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A b s t r a c t - - S i x  laboratories performing estrogen receptor analysis in breast cancer for 
patients included in clinical protocols of the Eastern Cooperative Oncology Group 
participated in a quality control study for estrogen receptor assay. Three tissue powders 
containing 10-50 femtomoles of estrogen receptors/mg cytosol protein were distributed 
and the results analyzed for interlaboratory and intralaboratory variations. Frequency of 
misclassification of the receptor-positive powders as receptor-negative was related to the 
quantity of receptors. All labs except one were able to distinguish "low content" from 
"medium content" and the "medium" from the "high content" powders despite the 
variability in the numerical values reported for the powders. Two of the six labs 
reported consistently low values for all samples and the results of one lab were 
consistently higher than the average of the values obtained for the powders. These results 
could not be explained by the variations in protein content reported by these laboratories 

for different powders. Implications of the degree of inter-lab and intra-lab variations in 
the assay results are discussed with reference to their effect on selecting patients for 
hormonal vs chemotherapy. Based on the results of this study, tentative suggestions for 
quality control for the receptor assay are also made. 

INTRODUCTION 

SINCE the introduction of dextrari-coated char- 
coal technique f o r  quantifying estrogen re- 
ceptors in mastectomy specimens of  human 
breast cancer by Korenman et al. [1], the 
clinical usefulness of this assay has been as- 
sessed and defined. Clinical relationships be- 
tween the estrogen receptor status of  the 
breast biopsies and response to different thera- 
peutic modalites have been established. These 
included an observed failure of response to 
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hormonal therapy in patients whose tumors 
are defined as "receptor-negative" in contrast 
to an apparent increasing likelihood of re- 
sponse to hormonal therapy associated with 
increasing content of estradiol receptors in the 
malignant tissues. In general, while 60% of 
the "receptor-positive" patients respond to 
hormonal therapies, fewer than 10% of the 
"receptor-negative" patients do. These obser- 
vations establish a firm role for this assay in 
the management of breast cancer patients 
(McGuire et al. [2]). 

The assay used for the measurement of 
receptors present in tissues involves certain 
problems. Fluctuations have been observed by 
several investigators in the values obtained for 
receptor content among the replicate assays 
for the same tissue sample (DeSombre et al. 
[3]). The radioligand binding technique is 
more complex than most of the biochemical 
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assays involving several steps. In addition, the 
receptors are highly thermolabile. Therefore, 
current methodologies require careful tissue 
sampling and handling, precise homogeni- 
zation techniques to avoid overheating of the 
receptors, sophisticated separation of cell cy- 
tosol fraction and accurate measurement of 
radiolabelled estradiol used for incubation. 
The complexity of the procedure thus in- 
creases the probability of errors at every step. 
Moreover, there exists amongst the labora- 
tories considerable variations in the technique 
in the composition of buffers, range of J H  
estradiol concentrations used, duration and 
temperature of incubation of cytosol with es- 
tradiol, methodology of protein determi- 
nations and the separation of free estradiol 
from the receptor-bound estradiol. Such a pro- 
cedure beset with technical variations requires 
the establishment of a method for interlabo- 
ratory and intralaboratory normalization so as 
to render comparable the values that are 
obtained in different laboratories. 

There have been several attempts to ana- 
lyze the interlaboratory and intralaboratory 
variations in the results of receptor analysis 
either by using whole tissue sectioned for 
distribution or cytosol fractions aliquoted and 
distributed to several laboratories (King et al. 
[4]; NCI Consensus Development Conference 
in Breast Cancer, 1979-1980; King [5]). 
Although these experiments revealed consider- 
able interlab and intralab variations in the 
assay results, these variations could be attri- 
buted to factors other than the assay con- 
ditions such as heterogeneity of the tissue and 
lability of receptors in the cytosol. 

The purpose, therefore, of the present study 
was to analyze the quality of the single most 
commonly used technique for ER measure- 
ment, namely DCC technique, using multiple 
point Scatchard analysis of the data. Only 
laboratories which had performed at least ten 
assays on E.C.O.G. patients by June 1979 
were included in the study. All the participat- 
ing labs were experienced in using the tech- 
nique (each lab performed at least 300 assays 
per annum). The assay was tested for its 
accuracy in measuring ER content in the 
lower range, 10-50fmol/mg cytosol protein. 
The laboratory which prepared the tissue 
powders (reference lab) and pre-determined 
the ER levels also participated in the study by 
reassaying the powders that were blindly co- 
ded. The study was conducted using the 
premise that the assay would be subjected to 
the same degree of variation in the hands of 
the reference lab as in the other participating 

labs and the data analyzed assuming the 
quality of performance (expertise) of all the 
participating labs was equal. 

