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Editor's Note

Team in need of 4 coach

Every medica! oncology feillow quickly iearns about interdisciplinary cancer care, but thank Ged for the
American College of Surgeons’ mandate for tumor boards, because without them, we might be

sirangers. Personally, | dor'i ke to think about any surgeon, radiation oncologist or medical oncologist
not regularly atiending one of these valuable meetings. However, the truth is that we really don't report i

o anyene, and our collaboration is pretty much voluntary.

This issule of our audio series altempts to demonstrate how critical it is that interdiscipiinary team
members falk to each cther. We begin with the jocal control guys, and Pai Borgan and Frank Vicini
commeni on 2 plethora of surgical and radiation therapy research issues that profeundly afiect systemic

management decisions.

For example, Dr Vicini is the principal investigator of a critical NSABP-RTOG randomized clinical trial

evaluating partial breast irradiation (PBI). This historic collaboration between two premier coliaborative

clinical trial groups will provide much-needed answers about PBI, albeit many years from now. in the
interim, the pace at which this accelerated and patient-friendly freaiment strategy permeaies inte the € }
nonprotocol management algorithm utilized in the community treatment setling is anyone’s guess.

While we wait for definitive research results, patients should seek input from every team member
regarding the advisability of PB! and which technique is preferable, Pat Borgen cautions us that local
control may have much more of an impact on long-term survival than previously recognized, and one
might imagine that PBI could either have a deleterious effect (if it results in suboptimal local tumor
control) or could be a more effective modality (because treatment can be implemented prior io

chemotherapy).

With an increasing number of patients receiving taxane-based adiuvant regimens that can take up to
six months {o complete, earlisr radiation therapy could have a poteniial antitumor advantage.

Froma guality of life perspective, avolding six weeks of daily treks for radiation therapy is appeaiing,
particularly after the physical and emotional frauma of adjuvant chemptherapy. However, patients wil
surely want to know what their medical oncologist has o say on this issue before they opt for an

urproven ireatment modality.

Input from Craig Alired, the pathologist for the interdisciplinary team collaborating on this issue of
Breast Cancer Updafe, is unfortunately very disheariening. | have nothing personal against pathclogists
or Craig, who is a really nice man, but if Adam Brufsky's interview provides ample documentation that
contemporary sysiemic therapy of braast cancer is esseniially target-driven, then Craig's comments ,
leave us wondering if we have the ability to measure the most ciitical targeis every oncelogist must - .
consider — ER, PR and HER?Z status. (My apologies io Phillip Roth for that very long sentencs.) ;

| keep expecting some rebel breast cancar patient advocacy group to stage & massive protest at the
NCTio demand that pathclogisis provide impeccabie ER, PR and HER2 assays. At the present time,
however, women are geing to confinue to relapse unnscessarily or receive suboptimal palliative care

because we cam’t get their pathology right. Even if recent history tells us that our usually capable nation

is not totally effective in military intelligence gathering, we should be able to at least gaiher accurate

hitp/fwww breasteancerupdate. cony/beu2004/7/editor. itm 9/30/2005
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information for the wai on cancer.

Maybe we need more than ACOS-mandaied tumor boards. Maybe we need someons {o rally and guide
the entire fzam — including nurses, pharmacists, radiclogisis, psychologists, social workers and others
— and take 2 deep breath, and really figure out now to work iogether betier so patients can receive ths

vaery best care we have,

— Neil Love, MD
NLove@RessarchToPractice.net
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Estrogen Receptor Analysiz for Breast Cancer

Gene expression profiling smdies have reconfirmed the
previoushy rsalized biologic importance of BR in breast cancer.
Terow et al™ published the results of their breast cancer gene
axpression analysis 1n 2000 and found that expression profile
patterns largely separated tumors into BER positive and ER
negative catezorics. These findings have been confirmed by
others using different sampling methods and expression profil-
ing techniques. ™% Results from gene microarray studiss have
finther categorized breast cancers into several major subtypes
based on their patrerns of gene expression, including the ER
positive luminal subtype and the ER negative basal sub-
type. 608 The existence of these breast sancer phenotypes
have been verified by immunohistochemical studies of protein
expression 563

ER has complex relationships with other biemolecnles
relevant in breast cancer. The majority of cancers express ER
and HER2 in an mverse manner, and a subser of tumors
(appreximately 10%) express both. * Although individual
Itminal celis of the normal breast rarely co-express ER and the
proliferation marker Ki-67, a substantial proportion of breast
cancer cells show this coexpression,” The interaciions of ER
with growth factors and signal transduction melecnles appear
to be important M the development of resistance to endocrine
therapy.”!

Although ER often retains its functionality during endo-
crine therapy, evidence suggests that adaptive signal trams-
duction pathways stimulate wmor progression independent of
ER-ligand interactions.™ Currently, clinical ER testing as-
sesses for the presence or absence of detectable ER protem

regardiess of its functional state.

ER TESTING

Interlaboratory Variability

Multiple reports addressing interlaboratory variability
for ER testing have been published in the past several years,
mostly from European instmtions.®2>P7 The most notable
of these smdies were condueted by Rhodes and colleagues
under the auspices of the United Kingdom’s national ex-
ternal guality assessment scheme for immuwnocytochemistry
(NEQAS-ICC) 25778 The NEQAS-ICC is presently com-
prised of 200 participating laboratories fiom 26 countries in
Europe and Asia. For its first published comparative study,
the NEQAS-ICC investigators cirenlated to participating
laboratories nnstaied composite twmor sections known to
possess low, medium, or high ER levels® Only 37% of the
participating. labomoncs were able to obtain a positive result
for the presence of ER in tmeors with Jow ER Tevels using the
mraditional 10% staining cuteff, but 66% reported a positive
result if a J% cotoff was used.

