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Determination of Oestrogen Receptors by Enzyme 
Immunoassay. Technical Differences Between 

Laboratories and Their Consequences 
S. Romain, J.L. Formento, 0. Guirou, M. Francoual, G. Milan0 

and P.M. Martin 

When multicentre breast cancer trials are performed, receptor analyses must be comparable both over time and 
in the participating laboratories. However, we show for the first time a high variability for the distribution of 
oestradiol receptor (ER) values measured by enzyme immunoassay (EIA) from 1987 to 1991. This variability could 
be explained by calibration changes in the immunoassay kits. We have also analysed the influence on ER-EIA 
levels of technical differences between laboratories apart from the assay itself. Many steps emerged as being 
critical, i.e. homogenisation buffer, homogenisation procedure and cytosol dilution. Finally, we show that 
addition of 4-monohydroxytamoxifen increases the apparent ER content measured by EIA in 92% of cytosols. 
Thus, many factors must be controlled to ensure high precision with ER-EIA assays. We have to be particularly 
cautious with the conformational changes that could occur during cytosol preparation and that could also pre- 
exist in the tumour samples. Quality controls of cytosol preparation are essential. 
EurJ Cancer, Vol. 30A, No. 6, pp. 74&746,1994 

INTRODUCTION 
THE CLINICAL usefulness of oestradiol receptor (ER) assays 
in breast cancer specimens has been clearly established by 
correlations with patients’ response to endocrine therapies and 
prognosis. For many years, ER determinations have been rou- 
tinely performed in many breast cancer centres [l]. Until 
recently, ER was quantified exclusively by radioligand binding 
assay (RLA). The Abbott (Abbott Laboratories, Chicago, 
U.S.A.) enzyme immunoassay (EIA) using monoclonal anti- 
bodies now provides an alternative approach for ER assays in 
breast cancer [2-4]. When multicentre therapeutic trials are 
performed, receptor analyses must be comparable both over 
time and in the participating laboratories. Thus, the putative 
major advantage of EIA is the complete standardisation of the 
assay itself. A multicentre study conducted in 1986 showed an 
excellent correlation between EIA and RLA in most laboratories 
[5]. However, high variability over time has since been reported 
for this correlation [6, 71. In addition, important variations in 
the results of EIA as well as RLA are observed in international 
quality control programs. EIA variability could be due to 
calibration problems in the immunoassay kits. Other possible 
sources of variation could be the technical procedures apart from 
the assay itself which are used for routine analyses instead of the 
recommended Abbott protocol. 

We present a comparison of results obtained for EIA routine 
measurements in the period 1987-1991 by the same technical 
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team. In addition, an interlaboratory study enabled us to dis- 
tinguish between the composition of homogenisation buffer, the 
homogenisation procedure, the conditions of cytosols storage 
and the conditions of cytosol dilution as sources of variations in 
ER-EIA measurement. 

MATERIALS AND METHODS 
Tumours and cytosols 

Breast tumours used in this study were obtained through 
pathologists after confirmation of the neoplastic nature of the 
specimens. Tumours were obtained immediately after surgery 
and stored in liquid nitrogen until use. For cytosol preparation, 
all procedures were carried out at 0-2°C. Tumours were hom- 
ogenised using a microdismembrator or a polytron in 10 volumes 
of Tris homogenisation buffer, unless indicated otherwise [lo 
mmoY1 Tris-HCl, 0.5 mmol/l dithiothreitol (DTT), 1.5 mmol/l 
disodium EDTA, 10 mmol/l sodium molybdate, 10% glycerol, 
pH 7.4). Cytosol was obtained by centrifugation of the homogen- 
ate for 60 min at 105 000 g. Cytosol protein concentrations were 
determined by the Bradford’s method [8]. 