MATERIALS AND NIETHODS 

(1) Choice of laboratories 

Based on the following criteria five labora- 
tories were chosen to participate in the study: 

(a) Proximity to north east part of U.S.A.; 
(b) Laboratories engaged in performing ER 

assays for patients included in E.C.O.G. clini- 
cal protocols; 

(c) Laboratories using DCC technique with 
multiple concentrations of *E 2 (at least five) 
and analyzing the data by Scatchard plot; 
expressing the results as fmol/mg cytosol 
protein; 

(d) Those that agreed to perform 12 assays 
within a period of two weeks for the quality 
control study. 

(2) Production and distribution 

The reference lab, Dr. J. W., Louisville, 
Kentucky, was contracted to prepare powders 
(72 vials/batch 0.8+0.1 g/vial) (low, medium, 
high) each containing different levels of es- 
trogen receptors ranging from 5 to 50 fmol/mg 
cytosol protein. The classification as low, me- 
dium and high was originally based on the 
ER values obtained by the reference lab after 
repeated ER determinations. This was done 
not only to ascertain the level of receptors but 
also to test the consistency of the level of ER 
measured before the powders were mailed to 
LSH (central laboratory) for coding and dis- 
tribution as well as to test the stability of the 
receptors during the course of the study. The 
fmol/mg values for each powders and the 
coefficient of variations obtained in the re- 
ference lab are given in Table 1. 

Upon arrival at the central lab (LSH) the 
powders were transferred to another vial, pre- 
chilled in liquid nitrogen and pre-labelled 
with the appropriate code number. Each lab 
received four replicates of each of the three 
powders. These were divided into three 
batches, each batch having two different pow- 
ders represented among four samples. Each 
batch was to be analyzed on a single day with 
all three batches to be completed within two 
weeks. No mishaps such as thawing of the 
powders, etc., occurred. All the labs received 
the powders within 24 hr of mailing. The labs 
were requested to complete all three sets in 
two weeks after receipt and to freeze an 
aliquot of cytosol from each sample at a 
concentration used for incubation and mail 
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Table 1. Results of continuous analysis of the receptor content ffmol/mg 
cytosol protein) of the distributed tissue powders by The Reference Lab 

Low Medium High 

participant labs 
8/1/79-8/31/79 

After completion of 
ECOG study by 
the labs 
9/5/79 10/19/79 

"17_+5 ~29°,o) 26_+8 [31%) 60+10 07%) 

16+8 (50%) 22+_4 (18%) 66___6 (9°,0) 

*Fmol/mg _+ S.D. tcoefticient of variation). 
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them back to the central lab along with the 
data. 

(3) Procedural details of the ER assay 
The details pertinent to the assay conditions 

in each lab are tabulated in Table 2. 

(4) Data analysis 
The predetermined ER values of the re- 

ference lab obtained for each powder were 
not used as "true" values. Instead, the values 
reported by the reference lab for the "coded" 
powders were included along with the values 
reported by the other five laboratories for 
data analysis. 

The data were analyzed for interlaboratory 
and intralaboratory variations in order to 
determine: 

(a) Whether the values obtained by each 
lab in fmol/mg protein can be used as a 
continuous prognostic indicator; i.e., does a 
tissue reported by lab X as containing 20 fmo- 
1/mg cytosol protein for example, have essen- 
tially the same amount of receptors as a tissue 
reported as 20 fmol/mg by Lab Y? 

(b) Whether the ER values reported by the 
labs be used for classifying a sample as + or 
- and for determining treatment. In other 

words, although there is variation in the 
numerical values reported by each lab per 
sample, is there a qualitative agreement be- 
tween the labs as to the presence/absence of 
ER? (reference lab was the only one which 
knew ahead of time that no negative powders 
were distributed). 

( c )  Assuming there are differences in ER 
values reported by different labs, whether it is 
possible to identify a factor/factors contribut- 
ing to such a variation. In order to answer 
this question, factors influencing the results 
such as interlab variation in protein quantifi- 
cation methods, time and temperature of in- 
cubation and range of estradiol concentration 
were examined. 

