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Abstrac t - -Data  on 451 trials of endocrine therapy in 366 patients from 8 cities are 
reported. The relative odds relating the results of the ER assay to the probability of 
tumor regression following endocrine therapy, when adjusted for hospital, was estimated 
at 15.47, a highly significant result. For these data the dominant site of metastasis was 
not important in predicting response to endocrine therapy, but hospital, disease free 
interval, and the site of visceral metastasis were found to increase our ability to predict 
even when the results of the ER assays were known. The clinical variables analyzed in 
the report do not allow us to explain entirely why some 41% of patients with E R +  
tumors failed to regress following endocrine therapy, but in one subgroup of 71 patients 
the regression rate for ER + tumors was 78.9o,/o. The response to a first course of 
endocrine therapy improved predictions based on the ER assay alone concerning response 
to a second course of endocrine therapy. 

INTRODUCTION 

NUMEI~OUS reports have shown that  assays of  
breast  cancer  tissue for estrogen receptors 
(ER)  are useful in predict ing response to 
endocr ine the rapy  [1]. Breast cancers have 
often been designated as " E R + " ,  " E R - "  or 
" E R + " ,  depending  on the concent ra t ion  of  
estrogen receptor  protein detected in the tu- 
mor  tissue. In our  da ta  only 59% of  those 
patients with E R +  tumors responded fa- 
vorably  to endocr ine  therapy.  I t  was thus of  
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interest to de te rmine  whether  clinical inlbr- 
marion such as the patient 's  menopausal  sta- 
tus, the length of  the disease free interval,  the 
dominan t  site of metastasis, the site of visceral 
metastasis, and the response to previous en- 
docrine therapy,  could be used along with the 
results of the E R  assay to make  more  precise 
predictions of  response to endocr ine therapy  
and to help explain why not all patients with 
E R +  tumors respond favorably.  

MATERIALS AND M E T H O D S  

T h e  da ta  in this repor t  are based on 451 
t rea tment  courses in 366 patients. All these 
patients had an E R  assay at some t ime dur ing 
their course, a l though not  all were per formed 
by the same method.  For  this reason, we 
accepted the investigators'  designations of  
E R + ,  E R -  and ER__,  and did not  a t t empt  
to use quant i ta t ive  values. For  this repor t  we 
have omit ted 12 patients whose tumors were 
designated ER  __+. T h e  366 patients were trea- 
ted in 8 cities in the Uni ted  States and in 
Europe  (see footnote).  All cases were reviewed 
by Drs. M a r y  Sears and George Escher in 
order  that  uniform criteria of tumor  response 
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could be applied. T h e y  used the criteria de- 
scribed in "Es t rogen  Receptors  in H u m a n  
Breast C a nc e r "  [2] and recently printed in 
more  detail  [3]. T h e r e  were 296 patients who 
had a single endrocr ine  t rea tment ,  57 who 
had two courses, 11 who had three courses, 
and 2 who had four courses of endocr ine 
therapy.  Per t inent  da ta  were abstracted from 
the clinical charts for each of the patients and 
sent to the Clinical and Diagnostic Trials 
Section, Nat ional  Cancer  Institute, for statisti- 
cal analysis. 

Since some patients in our  study material  
had more than  one E R  assay, a pat ient  was 
t reated as E R +  in these analyses if any one 
of  mult iple de terminat ions  was considered po- 
sitive. Likewise, for patients who had several 
evaluable  endocr ine therapies,  the pat ient  will 
in some parts of the analysis be counted  as 
having a favorable response if any of these 
t reatments  led to objective tumor  regression. 
This will be referred to in both tables and 
text as "overal l  response".  

Sometimes the estrogen receptor  determi-  
nations were made  on the p r imary  tumor  (74 
cases), but  more  often they were made  on 
tissue taken from sites of metastases or the 
source of  material  was unknown to us. 
Pre l iminary  analysis showed that  the response 
to t rea tment  of E R +  tumors did not depend 
on the site of  the tissue used for tile ER 
de te rmina t ion  ('Fable 1) nor  on the t ime from 
diagnosis when the ER  de terminat ion  was 
performed.  For  this reason, both these vari- 
ables have been ignored in the analysis. 

