
Japan Society of Histochemistry and Cytochemistry

NII-Electronic Library Service

JapanSociety  ofHistochemistry  and  Cytochemistry

INVITED  ARTICLE
Acta  Histochem. Cytochem.36 (1)i 1-7, 2003

Revieiv

Evaluation  of  HER2Status  imHuman  Breast Carcinoma

Takashfi Suzuki', Chika Tazawai, Hiroshu Miura', Masao  Nakabayashi',
Takuya Moriya' and  Hironobu  Sasanoi

'Departnient
 ftf'Pathology', Tbhoku University Schoot of',Wbdicine, Senclai 9SO-8575, krpan

Received Dece:nber1I,  2002; acceptcd  January 24, 2003

HER2  oncogene  plays an  important role
in the oncogenesis  and  clinical  behavior
of 25-30%  of  human  breast cancers.

Recently,  a recombinant  humanized
monoclonal  antibody  against  HER2  pro-
tein, trastuzumab, has  been  administrat-

ed  to patients with  HER2  positive breast
carcinoma.  This antibody-based  therapy

is onSy  effective  in HER2-positive carci-
noma  cases,  and  therefore, it is very

important to evaluate  HER2  status  with

accuracy  in order  to determine the ap-

propriateness of  trastuzumab  treatment

for the  breast cancer  patients. Evalua-

Key  words:  breast carcinoma,

tion of  HER2  status  is mainly  performed
in the primary breast  tumor  tissues and
several  pathological methods,  including
immunohistochemistry, fluorescence  in
situ  hybridization  (FISH) and  chromogen-

ic in situ hybridization {CISH} which  has
been  newly  developed,  are  currently  used

in diagnostic laboratories. In this review,
we  describe the recent  studies  about

thesemethodsanddiscusstheirreliability
and  possible further appfication  to vari-

ous  pathological specimens  obtained

from  breast carcinoma  patients.

              chromogenic  in situ  hybridization (CISH},
hybridization (FISH), HER2,  immunohistochemistry

fluorescence in situ

I. Introduction

    HER2  oncogene  is located on  the long arm  of  chromo-

some  17 at 1 7q21 and  encodes  a putative mernbrane  tyrosine

kinase receptorwith  homology  with  epidermal  growth  factor
receptor. The HER2  gene is considered  to be central  to the
oncogenesis  and  clinical  behavior of  25-30[va of  human
breast cancers  [33. 34] and  HER2  overexpression  and/or

gene amplification  {s a  predictor fbr a worse  clinical out-

come  fbr both node-positive  [33, 34] and  node-negative

breast cancers  [21]. Recently it has been demonstrated that a
recombinant  humanized  monoclonal  antibody  against  HER2

protein, trastuzumab (HerceptinR; Genetich, South San
Francisco, CA, USA)  antagonizes  the growth  signaling

properties of  the HER2  system  andlor  enbances  augmen-

tation ofchemotherapy  jn the breast earcinoma  patients [30].
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   As  this antibody-based  therapy is on]y  effective  in the
carcinoma  positive for HER2,  it is very  important to evalu-
ate HER2  status with  accuracy  in order  to deterrnine which

patients are  candidates  for trastuzumab treatment. Evalua-
tion of  HER2  status  is mainly  performed using  archival

pathological materials  and  several pathological methods,

including immunohistochemistry, fluorescence in situ

hybridization (FISH) and  chromogenic  in situ  hybridization

(CISH) which  has been recently  developed, are  currently

available  in various  laboratories. Therefore, in this review,
we  descrlbe the recent  ev{dence  about  these  methods  and

discuss their reliabil{ty  and  possible further application  to
various  pathological specimens  in the patients with  breast
carclnoma.

IL Eva]uation ofHER2  Status in theBreast
    Carcinoma

immunohistochemistt:v

   Immunohistochemistry  for HER2  protein is considered
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to be the most  attractive  routine  method  based on  the  cost,

convenience  and  biological relevance  [6, 27, 30]. However,
the immunohistochemical examination  is possibly subject  to

technical  variables,  including the tissue fixation [20], anti-

body  used  and  the evaluation  system,  which  might  affect  the

determination oftrastuzumab  therapy in the patients. There-
fore, there is a nced  for standardization  ofHER2  assessment

and  reporting  so that the results are comparable  bctween

laboratories [3].
    Variability in sensitivity  and  specificity  of  commer-

cially available  HER2  antibodies  used  for immunohisto-
chemistry  has been  previously noted  [6, 22]. The  different
antibodies  fbr HER2  yielded varying  overexpression  rates

of  HER2  from 17.2% to 42%  in the breast carcinoma  [1 1,
14, 19], which  is cunsidered  to be one  of  the most  important

technical problems in the immunohistochemical  analysis.