RLA dextran-coated charcoal (DCC) 
RLA ER assays were performed using the DCC method and 

Scatchard plot assay [9-141. Briefly, 100 ~1 of cytosol were 
incubated with [3H]oestradiol (0.15-5 nmol/l) either separately 
or with lOO-fold diethylstilboestrol. Incubations were performed 
overnight at 4°C and were stopped by adding 500 ~1 of DCC 
supension (0.7% w/v charcoal Sigma, 0.07% w/v dextran T70 
Pharmacia) to the reaction mixtures. After 30 min, the charcoal 
was pelleted by centrifugation at 800 g for 10 min and the 
supernatant was then counted for radioactivity in a liquid 
scintillation counter. The EORTC and French Receptor Study 
Group interlaboratory quality controls were systematically 
assayed. 
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term storage of cytosols in liquid nitrogen had little effect on 
ER-EIA levels. The ER-EIA mean values of the fresh cytosols 
and the stored cytosols were, respectively, 241.4 and 239.5. The 
Passing-Bablock regression curve between ER-EIA levels of 
fresh cytosols (x) and cytosols stored 3 days in liquid nitrogen 
(y) wasy = 1.035 + 0.964 x. 

Effect of short storage of cytosols at - 80°C on ER-EIA assay 
ER-EIA levels were measured both in cytosols stored for 3 

days in liquid nitrogen and in cytosols stored for 10 days 
thereafter at -80°C (n = 85). The ER-EIA mean values of the 
fresh cytosols and the stored cytosols were 185.3 and 196.9, 
respectively. The Passing-Bablock regression curve between 
ER-EIA levels of cytosols stored 3 days in liquid nitrogen 
(x) and cytosols stored 10 days thereafter at -80°C (y) was 
y = 0.980 + 1.010 x. 

Effect of homogenisation buffer components on ER-EIA assay 
As shown by a recent Abbott survey made in French centres, 

many differences between laboratories still exist for the homo- 
genisation buffer’s composition despite efforts to standardise it 
by receptor study groups. We thus investigated the importance 
of the composition to ER-EIA measurements. Eleven breast 
tumours were homogenised with a buffer containing only Tris 
(10 mmol/l Tris-HCl, pH 7.4, 4°C). Five 1:2 dilutions were 
prepared for each cytosol (protein concentration approximately 
2-3 mg/ml). In the first dilution, the final concentrations were 
the same as the Tris homogenisation buffer (see Materials and 
Methods). The other four dilutions were prepared in the same 
way but without, respectively, sodium molydate, glycerol, 
EDTA and DTT. ER levels were measured by EIA in parallel 
for the five dilutions of each cytosol. The highest levels were 
found in the presence of all components of the Tris homogenis- 
ation buffer (Figure 1). Variations in percentages found in the 
absence of DTT (P = 0.06) and disodium EDTA (P = 0.02) 
were approximately 25%, even for ER levels representative of 
the ‘cut-off value’ area, when expressed per mg protein (cytosols 

M&D (ihol/ml) 

Tria homogeniration buffer: 118.4-163.2 

Without sodium molybdatc: 102.8-130.0 

Without glycerol: 100.8-1352 

Without disodium BDTA: 89.5-122.7 m 
Without DTF 87.6114.7 

‘1234567 8 9 10 11 

Cytosol identification 

Figure 1. Comparison of ER-EIA levels measured in the presence 
of all components of the Tris homogenisation buffer (10 mmol/i 
Tris-HCl. 0.5 mmol/l DTT. 1.5 mmol/l sodium EDTA. 10 mmoVl 
sodium mklybdate, 10% glyckol, pH 7.4) and in the absence of each 

component. 

6 and 7). However, the absence of the other components had a 
less marked infhtence on ER-EIA levels. 

Effect of homogenisation procedure on ER-EIA levels 
Mixed fragmented tissue preparations were obtained from 41 

breast cancer tumours stored at -80°C. An aliquot of each 
fragmented tissue preparation was distributed to two laborator- 
ies (Marseille and Nice) routinely engaged in performing steroid 
receptor assays. The fragmented tissue preparations were stored 
and transported at -80°C. Samples were all homogenised in 
Tris homogenisation buffer but with a microdismembrator in 
Marseille and a polytron in Nice. ER-EIA levels were measured 
in Marseille by only one technician. The Passing-Bablock 
regression curve between ER-EIA levels of cytosols prepared 
with a microdimembrator (x) and with a polytron (y) was 
y = -0.971 +1.486x. Mean values were 95.9 and 118.9, 
respectively . 

