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Abstract-One batch of lyophilized calf uterine cytosol was analyzed for estrogen and 
progesterone receptor (ER and PgR, respectively) content by 12 members of the EORTC Receptor 
Group on three different occasions over a total study period of 1 yr: 

( 1) One vial was included with each of 20 consecutive batches of routine tumor analyses between 
December 1983 and May 1984. 

(2) Two vials were simultaneously assayed between July and August 1984 (within-run 
variation). 

(3) One vial was analyzed at the end of 1984 (November-December). 
The overall mean ER and PgR values did not change systematically over the total study period of 

1 yr. Within the various laboratories, the between-run variations of both ER and PgR assays were 
considerable and differed from one institution to another (T-26%). For both ER and PgR 
measurements the average within-run (n = 2) and between-run (n = 20) CoefJicients of variation 
were similar (S-9% and l&-17%, respectively). Comparison of the results from multiple 
sequential assays (c.v. = 12.9%) with those from single assays (c.v. = 21.2%) showed that 
about 60% of the between-laboratory variance in ER could be explained on the basis of the 
between-run variance. With regard to PgR analysis, however, the between-laboratory variance 
decreased or+ 25%. 

Standardized use of one ppe of protein assay (Coomassie brilliant blue) and a standard protein 
solution (human serum albumin) has decreased the between-laboratory variation of the protein 
analysis results to less than 15%. 
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INTRODUCTION 
THE steroid receptor content in tumor tissue is of 
clinical significance with regard to prognosis and 
survival of patients with primary breast cancer and 
in selecting patients with advanced disease for 
endocrine treatment [l-8]. Estrogen and prog- 
esterone receptor (ER and PgR, respectively) 
assays are routinely performed in laboratories on 
several continents. The internal and external quali- 
ty control of these complex and time-consuming 
assays is of utmost importance. 

In 1979, the EORTC Receptor Group started a 
quality assurance program for laboratories 
assaying tumor samples of patients entering clinic- 
al trials of the EORTC Breast Cancer Cooperative 
Group and for representatives of existing national 
organizations [7]. Since 1984 this program, which 
utilizes lyophilized samples that can be mailed 
without temperature control and that tolerate pro- 
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longed storage at 4°C [8], has been open to all 
other individual laboratories for validation of re- 
ceptor methodologies and results. Over 110 labor- 
atories now co-operate within this European orga- 
nization. Various external quality assurance orga- 
nizations have demonstrated large between- 
laboratory variations in quantitative receptor 
values [g-13]. Such quality assurance programs 
generally rely on analysis of a single control sample 
by the various participants. The observed varia- 
tions may, therefore, be ascribed to both between- 
laboratory variation that results from differences in 
methodology as well as within-laboratory variation 
that is related to the within- and between-run 
precision of receptor assays. 

In the present investigation, the EORTC Recep- 
tor Group has paid special attention to the long- 
term between-run and between-laboratory varia- 
tion of receptor results. Moreover, the contribution 
of between-run variation in the individual labor- 
atories of routine assays to the overall between- 
laboratory variation has been evaluated. 

MATERIALS AND METHODS 
Preparation and distribution of control material 

A control cytosol with an ER value of about 50 
fmol/mg protein was prepared by 7-fold dilution of 
calf uterine cytosol with receptor-negative, normal 
calf muscle cytosol. Both cytosols were prepared by 
stirring pulverized tissue powder with phosphate 
buffer (0.02 M NazHP04/NaH2P04, 1.5 mM 
EDTA, 3.0 mM NaNs, 10 mM NaMo04, pH 7.5; 
w/v = 1 : 6) for 30 min at 4°C and centrifuging at 
32,000 g for 30 min at 2°C. After thorough mixing 
of both cytosol solutions, 5 ml aliquots in glass 
vials were lyophilized in one batch by the National 
Institute of Public Health of the Netherlands. Vials 
were sealed under vacuum and stored at 4°C until 
mailing. 