In Japan, HercepTest (DAKO, Carpenteria. CA, USA),

which  is a  ready-to-use  kit including a  polyclonal antibody

and  automated  immunostaining system  such  as Benchmark

(Ventana Medical systems,  Tucson, AZ,  USA)  using  CBI  1

monoelonal  antibedy  (Ventana Medical systems,  Tucson,

AZ, USA)  are approved  by the Ministry of  Health, Labor

and  Welfare fbr immunohistochemical  evaluation  ofHER2

status  in the breast carcinoma.  In addition,  therc are  various

HER2  antibodics  commercially  available,  including mono-

clonal  (TAB250 (Zymed, South San Francisco, CA,  USA)

and  SV2-61y (Nichirei, Tokyo, Japan)) and  polyclonat

(A0485 (DAKO, Carpenteria, CA,  USA)  and  Nichirei poty-
clonal  (Nichirei, Tokyo,  Japan)) antibodies.  These anti-

bodies are  used  for immunohistochemistry in the  various

diagnostic laboratories, Press et  at, [22] have  compared

the sensitivities and  specificities  of28  antibodies  for HER2,
and  reported  marked  yariation  in sensitivities  ranging  from

6-82%  and  specificities  from 92-100[va. In the HER2

evaluation  by HercepTest. high false-positive rates  and  a

relative  low intcrobserver agreement  level have been noted

[9. 26], although  several  groups believe that it is too low
to cause  concern  [5, 39]. Thomson  et  aL  [36] reported  that

TAB250  is the most  sensitive antibody  compared  to CB1  1,

HercepTest and  A0485,  however, low  immuno-positivity

by TAB250  (nearly halfcompared to ether  antibodies)  has
been also  pointed out  by several  groups [29, 40]. The differ-
ent  epitopes  which  antibodies  recognize  and/or  conditions  of

antigen-retrieval  according  to HER2  antibodies  may  affeet

the variabiiity  in immunoreactivity of  HER2.

    It is very  important to $tandardize  the evaLuation  of

HER2  immunoreactivity to decrease thc interobserver varia-

tion, To date, the grading system,  which  was  proposed in the
I{ercepTest, is the most  widely  used  for immunohisto-
chemical  HER2  evaluation,  which  is based on  the  HER2

inimunointensity. Briefly, HER2  immunoreactivity is

classified  into the fo11owing 4 groups in this system:  O, no

jmmunostaining; 1+, faint staining  in more  than  1O%  carci-

noma  cells;  2+, moderately  andfor  incornpletely circurn-

scribed  membrane-staining  in more  than  10`ra carcinoma

cells.  and  3+, strong  and  completely  circumscribed  mem-

branc-staining in more  than 10%  carcinorna  cells,  Use of

Tab)e  1. Comparison  ofimmunohistochemiealHER2ei,akiation
        benveen nvo  diagnostie laboi'atories in 50 brea,st carci-

        nomas

CBI ] (Benchmark)
LaboratoryA

o t+2+3+

mboF.5

£
A

o1+2+3+ 167oo 4IOoo 132o

p<O.OOOI.
Data represent  the number  of  cases.

oo2s

Immunohistoc]iemistry for HER2  was  independently performed  by

Benchmark automated  immunostaining  system  with  the  CB1 1 anti-

body  in two  ]aboratories and  evaluated  by HercepTest system.

positive control  samples  L25, 36] or  standardized  figures
such  as  

"HER2

 Atlasi' by the "Pathology
 committee  for

optimal  use  of  Trastuzumab"  (http:1/www.her2.orgl) [44]
has the potential to improve the reliability  of  immunohisto-
chemica!  evaluation  fbr HER2  regardless  of  the antibody

used.  Some  pathologists do not  like the evaluation  based on
the immunointensity because it is more  subjective  and

possibly atTected  by technical variables. Tsuda  et  al. [40]
have evaluated  immunohistochemical HER2  status  accord-

ing to the immunostaining area  regardless  of  the intensity
and  showed  that this evaluation  system  does not  always

