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Results of estrogen receptor (ER) and progesterone recep-
tor (PgR) ligand-binding assays (LBAs) are strongly corre-
lated with ER and PgR by immuno-histochemistry (IHC). To
investigate whether ER and PgR by IHC are also strongly
correlated with tamoxifen response, time to treatment fail-
ure (TTF) and overall survival (OS), the results of the 2
methods were directly compared in 205 patients with ER™*
metastatic breast cancer treated with daily tamoxifen
(Southwest Oncology Group protocol 8228) with 9 years
median follow-up. pS2, another estrogen-regulated mole-
cule, was also analyzed. Tumors were scored for IHC from 0
to 5, according to the proportion of positively stained cells.
These IHC scores for both ER and PgR were significantly
associated with LBA levels (p < 0.001). There was a signifi-
cant direct relationship between higher IHC ER, PgR and pS2
and increasing response to tamoxifen. TTF and OS were also
significantly longer for patients with higher ER or PgR, but
not pS2, IHC scores. Low, intermediate and high ER or PgR
categories showed similar differences in response rates
whether defined by LBA or IHC. In logistic regression models
which included ER, PgR and pS2 by IHC; ER and PgR by LBA;
and menopausal status, only ER (IHC) and pS2 (IHC) re-
tained significance for predicting tamoxifen response (p =
0.02 and p = 0.005, respectively), along with menopausal
status (for PgR by IHC, p = 0.09). Increasing ER and PgR by
IHC, as by LBA, are thus significantly associated with a pro-
gressively better response and longer survival in ER* meta-
static breast cancer. pS2 is also predictive in this setting. Int.
J. Cancer (Pred. Oncol.) 89:111-117, 2000.
© 2000 Wiley-Liss, Inc.

appears high (Seymoet al., 1990; Allredet al.,1998; Pertschuk
et al., 1988; Gasparinét al., 1992).

To directly compare receptor status measured by IHC and LBA
and to determine if ER and PgR are as strongly correlated with
clinical outcome and response to tamoxifen by IHC as by LBA,
both methods were evaluated in a large group of patients with
LBA-assessed ER metastatic breast cancer with long-term fol-
low-up. pS2, another estrogen-related molecule, was also analyzed
by IHC.

MATERIAL AND METHODS

Eligibility

To be eligible for Southwest Oncology Group protocol 8228
(SWOG 8228) (Ravdiret al., 1992), patients had to meet the
following criteria: (i) metastatic breast cancéii) ER level of >3
fmol/mg cytosolic protein in the primary or metastatic specimen,
(i) no prior treatment for metastatic disea@g) prior adjuvant
chemotherapy or tamoxifen therapy allowed if completed more
than 3 months prior to relapsés) PgR LBA performed|vi) no
massive liver involvement an@ii) signed an approved informed
consent.

Patients and tumor specimens

SWOG 8228 was opened in 1982 and closed in 1987. There
were 349 eligible patients. In the present ancillary study, SWOG
9314, formalin-fixed paraffin blocks from the primary or meta-
static tumor were collected from 215 of these patients. For the

Estrogen receptor (ER) status by ligand-binding assay (LBAg¢mainder of the patients, blocks had been previously discarded or

has long been used as a prognostic factor and a means to preciictld not be located. Blocks from 5 patients could not be further
response to endocrine therapy. Depending on age and menopaasalyzed because of poor fixation. Additionally, for 1 patient, the
status, 50% to 80% of breast tumors are'BB&/ LBA (Thorpeet submitted specimen contained no invasive cancer. Four patients
al., 1987; Williamset al., 1987; Nomuraet al., 1992), and re- were not evaluable for response. Thus, a total of 205 patients were
sponse rate to first-line hormonal therapy for metastatic disease is

about 50% to 60% (Bezwodet al., 1991). With the advent of

monoclonal antibodies (MAbs) to ER protein, receptor status canGrant sponsor: National Cancer Institute; Grant numbers: CA37429;
also be evaluated by immunohistochemistry (IHC). Concordangé32102; CA22433; CA12644; CA35431; CAS8416; CA20319;

between the 2 assays is high (80% to 90%) (Allgtdhl., 1090; CA35192; CA46113; CA45560; CA28862; CAS8861, CA35261;
Stiereret al., 1993; Molino et al., 1997; Reineret al., 1986). CA30L78; CASB882; CA13612; CAD4919; CA42028; CA3273%;

g CA16385; CA35090; CA35119; CA45377; CA35262; CA46282;
Response rates have also been assessed using the IHC method; As8686; CA58183; CA30195; CA32101-16.