The high rates of interlaboratory variability found
through the NEQAS-ICC guality assessment schemeé promp-
ted -fufther investigation into the causative factors of such
variability. Tn a second study, tners fixed and processed by
the NEQAS-ICC centralized laboratory were assayed by the
participants, and the results were compared with those -ob-
tained using wmors fixed and processed by the participating
laboratories themselves.’® Overall testing results were found
1o be equivalent for the two sets of tumors, validating the

© 2004 Lippincot Williams & iilkins

scheme® quality assurance mechanism {ie, distmribution of un-
stalned composiie tmor sections). Moreover, their findines
strongly sugpesied thal preanaiytical variables {tissue han-
dling, fixavion, and processing ) do not greatly affect B testing

]'n o later \IE JAS-TCC report, the lenath of time for heat
antigen 1evieval wag identified as the mest imponant variable
fcr improving BR testing standavdization.”™ Additionally, us-
ing an elegant sianstcal analysis of their BER testng resulrs
over 2 years, NEQAS-ICC ranked their participants as “high
assay sensitivity” or “low assay- sensitvity” laboratories.
NEQAS-ICC high assay sensifivity laboratories had a mean
rate of pesitive ER testing for all patients of 77% (compared
with 72% for low sensitivity laboratories)® Obviously, ER
testing results for an individual laboratory will depend to some
extent on the characteristics of the patient population studied,
especially patient age and the ciinical setiing in which the
tesiing 1s performed (2g, primary cancers Versus recurrtences or
metasmses). Nevertheless, interlaboratory comparisons of test-
ing results such as those provided in the NEQAS-1CC studies
could assist in identifying specific [aboratories that could benefit
from technical improvements in their ER testing methodalogies.

Additional interlaboratory comparisons of ER testing
performed in Austrin and Sweden addressed smining tech-
nique and scoring reproducibility, wespectively. ™7 Akhough
variation was demonstrated in both of these smdies, the

authors concluded that improvements in testing couid be made
Qerongh (atomation) and gmning. A German smidy demon-
strared peor reproducibility of ER testing using tissue micro-
arrays with ER detection failure rates similar to those reparted
by the NEQASICC™

Layfiald et al* published results demonstating a dis-
agreement rate of 269 among three IAboTalones n The Umisd
States ndependently testing 35 breast cancers for BR using
{HC. That sidy was a follow-up to an earlier laboratory
survey {in the form of questionmaires) that also demonstrated
poor standardization for ER testing.?” The more recent of the
two sdies is the only published interlabovatory comparison
of ER testing 1 the United States In which unstained slides
were circnlated ,

ER testing findings for intaductal carcinoms from
NSADBF Protocol B-24 have recently been presented by Aljred
et al® The predicrive value of a positive ER status for re-
sponse to tamoxifen therapy was demonstrated by these data.
Additonally, it was chserved that cases analyzed by partic-
ipating instithtions using nen-standardized methods were more
frequently ER negative compared with those tested by a central-
ized THC laboratory (where a clinically validated and standard-
ized testing method was used). The findings of Layfield®™ and
by NSABP B-24% indicate that significant interlaboratory
variability Tor ER testing does occur in the United States,

Cunent]y, there me legitimate concerns worldyvide thar

ER immunohisioc RETAICAT Testng 1 + methodologies are insuffi-

c:ent]y standardized and that clinically significant false negative
mtc:q exist =" The n ex]abomlozy compmasons of Rhodes
et al® and Layfield er al”” have convincingly yevealed
iterlaboratory variability in ER testing methodologies and
results. A concerted effort by laboratories w adopt re-
producible aind clinically validated testing standards for ER

)
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Dinz and Snejve

THC will bt necessary to properly address this problem.
suceesstully impiemented, standardization of ER testing could
serve as a paradigm for the multiende of predictive markers

thae will likely be assayed by THC in the fonne.

Technical Considerations

Standardization of ER detection methods (ie, specimen
zlection, processing, scoring, and quality measures) 1s of
paramount importance for the accuraie analysis of ER stamus
md appropriate patient management. THC is & commonly uset
and widely commercialized wechnigue that already has
achieved o marked level of standardization. As a complex
multistep laberawry procedure, THC requires highly traimed
personLE 107 iis proper performance. Indeed, seemingly minor
differences o testing _procedures may lead fo marked
variability of results. An additional level of complexity is
encountered when evaluating markers requiring quantiation,
such as ER or HER? for breast cancer. Multiple parameters,
such as these listed in Table 1, should be considered when
performing THC to detect ER® In the subsequent pava-
graphs we review these variables and diseuss their importance.

When to Test
ER testing is indicated for all primary invasive breast

carcinomas because of iis proven proguostic and predictive
value. 12852 Wiany centers e now also performing ER
testing in cases of ductal carcinoma n-sin (Fig. 3), a trend
based primarily on the recently presented findings from
NSABP Protocol B-24.% The wue viility of ER testing for
ductal careinoma m-sity, however, remains controversial, and
further siudies are pending.

TABLE 1. Variables for ER Detection
by Imemunohistochemistry
Preanalyiical variables
Tuming of icsting
Specimen typs
Fuative ypc
Fixation time
Processing method
Analytical variables
Automated versus manual proceduie
Antibody and titr
Antigen retieval time
Blacking procedure
Delcetion kit used
Strining method
Enterpretive vaciabies
Manun! seoring versus image analysis

Scoring systems
Seoving cutoffs
Qualiny assuranee and control
Types of controls
Inteimat
External
Quantitalive
Cruality assurance procedures
External quality usscssment prograins

14

ER testing may also be indicated in the settings of re-
current and/or metasttic breasy cancer (when a change of ER
stz would affect weatment decisions) because of potential
alerations of the ER stams of wmors over tme 55

1i _has

been demonstured that the ER stams in approstimartely one

third ©f breast cancers reversgs during UI8GH8C  proures-
Slon, RO Trom posive 10 neganve and Trom ney,
positive. ™ These ER smmus conversions typically Tequile
several years to ocour, bt conversion from ER positivity to ER
negativity has been documented in less than one vear % An ER
swis chonge w ER positive from ER negauve may be
bencficial to patients undergoing homonal weatment &
Conversely, conversion 1 ER negative from ER positive can
be associated with aggressive, therapy-resistant disease. ™ The
ER status of the recurrent and metastatic disease should be

anveTo

CcoRGIIETEd 68 the curvent ER SIAMSs of & ZIVen patient
At e P R R el Dl g gl e pane
Types of Specimens