reflect  the gene amplification  of HER2  in the earcinoma
cells  and  is less preferable.
    It has been reported  that interobscrver agreement  is rel-
atively low in the group of  1+ or  2+ compared  to the group
ofO  or  3+, in the evaluation  by HercepTest system  [36, 40].
We  also  detected a similar  tendency (p<O.OOOI) when  we

compared  the HER2  status in 50 breast carcinoma  tissues

two  different laboratories (Table 1). At presenL Trastuzum-
ab  therapy  is considered  in the breast carcinoma  patients
showing  3+ HER2  immunostaining but not  in the patients
showed  O or 1+. However, it remains  controversial  whether

a score  of2+  should  be assessed  as  overexpression  ofHER2

as  well  as  3+, and  the patients showing  2+ are oftcn  otfered

trastuzumab  therapy. As the evaluation  of  2+  is not  con-

sidered  to be very  reproducible  in the HercepTest system,

further cxaminations  are  necessary  to determine the tras-

tuzumab  treatment  in these cases, including evatuation  of

HER2  immunoreactivity by  multiple  observers  and/or  other

additional examinations  such  as  FISH.

FJSH

    Overexpression ofHER2  protein genera!ly (more than
95%)  results  from the HER2  gene amplification  [18, 34].
FISH is thought to be the most  sensitive  technique tbr the

quantitative evaluation  of  HER2  gene status  in the carcino-

ma  cells.  Two  different FISH  assays,  INFORMTM  (Ventana
Medical systems,  Inc, Tucson, AZ,  USA)  and  PathVysionTM

(Vysis, lnc, Downcrs  Grove, IL, USA)  are  commercially

available  and  they are  approved  by the  Unitcd States Food

NII-Electronic  
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Table  2. Coinparison ofHER2stanis beni'een L'N"FORMandPath-

        igivion ,uJ.vtems in 50 breast cai'cinomtJs

                              INFORM

Nottmplification

=.:sEpt

Amp]i[Ieation

Noamp]i[icaLion

Amplitlcation

36

2

2

10

8 10 12 14 16 18

                  Laboratory  A

Fig. 1. Coniparison of  HER2  status  by F]SH (INFOIUvi system)

 between  two  ]aboratories in 50 breast earcinomas,  The FISH analy-

 sis -,as independently pertbrmed and  evaluated  in the  two  ]aborato-

 ries  {Laboratory A  and  B). Data  Tepresent  mean  HER2  gene eopy

 nuniber  per carcinema  nuclcus  in each  case.  Significant correlation

 (Ri=:O.8 16, p<O.OOO1) was  detected.

and  Drug  Administration (FDA), INFORM  defines HER2
gene amplitication  as  a  mean  HER2  gene copy  number  ot'

more  than 4.0 per carcinoma  nucreus.  PathVysion uses  a

double-probe system  fbr simultaneous  enumeration  of

IIER2  genes and  chromosome  17 centromers  and  HER2

gene amplificat{on  is evaluated  as  the ratio of  HER2  gene
copies  per chromosome  17 centromer,  i.e. more  than  2,O per
carcinomanucleus.

    FISH  quantifies the number  of  gene copics  in the
cancer  cells  and  objectively  reflects  the HER2  gene status
ofthe  tumors,  whereas  immunohistochemistry is a relatively

subjective  test. Tsuda et  aL  [38] examined  interobserver
reproducibility  of  HER2  evaluation  by FISH and  reported

that agreement  level ofHER2  amplification  was  nearly  per-
fect between two observcrs  regardless  ofthe  FISH  systems,

Similar results were  also  detected (R?=O.816, p<O.OOOI)
when  we  eompared  evaluation  of  HER2  status  by the

INFORM  system  between two  laboratories (Fig. 1), demon-
strating  the potent interlaboratory reproducibility  in the
FISH  anatysis.

    The  use  ofprobe  fbr chromosome  17 centromer  in the
PathVysion  systern is meant  to correct  for HER2  pseudo-
amplification  due to ehromosome  17 polysomy  [17, 23].
However,  its clinical  irnportance remains  controversial.