studies for the most part have been small, uncontrolled and not
prospective and have not had complete information for compari
EtRarlni%SSUg.eﬁA%rl]‘iEtA aafncllggol;_' C (Allreat al., 1998; McClelland g 15761 Houston, TX 77030, USA. Fax1-713.798-8884.
" ! " : E-mail: relledge@bcm.tmc.edu

Progesterone receptor (PgR) and pS2 are ER-regulated proteins.
The presence of PgR or pS2 should indicate a functional ER@@Id— - < 10 Southwest Oncology G (SWOG-0314)
pathway, and indeed, the presence of PgR and pS2 in some studjé$ldress reprint requests to southwest Oncology Group " ;
was associated with improved prognosis and better respons% Aratlons office, 14980 Omicron Drive, San Antonio, TX 78245-3217,
endocrine therapy (Clarlet al., 1983; Gelbfishet al., 1988; '
Stonelakeet al., 1994). There has been less published work com-___
paring PgR by IHC to PgR by LBA, though correlation also Received 14 April 1999; Revised 6 August 1999
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Ficure 1— Box plot presentation comparing receptor status measured by IHC or LBA. IHC scores of 0 and 1 were grouped together because
of the low number of tumors with a score of 1. All valugd were rounded to 1 so that all would have a log value of 0. Log is to the base e.
The horizontal line in the mid-portion of the box represents the median. The upper and lower horizontal boundaries of the box represent the 75t
and 25th percentiles, respectively. Stars represent outliers. The upper and lower brackets represent the largest and smallest values exclud
outliers, respectively(a) ER. (b) PgR. Results of the 2 methods were highly correlated.

analyzed. Patient and disease characteristics were similar to thedg p = 0.05). The median follow-up of patients who remained
in SWOG 8228, the participants of which were not registered &ive was 9 years.

this study: PgR<10 fmol/mg, 29%vs.32%; PgR>100 fmol/mg,  Analyzed tissue was from the following anatomic sites: 162
33%vs. 31%; ER <50 fmol/mg, 34%vs. 37%; pre-menopausal, primary tumors, 15 skin/soft tissue, 18 lymph node, 4 lung, 5 bone,
11%vs.9%; age<65 years, 61%s.58%; visceral disease, 31%1 ovary. Blocks were not categorized on the basis of histological
vs. 34%; no prior adjuvant therapy 78%s. 77%; prior adjuvant type.

tamoxifen, 3%vs.4%. Only disease-free interval was statistically

different for those in SWOG 9314, with fewer patients having areatment

disease-free interval of3 years, 19%vs. 26%, and a larger In the initial phase of SWOG 8228, the first 87 patients were
portion having metastatic disease at presentation, ¥¥8#% (x> treated with tamoxifen 10 mg b.i.d. The dose was changed to 10
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mg/n? b.i.d. for the remaining 255 patients. For SWOG 9314, 56ontrols for ER and PgR and for pS2, respectively, because of their
patients received tamoxifen 10 mg b.i.d. and 149 patients receiveaky availability and high stable reactivity. Negative controls con-

10 mg/n? b.i.d. sisted of substituting non-immune mouse (for ER and PgR) or
o swine (for pS2) IgG at ug/ml. Controls were included with each
Response criteria batch of approximately 50 slides. The method produced distinct