(5) Protein determination 

Since the laboratories differed in the metho- 
dology used to quantify the proteins, aliquots 
of all the cytosol returned to the central lab 
were reassayed using a single technique [6]. 
The protein quantity expressed by each lab 
was compared with the value obtained by the 
central lab; moreover, the ER values (fem- 
tomoles) reported by each lab were recalcu- 
lated using the central lab's protein value. 
Data reported and data "corrected" were 

Table 2. Experimental conditions 

Q R S T U V 

No. assays/month 
Positive standard 

Negative standard 

Estradiol conc. 
Range (nM) 

E2 concentration lNo.) 
Incubation (hr) 

Temperature (°C) 
Method of protein 

determination 
Diethylstilbesterol 

measure of non-sp. 
binding ? 

40 80 70 
Calf Calf Rabbit 

uterus uterus uterus 
None Beef Rabbit 

kidney kidney 
0.5 5.0 0.1-4.6 0.2 2.0 

5 8 7 
5 18 16 

0-4 0-4 4 

Biuret u.v. Lowry 

Yes No Yes 

20 50 75 
Rabbit Human Call" 
uterus uterus uterus 
Rabbit Skeletal None 
kidney muscle 
0.19- 0.04- 0.5-5.0 
1.12 8.00 

5 5 5 
16-24 1 16 
0-4 25 4 

u.v. Lowry Waddell 

Yes Yes Yes 
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Table 3. Receptor content 

Labs Low Medium High 

Q 11+8/0.69) 26___2 t0.09) 47_+5 t0.11) 
R 11_+7 (0.70) 29_+14 t0.48) 47+17 (0.37) 
S 0 7_+0.3 (0.05) 11+1 10.12) 
T 2-+1 (0.66) 6 + 7  11.16) 17_+7 (0.39) 
U 47-+4 (0.08) 55_+22 t0.39) 96_+11 10.12) 
V 21__+8 (0.38) 20_+7 [0.36) 59_+3 /0.05) 

Average of 
labs 15_+6 10.42) 25_+11 (0.42) 46_+9 t0.19) 

Average of 
24 powders 15___ 17 11.13) 25_+19 /0.78) 46-+30 (0.65) 

Mean __+ S.D. (correlation coefficient). 

compared for the extent of variation in the 
results. 

(6) Concentration of *E2 used for incubation 
After the study was completed and initial 

analysis was performed, it was decided to 
classify the six laboratories into three groups 
based on the assay conditions. Group I-- labs 
S and T- -used  =<2nmol as the highest es- 
tradiol concentration. Group I I - - labs  02, R 
and V--used  5nmol as the highest concen- 
tration. Group I I I - - L a b  U---differed from 
the other two groups not only in the *E z 
concentrations (8nM: highest) but also in the 
time and temperature of incubation (see 
Table 2). The data obtained within each 
group were compared with those between the 
groups for all the three different tissue pow- 
ders and analysis of variance was used to see 
if one set of assay conditions gives consistently 
lower/higher results for all the three powders. 

RESULTS 

Nature of variabilities 
(1) Qualitative. Since each of the test pow- 

ders contained ER and the majority of the 
assays measured ER in all the three tissue 
powders, it can be assumed that all powders 
were + for ER. If  10 fmol/mg cytosol is taken 
as a cut-off value for categorizing a tissue as 
+ ,  frequencies of misclassification of the pow- 
ders as negative were as follows: low powder, 
4 2 0 ;  medium, 25%; high, 4%. If  the cut-off 
level is dropped to 3 fmol/mg, the frequencies 
of misclassification were 29% for low powder, 
8% for medium and 0 for high powder. 

The data were 'analyzed to see if the fmol/ 
mg values reported for the three powders 
increased in the order L < M < H  and if the 
differences between powders were significant. 

The results revealed that in all but one lab 
[Lab V) the average value of ER for the low 
powder was lower than that obtained for the 
medium powder. The difference was statisti- 
cally significant for four labs out of five (not 
statistically significant for Lab T). For all the 
labs the average value for the medium pow- 
der was significantly lower than the average 
for high powder (Table 3). 