Pauletti et  aL  [1 9] examined  900 breast eancer  patients using

PathVysion  FISH system  and  reported  that chromosome

17 corrcction  is essential  for demonstration of  HER2  gene
amplification.  McCormick  et  aL  [15] tbund that 8.6%  of

breast tumors  showed  INFORM-positive but PathVysion-
negative  in ]98 breast carcinomas.  Conversely, Jimenez
et  [tL  [10] reported  that discordance between  HER2  and

chromosome  17 copy  number  was  not a  useful  means  of

defining amp]ification.  Tubbs  et  al. [43] also showed  that

p<o.ooo]Data
 represent  the nurnber  ofcases.

the  chromosome  17 correction  rarely  embellished  or elari-

fied HER2  FIS}I results  in the examination  of  400 breast

carcinomas.  Whcn  we  compared  HER2  status  bet",een
INFORM  and  PathVysion systems  in 50 breast carcinomas,
signifieant  correlation  (p<O.OOOI) was  detected between
these two  systems  (Table 2).

    Various studies  have demonstrated that HER2  eva]ua-

tion by FISH is strong]y  correlated  with  that by immunohis-
toehemistry  in the intensely positive (immunohistochemical
score;  3+) or  negative  (immunohistochemical score; O or  1+)

group, but not  in the 2+  group. Therefbre, the 2+ group is
appeared  to inc]ude both HER2-amplified  and  HER2-
nonamptified  tumors. Pauletti et  al. L19] demonstrated that
the survival  probability of  FISH-negative/immunohisto-
chemistry-positive  breast carcinomas  was  similar  to that ot'
FISH-negativelimmunohistochemistry-negative cases  and

FISH-positivelimmunohistochemistry-negativepatientshave
a  survival  probability similar to that of  FISH-positivel
immunohistochemistry-positive cases.  These data may

part]y explain  the previous findings that patients with

immunohistochemical score  2+  did not  seem  to benefit
significantly from trastuzumab  therapy  [19]. Therefore,
FISH  is considered  especially  usefu1  to examine  the detailed
HER2  status  in the  group ofimmunohistochemical  score  2+,

CISH

    FISH is onc  ofthe  most  reliable  methods  to evaluate  the
HER2  status  at  the DNA  level, as  described above.  How-
ever,  it is also  true that FISH  is a relative]y cumbersonie

procedure and  it requires  technical  skill and  high cost.

Thercfbre, it is not easily accommodated  in the usual  diag-
nostic  surgical  pathology practice [42], CISH  is a  recent]y

developed method,  in which  a chromosomal  DNA  probe is
detected using  an  immunohistochemical-like peroxidase
reaction  rather than fiuorescence as  in FISH  [12, 35].
Although CISH  is considered  to have a slightly  lower sensi-

tivity than FISH, it has the  fo11owing advantages  similar  to

theimmunohistochemistry[35]:(1)fluorescencemicroscopy

is not  required,  (2) signal  intensity does not  diminish over
time. (3) it is easy  to correlate  the  tindings with  the  histo-
logy, (4) the method  is easier than FISH  and  (5) it is more

economical  than  FtSH.

    In CISH  analysis, HER2  status  is evaluatcd  by the cri-
teria ofTanner  et  al. [35], Briefly, no  amplification,  tess than
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Fig. 2, HER2  eva]uatien  by CISH  based on  Tanner et  ai. (2000) in the  breast carcinoma.  A: no  amplification,  less

 nucleus,  B: to",-amplitlcation, 6-lO gene  copics  per nucleus  or  smal]  clusters  in more  than  50YG carcinoma  cells  and  C: high amplification,  more

 than  1O gene copies  pcr nucleus  or ]arge clusters  in more  than  50%  carcinoma  cel]s.  INFORM  HER2  probe was  used  and  it was  visualized  by

 3,3'-diaminobenzidinc (DAB) selution.  Counterstaining was  perforrned by hematoxy]in. x560,  respectively.
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               than 6 gene copies  pcr

6 gene copies  per nueleus;  low-amplification, 6-10 gene
copies  per nucleus  or  small  clusters in more  than  509ia of

careinoma  ceils;  and  high amplification,  more  than 1O gene
copies  per nucleus  or large clusters  in more  than  50[ra of

carcinoma  cells (Fig, 2A-C).  It has been reported  that

HER2  evaluation  by CISH  is well  correlated  with  that by

immunohistochemistry  [12] (n=20) or  FISH  [45] (n=62).
Gene amplification  of  HER2  was  evaluated  in more  than

50%  of  carcinoma  eells  in CISH  analysis,  which  is the

same  as United States FDA-approved  FISH  tests. Consider-
ing that evaluation  of  HER2  immunoreactivity is perfbrmed
in more  than 10%  of  positive cells,  evaluation  of  HER2

status  by CISH  may  be canied  out  fbr smaller  number  of

tumor  cells.