ER analysis by IHC is traditionally performed on
formalin-fixed, paraffin-embedded histologic amor sections
choszn during diagnastic review of the hematoxylin and eosin-
stained shdes. Typically, tumors are sectioned from excisional
or mastectomty specimens as pari of the roufine pathologic
evaluation, and the amount of mumer avaiable for analysis can
vary widely based on the stage of disease. Analysis of ER in
smaller-sized, paraffin-embedded specimens (such as needle
biopsies) and air-dried or alechiol fixed direct smears can also
be performed.V

Weasurement of ER i large gange needle core hiopsies
has been validated against resulis from excisional specimens in
several smdies. "™ Many centers, including owrs, rominely
assess breast tumor markers on needle core biopsy specimens
{Fig. 4).”* Intratmoral heterogeneity for ER. expression can be
biclogic or artfacrual in namre, and reduced staining is most
ofien observed in the center of the tumor compared with
periphery.®® This hieterogeneity does not substantially affec
ER resulis obiained using needie core biopsy specimens. If the
ER results measured on needle core biopsy are questioned
{usually due to small tumor velume), repeat testing of the
excision specimen 15 warranied. .

The analysis of cytologic specimens for ER using
immunocytochemistry (Fig. 53 has recently been reviewed by
one of the mithars (NS).%® Prognostic and predictive markers
of breast cancer, including ER, can be reliably assessed an
cytologic material by THC, Comparative smdies have
demonstrated concoidance rates rangmg from 80 to 90% for
ER analysis of cylologic versus hisiologic specimens.” %
Clinically, ER analysis of cytologic specimens is important for
patients receiving neoadjuvant chemotherapy and only when
core needle biopsy is not available. In that setting, when re-
sponse to therapy is dramatic, pretreatment cytolegic smears of
primary or meta-static disease may represent-the only material
availabie for ER analysis.

Tissne Handling, Fixation and Processing

Methods used for tissue handling. fixation, and pro-
cessing can affect TR analysis by IHC. Gross examination of
specimens and tissne submission techniques vary between
institutions, but overall they are relatively standardized. Tt is

© 2004 Lippincort Williapts & Wilking
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Quality assurance and standardization in immunohistochemistry. A proposal for
the annual meeting of the Biological Stain Commission, June, 1991, }

Taylor:CR.
Department of Pathology and Laboratory Medicine, University of Southern California. School of
Medicine, Los Angeles 90033,

Quality assurance, quality control, proficiency testing, reagent documentation and validation are
standard parts of everyday practice in clinical laboratories throughout the United States.
Immunohistochemical stains employ reagents and principles in commoen with immunoenzyme

methods utilized in the clinical laboratory. However, immunohistochemistry has not routinely

been subjected to similar standardization and quality assurance procedures that manufacturers and
pathologists alike have applied to essentially the same techmiques in the clinical laboratory

environment. The current proposal was invited by the Biological Stain Commission with the

charge of corporating the findings of previous workshops on quality control in

immunohistochemistry into a practical design for implementation. The status of quality assurance,
quality control and standardization in immunohistochemistry is reviewed and a phased strategy

for implementation 15 proposed.
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The taming of immunobistochemisiry: the new era of quality control.

Herman GE, Eliont B£A.

Sinai Hospital, Department of Laboratory Medicine, Deiront, Michigan 48235,

The most critical factor for interpreting the resulis of tmmunchistochemistry is verification of
antibody sensitivity and specifierty. While some manufacturers supply material data sheets with
this information, many do not. This paper describes a well-defined quality assurance program for
testing immune reagents. This program can be used to provide commercial suppliers of antigera
with analyses of thelr products destined for government licensure applications. This paper
illustrates the protocol and explains the testing philosophy developed over the last elght vears.

Publication Types:
« Review
e Review, Tutorial

httpe/Awew nebinlm.nih. gov/emrez/query. fegi 7db=PubMed& cmd=Retrievedlist_uids=19...  9/30/2003
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Assessment of Tissue Estrogen and
Progesterone Receptor Levels:
A Survey of Current Practice,
Techniques, and
Quantitation Methods

Lester ]. Layfield, MD,* Dilip Gupta, MD,*
and Foghan E. Mooney, MB, MRCPath®

* Department of Pathology, University of Utah, Salt Lake City Utak, and
TDepartment of Pathology and Laboratory Medicine, Nationa! Maternity Hospital and
St. Viscent's University Hospital, Dublin, Ireland

¥ Abstract: The sssessment of stereld hormone receptors in
resected bresst carcinoms tissue is surrently the standard of
practice. The traditiona! method for assessment of receptor
scatys is the ligand binding assay. More recently, immunokis-
tachemnistry (IHC) has bezome e popular method for such test-
ing. Despite the widespread use of G and the availability of
many anfibodies, standardization of quantitative IHC for as-
sessment of estrogen ang progesterohe Teceptors has hat
been achioved, While the {gllege of american Pathologists
(CAPY offers a Quality Assurance (QA) program far IHC guanti-
tation of estrogen reteptor (ER) and progesterons reteptor
(PR}, no universal standard is currently recognized: in assess-
ment cf ER and PgR by IHC, We surveyed 200 laboratories
withit; the United States for their current practizes regarding
the astessment of ER and PgR status in breastt cancer tissue
specimens. Eighty usable responses were received. Forty-nine
{51%) Jabioratories performed the assay in-house, while the
remaindet sent the material out for assay. Alt responding fab-
oratoties performing thelr steroid receptor anahnsis Inchouse
used the IHC technigue. Forty-three (BD%) laboratories an-
swering the guestion on material accepted for amaiysis per-

Adotess ¢orresponsietce and foprint requosts to: Laster L Layfield,
MD, Depurtment of Fathelogy, Unluersity OF Litah, Salt Leke City, UT.