Complete response (CR) in patients without osseous involvedclear (for ER and PgR) and cytoplasmic (for pS2) signals, as
ment was defined as disappearance of all evidence of measexpected.
able or assessable disease fad weeks. In patients with .
osseous disease, CR was defined as the disappearance oftin scoring ) ) ) )
evidence of non-osseous cancer, bone scans or skeletal radidmmunostained slides were scored as previously described (All-
graphs that showed no evidence of progression or new lesiofgf et al., 1998). Briefly, the entire slide was evaluated by light
return of alkaline phosphatase to normal and disappearanceT¢roscopy. A proportion score was assigned, representing the
bone pain. In patients with only osseous disease, CR requiresfimated proportion of positively staining tumor cells (0, none; 1,
complete normalization of radiographs and scans. Partial re-1/100; 2, 1/100 to 1/10; 3, 1/10 to 1/3; 4, 1/3 to 2/3;>82/3).
sponse (PR) in patients without osseous involvement was dsny brown nuclear stalnlng in invasive breast epithelium was
fined as a reduction of more than 50% in cross-sectional areac@unted toward the proportion score. There was no background
all measurable lesions foe4 weeks. In patients with osseoushuclear staining in non-epithelial tissue. Slides were scored with-
disease, PR was defined as a more than 50% reductionOutf knowledge of LBA results or patient outcome. Tumors with
cross-sectional area of all cancer in non-osseous sites, b&§eres=2 were prospectively considered positive based on previ-
scans or skeletal radiographs that showed no evidence of pgis studies in our laboratory calibrating IHC scores to clinical
gression or new lesions, reduction in alkaline phosphatase a@ifcome (Harveet al., 1999; Allredet al., 1998).
improvement of bone pain. If only osseous disease was presedittistical analysis

PR required a reduction in alkaline phosphatase with evidence L
of healing of lytic lesions and/or improvement in the bone X tests were used to test the association of ER and PgR by LBA

scan. Stable disease was defined as a steady state or a’ll ER and PgR by IHC. TTF and overall survival (OS) were
sponse which was less than partial remission or progressi@siimated using the Kaplan-Meier method. Log-rank statistics
Progression was defined as the appearance of new lesions olVgfe Useéd to compare TTF and survival. Multivariate analyses
increase of more than 25% in the cross-sectional area of ¥fre performed using Cox's partially non-parametric model for
measurable tumor over its minimal cross-sectional area or a§@sored survival data. The association of response with ER, PgR,
worsening of tumor-related symptoms in a patient with otheRS2 and other characteristics was analyzed using logistic regres-
wise stable disease. Quality control of response evaluation w&ign- All reportedp values were 2-sided.

assured by the study and data coordinator’'s review of the

submitted data. RESULTS

Response to treatment was defined as CR, PR or prolongedrrelation of ER and PgR results by LBA with those by IHC
stable disease (a time to treatment failure>#8 months). Pro-  Ejigibility criteria required all tumors to be ERby LBA.

longed stable disease was included as a response to treatm@Rkty percent (185/205) of these tumors were "ERy
because patients with prolonged disease stabilization in respoj§e. There was a significant correlation between ER level
to tamoxifen clearly benefited clinically and because objecti@easured by LBA compared with IH® & 0.001). Median ER
benefit is difficult to assess in patients with osseous disease. Tifgge| by LBA progressively increased with higher IHC scores
to treatment failure (TTF) was defined as the time from registratiqitjg. 1a). A similar pattern was also seen with PgR (Fidp).1

to first occurrence of progression, discontinuation of treatment 8gyenty-one percent (144/204) of tumors were Pgiy LBA
death. Physicians were informed that responses to tamoxifen might; o fmol/mg) compared with 66% by IHC. Thirty-eight per-
take 6 to 12 weeks to become clinically evident. The study desigRnt (23/60) of PgRtumors 10 fmol/mg) were positive by
required tamoxifen to be continued for at least 4 weeks, even|fic while 22% (32/144) of PgR tumors by LBA were neg
there was initial progression or a tumor flare, and for at leastgijve by IHC. These findings are consistent with other published
weeks in patients with stable disease. studies (Gaspariret al.,1992; Stiereet al., 1993; Reineet al.,

IHC analysis 1990).