Interlaboratory variability of ER-EIA assay 
ER-EIA levels were measured both in Nice and in Marseille 

for 41 cytosols. An excellent correlation was found. The mean 
values of ER-EIA levels measured in Marseille and Nice were 
95.9 and 117.8, respectively. The Passing-Bablock regression 
curve between ER-EIA levels obtained by the two laboratories 
wasy = 0.703 + 1.074 x. 

Effect of dilution on ER-EIA levels of kit controls 
Five kit controls were reconstitued in the homogenisation 

buffer. Four dilutions (1:2, 1:4, 1:8, 1:16) were performed in 
the kit’s specimen diluent and in the Tris homogenisation buffer. 
ER was measured by EIA in parallel for all dilutions. The ER- 
EIA levels found for the dilutions in the kit’s specimen diluent 
were in excellent agreement with the expected value. In contrast, 
dilution of the kit control in the homogenisation buffer enhanced 
ER levels measured by EIA (Figure 2). Reconstitution in Abbott 
reconstitution buffer and dilution in 0 standard as recommended 
in the package insert was not tested. 

Effect of dilution on ER-EIA levels of cytosols 
ER-EIA levels were measured in parallel in undiluted cytosols, 

in cytosols diluted 1:4 in the Tris homogenisation buffer and in 
cytosols diluted 1:4 in the kit’s specimen diluent (n = 26). The 
Passing-Bablock regression curve between ER-EIA levels of 
undiluted cytosols (x) and diluted cytosols (y) was 
y = 9.785 + 0.883 x for Tris homogenisation buffer and 
y = -9.560 + 0.743 x for the kit diluent. Of 26 ER-EIA levels 
determined for dilutions in the kit diluent, 24 were lower than 
the values obtained without dilution. 

In 7 out of 19 samples, serial dilutions (1:2; 1:4; 1:8; 1:16) 
were performed in the Tris homogenisation buffer and in the kit 
diluent. ER-EIA levels were measured in parallel in undiluted 
and diluted cytosols. For each specimen, the result of each 
dilution assayed was plotted as a function of protein concen- 
tration (Figure 3). Very bad linearity was found, both for 
dilutions in the Tris homogenisation buffer and in the kit 
diluent, with a dramatic ER underestimation in the cytosols with 
the highest levels. 

Effect of treatment of cytosols with 4-monohydroxytamoxifen on 
ER-EIA levels 

It has been previously shown that treatment of human breast 
cancer cytosols with tamoxifen or 4-monohydroxytamoxifen 
(MHT) enhances the immunoreactivity of the ER toward mono- 
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Figure 2. Effect of dilution in the homogenisation buffer and in the hit’s specimen diluent on ER-ETA levels of hit controls (I) = 5). Serial 
dilutions (1:2; 1:4; 1:8; 1:16) were performed in the Tris homogenisation buffer (HB) and in the hit’s specimen diluent (SD). ER-ETA levels 
were measured in parallel in undiluted and diluted controls. For each specimen, the result of each dilution was plotted as a function of the 

dilution factor. 