& 2000 Bluchwell Science Ine,, 1075-122X/00087 5.00/0
*the Breast Jowrmal, Volume &, MNignber 1, 2000 185+194

formegl the assay only on paraffinrembadded material, three
{6%) used either paraffin blotk or frozen materizl, and two
{(4%) used only frozen material. Eighty-eight percent of {abo-
ratories perfarming stersid recepror analysis in-house used a
marual quantitation technigue. four [8%) used computer-
assisted image analysis, and a single laboratory used laser
scanning sytemetry. Eight different antibodies were used
among the 44 laborateries datumenting the antibody sup-
pligt, 8nd for any given commerdaily prepareg antibody &
wigle variety of dilutlans were Used, with the exseption of the
standard solution used with the Ventana antibody. Of the
laborateries using manual estimation fechnlaues, 61% simply
estimated the percentage o positive cells, 25% evalusted
both the intensity of staining and percentage of nuclei stain-
Ing, 6% usad fortnal H-soore analysls, 23¢ svaluated only in-
tensity of Auclear staining, and 2% mainly counted the per-
centage of muclel staining for ER but used a formal H score in
the assessmient of PgR. Cuteft peints for the separation of
positive anc negative results varied widely, with some labora-
tories assesslng any demonstrable bositivity as a positive re-
sult, while others required as many as 19% of the nuclei to
stain before & specimen was daclared positive. Standardiza-
tion technigues differsd considersbly among laborateries,
Eighty-six puwreent used the CAP program for QA. While all
laboratories utilized some form of intralaboratory comtrol for
assessment &f ER and PgR, the nature of that contral varied
from laboratory o laboratery. Our survay indicates that a ma-
jority of laboratories perform their stersid hormene receptor

Page 008
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190 © LAYFIELD ET AL,

atialysis in-house using MC. There Is considerable verisbility in
the antibodies utillzed, the dilutions gpplied, ang the guantits-
tioh method end level of expression used o dichotomize speci-
mens it positive and negative groups. Finelly, ne universal
control for interaboratorny standardization apnears {o exist, B

Key Words: breast carcinome, estrogen receptor, progest-
erone receptor, sleroid hormone sssay

Esrrogen receptor (ER) and progesteronc recepior
[PgR), by their interaction with their respective ste-
roid howmones play important roles in regularing the
proliferation and differentiation of normal breast epi-
shelium {1}, The ievel of steroid hormone racepior ex-
pression in breast careinoma celis ts belicved 1o be asso-
ciated with the responsiveness of the neoplastic z¢lls to
circulating estrogen and progesterons. During the past
quarter century, many studies have measurcd tissue lev.
els of ER and PgR by biochernical methods and corre-
lated them wwith both prognosis and response o hor-
mone therapy (2-5). Within the past decade, & vayiety of
anribodies against both the ERg and PgRs have become
aveilable on a commercial besis, Many studies have
compared the reeults of immunohistochemically deter-
mined steroid recepror values wich those obuained by
ligand binding anafysis, In general, the correfation has
been good (6-11). Despite ageesment of rasyles derived
from individual antibodies used in immunohistochemis-
try {IHC) determinations znd the ligand binding tech-
nique, significant variability has been documented in the
results obtamed by IHC using diffcrent commercially
available anribodies (12,131, While variability berween the
tesults achisved by differsnt antibodies may exist, the
averall value of THC-determined ER and PgR levels for
the prediction of response to hormonal chorapy and
everzll prognosis appears high (2,14-16). Some studics
have documented IHC determination of ER to be superior
to the ligand binditg assay for the predicrion of response
to adjuvant endocrine therapy in breast cancer {17).
Despite the documented value and accuracy of ER
and PeR assayed by IHC, & wide varicty of amibodics
and quantitation techuigues are currently in use, The ex-
tent to which thesc variabilines i technigue and mate-
rial affect the predicuve value and standardization of
THC derermination of ER and PgR is snknown, Of sig-
nificance, there is no universally accepted control for

licance, ther Ca_COnLroi i«
' standardxzat:f__nf_mwga;@ of E‘R_'md PgR by IHC.
H Tes interizborator comuarlson' of steroid receprors
| Menee lmiers b § b

as determined by [5G may not be entirely Yalid. The au-
thors are 2ware of only @ singiz quality assurance/qual-

ity control {QA/QT) program within the United States
for IHC determination of steroid receprors, again bring-
ing nto question the overall consistency of results ob-
tainabic between [ahoratories. Despite such problems,
the overall robustness of the method appears to com-
pensate for the lack of precision associated with the
technique, Several Iaboratories are working to refinc
protocols and standardization methods and Riera e al.
(18} have recently proposed tissue cel| culture lines as &
universal cantrol.

In order to clarify the current starus of ER and PgR
level determinations, we surveyed 300 laboratories to
determine sheir methods and interpretative approach for
the estimation of steroid hormone receptors in breast
tissus and whether they take part in a regional or na-
tional QA/QC program in this ficld, Herein ws report
the regults of thar survey.

MATERIALS AND METHODS

Questionnaires were mailed with return gddressed
and stamped snvelopes to 300 hospital pathology de-

partments. The first 200 guestionnaire recipients were

drawn from the College of American Patholagists (CAFY
dirzrrory by randstnly selecting four pachologists from
each srare. An additiona! 100 pathologists with mterest
and expertise in the arez of breast pathology wers se-
lecsed on the basts of o literature search for publications
concerning estrogen angd progesterone receprors.