(2) Quantitative. Variations (interlaboratory 
and intralaboratory) in the quantity of ER mea- 
sured. Table 3 displays the average of the 
values reported by each lab and the coef- 
ficient of variation (ratio of standard deviation 
to the mean) of assay values for each powder. 
With one exception (Lab T) for the medium 
powder, all the coefficients of variation were 
less than 60% of the overall variation (ave- 
rage of 24 powders taken as samples) for the 
corresponding powder. Table 4 illustrates the 
ratio of average ER value obtained by each 
lab (n=4)  to the overall mean value (n=24) 
obtained by all the six labs for each tissue 
powder. Labs S and T show a ratio lower 
than 0.4 while Lab U shows a ratio of higher 
than 2 for all three powders. Labs O~ R and 

Table 4. Receptor content (ratio)* 

Participant 
lab Low Medium High 

Q 0.733 1.04 1.020 
R 0.733 1.16 1.020 
S NEG 0.28 0.239 
T 0.133 0.24 0.370 
U 3.130 2.20 2.080 
V 1.400 0.80 1.280 

*Ratio = fmol/mg value reported by individual labs 
mean value of all six labs. 
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V, on the other hand, show a range of ratios 
>0.5  and closer to 1.0. 

(3) Variation in protein quantitation. The total 
protein yield as well as the degree of disparity 
between the protein values obtained by the 
central lab and those reported by individual 
"labs were analyzed in order to find out if the 
differences in ER values between the labs 
could be a results of variations in the protein 
determinations. Table 5 illustrates the ratio of 

Table 5. Protein analysis 

Participants Ratio* : Mean 4- S.D. 

Q 0.94 __ 0.05 
R 0.79_+0.20 
S 1.184-0.34 
T 1.354-0.27 
U 0.88+0.13 
V 0.984-0.12 

*Ratio = 
Protein content of participant (mean) 

Protein content measured by control lab' 

protein values obtained by each lab to that 
measured by the central lab. For no labs were 
these ratios significantly different from 1.00 
when all the twelve protein determinations 
were analyzed as a single group. If  the pro- 
tein ratios were analyzed by batch (i.e., four 
assays done on a single day) there were two 
labs ( Q  and R)  which had one batch with the 
ratio significantly less than 1.00 and one 
greater than 1.00 (Lab T). But since separate 
0.05 level tests were performed on the 18 such 
batches (3 batches/lab/6 labs), one would 
expect to find two or three significant differ- 
ences just by chance. 

Comparative analysis of ER content reported by six 
labs divided into three groups 

Since the division of six labs into three 
groups represents a post-hoe hypothesis, 
Scheffe's methods [7] were used so that the 
multiplicity of possible comparisons (there are 
191 ways of dividing six labs into two or three 
groups) would not produce spuriously low 
significance levels. Table 6 shows the means, 
standard deviations and coefficients of va- 
riations of each group together with the results 
of testing the significance for differences in the 
ER values. Three groups differed from each 
other significantly for high level tissue powder 
with P<0.001 .  Group I obtained consistently 
lower values than Group II and Group III  
higher values than Group II. The differences 
in the ER values obtained by the three groups 
for medium level powder did not show statisti- 
cal significance (P>0.23) .  On the other hand, 
the values obtained by Group III  for the low 
powder were significantly higher than ob- 
tained by Group II (P<0.005).  The values 
obtained for low level powder by Group I 
and II did not differ significantly (P>0.25) .  

DISCUSSION 

There is a marked variability both in the 
qualitative ( +  or - )  and quantitative (fmo- 
1/mg cytosol protein) results of the estrogen 
receptor assay and hence the results reported 
by one laboratory are not comparable to those 
of the other. Significant conclusions that 
can be drawn from the study are: 

(1) In this study the qualitative variability 
leading to misclassification of tumors is related 
to the quantity of receptors present in the 
samples, i.e., the higher the amount of re- 

Table 6. ER content 

(a) Analysis of grouped labs 

Group 1 Group 2 Group 3 
S+T Q + R + V  U 

Low 1.1___1.5 (1.36) 13-t-8.8 (0.66) 46.8-t-3.6 10.08) 
Medium 6.8-t-4.9 (0.72) 24.3___10.7 (0.44) 55.0-t-21.5 t0.39) 
High 13.9-1-5.5 (0.40) 51.0-t-11.3 (0.22) 95.5-t-11.4 (0.12) 

(b ) Values for tests of equality means 

Group 1 vs Group 2 Group 2 vs Group 3 

Low > 0.25 Low 0.005 
Medium > 0 .25 Medium > 0.25 
High < 0.001 High < 0.001 
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ceptors, the less the frequency of 
misclassification. 

(2) Despite the variability in numerical 
value reported by the labs for any particular 
sample, all the labs except V (Lab V mea- 
sured the same amount of receptors in low 
and medium level powders) measured increas- 
ing quantity of receptors in the three samples, 
thus not misclassifying the "low level" samples 
as "high" or vice versa. 