    It has been reported  that the signaL  intensity in CISH  is
influenced by the  quality of  tissue samples  and/or  pretreat-
ment  of  sections  [12, 35] and  positive controls  are  very

important to improve the reliability of  CISH  analysis.  In
addition,  simultaneous  enumeration  of  HER2  genes and

chromosome  17 centromers  is difficult in the  same  slide  in
CISH  rather  than FISH. CISH  has a  newly  develoPed
method  and  there are  no  large comparisons  between CISH

and  immunohistochemistry  or FISH yet. Further examina-

tions are required  to apply  CISH  to the routine  diagnostics.

III. ApplicationofHER2EyaluationinVarious

     Pathological Specimens

Mbtastatic and  recurrent  tissues

    As trastuzumab is an  active  agent  fbr the treatment of
metastatic  breast cancer,  HER2  status of  carcinoma  cells  at

the  time  of  recurrence  may  greatly infiuence the  response

of  trastuzumab treatment. However,  sufTicient  amounts  of

specimens  in these  patients are  not necessarily  available  fbr
examination  at  the  laboratories and  the assessment  ofHER2

status  fbr obtaining  the information for the treatment  deci-
sion  is usually  perforrried in the specimens  obtained  at the

time ofinitial surgery  [24], Therefbre, it is very  important to

know  whether  HER2  status ln the  recurrent  lesions is the
same  as  that in the primary breast carcinoma.

    The  alternation  ofHER2  expression  is thought  to occur

in the early  stage  ofthe  progression of  breast cancer  and  to

be ma{ntained  throughout cancer  progression [8, ]3].

Inglehart et aL  [7] showed  a good  corre]ation  of  HER2

gene status  between the primary and  regional  ]ymph  nodes

in 23 cases  and  Simon  et  aL  [32] also reported  that 77%

of  HER2-positive primary tumors  had entirely  HER2-

positiye metastases.  When  we  compared  the HER2  status

between  primary breast carcinoma  tissues and  synchronous

metastatic  lesions of  lymph  nodes  in 17 cases, significant

correlation  was  detected both in immunohistochemistry

(p=O.OO02) (Table 3) and  FISH  (Ri=O.919 and  p<O.OOOI),

NII-Electronic  
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Tab]e 3. Compcxrison ctt'immunohistochemicatHER2status

        hetvi,een pi'itnau' and  synchronous  metastatic  tesiotis of
        lymph nodes  in i 7 breast ['arcinorna  patients

CB  ] l (Benchmark)
Primary tumor

Table 5, Compat'ison ofimmunohistoc'lzemicalIfER2status
        benL'een pFimail' ies ions and  recurrent  earcinoma  ['eiis

        obtalnedYi'om  dibsions (cvtological specimensy  in 11

        breastcarcinomapatients

o [+ 2+ 3+
CB11  (Benchmark)

Primarv  tumor

8.0  6 2 o o
o's[-es

 1+ O 2 1 O
=mgS.

 2+ o o 1 o

li"E 3. o o o s

p-O,OO02,
Datarepresentthenunibcrofeases.

Immunohistochemistry ft)r HER2  was  performed by Benchrnark
automated  immunostaining  system  with  the CB11 antibedy.

o 1+ 2+ 3+

Tab]e  4, ConEparison ofimmunehistochemicalHER2status
        benveenprimaJJ, and  as.vnchi'onous  f'ecut't'ent lesions in J9

        breastcarcinomapatients

CBl1  (Benchmark)

uy:k
 ,9gstr

 

-

Primary tuinor

o

-=

 utif

 g= ･-88ct

 
.

P-O,OO03.

oL+2+3+ 6ooo o1oo ooo1 oo12

Datarepresentthenumberofcases.

Carcinoma cel]s  obtained  from pleura] effusion  or  ascites  at the time

ofrecurrence  were  fixed with  1O"6 formalin buffer and  embcdded  in

paraenn-wax (cell block). Immunohistochemistry  for ll[IR2 -･as

perfornied by Benchmark  automated  immunostaining syslem  with

the  CBII  antibody.

Fol]ow up  times: 9- t90 months.

1+ 2+

o1+2+3+

3+

]21oo o]oo ooo1 oo22

p-O,OO03,
Datarepresentthcnumberorcases.

Immunohistocheniistry for HER2  was  performed  by Benehmark

automatcd  immunestaining  system  with  the CB  1 l antibody.
Follow up  times: l-228 months.