The guestionnaire contains questions relaring to size
and sype of hospital pracrice. The questionnairs asked
they routinely ordered EK and PgR essays on newly di-
apnosed breast carcingmas and whether this analysis
was done in-house or if it was sent out. If they per-
formed in-house analysis, questions zbour the method
used [THC, dextran-coated charceal (DCC) assay, poly-
micrase chain reaction (PCR), or flow cytometry], type
of material accepred [paraffin cmbeddcd, frozen tissug,
or fine ncedle aspiration {FINA)), tvpe of ansbody, and
dilution emploved were included. The pathologists were
also asked how quantiration was performed (image
analysic, manually calculating the nuclei staining per-
centage, cutimating the intensity of staining, M score),
what the cutoff point was for differentiating positive
and negative results, what protocol was used for sean-
dardization, and what controls were used. Lastly, the
laboratories were asked whether they participazed in
any of the interinstitutional QA prograrns and, if so,
which one

In addlraon, 150 questionnaires were mailed with re-
turn addressed and stamped envelopes to hematology/
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Tissuwe ER and PgR Level Assessment « 181

orcology depattments in all 50 states. One hundred and
ten oncologists wers progeam directors at teashing hos-
pitals. The remaining were randomly selected oncoio-
gists based at community hospitals. The questionnaite
vontaing questions relating to the method vsed by the
laboratory for the atalysis of ER and PgR, the quanti-
tation method, and the curoff paint used t¢ separare
positive and negative resuits. The questionnaire asked
whether their treanment approach changed following a
switch from DCC to IMC, whether they cquated immu-
nohistochemical expression of ER and PgR o specific
ferntomol values, and whether they reguired quantita-
tton or merely positive snd negative resulss. The oneole-
gists were also ssked whether they were influcnced in
choice of therapy by | PTg‘R_s_t_a_Eligéi‘ﬁhﬁtﬁ&ﬁf}i?gaw
timoxiten regarcless of steroid hormone Lecepior STAtS
10 ¢l postmenopausal patients. 1hey were also asked it
ER and PgR status had over changed durivg treacment.
Finally, their opinion regarding current recommenda-
tions {19,20) on chemotherepy and endocrine therapy
and the duration of such treatment (21} (2 years versug
years) was spught.

Following mailing of the survey questionnaire, 3
months wers allowed 1o pass before closure of the dara
collzction periad, allowing for adequate response time.
The responses were entzzed on @ spreadsheet program
{Excel 7.0, Microsoft, Redmond, WA) and analyzed.

RESULTS

Responses were received from 80 of the 300 gques-
ticonaise recipients, geopraphically representing 37 seates,
Thizty (38%) were obtained from instivutions describing
themselves as cornmunity/genera! hospizals, seven from
nonacademic tertizty care centers, 41 from academic
tortiary carc centers, 1 from & reference laboratory, and
i did not indicate the type of institution. Respondents
were almost equally distribured berween hospizals with
fewer thao 250 beds {22}, hospitals between 250 and
500 beds (26), and hospitals with more than 500 beds
(29). Three respondants did not state the glze of their in-
stitution, :

Seventy-seven of the 80 (6% responding practices
routinely performed ER and PgR analysis on both in
gite and invasive carcinoma of the breast. Two pers
formed it only on mvasive carcinoma, and a single re-
spondent did not indicate his practice patrarn. Both in-
stiturions performing ER and PgR aralysis only on
" invasive carcinomas were community hospitals. Forty-
nine of the' 80 {619} respondernits performmed steroid re-
ceptor hormone analysis in their own laboratorics, 30

routinety sent tissuc out for such analysls, and 1 labora-
tory performed in-house IHC but seat out tissus to have
DCC ligand binding assay performed on some speci-
mens. Table 1 shows the distriburion of institutions per-
Forming steroid receptor analysis by hospital type. Aca-
demic rertiary care hospitals were most Likely to perfarm
the assays within their institution. Similarly, hospitals
with more than 500 beds were more likely to perform
steroid receptor apalysis in their own laboratories.
Communizy/gencral hospitals were most likely ro send
out ER and PgR analyses [23; 77%). A wide variety of
academic tertiary care medical centers and spocialty
commercis) laboratorics were used for referral of tissue
for steroid hormane apalysis.

All ngritutions performing ER and PgR analysis in
house used immunohistochemistry. A single institution
performed in-house JHC but sent out material for ligand
binding assay in sciccted cases. Forty-three (80%) of the
mstitutions answering the question on tissue aceeprable
for analvsis performed ER/PeR analysis only on paraffin
tissue, & {1 1%6) perfarmed the analysis on paraffin-cmbed-
ded and FINA material, 3 (4%) performed the assay on
paraffin-cmbedded, frozen, and FNA material, while 2
{4%) performed the assay only on frozen material. One
(2%} respondent performed the analysis on paraffin-
embedded and frozen material.

Methods of guantitation varied among the leboraro-
rics responding to our survey, Forty-two {88%) used &
thanua) counting methed for quantitation, 4 (8%} used
computer-aided image analysis, and 1 (2% used laser
scanning cytomerry. One additional laborstory (2%)
used computer-zssisted lmage analysis between 138§
and 1958 bur recently changed to 2 manual technique.
Qf the laboratories ytilizing a manuai counting method
for guantitation of ER and PgR lcvels, 30 {61%) manu-
ally counted the number of twmor cell tuclei staiming
positively and calculated a staining percentage. Fourteen
respondents (29%] used both the percentage of positive
nuclei and the intensity of stining. Three laboratories
{6%) uscd formal Bescore analysis. One faborarory
{2%) measured only the intensity of staining. A single

Table 1. Hpspital Type

Type : Humber Percentage
Cammunity/yeneral 30 37.%
Nonacademic tortiary 7 | ]
Acsdemlc tertiary 41 7125
Reference [aboratory 1 1.2%
Neresponse 1 125 .
Total &o 00
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Table 2. Suppliers of Antibodies Used for ER Anelysis by
Responding Laborateries

Tvpe Number Percontage
Pako 17 39
Ventana 15 24
Novacastrs ] r
AMAC H 5
mmunotach q g
Abhott 1 2
Hizgenex 1 Z
Zymed | 2
Totsl 44 100

lahoratory manuzlly counted the nuclel staining per-
centage for ER but employed the H-score vechnigue for
PeR analysis,