The  statistical methods  used in this report  
are those of  s tandard  cont ingency table ana- 
lysis for s tudying cross-classified da ta  and log- 
istic regression analysis for s imuhaneously  
evaluat ing the effects of several variables on 
an al l-or-none response (here, regression of 
disease after endocr ine  therapy) .  Logistic re- 

gression is closely related 1o ordinary multiph" 
regression vs thilure in pat icms treated tor 
study of al l-or-none variables such as tumor  
regression versus failure in patients treated for 
advanced cancer.  Th e  logit (log odds) of the 
probabi l i ty  of regression, Pi, for the i th patient ,  i 
= l, 2 , . . .  ,n, is related to the regressor variables 
by the equat ion:  

In (pi/( 1 -- pi))  = Bo + B1Xi  1 + 112-Vi2 + • • - 

+ BkXik 

where the .Vij represents the values of tile ,].~h 
regressor variable for the i th pat ien t , j  = 0, 1 , . . .  ,k, 
and the Bj are regression coefficients est imated by 
the method  of m a x i m u m  likelihood. Statistical 
tests allow us to de te rmine  how many  regressor 
variables are needed to predict  response and to 
judge  their relative importance.  

RESULTS 

S u m m a r y  data  concerning the relationship 
between the estrogen receptor  value and re- 
sponse to endocr ine therapy  for each of the 
eight hospitals are shown in 'Fable 2. A con- 
venient  measure of association for da ta  pre- 
sented in such 2 x 2  tables is the odds ratio. 
An odds is the ratio of the probabi l i ty  of a 
regression to the probabi l i ty  of failure; an 
odds ratio is the ratio of two such odds. In 
this setting if the E R  assay provided no 
informat ion about  the probabi l i ty  of  tumor  
regression we expect  the odds ratio to be 1.0. 
Values greater  than 1.0 would indicate that  
patients with E R +  tumors were more likely 
to respond to endocr ine t reatment .  For the 
eight hospitals studied in this report ,  the odds 
ratios were all greater  than 1.0, ranging from 
3.82 to 51.0 (the odds ratio in one hospital 
could not be est imated since there were no 

o responding by ER result Table 1. Site of ER determination vs ,(, 

Source of Number (",, Responding) Number (% Responding) Total 
specimen ER - ER + patients 

Primary tumor 37 (5) 37 (59) 74 
Lymph node 20 (20) 26 (50) 46 
Skin nodule 51 (4) 47 (66) 98 
Liver 3 (0) 3 (33) 6 
Bone 4 (0) 6 (17) 10 
Adrenal gland 3 (33) 9 (55) 12 
Other 6 (17) 6 (50) 12 
Unknown 60 (15) 48 (67) 108 

Total 184 (10) 182 (59) 366 

Z~ =~).la 1'=0.24. 
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regressions in E R -  patients). The  significance 
of a deviation from 1.0 for an odds ratio may  
be tested by a one-degree of freedom chi- 
square statistic. For these data ,  5 of the 8 
hospitals showed a significant association be- 
tween the ER result and tumor regression; the 
three hospitals in which the odds ratio was 
not significant were those with the smallest 
total numbers of patients. 

There  are various ways that  the da ta  from 
several centers may  be combined. The  sim- 
plest one is to pool the da ta  ignoring hos- 
pitals. This procedure, while intuitively ap- 
pealing, is not recommended by statisticians 
because in some circumstances it can lead to 
serious misinterpretations of the data.  
Nevertheless, in this instance if we pool the 
data,  we obtain an estimated odds ratio of 
12.67 associated with a highly significant ehi- 
square, 94.86 with one degree of freedom. A 
more proper way to combine the da ta  is to 
use a procedure such as the Mante l -Haensze l  
technique [4]. Prel iminary to employing this 
technique, a test should be done to see if the 
separate odds ratios differ only by chance [5]. 
The  prel iminary test was performed yielding a 
chi-square with 7 degrees of freedom equal to 
7.73 (p=0.36) ,  indicating that  the M a n t e l -  
Haenszel procedure tbr combining da ta  across 
various centers is appropriate.  The  summary  
estimate of the odds ratio by this method is 
15.47 associated with a highly significant chi- 
square with one degree of freedom equal to 
100.05 (P ~ 0.0000 t ). this latter estimate of 
the odds ratio may  be regarded as adjusted 
for the different regression rates in the various 
hospitals. Notice that  the overall regression 
rates in these hospitals vary from 18 to 47°/i, 
suggesting that  different kinds of patients are 
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seen in the various hospitals. For these da ta  
the unadjusted estimate of 12.67 differs some- 
what  from the adjusted estimate of 15.47, 
indicating that  some confounding occurs by 
simply pooling the data.  The  overall response 
rate for all hospitals combined was 35°~o (10°,'o 
for E R -  patients and 59°/o for E R +  
patients). 