One 4pum section of each submitted paraffin block was firstEorrelation of IHC ER with PgR and with response rate
stained with hematoxylin and eosin to verify that adequate num-There were significant direct relationships between higher IHC
bers of invasive tumor cells were present and that fixation qualisR, PgR and pS2 and increasing response to tamoxifen (Table I).
was sufficient for IHC analysis. In logistic regression models, each of which included IHC ER,

Serial sections (4.m) were prepared from selected blocks an®gR and pS2 separately along with additional variables found to be
float-mounted on adhesive-coated glass slides (Superfrost/Pluportant in SWOG 8228 [menopausal status, PgR (LBA)O
Slides; Fisher, Pittsburgh, PA) for ER, PgR and pS2 immunostaifol/mg and ER (LBA)<50 fmol/mg] (Ravdiret al.,1992), IHC
ing. The essentials of the immunoassay, in sequence, includeld and pS2 were independently predictive of respopse (.02
guenching with 0.1% sodium azide/3%®}, for 30 min, blocking andp = 0.004, respectively), along with menopausal status (for
with 10% ovalbumin for 15 min, primary antibody overnight aPgR by IHC,p = 0.09).
room temperature, biotinylated rabbit anti-mouse (for ER al . .
PgR) or swine anti-rabbit (for pS2) 1gG linking antibody (Dakor:tgorrelatlo_n of IHC ER, PgR and pS2 with TTF and OS ]
Carpinteria, CA) at 1:100 for 30 min, streptavidin-horseradish Increasing levels of ER, PgR and pS2 by IHC were associated
peroxidase (Dako) at 1:100 for 30 min, hydrogen peroxide/dianiith longer TTF (Table II). Median TTF was approximately dou-
nobenzidine chromogen, signal enhancement with 0.2% osmium
tetroxide for 30 sec and methyl green counterstain. Antibody
reagents were diluted in streptavidin-peroxidase diluent (Bio-_TABLE | —ER, PgR AND pS2 (IHC)VS. TAMOXIFEN RESPONSE (%)
genex, San Ramon, CA). Autobuffer (0.1% BRIJ detergent in Tris . IHC score |
buffer at pH 7.0) was used for intervening washes. Primary anti- Factor . . , p value
bodies included 6F11 MAb (Novocastra, Burlingame, CA) at 1:40 Negatve () Intermediate (1) High ()
dilution for ER, KD68 MAb (Abbott, Alameda, CA) at @g/ml for ER 25% (5/20) 46% (25/54) 66% (86/131) 0.001
PgR and polyclonal NCL-pS2 (Novocastra) at 1:250 dilution for PgR  46% (32/69)  55% (43/78) ~ 70% (40/57)  0.03
pS2. Normal human endocervix and stomach were used as positiv®S2  52% (31/60)  48% (40/83)  72% (44/61)  0.01




114

ble for patients with high IHC ER or PgR (IHC score 4 or 5)
compared with those that were EBnd PgR (IHC score= 0 or

ELLEDGE ET AL.

not significantly different according to pSp & 0.86) (data not
shown).

1). Also, there was a progressive increase in OS as ER and Pghh a multivariate analysis of TTF that included IHC ER, PgR
IHC scores became higher (Figa,B). Median survival for ER  and pS2 plus those factors which remained important in SWOG
patients was only 17 months compared with 37 months for hi@228 (LBA ER level, LBA PgR level, menopausal status and
ER patients. The same trend was also seen for PgR. Survival wiigease-free interval), IHC ER remained independently predictive

TABLE Il —ER, PgR AND pS2 (IHC)VS. TTF

IHC score (months)

(p = 0.02), while pS2 was margingb (= 0.06) and PgR was not
significant. In a multivariate model of OS which included IHC ER,
PgR and pS2, as well as LBA ER and PgR status, disease-free
interval, site of disease (viscerab. non-visceral) and adjuvant
therapy, IHC ER was marginally significamt € 0.06), while PgR

Factor Negative Intermediate High p value and pS2 were not.
ER 5 4 10 0.003  Combining IHC ER with IHC PgR or pS2
szR ? g %2 8-887 Because both PgR and pS2 are ER-regulated proteins, their
P : presence could reflect an intact ER pathway and, thus, a higher
100% —T Median
'Il AtRisk Deaths _in Months
- \“\ ER(IHC) 0-1 22 21 17
s0% i ---- ER(IHC) 2-3 53 49 30
1’,\\ === ER(IHC) 4-5 130 115 37
- | H \ p=.008
60% — ' \1\ "-.,
40% — \L\-\_
LN
- 'L. \IL\
Yo
2% ! T
T
| 1-“-%"'!:.'.3':_'::::_::: .....
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100% . ) Median
AtBisk Deaths _in Months
- PgR(IHC) 0-1 69 64 23
a ==-= PgR(IHC) 2-3 78 69 3
80% ~—- PGR(IHC) 4-5 57 52 39
p=.03
60%
40% =
20% —
0% T T T T T T T T T T T T T |
5 10 15