Table 2 shows the different cammercial suppliers of
antibodies used for THC analysis of ER and PgR. Anti-
bodies were supplied by cight different companies, and
antibody dilutions varied considerably, as indicared in
Table 3. Cutoff points for separation of posizive and
negarive resules varied widely among laboratories. Even
when the H-s2ore systet was used, the curoff point was
not uniform. Tablc 4 shows the cutoff psints reporred
by the respondents, Some laboratories aceepred any vi-
sually deecteble staining as indicative of positive ER
while others required the nuclel smiting percentage 1o
be as bigh as 20% before 2 tissue specimen was ongid-
erzd positive, Two laboratories (4%) did not interpret
the results as ejther positive or negative, bur simply esti-
mated the nuclel stainmg percentage and intensity of
staining present, leaving interpretarios to the clinicians,

Twubie 3. Range of Dilutions Used

ER
Dako 5-2.000
Ventana sredilution
AMAZ 50-500
Novacast > 40-200
immunotech 56400
PR
Dako 0-160
Blogenex 25350
Novacasiia 5G-100

Protocols for standardization are listed in Table 5.
There was considerable varfation, with reliance on man-
vfacturer protocols, DCC validation, or TAP survey,
The controls used for standardization were also incon-
sistent among laboratories, with the majority of institn-

ns (42, 74%) wsing known positive and negative
cases ag their controle. Table 6 shows the trpes of con-
trols used by the responding institutions. Sixry-nine of
the 80 institutions responding (8£%) took parr in the
CAP program. The remaining 11 institutions did net
take part in any QASQC program.

Only 26 [17%) uscful responses wese received from

“the 150 questionnaires sent ouz to directors of hematol-

ogy/oncology programs (representing 17 states). All 26
cspondents rovtinely ordered steroid hormore receptor
analysis on all newly diagnosed breast carcinomnas, One
of these did not routingly request such an analysis on in-
tradectal sarcinoma. Twenty-five respondents believed
the technigue used for the analysis was THC, while one
received information from che Hgand binding (DCC)

Tabie 4. Criteria Used to Separate Positive anc] Negative Results

Mumber Percentage
10% positive cells 15 34
B9 posltive cells iz 8
Any positivity 3 9
Combination formula {number ot cells and intensity) 3 7
<9% = neqative, 9-13% +« borderting, > 193 = potive 2 a
Different crlieriz for ER and FgR 2 4
20% ER, 5% PgR
20% ER, T0% PgR
Number and Intetsity supplied for clinician interpretatior 2 &
Combination &f number shd intensity
10% positive with =2 iscele of 1-4) d 2
" Hscore of 50 i 2
Hscore of 10 i 2
Sen Antonio scere
1-2 - negstive, ¥ — boracrline, 4-§ = posmve 1 2
Intamsity (51 0-3), PP — percentage Ond, 15 = 51 X PP
0-7 = pegatlve, 2 or more = posithes 1 2
35 100

Total
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Table 5. Protocols Used for Standardization

Prototo! Number

posltive and negative conitrols

PEC validatish

Ventana automated stainer

{rake protocol

Do noY know (DNK)

tn-house standardized protocol (Techmate instrumetitation)
 and standardized commarciai reagents

Parallel testing for new kits and new antlbodly ot
CAP survey

Modified Techmate

All siides reviewed by the director
Ventanamicrowave antigen retrieval

Na protocol

DCC snd reference laborstories

KIEA 1arget antigen retrievsl (Dako}

CAS 200G

Mamutacturers’ guidelinesjournalsiextibooks

Eal T )

[ T e P

analysis, Of the 25 individuals expericncing 2 shift in
analytic tzchnigue from DCC to THC, only one changed
their treatmont approach because of the modification in
techmique. Thirteen of 25 (529%) hematslogists/oncolo-
gists cquared negative or low [HC valves of ER and PgR
with specific femtomol valuzs, The other 12 did not di-
rectly correlate THC results with femromo} levels,
In agresment with the results of the survey of patholo-
gists, there was considerable variarion in the cutoff points
uszd by hematologists and oncologists 1o scparate pasi-
tive from negative ER results. These values ranged from
1 to 30%. Fobr hemawloglsti/SHeolopiss (18%) did
A6t 1E#0W the value uscd for sstatifying ER resuls into
positive and negative. Table 7 shows the distribution of
curoff points used by the responding hematologists and
oncologists. Eleven rzspondents reguirzd guantitation
in their practice, while 16 reguired only a statement of
positive or negative. Thirteen of 25 respondents agreed
wizh the recommendations for treatment of early breast
cancer as stated in the British Journal of Cancer (19)
and in the Retsew of Semninars in Oncology {20,

Table 6. Type of Controls Used for ER and FgR Anslysis

Table 7. Distribution of Thresholds for Establishing SR P
Positivity Used by Hematologists/Oncoiogists H ?
Threshold Number Percentage
Ne responst 7 256
10% 3 19
{ro not iinow 4 15
10 fmol 4 15
3% 2 7
30% 2 7
1% 1 a
20% = negetive, <30% — borderline,
»3D% = posttive 1 a
Laboratory dousit § 3
Totsl 27 100

Sixteen of 25 (64%) responding hc{gatologxsts/orco

ogists would nor treat an ER-negative carcinoma in &

postmenopausal paticnt with tamoxifen. Twency-thrce
of 27 responding hcmato]ogzsts/oncologlsrs stated that
they were influenced in their treatment decisions by the
presence or zbsence of PgR positivity in the neoplasm.
Twenty-five of 26 hemartologistsioncologists stated that
they had modified their treatment plans based on the ER
or PgR status of the patient. Finally, 20 of 27 respond-
ing hematologists/oncologists stated that they had nor
changed the duration of treatment after publication of
the Swedish Breast Cancer Cooperative Group results in _
Journal of the National Gancer Institute (21). }

PISCUSSION

Since the recogaition of the relztionship berween ER :

and PgR levels in breast carcinoma and patient progno- '
sis and response te hormonal therapy, the asscssment of
steroid hormone receptors has become a widely ac-
cepred component in the examination of breast carcino-
mas {23}, Initially asscssmenc of ER and PgR lovels was
petformed using 2 ligand binding technology (DCC) (2-3).