These results are  in agreement  with  previous reports

described above  and  it is suggested  that HER2  status  of

primary breast tumors  is maintained  in the majority  of  the

metastases.

    Only a  few studies  have been reported  regarding  com-

parisons between  the primary breast tumor  and  asynchro-

nous  recurrent  lesions in the same  patients, Shimizu et  aL

[31] reported  no  discord in HER2  expression  between the
primary and  matching  recurrent  lesions in 21 breast cancers.

Similar findings were  also  shown  by Tsutsui et  aL  [41].
When  we  examined  the  correlation  ofHER2  status between
pr{mary and  asynchronous  recurrent  lesions by immuno-
histochemistry in 19 patients, significant  correlation  was

detected (p=O,OO03) regardless  of  the period of  disease-
free survival  (Table 4).

Cvtologicalspeeimens
    Various cytological  specimens  are frequently available

for examinatjon  of  primary breast tumors  or  the recurrent

sites  and  therefore, it is very  important to apply  the HER2
evaluation  to these cytoiogical  materials,  Fine needle  aspira-

tion (FNA) cytology  is well  known to be usefu1  to evaluate

the clinically detected suspicious  lesions ofthe  breasL Sev-
eral  groups have reported  the immunodetection  ofHER2  on

FNA  smears.  Troncone  et  aL  [37] have fbund a  higher inci-

surgical  tissue specimens  of  breast cancer  and  discussed that
it is possibly due to the better antigen  preservation in the
fresh cytological  preparations. Corkill and  Katz [4] also

reported  similar  results.  FISH analysis  ean  be perfbrmed  on

cytological  material  from FNA  [2, i6, 28] and  Mezzelani et
al. L1 6] showed  a  good  correlation  of  HEIU  status between
FISH  and  immunohistoehemistry.

    Serous eflUsions  are important cytological  materials  to

evaluate  the recurrence  of  breast cancer.  Ascoli et  aL  [1]
examined  HER2  immunostaining in serous  effUsions  and

reported  HER2  immunoreaetivity was  easily detected both
in alcohol-fixed  smears  and  cell  blocks from formalin-fixed
specimens.  To obtain  a better understanding  of  the signifi-

cance  of  HER2  evaluation  in cytological  specimens,  we

compared  the  HER2  status  between carcinoma  cetls ob-

tained ftom pleural effUsion  or  ascites  at  the time  of  recur-

rence  and  corresponding  primary lesions in 11 patients with
breast carc{noma.  HER2  status of  recurrent  carcinoma  celis

in cytological  specimens  was  significantly correlated  with

that in primary tumor  both in immunohistochemica]

(p=O.OO03) (Tabte 5) and  FISH  analyses,  These findings are
consistent  with  previous studies  using  recurrent  surgical

tissues described in the  above  section  [31, 41]. Therefore,
it is suggested  that eytological  specimens  are available  for
HER2  evaluation  both by immunohistochemistry and  FISH,
which  may  provide further information about  the  character-

istics oftumors  or  determination oftrastuzumab  treatment.

IV. Conclusions

    It is very  important to accurately  evaLuate  the HER2
status in the  breast eareinoma  tissue to determine the  trastu-

zumab  therapy. HER2  status  is majnLy  evaluated  by patho-
togical examinations,  including immunohistochemistry and

FISH. CISH  is a  new]y  developed method  which  may  also

become a usefu1  tool fbr the  HER2  evaluation  in the near
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t'uture. Results from these analyses  for HER2  are gcnerally
reliable and  reproducible  and  are  markedly  correlated  in the

group of  intense]y positive or  negative.  However,  some

discrepant results  werc  detected in the group of  low over-

expression  of  IIER2, suggesting  that detailed examinations

are  required  to dctermine the trastuzumab  therapy  in these
cases.  As  trastuzumab is used  fbr the treatment ofmetastatic
breast carcinoma  patients, HER2  status ofcarcinoma  ceEls  at

the time of  recurrence  may  be very  important to predict the

response  to the trastuzumab  treatment. HER2  status  in
metastatic  or  recurrent  lesions is closely  correlated  with

that in the primary site,  suggesting  maintenance  of  HER2
status throughout the cancer  progression, Cytological speci-

mens  are also avai]ab]e  for examination  ofHER2  status,  and

application  of  HER2  evaluation  to cytological  specimens

may  become  usefu1  method  to provide further information
about  the characteristics  of  breast tumors or  the detcrmina-
tion of  trastuzumab treatnient.
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