b‘ 0

Years from Registration

Ficure 2 — Survival of patients according to IHC sco(e) ER. (b) PgR. Survival was progressively prolonged as the proportion of positively
stained cells increased.
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likelihood of response to tamoxifen. However, response, TTF afso associated with improved response rate and TTF but not with

OS was not significantly improved for ERPgR" patients over survival.

ER"/PgR patients (Table Ill)pS2 status also was not additionally There have been 21 studies assessing the ability of ER by IHC

predictive (data not shown). to predict response to hormonal therapy in patients with metastatic
or advanced breast cancer (McCaetyal., 1985; Pertschukt al.,

Comparative response rates for ER and PgR by IHC and LBA 1985, 1990, 1996; Ozellet al., 1985; Jonaktt al., 1986; McClel-

The overall response rate for ERumors by IHC was 60% landet al., 1986, 1990; Bergeet al., 1987; Burtonet al., 1987;
(111/185)vs.56% (116/205) for those positive by LBA. For PR Coombest al., 1987; De Lenat al.,1988; Andersen and Poulsen,
tumors by IHC, overall response was 6M4% 59% by LBA. To 1988, 1989; Hawkinst al., 1988; Gaskelet al., 1989; Sklarewet
determine if IHC might better predict response than LBA, resul@., 1990; Nicholsoret al.,1991; Robertsoet al., 1992; Goulding
in low, intermediate and high categories were compared (Tatsté al., 1995; Barneset al., 1996). In general, these were small
IV). In general, tamoxifen response rates were similar for categstudies that cumulatively involved only 1,291 patients. Our study
ries assessed by the 2 methods when comparing low/negatigepy far the largest on this issue and the only one based on a
intermediate and high categories. However, for lower ER LBArospective clinical trial. In addition, the majority (15) of previous
levels <50), IHC did appear to add information. If IHC wasstudies used antibody h222 on freshly frozen tumor samples. This
negative, the response rate was only 25% but increased to 63%Gifot very relevant today given that nearly all IHC for hormone
IHC was high. receptors is performed on formalin-fixed, paraffin-embedded sam-

ples and that h222 is an expensive early-generation antibody that
is not very sensitive on fixed tissue. We utilized an inexpensive,

DISCUSSION highly sensitive ER antibody (6F11) on formalin-fixed samples,
which could be easily translated to routine clinical practice.

Measurement of ER and PgR in all invasive breast cancers is therpere have been only 3 previous studies assessing the predictive

standard of care in the United States (American Society of Clinicahjjity of PgR by IHC in 137 cumulative patients with metastatic
Oncology, 1996). ER and PgR are weakly prognostic but, moge agvancgd br)t/east cancer, with mixed presults (Pertselt.,

importantly, powerfully predictive of response to endocrine theﬁgsg, 1990; Muller-Holzneet al., 1993). All of these studies

apy. Rgcepto(rj—positiveh tumorsLS'rA(\e at IeasthS-(;‘old more ”kg% ilized freshly frozen tumor samples, which is not feasible in most
respond to endocrine therapy. as a method to measure ER Qific| practices. Our results show a statistically significant rela-

PgR is a complex procedure that requires preserved frozen majgashin hetween PgR IHC phenotype and response to tamoxifen
rial, specialized equipment and radioactive pharmaceuticals. IHt /61 200 patients, which makes an important contribution to this

however, is simple and can be performed on routinely prepargdy ;o * e used a sensitive, commercially available antibody

paraffin-embedded material without specialized equipment. Theg8y6g) on formalin-fixed samples, which could be easily trans-

characteristics also allow it to be performed quickly on a Iarg| ted to routine clinical practice ’

number of specimens. Thus, from a practical and logistical stan _Twenty patients, or 10% wére ERy IHC though ER by

point, IHC ER and PgR is clearly superior. If IHC were equal at , OF V70, 2 iy o

preicing cincal ouicome, ol be th preered modaiy L6/ Rfense te 1 e coup o atents s s s 2
Qur study examined the predictive value of ER and PgR usi terogeneity, sampling error could have occured. Different por-

both types of assays. Only a small number of studies have cop)-
pared the 2 directly with long-term assessment of clinical outco ns of the tumor may have been evaluated by each assay, and