Twenty identical vials were distributed to all 14 
members of the EORTC Receptor Group by mail 
at ambient temperature in December, 1983. All 
vials were stored at 4°C until use. Each participant 
received precise instructions with regard to the 
reconstitution of the lyophilized material. Thereaf- 
ter, one vial was analyzed concurrently with each 
series of routine human breast tumor receptor 
assays. With few exceptions, all analyses were 
completed before the end of May. 

In conjunction with two trials of the European 
Quality assurance program organized in 1984 by 
the EORTC Receptor Group, the same samples 
were analyzed two additional times in the course of 
the following year. For the first analysis (Trial 1) 
two of the four samples were from this particular 
batch of cytosols and they were assayed simul- 
taneously (within-run variation). For the second 

trial (Trial 2) one of the four samples stemmed 
from this batch of cytosols. During both trials, 
participants were unaware of the identity of the 
samples. Thus, the same control sample was analy- 
zed by participants on three different occasions and 
the between-laboratory variation of the receptor 
results could be evaluated over a period of 1 yr. 

Receptor and protein assay conditions 
With the following exceptions, the DCC receptor 

assay was performed in accord with previously 
accepted guidelines [7,14]: Laboratories A and G 
performed single dose saturation assays rather 
than multipoint Scatchard analysis. All partici- 
pants used 3H-Org 2058 to measure progesterone 
receptors except laboratory K who analyzed the 
first five vials using 3H-R 5020 and the remaining 
15 vials with 3H-Org 2058. The results of the first 
five assays were, therefore, excluded from the 
study. Laboratories K and L used the Lowry 
method and BSA standard for protein analysis 
while the remaining laboratories all performed the 
Bradford technique (Coomassie brilliant blue) us- 
ing human serum albumin as a standard as pre- 
viously agreed. Finally, laboratory E only reported 
protein results after treatment of the cytosol with 
DCC. 

Statistical methods 
Within-run variation. Variation of estimates 

simultaneously obtained for the same sample with- 
in one series of measurements. 

Between-run variation.. Variation of estimates 
obtained for the same sample during different 
series of measurements. 

Between-laboratory variation. Variation of esti- 
mates for one sample based upon the measure- 
ments performed by different laboratories. This 
estimate may be the result from one single analysis 
(Trial 2, November-December 1984), from two 
simultaneously performed measurements (Trial 1, 
July-August 1984)) or from many, sequentially 
performed receptor measurements (long-term 
study, December 1983-May 1984). 

With regard to the latter study, the between-run 
variation and the between-laboratory variation 
were estimated by one-way analysis of variance 
[ 151. The relationship between variations, i.e. ER 
and PgR values observed within the same labor- 
atories, was tested for significance with Spearman 
rank correlation coefficients (r,). 

RESULTS 
Estradiol receptor (fmol/ml cytosol) 

Twelve of the 14 laboratories in the EORTC 
Receptor Group participate-d in this long-term 
investigation. Figure 1 shows all ER results ex- 
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Fig. 1. Long-ten variation of routinely performed ER assays determined by 11 members of the EORTC Receptor Group (excluding 
laboratory I). 

pressed as fmol/ml cytosol reported from the 11 of 
the 12 participants. In some laboratories the total 
number of reported results, is under 20; several 
vials were broken during shipping, and occasional 
single results - never more than one per labora- 
tory - were missing due to technical errors in the 
assay. All participants except laboratory E 
observed receptor values that were normally distri- 
buted about the mean. Laboratory E’s results were 
skewed toward low values. The two laboratories 
using single dose saturation assays (A and G) 
reported receptor values that were within the range 
observed by laboratories performing Scatchard 
assays. After 13 consistent assays (202-276 fmoll 
ml), the estrogen receptor values of laboratory I 
suddenly decreased by about 50% and demons- 
trated poor precision (Fig. 2). This coincided with 
the use of a new batch of 3H-estradiol. When this 
laboratory employed a third batch of 3H-estradiol, 
receptor values coincided very well with assays 
1-13. These results were excluded from the analy- 
sis of variance of between-laboratory results. The 
PgR determinations for all 19 analyses in this 
particular laboratory were normally distributed. 