(3) Although this study was not designed to 
investigate the cause of the variability of 
results, an analysis of data after regrouping 
them based on similarity of assay conditions 
such as incubation time and temperature, 
range of estradiol concentration, etc. (Table 
6), reveals certain interesting trends. When 
one compares the" ratio of fmol/mg reported 
by Labs S and T over the mean values 
reported by all the labs, the ratios for all three 
samples are consistently below 0.5. Similarly, 
for Lab U they are consistently higher than 
2.0 (Table 5). Labs S and T employed similar 
incubation time and temperature as O~ R and 
V but used a lower range of E2 concentration. 
Lab U which used highest concentration of E 2 
and high incubation temperature measured 
highest amount of receptors. It cannot be 
concluded whether it is the estradiol con- 
centration or the incubation time and tem- 
perature that contributed to a higher content 
of receptors measured by Lab U. 
Theoretically, the differences in the concen- 
tration of estradiol used by different labora- 
tories should have no significant influence in 
the measurement of absolute quantity of re- 
ceptors. It could be argued that the assay 
conditions employed by Lab U were optimal 
leading to least denaturation of the receptor 
protein (i.e., longer incubation time may lead 
to proteolysis). It is to be emphasized that the 
contribution of the homogenization step to the 
observed variability in the assay results could 
not be ascertained from the data of our study. 

Although a method for standardizing ER 
values reported by different laboratories is 

highly desirable, more quality control studies 
have to be conducted in order to understand 
the "reasons" tor variabilities in the measure- 
ment and subsequently devise a protocol for 
standardization. If  major factors that contri- 
bute to variation could be identified, then 
they could perhaps be eliminated. 

It is highly desirable to institute a quality 
control program based on the "clinical re- 
sponse" data of patients whose tumors were 
assayed in a particular laboratory, but it is 
impractical at present, given the variability in 
treatment procedures as well as in parameters 
used for scoring responders. It is to be em- 
phasized that the ultimate test for the labora- 
tories' performance of the assay, however, lies 
in the reproducibility of the clinical response 
data of the patients whose tumors were as- 
sayed by the lab. 

If a large scale quality control study based 
on a design similar to the present study were 
to be implemented, it might be possible to 
"normalize" the values reported by different 
labs, especially if a particular lab reports values 
that are constantly lower than (example S 
and T)  or higher than (example U) the 
average of all the values obtained for a parti- 
cular standard powder distributed by a cen- 
tral lab. One possible procedure for "nor- 
malizing" the data which seems to work well 
for the labs included in this study is described 
below. 

A tissue powder in which all the labs 
measure some receptor protein is selected (in 
this study, the "high level" powder which is 
never classified as receptor-negative) and an 
arbitary receptor content close to the mean 
value is attributed to this tissue powder (i.e., 
50fmol/mg cytosol protein). An adjustment 
factor for each lab is then calculated, which is 
the ratio of 50fmol to the mean values ac- 
tually reported by the individual lab for that 
tissue powder. All other values reported by 
that lab will then be multiplied by the adjust- 
ment factor. Using this procedure, the "adjus- 
ted values" are given along with the reported 

Table 7. Adjusted values 

Low Medium High 

Average of all 24 
samples prior to 
adjustment 

Average of samples 
after adjustment 

Range of values 
after adjustment 
ffmol/mg) 

15__+17 11.13) 25_+19 (0.78) 46_+30 [0.65) 

12_+9 [0.75) 26_+12 ~0.46) 50+10 [0.20) 

0-27 0-62 29-73 
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values (Table 7). It can be seeu that tile 
scatter of values is reduced; coefficient of 
variation also approximates the average in- 
tralab variation. A quality control program 
could be based on the standard deviation of 
the adjusted values. More study of this plan is 
needed to see if the proposed adjustment 
factor is fairly constant over time and range of 
ER values, and to determine what quality 
control measures could be most helpful. 

The usefulness of any quality control pro- 
gram depends on its ability to screen out 

values which are too unreliable to use in 
making clinical decisions; however, it is not 
known how much " t rue"  ER values vary 
within a tumor or whether any amount of 
care either in obtaining tissues for the ER 
assay or in the assay procedure itself would 
result in being able to predict with great 
accuracy hormonal responders among patients 
reported to have tumors with ER values 
between 3 and 100fmol. For this reason, we 
have made only tentative suggestions for qua- 
litv control. 
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