More recently, ER and PR assessment by IHC has be-
come¢ populat, if not the predominant techrique, Many

Control Kumber  Fercentage
Knows positive and hegatlve cases 42 Al
ittternal and externial breast tissue control 9 i7
Ela atsayed brear cancers 1 2
Endometrium 1 H
BR, breast: FgR, endometrivm 1 2 i
Abbott ER-JCA, PGR-ICA. control siides for frozer and cytology 1 2 i
Cormtrol cases with A< 10, 15-100, and >100 7 P
Multltumer blacks 1 2

57 100

Totul
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studies have correlated the results of IHC with thoss ob-
tained by the ligand binding method (6-12), and have
confirmed the relationship of ER and PgR with patient
prognosis and response to hormonal therapy (1,14-17),
Despite the near ueiformity in finding a high correlation
berweers IHC and ligand binding assay resplts and good
pradictive value for THC, these studies have uged a vari-
ery of antibodies, antibody dilutions, staining and quan-
titation technigues, and cutoff points {23). The variarion
within the litzrature )5 reflected within community prac-
tice. Many of the issues relating to [HC derermination of
steroid hourmone receptor levels refleer basic issues in
guantitative [HC as discussed by a pane! of experes dur-
ing & recent mecting of the Evropean Section of the ln-
ternational Academy of Pathology {Nicc, France, Qcto-
ber 19983,

In order to assess the current status of ER and PgR
assay methods in zhe Unised States, we undertooic & mail
survey investigating the methodologies, controls, quan-
titation techniques, and cutoff pomnts utilized by = varl-
ety of scademic and nonacademic laboratotics. Qur
study found & wide variation in the anribodics, ﬁ@

themselves nagare the cIinica! significance of .r.-reto;d hc:f
mone recepror analysis, the exisrence of such variations
raises the potential for clinically significant discordance
in reporied steroid hormone receptor values between
labsoratories

Commercial and large academic medical center Jubos
ratories perform approximartely 38% of all ER and FgR
assays, but the majority of such assays are performed in-
house by local laboratories. Nearly all of these laborato-
ries reporr wsing IHC for the assessment of ER and PgR.
A number of observations can be made on the basis of
this study. First, a confounding variable for interlabara-
tory comiparisons of stereid hormone reoepror resulis is
the Variety of materials accepted by various Jaborato-
x1¢s-E_ght} -one perzent of laborstories accept anly par-
:ffin-embedded material for analysis, but 11% used
only frozen tissue oz both frozen and pazaffin-embedded
tissue for analysis. In addition, 4% slso acoepred FINA
specimens. Second, various antibodizs were used. The
laberatorics in our stumoycd antibodies slipplied
by eight different manufacturers. Seventy-three percent
ofinstitutions used an antibody supplied by either Dake
(Carpinteria, CA) or Ventana (Tocson, AZ). As shown
in Table 3, zver when using the sarve antibody, various
institutions empioyed widely different antibody dilu-

tlcns for thctr assays. These differences in anribodies

—

and dilusions may have significant impact on the quarn-
tative asessment of ER and PgR by IHC.

Third, methods for the quantitation of IHC results
varizd considerably berween respondents. The majority
{88%) of laboratories completing the survey guestion-
naire used various manual techniques for gquantitation
in which estimares of nuclei staining percentags were
made, Multple manual gquantitation methods exist in
addition to simply estimating the nuclei staming per-
centage. Twenty-nine percent of laboratories using a
manual guantitation technigue smployed a technigue
where both the number of positive cells and the intensity
with which the cell nuclei stalned were estimated. Six
percent used formal H-score analvsis (8). We did not ob-
tain information on the threshold of staining intensity
1sed to accepr a nuclews as posicive for quantitation pur-
poses. Neither did we obtain information on cell salcc-
tion rechniques. Clearly diffcrences in counting ezch-
nigue_con affecr whether a neoplasm is designared
positive of negativs for ER end PgR. Recommendarions
for cell counting hav_e_m@lleij 1),

Fourth, the cutoff points used for the assignmen; of
breast cancer cell populations as positive for ER or PgR

differ between laborataries. Our survey documented at

least 2 fourfold vasiativw in the noglel staining percent-
age used by laboratories for the ass;,g‘xmcnt of f positivity.
Twelve labaratories (27%) ussd & $% cutoff point io
desipnate 5 specimen ez positive and fouy laboratories
(9%) vsed 2 valve of 20% as their cutoff point. Fifteon
laboratories (33%) uscd & 10% nuclear posittvity rate as
ax indicaior of 2 positive ER level. Variability in cutof
point resales in discordance of results even when meth-
odalogic aspects of the assay are idenvical, Such variabil-
ity in threshold for positiviry highlights the need for iab-
orataties to nclude_curoff_points in _their reports.
Thresholids used with other quantitation methods [H
score} also varied, A few |aborarories simply assessed
the number of positively staining cells and the intensity
of staining present, allowing the clinicians to intcrpret
the data. Thus wide vnnabdlty in practice exists and
such variability may Rave a significant impact on the
documentanion of the p-'reéems ot absence of clinicaily cally
significant Icvels of ER and PgR.

Standardization protocols varied widely among th"
respandents to our survey. Only 22 respondents (28%)
answercd our guery concerning their standsrdizarion

protocol, OF these, three vsed DCC validation as thejr

standardization technique, while a majority relicd on
matufaciirer’s guidelines, previously tested positive
and negative intralaborarory controls, or simply review
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of all slides by the laborstory director. Centrols for the
standardizarion of ER and PgR assays varied among the
laboratorics. The majority (52%) vsed previgusly as-
sayed tissue blocks known to be positive and negative.
This affered a degree of intzalaboratory consistency but
did not 2llow exrernal verification of laboratory assay
Jevels, Nine laborarories utilized internal breast tissue
controls for the assessment of steroic hormons receptors
in associated neoplastic tissue. Occasionally labeorato-
ries utilized endometriutn as a posttive control. As stated
by Riera et al. {18), no universal contro! cxists for cxrer
nal validetion of steroid hormone rcccw
Immﬁphca:es compatis
sons hetween lzborasorics using different antibodier, 4i-
lutions of antibodies, and modifications of the THC
rechpique. Recently, cultared cells have been suggested
as a contro[ for quantitative immunocytachemical anal-
ysis of ER levels {18}, Widespread utilization of such a
standard control should lmcrease the comparability of
ER results performed at differsnt laboratories.