: . . IHC may have evaluated an area composed only of a clonal
(Hawkins _et_al., 1988; Pertschule_t aI._, 1996; De Lenaet aI._, expansion of ERtumor cells, while the remainder of the tumor
1988). This is the largest study of its kind that has been publish R
and the controlled, prospective design of the original clinical tri as ER. Next, receptor status could hagle chanoged between
strengthens the validity of these findings. IHC ER and PgR we imary and metastasis. Approximately 20% to 30% of ER pri-
similar in their predictive value compared to LBA. The progressiv aréé“g‘g?u?ﬁgg E?Srnsvtgrsetas:eismg:ilél;kgrs]jéirgt v%g’rggr%?e)té(s)tfases
relationship of increasing response rate as the ER and PgR s fe diff > P f the ori d :
increases provides further evidence of quantitative value as us, differences In receptor status of the primary and metastases

P i ; Id explain only a small part of this discrepancy. Observer
predictive marker. pS2, another estrogen-regulated protein, variability in reading IHC slides, a semi-subjective procedure,

could contribute to the difference. Indeed, when reviewed by a
second observer, 2 of the 20 ERumors were scored as low

positive (IHC= 2). One was a long-term responder and the other,
a non-responder. Lastly, it was observed that a number of the IHC

TABLE Il —CLINICAL OUTCOMES OF IHC ER PATIENTS
ACCORDING TO PgR STATUS

Receptor

Status Response % (n) TTF (months) Os (months)  ER™ tumors contained ERnon-invasive cancer or benign epithe
N lium. By LBA, in which the whole tumor is homogenized, these
E;;Egg g% g%gg)l) g SZ cells could have produced a positive result.
g Altogether, 5 of the 20 IHC ERtumors responded. Four of the
p=0.1. 20 were PgR, and 2 of these 4 were among the responders. One
TABLE IV —IHC VS.LBA IN PREDICTING % TAMOXIFEN RESPONSE
IHC score
- _ - Overall
Negative (n) Intermediate (n) High (n)
LBA ER
<50 25% (4.16) 42% (11/26) 63% (17/27) 46% (32/69)
50-100 25% (1/4) 44% (7/16) 65% (15/23) 53% (23/43)
>100 — (0/0) 58% (7/12) 67% (54/81) 66% (61/93)
Overall 25% (5/20) 46% (25/54) 66% (86/131) 57% (116/205)
LBA PgR
<10 51% (19/37) 40% (8/20) —(313) 50% (30/60)
10-100 41% (12/29) 56% (18/32) 63% (10/16) 52% (40/77)
>100 33% (1/3) 65% (17/26) 71% (27/38) 67% (45/67)
Overall 46% (32/69) 55% (43/78) 70% (40/57) 56% (115/204)
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of the responders was thought to be low EBn re-evaluation. Adequately fixed, well-preserved tumor tissue, along with a stan-
This leaves 2 tumors that were HERgR™ by IHC, even on review, dardized staining process and a stringently low cut point (speci-
and responded. Poor preservation and fixation of these olderens with>1% of cells staining are considered positive) (Harvey

archival specimens, resulting in false-negative results, might ext al., 1999), is essential for obtaining accurate, reproducible,
plain this, or perhaps there are pathways other than ER througfhically useful results.
which tamoxifen can produce a therapeutic response.

In summary, IHC ER and PgR have very similar prognostic and
predictive value compared with LBA. Because IHC is easier and ACKNOWLEDGEMENTS
less expensive to perform, it would be a good alternative to LBA
for evaluating hormone receptor status in breast cancer. ObtainingVe thank Dr. G. Chamness and Ms. C. Elledge for review of the
ER and PgR on all breast tumors should be the standard of caranuscript.
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