The between-run variation of receptor results 
ranged between 7.4% (laboratory L) and 26.3% 
(laboratory H). The average coefficient of variation 
computed from these results was 16.0% (Table 1). 
Despite these large differences in day-to-day preci-. 
sion of assays, the mean values of all participants 
agreed reasonably well (range 16 l-254 fmol/ml) . 
On the basis of the mean values, the between- 
laboratory coefficient of variation was 12.9% with 
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an overall mean of 209 fmol/ml cytosol. 
The sample used for the long-term evaluation of 

reproducibility in ER and PgR analyses was analy- 
zed on two additional occasions during 1984. Since 
duplicate samples were analyzed in the first of 
these two trials, the within-run variability of recep- 
tor and protein determinations can be analyzed for 
the 12 laboratories. The average coefficient of 
variation of duplicate ER determinations is 7.9% 
for 11 of the 12 laboratories (Table 2). The result 
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Fig. 2. Long-term variation of 20 scquntial ER assays perjkned tp 
laboratory I of the EORTC Receptor Group. 
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Table 1. Between-run and between-laboratory variation of long-term receptor and protein 
analysis 

Estrogen Receptor Progesterone Receptor Protein 
(fmol/ml cytosol) (fmol/ml cytosol) (mgiml cytosol) 

Range of mean values 161-254 347-665 3.45-4.38 
Overall mean 209 519 3.78 
Average between-run S.D. 34 86 0.29 
Between-run C.V. (%) 16.0 16.6 7.7 
Between-lab SD. 27 98 0.30 
Between-lab C.V. (%) 12.9 18.9 7.9 

Table 2. Within-run variabili(v of receptor and protein results assayed in duplicate 

Mean value 
Average S.D. (C.V.) 
No. of participants 

Estrogen Receptor Progesterone Receptor Protein 
(fmol/ml cytosol) (fmol/ml cytosol) (mg/ml cytosol) 

214 462 4.00 
16.8 (7.9%) 41.8 (9.0%) 0.1 (2.5%) 

11 11 I2 

Table 3. Between-laboratory variation of estrogen receptor, progesterone receptor and protein assays performed by 12 
laboratories over a period of 1 yr 

Long-term study* Trial It Trial 2: 
December 1983-May 1984 July-August 1984 November-December 1984 

ER : mean (fmol/ml cytosol) 209 214 197 
: S.D. (C.V.%) 27 (12.9) 43 (20.3) 42 (21.2) 

PgR : mean (fmol/ml cytosol) 519 462 471 
: S.D. (C.V.%) 98 (18.9) 98 (21.2) 103 (21.9) 

mg protein/m1 cytosol 
: mean 3.78 4.00 3.88 
: S.D. (C.V.%) 0.30 (7.9) 0.59 (14.9) 0.55 (14.0) 

*20 sequential assays. 
fDuplicate sample analyzed in one assay. 
$Single sample analyzed. 

from laboratory H was excluded since the dupli- 
cate determination was extremely poor (256 and 
130 fmol/ml cytosol) . 

The mean values of all 12 laboratories on the 
three occasions during the course of a year are very 
similar (Table 3). However, the between- 
laboratory variation ranged from 12.9% (long- 
term study of 20 sequential assays) to 21.2% (one 
single assay), which represents a 63% reduction in 
inter-laboratory variance (SD.‘). 

