs. Thus genomics of individual patients may
allow personalized target-based therapeutics.
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EGFR mutation in various cancers

Somatic mutations have been demonstrated in various
tumors. EGFR mutations were first demonstrated in
adenocarcinoma of the lung, and a large-scale retro-
spective study has clearly shown that these mutations
are specifically observed in this form of the disease [10].
However, extensive analysis of somatic mutation in var-
ious tumors subsequently demonstrated the existence
of EGFR somatic mutation in many human tumors
such as colorectal and head and neck cancer, renal cell
carcinoma, prostate cancer, and cholangiocarcinoma [4,
7, 8]. Gwak et al. [5] reported EGFR mutation in cho-
langiocarcinoma and found that it was detectable in
13.6% (3/22) of patients. The type of mutation was
deletion of exon 19. This is commonly observed in int-
rahepatic and poorly differentiated tumors. These and
other researchers also reported this EGFR mutation in
squamous cell head and neck carcinoma [7], and
Cohen's group demonstrated a new mutation on erb2
and gene amplification in this disease [3]. The mutation
has also been reported in persistent ovarian and pri-
mary peritoneal carcinoma in clinical phase II trials of
gefitinib [14]. Similar types of mutation have been
reported in lung cancers, although these seem to be of
minor occurrence [4]. Thus somatic mutations of EGFR
exist in various tumors. Because of limited samples, it
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remains unknown whether EGFR mutation in cancer is
correlated with clinical response to EGFR-specific tyro-
sine kinase inhibitors (EGFR-TKI). EGFR mutation in
other types of tumors than lung cancer seems correlated
with immunohistochemical expression but correlation
with gene amplification is unknown [14]. Functional
aspects of EGFR mutation in other types of tumors are
also only partially understood. To clarify the signifi-
cance of somatic mutations in various tumors, tissue
banking is necessary. In addition, validated and stan-
dardized analytical methods and cross-validation are
important to give consistent results. We should also
consider how to conduct clinical trials of target-based
drugs for less common tumors based on biological data.

Ethnic difference in EGFR mutation

Ethnic difference in EGFR mutation is another impor-
tant topic. It is considered that ethnic differences may
determine both the frequency of EGFR mutation and
response to TKi [2]. However, although it has not been
fully discussed whether these differences are due to
ethnic or merely geographical divides, ethnicity can
explain differences in clinical response because of the
data acquired in Asian—US patients. It is also consid-
ered that differences among the regions of Asia might
be obtained: patterns of EGFR mutation may differ
between Japanese, Chinese, Korean, South Indian, and
Turkish individuals [16]. Expanding genome databases
should eventually pinpoint the contribution of ethnic-
ity in this regard. Already there is some evidence
related to ethnic differences. A CA repeat exists in
exon 1 of EGFR, related to transcriptional level of this
gene. The length of CA repeat varies and is related to
ethnicity [9]. Japanese have longer CA repeat com-
pared with Caucasians. Moreover, intron 1 polymor-
phism reportedly mediates response to EGFR-TKI [1].

What are the differences among the types of EGFR
mutation? The deletion mutation in exon 19 and point
mutation L858R in exon 21 are the two major muta-
tions. Previously, we speculated that the deletion muta-
tion is more frequently detected in Japanese and Asian
lung cancer patients as compared with Caucasians.
However, recent data seem to refute ethnic difference
in the types of EGFR mutations [12].

A predictive biomarker related to ethnic difference
of sensitivity to gefitinib

Ethnic difference might also exist in sensitivity to drugs.
In most such cases, gene polymorphism including
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microsatellite polymorphism and single nucleotide
polymorphism may explain ethnic difference of
response to drugs.

Using microarray technique, we analyzed gene
expression profiles of peripheral mononuclear cells in
lung cancer patients receiving gefitinib as a first-line
monotherapy. Our results revealed that HLA geno-
type was closely related to response to this agent. On
the other hand, large ethnic difference of HLA geno-
type was recognized. Previous reports have demon-
strated that HLA genotype plays a role in the
metabolism of certain drugs and may be a prognostic
factor in malignancies such as gastric, ovarian, and cer-
vical cancers [6, 11, 13, 15, 17]. We hypothesize that
HLA subtype may be related to response to gefitinib
and might explain ethnic differences. Cross-validation
study of this HLA biomarker is ongoing.

Ethnic difference of gefitinib toxicity profile

Subpopulation analysis of gefitinib's toxicity in the
ISEL study revealed that only southwest Asian and
Taiwanese patients exhibited high ratios of interstitial
lung disease (ILD) while on this therapy [16]. How-
ever, ILD might not have been induced by gefitinib.
More interestingly, the data indicated that Indian—Brit-
ish patients experienced severe (grade 3) skin toxicity
along with higher response to gefitinib. Although these
phenomena are based on subpopulation analysis, we
can speculate that ethnic difference might guide toxic-
ity as well as clinical response to EGFR-TKI. Genomic
and biomarker research is necessary to further eluci-
date these preliminary findings.

Acknowledgment We thank Dr. N. Thatcher (Christie Hosp
NHS Trust) for personal communication with T. Kato.