Since hospital location affected the response 
rates, the distributions of patients by hospital 
for years post-menopausal,  disease free in- 
terval, dominan t  site and visceral site are 
shown in 'Fables 3~5. Thir ty-one per cent of 
the patients were either pre-menopausal  or 
within 1 yr post-menopausal,  38c~,5 were be- 
tween 1 and 10yr post-menopausal and the 
remaining 30?/o were more than 10yr post- 
menopausal  ('Fable 2). Ignoring the un- 
knowns, highly significant variation among 
hospitals is present (Z~1=72.3, P<0 .0001) .  
Significant variation in the distribution of 
disease free interval by hospital was also noted 
(Table 4). Here the unknowns were treated as 
a separate category (Z~1=33.57, P= 0 .0 4 ) .  
The  dominan t  site of metastasis was about 
equally divided between the three major sites, 
that  is, soft part,  bone, and visceral ('Fable 5), 
but significant differences between the hos- 
pitals were not detected (724=16.64, P 
=0.28) .  Only 113 of the 366 patients (31°o) 
had visceral metastases. About  two-thirds oc- 
curred in tile lung, about  one-fourth in the 
liver, and the rest in other or unknown sites 
('Fable 6). Ignoring other and unknown sites 
because of the low frequencies, no significant 
differences between hospitals were detected tbr 
the proportions having liver or lung metas- 
tases (X~=4.21, P=0 .76 ) .  The metastases in 
the 7 patients coded as having "o the r"  sites 

Table 3. Distribution of years post-menopause jor individual centers 

Years post menopause*+ 

<1 
Hospital and 
location Premenopausal 1 5 6 10 >10 Unknown Total 

Amsterdam 29 (32) 8 (9) 6 (7) 48 (53) 0 91 
Brussels 10 (31) 4 (13) 2 (6) 16 (50) 0 32 
Chicago 25 (40) 20 (32) 13 (21) 3 (5) 2 (3) 63 
Detroit 5 (13) 9 (24) 10 (26) 14 (37) 0 38 
Hamburg 19 (36) 13 (25) 10 (19) ll (21) 0 53 
London 8 (32) 9 (36) 6 (24) 2 (8) 0 25 
Portland 13 (3l) 12 (29) 7 (17) 10 (24) 0 42 
Rochester 6 (27) 6 (27) 3 (14) 7 (32) 0 22 

Total 115 (3l) 81 (22) 57 (16) 111 (30) 2 (1) 366 

*Whether natural or artificial. 
tPercentages shown in parentheses. 
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Table 4. Distribution of disease free interval for individual centers 

Disease free interval (months)* 

Hospital 
location 0-9 10-t9 > 19 Unknown Total 

Amsterdam 16 (18) 14 (15) 39 (43) 22 (24) 91 
Brussels 6 (19) 7 (22) 13 (41) 6 (19) 32 
Chicago 12 (19) 14 (22) 19 (30) 18 (29) 63 
Detroit 3 (8) 11 (29) 17 (45) 7 (18) 38 
Hamburg 9 (17) 15 (28) 22 (42) 7 (13) 53 
London 8 (32) 7 (28) 5 (20) 5 (20) 25 
Portland 9 (21) 13 (31) 18 (43) 2 (5) 42 
Rochester 10 (46) 4 (18) 5 (23) 3 (14) 22 

Total 73 (20 )  85 (23) 138 (38) 70 (19) 366 

*Percentages shown in parentheses. 

Table 5. Distribution of dominant site for individual centers 

Dominant site* 

Hospital Soft 
location tissue Bone Visceral Total 

Amsterdam 36 (40) 32 (35) 23 (25) 91 
Brussels 8 (25) 13 (41) l l  (34) 32 
Chicago 25 (40) 23 (37) 15 (24) 63 
Detroit 15 (40) 13 (34) 10 (26) 38 
Hamburg 16 (30) 18 (34) 19 (36) 53 
London 7 (28) 12 (48) 6 (24) 25 
Portland 10 (24) 13 (31) 19 (45) 42 
Rochester 9 (41) 3 (14) 10 (46) 22 

Total 126 (34) 127 (35) 113 (31) 366 

*Percentages shown in parentheses. 