colonal antibody H222 [ 171. In order to study the distribution of could be explained by calibration problems in the immunoassay 
this effect in a large series of patients, 200 cytosols were diluted kits. In fact, the reliability of the EIA technique depends on the 
in the diluent buffer KC1 0.8 M, bovine serum albumin (BSA) 5 manufacturer’s successive calibrations and the stability of the 
mg/ml, Na2HP04 mmol/l, bacitracin 70 mg/ml, sodium molyb- hits. Non-significant variations at each calibration can result in 
date 40 mmol/l in the presence or absence of 50 mmol/l MHT a significant total drift if all differences are in the same direction. 
and assayed by ER-EIA. The ratio between mean ER-EIA levels Based on these and other results, Abbott ER-EIA standardis- 
measured in the presence and in the absence of 50 mM MHT ation had been recalibrated by the manufacturer and has been in 
was 1.3. The median value was also 1.3. The minimal and the kits since early 1993. Laboratories using the EIA must, there- 
maximal values were 0.37 and 4.00, respectively. The addition fore, validate this assay against RLA-DCC assays in their own 
of MHT increased the apparent ER content measured by EIA in setting and routinely perform quality controls. 
92% ( 184/200) of cytosols (Figure 4). The EORTC Receptor Study Group has been involved in the 

standardisation of steroid receptor assays in breast cancer tissues. 
DISCUSSION However, as shown by a recent Abbott survey made in French 

Our study examined assays performed under routine con- centres, many differences between laboratories still exist for 
ditions by the same team over a 4-year period and revealed a cytosol preparation and cytosol dilution prior to EIA measure- 
high variation in distribution of EIA levels over time. Variability ment. The majority of the studies on ER-EIA reliability have 



744 S. Romain et al. 

700 

MO c 
Sample S 

g 500 

i 400 

-I-___L 

2 300 

E 200 
HB 

z ,()O %-.-A 

,h-$ 
. 

+ 0 I 2 3 4 5 7 

Cytosol protein (mg/ml) 

700 -- 

600 - 
Sample 19 

c 
3 soo- 

; 400 - 
rr 

; 300Y.HB 
Li MB 
d 200 9~‘.& 

l” loo- 
SD 

I I I I I I L 
0 I 2 3 4 5 6 7 

Cytosol protein (mg/ml) 

700 - 700 - 
Sample 8 Sample 24 

600~ 600 - 

2 500 ~~ g 500 - 

s 400 - 
2 

400 - 
h 
; ; 

F:/’ 
300- 300 

3 HB 
..y..g 

.*a-* E 200 n = 

Fz 

200 Lrn .-m-m-= 
IOO-¤’ SD 

E 
100 - 

I I I I I I I I I I I I I I 
0 I 2 3 4 5 6 7 0 I 2 3 4 5 6 7 

Cytosol protein (mg/ml) Cytosol protein (mg/ml) 

Cytosol protein (mglml) 

700 
600 Sample I7 

500 

I 4oo HB 

;;$;D~lI’ j I , L 

0 1 2 3 4 5 6 7 

Cytosol protein (mglml) 

. Sample 26 

IIIIIIII 
0 1 2 3 4 5 6 7 

Cytosol protein (mg/ml) 

Figure 3. Effect of dilution in the homogenisation buffer and in the kit’s specimen diluent on ER-EIA levels of cytosols (I) = 7). Serial 
dilutions (1:2; 1:4; 1:8; 1:16) were performed in the Tris homogenisation buffer (HB) and in the kit’s specimen diluent (SD). ER-EfA levels 
were measured in parallel in undiluted and diluted cytosols. For each specimen, the result of each dilution assayed was plotted as a function 

of protein concentration. 
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Figure 4. Distribution of the ratio between ER-EIA levels measured 
in cytosols in the presence and in the absence of 50 mmoi/l MHT 
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been concerned with correlation between EIA and RLA-DCC 
assays [S, 18-291. The work presented here is of particular 
interest in that the influence on ER-EIA of technical differences 
between laboratories has been analysed. We found a low 
variability for the ER-EIA assay itself between the two laborator- 
ies in the present study. Short-term storage of cytosol in liquid 
nitrogen or at -80°C appeared to have little effect on ER-EIA 
levels, in agreement with results obtained previously over longer 
time periods [21]. Cytosol preparation was found to be the major 
source of variability in this study. We showed that the absence 
of certain components of the Tris homogenisation buffer lead 
directly to insufficient measurements. Another possible cause of 
ER-EIA assay variability could stem from the use of a polytron 
or a microdismembrator for cytosol preparation. Pulverisation 
by microdismembrator is the method recommended by the 
EORTC to avoid denaturation of the heat-labile receptors. 
However, cytosols prepared in the same conditions as the EIA 
standards are likely to be more accurately evaluated. The 
conditions of cytosol dilution could be another major source of 
variation. 