References

1. Amador ML, Oppenheimer D, Perea S, Maitra A, Cusati G,
Tacobuzio-Donahue C, Baker SD, Ashfaq R, Takimoto C,
Forastiere A, Hidalgo M (2004) An epidermal growth factor
receptor intron 1 polymorphism mediates response to epider-
mal growth factor receptor inhibitors. Cancer Res 64:9139—
9143

2. Calvo E, Baselga J (2006) Ethnic differences in response to
epidermal growth factor receptor tyrosine kinase inhibitors. J
Clin Oncol 24:2158-2163

3. Cohen EE, Lingen MW, Martin LE, Harris PL, Brannigan
BW, Haserlat SM, Okimoto RA, Sgroi DC, Dahiya S, Muir
B, Clark JR, Rocco JW, Vokes EE, Haber DA, Bell DW
(2005) Response of some head and neck cancers to epidermal
growth factor receptor tyrosine kinase inhibitors may be
linked to mutation of ERBB2 rather than EGFR. Clin Cancer
Res 11:8105-8108



Cancer Chemother Pharmacol (2006) 58 (Suppl 1): s39-s41

s41

10.

11.

. Douglas DA, Zhong H, Ro JY, Oddoux C, Berger AD, Pin-

cus MR, Satagopan JM, Gerald WL, Scher HI, Lee P, Osman
1(2006) Novel mutations of epidermal growth factor receptor
in localized prostate cancer. Front Biosci 11:2518-2525

. Gwak GY, Yoon JH, Shin CM, Ahn YJ, Chung JK, Kim YA,

Kim TY, Lee HS (2005) Detection of response-predicting
mutations in the kinase domain of the epidermal growth fac-
tor receptor gene in cholangiocarcinomas. J Cancer Res Clin
Oncol 131:649-652

. Klein B, Klein T, Nyska A, Shapira J, Figer A, Schwartz A,

Rakovsky E, Livni E, Lurie H (1991) Expression of HLA
class I and class II in gastric carcinoma in relation to patho-
logic stage. Tumour Biol 12:68-74

. Lee JW, Soung YH, Kim SY, Nam HK, Park WS, Nam SW,

Kim MS, Sun DI, Lee YS, Jang JJ, Lee JY, Yoo NJ, Lee SH
(2005) Somatic mutations of EGFR gene in squamous cell
carcinoma of the head and neck. Clin Cancer Res 11:2879-
2882

. Lee SC, Lim SG, Soo R, Hsieh WS, Guo JY, Putti T, Tao Q,

Soong R, Goh BC (2006) Lack of somatic mutations in EGFR
tyrosine kinase domain in hepatocellular and nasopharyngeal
carcinoma. Pharmacogenet Genomics 16:73-74

. Liu W, Innocenti F, Chen P, Das S, Cook EH Jr, Ratain MJ

(2003) Interethnic difference in the allelic distribution of hu-
man epidermal growth factor receptor intron 1 polymor-
phism. Clin Cancer Res 9:1009-1012

Lynch TJ, Bell DW, Sordella R, Gurubhagavatula S, Okim-
oto RA, Brannigan BW, Harris PL, Haserlat SM, Supko JG,
Haluska FG, Louis DN, Christiani DC, Settleman J, Haber
DA (2004) Activating mutations in the epidermal growth fac-
tor receptor underlying responsiveness of non-small-cell lung
cancer to gefitinib. N Engl J Med 350:2129-2139

Ogoshi K, Tajima T, Mitomi T, Makuuchi H, Tsuji K (1997)
HLA-A2 antigen status predicts metastasis and response to

12.

13.

14.

15.

16.

17.

immunotherapy in gastric cancer. Cancer Immunol Immun-
other 45:53-59

Riely GJ, Pao W, Pham D, Li AR, Rizvi N, Venkatraman ES,
Zakowski MF, Kris MG, Ladanyi M, Miller VA (2006) Clini-
cal course of patients with non-small cell lung cancer and epi-
dermal growth factor receptor exon 19 and exon 21 mutations
treated with gefitinib or erlotinib. Clin Cancer Res 12:839-
844

Ryu KS, Lee YS, Kim BK, Park YG, Kim YW, Hur SY, Kim
TE, Kim IK, Kim JW (2001) Alterations of HLA class I and
IT antigen expression in preinvasive, invasive and metastatic
cervical cancers. Exp Mol Med 33:136-144

Schilder RJ, Sill MW, Chen X, Darcy KM, Decesare SL, Le-
wandowski G, Lee RB, Arciero CA, Wu H, Godwin AK
(2005) Phase II study of gefitinib in patients with relapsed or
persistent ovarian or primary peritoneal carcinoma and eval-
uation of epidermal growth factor receptor mutations and
immunohistochemical expression: a gynecologic oncology
group study. Clin Cancer Res 11:5539-5548

Shen YQ, Zhang JQ, Miao FQ, Zhang JM, Jiang Q, Chen H,
Shan XN, Xie W (2005) Relationship between the downregu-
lation of HLA class I antigen and clinicopathological signifi-
cance in gastric cancer. World J Gastroenterol 11:3628-3631
Thatcher N, Chang A, Parikh P, Rodrigues Pereira J, Ciu-
leanu T, von Pawel J, Thongprasert S, Tan EH, Pemberton K,
Archer V, Carroll K (2005) Gefitinib plus best supportive
care in previously treated patients with refractory advanced
non-small-cell lung cancer: results from a randomised, pla-
cebo-controlled, multicentre study (Iressa survival evaluation
in lung cancer). Lancet 366:1527-1537

Vitale M, Pelusi G, Taroni B, Gobbi G, Micheloni C, Rezzani
R, Donato F, Wang X, Ferrone S (2005) HLA class I antigen
down-regulation in primary ovary carcinoma lesions: associa-
tion with disease stage. Clin Cancer Res 11:67-72

@ Springer



	EGFR mutation in various tissues
	Abstract
	EGFR mutation in various cancers
	Ethnic diVerence in EGFR mutation
	A predictive biomarker related to ethnic diVerence of sensitivity to geWtinib
	Ethnic diVerence of geWtinib toxicity proWle
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