Only 26 responses {17%) from our survey of 150 di-
rectors of hematology/oncology programs were received,
meaning conclusions based on this small dataser should
be made with cauzion. However, cartain trends were
poted. First, the respondents routinely ordersd ER and
PgR analysis on all newly disgnosed breast carcinomas,
implying general acceptance by oncologists for mesgure-
ment of ER and PgR. The majority of responding oncol-
ogists did not alter their treatment approach when thejr
laboratery switched from the DCC ¢o the THC merhod-
vlogy. Variability existed among clinicizns in how they
equated THC expression te femromol values, Approxi-
mazely half of the respondents did nor equate negative
or fow IHC values with specific femtomo! values,

In_agreement with out laberatory survey findings, the
threshold for calling & result positive vazied widely

e T T - i .

. Valuss associated with & positive re-

among oncologi

sult by IHC varied from 1 to 30%. Of equal importance,

39% of the responding hematologists/encologists trear-
ing breast cancer paticnts did not reguire quantitarjve
data bur merely desired a statement by the iabsratory as
1o whether the assay wag positive of negative. This find-
ing 18 of particular imterest in Lght of @ recern study
showing that very high levels of ER are zsrociated with
an unfavorable proguosis (22). Simply dividing ER val-
ves into positive and negative may yield incomplere and
misleading informazion. The reporting of feritomol
equivalents, nuclel staining peréentape, or the stracifica-
tion of results into negative, borderline, intersnediare,
and high levels may be moz¢ dinjcally useful.

There does not appeat to be uniformity in approach
to the thierpretation and utilization of ER and PgR darta
by oncologists. Only 13 respondents (43%) agreed with
recently nublished recommendations concerning the vse
of endocrinology and chemotherapy in patients with
breast cancer {15,20). The majority of oncologists re.
sponding to our gquestiornaire acknowledged that ER or
PgR statws had modificd their treatment of patiznr’s
with breast cancer (92%). Despitc this reliance on ste
roid hormone treecptar assay results, fully one-third of
responding oncologists would reat a postmenopausal
patient whose carcinoma was ER tigative with tamox-
ifen. The resules of the Swedish BCCG swdy {21} ap-
peared tc change the treatment approach of only a my-
nority of oncologists responding to our survey (26%).

The oncalogists varied significantly in the threshold
they vred to classify specimens a5 positive or nezative.
Reparred curoff points for positivity varied from any
staining to 2 cureff point of at lsast 30% of noclei sraip-
ing. When specific percentages were given, there was a
sixfold variation in the curoff point {5-309%). Such vari-
abilizy in interpretative thresholds renders interiabora-
tory comparisons of ER and PgR resules difficulr if only
positive aad negative assessments are reported. Interlzbe
oratery comparizons are mote casily achieved if labora-
tories record the nuciel staining percentage, cutoff point
used, and interpretation of the resulis rather than simply
reporting the specimen as positive or negative.

The CAP Q4 program is commonly used by jabora-
torics aszessing ER and PgR in breast tissue, bur its level
of success in ensuging interlaborztory uniformity was
not assessed by this survey, Further studies into the ef-
fectivenest of this peogram would be of value both o
pathology laboratorics pesforming steroid hormone re-
ceptor analysis as well as to oncologists interpreting the
resulrs,

Stergid hormons receptor assay by THC appears ro-
bust cnough to maintain the correlation with prognosis
sstablishec by DCC, despire the many variations dis-
cussed. This interpreration is supported by the observa-
tion that the majority of studies in the literature vsing
variable techniques, antibodies, titers, and coreff points
stilt report good correlation of the IHC resuits with
DCC assays and demaonstrate good predictive and prog-
nostic vaiue for the test (1,6-17). As in many arces of
surgical pathology, reliability may exceed reproducibil-
ity {24). This may lead some clinicians and pathologists
to adept 2 nihilistic 2pproach to standardization. How-
ever, it may be that'important prognostic information
associated with stercid hormone recepror levels i5 being

————
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concesled by the imprecision of corren: [HC methods.
The development of a universal conrrol and improved
/siandardization methods should improve the validity of
"interlaboratory compatison of the rasults of ER and PeR
meazsuremens by the IFC wechnigue.
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Intended Use for Adjuvant!

The recommended method for using Adjuvant! (this website and included sofiware) is to have
an experienced heatth professional enter the data on the website and then print out the results
and the toxicity review sheats for the adjuvant regimens fo be discussed.

These sheets are to be used fo supplement, not substitute for, clinical judgment.

There are a number of areas where experienced clinicians disagree. In these instances
Adjuvant! may present an evidence based interpretation and opinion, but this is not necessarily
the only point of view. The structure of the program allows a heaith professional to modify its
output in ways that they feel appropriate.

The use of the program should be as a shared utifity between a health professional and a
patient. it is not for use by patients in the absence of health professional input.

The reasons for this are:

« [irst, the interpretation of some of the prognostic and staging information for any given
person's case can be difficult even for an experienced professional. One reason is that
surgical and pathologic reports are difficult fo interpret. If information from these sources
is rmisinterpreted very erroneous conclusions may resuit.

s Second, there is a concern that someone reviewing their prognosis alone (viewing them
on this website} may find the information emotionally overwheiming. Although this may
be unlikely since usually uninformed cancer survivors over estimate their risk of
negative outcome {and Adjuvant! makes many people feel relieved and empowered), it
seems reasonable to guard against the rare instances where great emoctional stress
happens in an unsupportive situation. By including at least both a health professional ;
and the patient, social support and sense of moving toward a positive course of action E
is more assured. :

if you are a patient and want to see these estimates for yourself, it is suggested that you have
your health care professional register to use this website so that they may generate and go
over the results with you.

The best way to review of the results is by generating the priniouts, rather than capturing
results directly from the computer screen.

L2002 Adjuvant! Inc.. ali nghts reserved.
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