Progesterone receptor (fmol/ml cytosol) 
The distribution of results for all laboratories 

except laboratory H appeared to be normal 
(Fig. 3). The results from laboratory F suddenly 

decreased at one point in time from about 520 to 
260 fmol/ml cytosol, while precision was main- 
tained (c.v. 9-10%) and consistency of ER values 
was observed. Several months later (Trial 2, 1984), 
this participant obtained a receptor value of 660 
fmol/ml cytosol. There is no obvious explanation 
for the difference found, and this laboratory’s PgR 
results have been excluded from further statistical 
calculations. 

Between-run variations for PgR analysis were 
considerable and differed from institution to in- 
stitution. The coefficients of variation within the 
various laboratories ranged from 7.8% (laboratory 
G) to 25.5% (laboratory H) with an average value 
of 16.5% (Table 1). One-way analysis of variance 
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Fig. 3. Long-term variation of routinely performed PgR assays determined by 11 members of the EORTC Receptor Group 
(excluding laboratory F). 
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out the year. The mean values agreed reasonably 
well, and comparison of the between-laboratory 
variations obtained on these two occasions shows 
that only 25% of the inter-laboratory variance is 
eliminated by means of multiple sequential assays. 

A statistically significant direct correlation 

(rs = 0.67, P < 0.05) was observed between the 
coefficients of variation observed by the partici- 
pants for both the ER and the PgR assays. In 
contrast, similar consistency was not observed with 
regard to the mean values for ER and PgR 
(rr = 0.41, P > 0.1). 

Fig. 4. Long-tern variation of 20 sequential PgR assays performed by 
laboratory F of the EORTC Receptor Group. 

resulted in a mean value of 510 fmol/ml cytosol 
(135 fmol/mg protein) and there was a between- 
laboratory C.V. of 18.9%. 

The within-run variability of duplicate PgR 
analyses was found to be 9.0% (Table 2). The 
result from laboratory G is excluded because of 
poor concordance between the duplicate deter- 
minations (362 and 624 fmol/ml cytosol) . 

Table 3 compares the mean PgR values com- 
puted from the results of the same laboratories 
observed on the three different occasions through- 

Protein measurement 
Figure 5 shows the protein results of all 12 

participants. Three participants (laboratories E, K 
and L) were excluded from further analysis for the 
reasons mentioned in Materials and Methods. The 
between-run precision of the protein assays within 
the other laboratories ranged from 4.4% (labora- 
tory J) to 11.1% (laboratory H) with an average 
value of 7.7% (Table 1). The mean values of these 
nine participants were between 3.45 and 4.38 
mg/ml cytosol with a between-laboratory coef- 
ficient of variation of 7.9%. 

With one exception, the protein values reported 
during the two external trials conducted in July 
and November, 1984 remained within the range of 
values obtained during the long-term laboratory 
study (December 1983-May 1984). During Trial 1, 
laboratory A found protein values of 5.3 mg/ml 
cytosol while during the long-term study as well as 



950 A. Koenders and S. M. Thorpe 

mg protetn/ml cytosol 

8.0 - 

7.0 - 

60- 

Lab A 0 c D E F G H I J K L 

Fig. 5. Long-term variation of protein measurements. Nine participants (0) used the recommended Bradford technique 
(Coomassie brilliant blue) and human serum albumin standard, two (0) used the Lowv method with BSA standard, and one 

participant (A) reported Bradford protein results only after treatment of cytosol with DCC. 

during trial 2 the values ranged between 3.3 and 
4.2 (3.76 + 0.29 mg/ml, n = 20). As a result of 
these deviating values found in laboratory A, the 
mean value of all participants was higher during 
this trial compared to the mean values from the 
other two investigations (Table 3). Excluding the 
results of this one participant, the calculated mean 
valueof3.84 X!Z 0.39 (c.v. = 10.1%) wasagainvery 
similar. Comparison of the between-laboratory 
variance of Trial 2, i.e. results from one single 
assay, with those from the long-term study, i.e. a 
mean result computed from about 20 sequential 
assays, revealed a 68% difference in variance. 