Table 6. Distribution of visceral sites by individual centers 

Visceral Site* 

Hospital 
location Liver Lung Other Unknown Total 

Amsterdam 6 (26) 14 (61) 0 3 (13) 23 
Brussels 3 (27) 8 (73) 0 0 l l  
Chicago 4 (27) 8 (53) 3 (20) 0 15 
Detroit 3 (30) 6 (60) 1 (10) 0 10 
Hamburg 3 (16) 15 (79) 1 (5) 0 19 
London 1 (17) 4 (67) 1 (17) 0 6 
Portland 8 (42) 10 (53) 1 (5) 0 19 
Rochester 2 (20) 8 (80) 0 0 10 

Total 30 (27) 73 (65) 7 (6) 3 (3) 113 

*Percentages shown in parentheses 

w e r e  d e s i g n a t e d  as " c e n t r a l  n e r v o u s  s y s t e m " ,  
b r a i n ,  " i n t r a - a b d o m i n a l "  a n d  g a s t r o i n t e s t i n a l  
t r ac t .  

T h e  r e l a t i o n s h i p  o f  these  fou r  c l i n i c a l  v a r i -  
ab les  to the  r e sponse  to e n d o c r i n e  t r e a t m e n t  is 

s h o w n  in T a b l e  7. F o r  m e n o p a u s a l  s ta tus  the  
p r o b a b i l i t y  o f  t u m o r  r eg res s ion  i n c r e a s e d  w i th  
the  n u m b e r  o f  y e a r s  s ince  m e n o p a u s e ;  t h e r e  
was  l i t t le  d i f f e r ence  b e t w e e n  t u m o r  regress ion  
ra t e s  for p r e - m e n o p a u s a l  w o m e n  o r  w o m e n  in 
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Table 7. Relationship of clinical information to percentage failure or regression 
based on overall responses 

M e n o p a u s a l  s ta tus  

Fai lure  Regress ion  To t a l  
i m m b e r  ( % )  n u m b e r  ( % )  n u m b e r  

Pre-menopausal or 
< 1 )r  post menopaasal 75 (65) 40 (35) 116 
1 5yr  post menopausal 57 (70) 24 (30) 81 
6 10 yr post menopausal 40 (70) 17 (30) 57 
> 10yr post menopausal 66 (59) t5 (41) 111 
Unknown menopausal status I (50) 1 (50) 2 

Disease free interval 

0 9 months 61 (84) 12 (16) 73 
10-t9 months 60 (71) 25 (29) 85 
> 19 months 80 (58) 58 (42) 138 
Unknown 38 (54) i*;2 (46) 70 

Dominant site 

Soft part 88 (70) 38 (30) 126 
Bone 78 (61) 49 (39) 127 
Visceral 73 (65) 40 (35) 113 

Visceral Site 

Liver 23 (77) 7 (23) 30 
Lung 43 (59) 30 (41) 73 
Other 6 (86) 1 (14) 7 
Unknown 1 (33) 2 (67) 3 
No xisceral site 166 (66) 87 (34) 253 

All pafim~ts 239 (65) 127 (35) 366 

the first l()x r posl-lUcnop,mse. Hut t~:)l" w o m e n  

more than 10 yr post -menopausal  there was an 
increase in regression rate. The  regression rat(- 
was more  markedly  affected by the length of 
the disease free interval,  being greater  the 
longer the interval.  For  this variable no da ta  
were available for an appreciable  number  
(19°0) of patients. In our  analyses unknown 
disease flee interval  was combined w i t h >  19 
months  since tumor  regression rates were si- 
milar  in the two categories. 'Fhe dominan t  site 
of metastasis did not show any relationship to 
regression rate in these data.  However ,  tbr 
women with visceral metastases regression ra- 
tes were lowcr tbr patients with dire sites of 
metastasis, that  is, liver or other  (see above).  

T h e  t rea tments  used in the various hospitals 
differed markedly  ('Fable 8). Estrogens were 
the most c omm on  form of  t rea tment ,  followed 
in f requency by castrat ion and adrenalec tomy.  
Androgens and anti-estrogens were also fairly 
common,  but  only 18 patients were t reated by 
hypophysec tomy.  Despite this variety of  tbrins 
of  endocr ine  t rea tment ,  the regression rates t}n 
E R -  and I: .R+ patients showed surprising 

consislcncx ('Fable 9). I f  we confine our atten- 
tion to categories ira which there are at leasl 
10 patients, we notice that tbr E R -  tumors 
the regression rates vary  fi'om 7 to 19~!0, while 
fbr the E R +  tumors the regression rates 
vary from 38 to 700,.  Th e  rates tbr all 
t rea tment  courses combined are 9(i0 tbr E R -  
tumors and 51'I0 for ER  + tumors,  compar ing  
closely to the regression rates for overall re- 
sponse (Table  2), 10 and 5 9 " ,  respectively 
tbr E R -  and ER  + tumors. 