It has been shown previously that treatment of human breast 
cancer cytosol with tamoxifen or its metabolite MHT enhances 
the immunoreactivity of the ER toward monocolonal antibody 
H222 [17]. These results indicate that reaction with anti- 
oestrogen causes a change in the receptor molecule, which is 
probably conformational, and reveals occult antigenic determi- 
nant recognised solely by H222. This effect was seen in most 
tumours in this study, but to various extents. Thus, patients 
having ER levels while on tamoxifen therapy could have falsely 
elevated ER-EIA levels. The correlation between the direct 
effect of MHT on ER-EIA levels of primary tumours and 
the response of patients to hormonal therapy needs to be 
investigated. 

In conclusion, many factors must be controlled to ensure 
high precision with the ER-EIA assay. These affect both the 
proportion of tumours that are classified as ER positive and the 
detected ER levels. Classification of patients as ER positive is 
the element of receptor assays that is most widely used in clinical 
practice. However, the accuracy of ER levels is also important. 
Postmenopausal patients with the highest ER levels experience 
the greatest benefit from hormonal therapy. In addition, the 
highest ER levels predispose for poorer prognosis among post- 
menopausal patients not treated with adjuvant therapy [30]. We 

thus have to be particularly cautious with the conformational 
changes that could occur during all the steps of cytosol prep- 
aration and that also pre-exist in the tumour samples. The 
recommended protocol for cytosol preparation should, there- 
fore, be strictly followed. It would perhaps be useful to include 
necessary reagents in the ER-EIA kit. In addition, interlabora- 
tory quality controls of cytosol preparation are essential. 
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Local Control of Soft Tissue Sarcoma of the 
Extremity: The Experience of a Multidisciplinary 

Sarcoma Group With Definitive Surgery and 
Radiotherapy 

A.N. Wilson, A. Davis, R.S. Bell, B. O’Sullivan, C. Catton, F. Madadi, 
R. Kandel and V.L. Fomasier 

Data gathered on 62 patients with soft tissue sarcoma of an extremity, treated in entirety by an experienced 
multidisciplinary sarcoma group, were analysed. With a philosophy of emphasising attainment of histologically 
negative margins at carefully planned limb sparing surgery, combined with either pre-operative or postoperative 
radiation therapy, a crude local control rate of 95% (59 of 62 patients) at a minimum of 24 months follow-up was 
obtained. Of 9 patients with microscopically positive margins after definitive surgery, 8 had undergone maximal 
resection compatible with preservation of function. One of these 9 failed locally, indicating that radiation therapy 
is effective in eradicating microscopic disease in this turnout. The excellent local control obtained with limb- 
sparing surgery in this series justifies early referral of patients with these uncommon cancers to an experienced 
multidisciplinary unit. 26 patients (42%) failed systemically at a minimum of 24 months follow-up, and 19 (30.6%) 
died of their disease, contirming the need for effective systemic therapy in soft tissue sarcoma. Turnouts greater 
than 10 cm in diameter had a greater risk of systemic relapse. 

Key words: sarcoma, extremity, radiotherapy, surgery 
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INTRODUCTION a limb led to the advocacy of radical resection of the entire 
IN THE past two decades, the management of patients with soft involved muscle compartment or, alternatively, amputation 
tissue sarcoma of the extremity has undergone a considerable [l]. Standard nomenclature was developed that defined wide 
evolution. The recognition that sarcoma cells tend to spread resection as excision of the tumour in a complete layer of normal 
widely within the fascial barriers that form the compartments of tissue, marginal resection as excision of the tumour through its 