Estrogen and progesterone receptor ( fmollmg cytosol 
protein) 

With regard to the long-term study, the be- 
tween-laboratory variation of receptor results ex- 
pressed as fmol/ml cytosol or fmol/mg protein was 
similar, i.e. ER = 57 f 6 fmol/mg cytosol protein 

( C.V. = 11.7) and PgR = 146 + 25 fmol/mg cytosol 
protein (c.v. = 17.3%) (compare with results of 
fmol/ml cytosol shown in Table 1). 

DISCUSSION 
This study confirms that lyophilized calf uterine 

samples can be stored at 4°C for extensive periods 
of time and can, therefore, be used for routine 
purposes as within- and between-laboratory con- 
trol preparations. The mean ER and PgR values 
calculated from the results of the 12 participating 
laboratories were very similar over a total study 
period of 1 yr (Table 3). The same could be 
concluded from the results of about 80 different 
laboratories that analyzed two lyophilized calf 
uterine control preparations with a time interval of 
about 6 months (unpublished observations). 

The between-run variation of receptor assays 
routinely performed over a period of several 
months could be computed from the results of 11 of 
the 12 participants. Such an internal quality con- 
trol checks routine measurements, traces persistent 
trends and systematic fluctuations, and can be 
used to identify and reject grossly inaccurate re- 
sults. The results from laboratory I demonstrate a 
sudden decrease in observed levels of ER that was 
found to coincide with employment of a new batch 
of 3H-estradiol. This batch of tracer was apparent- 
ly the source of the error since assays performed 
with a third batch of 3H-estradiol at a later date 
yielded the same, high receptor values originally 
observed. Another laboratory observed a sudden 
and systematic decline of 50% of PgR levels, but 
the reasons for this difference remain obscure. 

In some laboratories a few receptor results were 
much lower than all other values (e.g. Fig. 1, 
laboratories A and E). None of these deviating 
values were excluded from calculations of the 
intra-laboratory variation. However, between-run 
reproducibility still needs to be improved in some 
of these experienced laboratories despite their all 
using well-defined, standardized methodologies. 

Despite the appreciable between-run variations, 
the mean ER values agreed very well. Comparison 
of the results from multiple sequential assays with 
those from single assays showed that about 60% of 
the between-laboratory variance in ER could be 
explained on the basis of the between-run variance. 
While the average between-run precision of multi- 
ple sequential ER and PgR assays was similar 
( 16.4 and 16.6%) respectively) (Table I), between- 
laboratory variance decreased only 25% when the 
mean values of many sequential assays were com- 
pared with the results from one single assay for 
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PgR. Thus it appears that the ER assay shows 
potentially a better between-laboratory compara- 
bility of the two assays, and that the sizable 
inter-laboratory variation seen on the basis of 
single analyses may be due to true minor methodo- 
logical differences among the laboratories and/or 
to poor between-run precision. Ryan et al. also 
observed that the between-laboratory variability of 
progesterone receptor assays was larger than the 
variability of estrogen receptor assays [ 161. PgR 
assays were both inaccurate and imprecise. 

Comparison of the results from the present re- 
port with those of previous studies ([ 14,17-181 and 
Table 3) demonstrated that the between- 
laboratory coefficients of variation for PgR analy- 
ses have gradually decreased with time from more 
than 50% in 1980 [ 181 to around 20% in 1984 
(Table 3). 

During the first trials of the EORTC Receptor 
Group, unacceptably large variations in protein 
values were noted. Thereafter, standardization of 
the type of protein assay and standard protein 

solution has resulted in a decline of the variability 
of protein results to between 10 and 15% ([ 14,17- 
18] and Table 3). The same decline has been 
observed in a quality assurance program con- 
ducted in the Netherlands [ 191. Because of this 
improvement, the between-laboratory variation in 
receptor values is similar regardless of whether 
results are expressed as fmol/ml cytosol or fmol/mg 
cytosol protein. 
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