The  relat ionship between overall response, 
ER assay, and the other  clinical variable was 
investigated using the logistic regression mo- 
del. Variables were t reated as follows: E R -  
= 0 ,  E R +  = 1 ;  hospitals with low regression 
rates {Brussels and R o c h e s t e r ) = 0 ,  hospitals 
with medium regrcssion rates (Chicago, 
H am b u rg ,  L o n d o n ) = 2 ,  hospitals with high 
regression rates (Amsterdaln,  Detroit ,  
P o r t l a n d ) = 5 ;  disease flee interval less than 10 
m o n t h s = 0 ,  disease free interval greater  than 
or equal to 10 months or u n k n o w n = l ;  dirc 
visceral site of metastasis (liver and o the r )=( ) .  
n¢,t dive sites (lung. unkn,>x~ <,t ~,, \i ,uural 
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sites)= 1. The variables used in this model arc 
those suggested by the analysis in 'Fable 7 and 
thus the dominant site was not included. 
Menopausal status was initially included but 
statistical tests showed that it was not needed 
in the equation. 

With this system of coding, all 4 regressor 
variables were significant in predicting tumor 
response, but ER was easily the most impor- 
tant, followed in order by hospital, visceral 
site, and disease free interval. 'l'he predicted 

percentage regressing based on this model 
agreed quite well with the observed percentage 
regressing for the cells containing 10 or more 
patients (Table 10). When these predicted 
percentages were multiplied by the number of 
patients in each category, the predicted num- 
ber regressing disagreed from the observed 
number regressing by 2 in only 1 category, by 
1 in 12 categories, and agreed exactly with 
the observed number in 11 categories. Note 
that for both E R -  and E R +  patients a 
gradation of probability of tumor regression 
can be observed depending on the clinical 
data and that for categories containing at 
least 10 patients the observed tumor regressi(,~ 
rates for E R -  patients varied from 5.0 to 
19.6°'o while for E R +  patients the rates 
varied from 25.0 to 78.9~!/o. 

Before the advent of estrogen receptor 
measurements the response to previous en- 
docrine therapy was used to predict response 
to a second course of endocrine therapy. For 
these data, the response to the first and second 
treatment was the same in 72~, of the cases 
('Fable 11). A chi-square test of independence 
of the two responses showed that the first 
response is useful in predicting the second 
response ()2=3.45, P=0.032,  one-tailed), but 
the ER assay was even more highly associated 
with second response (7. 2 =5.05, P=0.012,  
one-tailed). When both responses to the first 
course of endocrine therapy and the ER result 
were used as variables in a logistic regression 
analysis to predict response to second treat- 
ment, we found that the ER assay was a more 
powerful predictor than the first response, but 
the two variables are strongly correlated. Fifty 
per cent of patients who had E R +  tumors 
which regressed after a first course of en- 
docrine therapy also showed regression after a 
second course, but only 300/o of patients with 
ER + tumors showed regression after a second 
course of endocrine therapy if they showed no 
regression following the first course. 

DISCUSSION 

This analysis shows that certain clinical 
variables increase our ability to predict re- 
sponse to endocrine therapy when added to 
that provided by the ER assay. However, for 
predicting response to endocrine therapy, the 
ER test was easily the most important vari- 
able. The clinical variables available in this 
analysis permitted only a partial explanation 
of the failure of some patients with E R +  
tumors to respond to endocrine therapy. Note 
dlat in the cat(-gory with all favourable clini- 
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Table 9. Relationship between treatment*, estrogen receptor status and response 

E R -  Tumors ER + Tumors All Tumors 

Treatment 

Number of Number of Number of 
Regressions r eg ress ions  regressions 

divided divided divided 
by total (%) by total (%) by total (%) 

Adrenalectomy 3/27 (19) 19/50 (38) 22/77 (29) 
Castration 4/60 (7) 22/36 (61) 26/96 (27) 
Hypophysectomy 0/9 (0) 2/9 (22) 2/18 (11) 

Total 7/96 (11) 43/95 (45) 50/191 (26) 

Androgen 2/26 (8) 12/28 (43) 14/54 (26) 
Estrogen 5/58 (9) 35/61 (57) 40/1-19 (34) 
Anti-estrogen 4/26 (15) 9/21 (43) 13/47 (28) 

Total 11/110 (10) 56/110 (51) 67/220 (30) 

Other 0/2 (0) 0/1 (0) 0/3 (0) 
Combinations of above 1/10 (10) 19/27 (70) 20/3.7 (54) 

Total 1/12 (8) 19/28 (68) 20/40 (50) 

All treatments 19/218 (9) 118/233 ( 5 1 )  137/451 (30) 

*F~ach treatment course is entered separately when patient had more than one treatment. 

cal variables, the overall response rate was 
79 vs 590.0 for all E R +  patients. When  
predicting the response to a second course of 
endocrine therapy,  the response to the first 
course of endocrine therapy improved pre- 
dictions based on the ER assay alone. 

Perhaps the most disappointing aspect of '  
this analysis from the point of view of predict- 
ing response to endocrine therapy is that  a 
variable had to be included to indicate whe- 
ther the pat ient  was treated at a hospital with 
a high, medium,  or low regression rate. 
Various explanations could be put  forth to 
explain the differences in regression rates be- 
tween the hospitals. First of all the treatments 
used differed markedly from hospital to hos- 
pital. However,  the da ta  in Table  9 suggest 
that  differences in the treatments used are 
insufficient to explain the differences in re- 
gression rates since the regression rates for 
ER - and ER + tumors are quite similar regard- 
less of the part icular  form of endocrine mani-  
pulation employed. We also noted that hos- 
pitals differed with respect to some character- 
istics of the patients, specifically with regard 
to menopausal  status, length of disease free 
intervals, but  not with respect to proportions 
having liver or lung metastasis. Despite these 
differences, the fact that  both length of disease 
free interval and site of visceral metastasis 
were retained in the regression equat ion along 

with the variable for hospital indicates that  
these variables are required in addit ion to the 
hospital variable and therefore, they are not 
sufficient to explain the differences observed in 
the hospitals. 

Some other explanations come to mind.  In 
some hospitals patients were treated with 
chemotherapy in addit ion to hormonal  mani- 
pulations, but these patients were excluded 
from this study, even if they responded, since 
they were not evaluable from the point of 
view of at t r ibut ing any observed tumor re- 
gression to hormonal  treatment.  Possibly the 
exclusion of these patients has resulted in 
selective biases in some hospitals, making their 
regression rates appear  either lower or higher 
than they otherwise would have been, de- 
pending upon which kinds of patients were 
treated with chemotherapy.  Another  possi- 
bility is that the definition of E R -  and ER + 
tumors varied among hospitals. However,  one 
can calculate from the da ta  in 'Fable 2 that  
the percentage E R +  varied only between 40 
and 68Oo (the average was 53c!.~) and there 
appeared to be no relationship between the 
percentage E R +  and whether  the hospitals' 
overall regression rates were categorized as 
high, medium,  or low. O f  course the percent- 
age E R +  is really not very meaningful  in 
absence of an outside standard.  Despite these 
observations, what  is truly remarkable is that  
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in all 8 centers there is evidence that E R +  
tumors are more likely to respond to hormo- 
nal therapy than E R -  ones. The test for 
heterogeneity of this effect did not reveal 
significant variation among hospitals• The 
variation in overall regression rates by the 
hospitals most probably reflects selection of 
patients too subtle to be accounted for by the 
variables measured in this study. 

The observation that site of visceral metas- 
tasis was important in predicting response to 
hormonal therapy is supported by a recent 
report of Puga et al. [6] who confirmed the 
findings of others that lesions in liver and 
brain were associated with a poor prognosis 
whereas metastatic diseases of bone, lung and 
lymph nodes more often responded to oophor- 
ectomy. Estrogen receptors were not measured 



.TOg] l ) , , ; d  I'. l'l'ctJ. .~1,~ r 1",'..S','ar.~ a , d  l l ' i / / i am I , . . ~ h ' ( ; ~ i r c  

l able 11. Relalbm.~hip b~'l~'~'e:l E R  a.s.ra}" arid ,c~fl,mse~ lo./)~.,l aH(I ,~'ctmd cou~.~es 
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Response to t i rs t  Number of Number (%) of regressions after 
ER result course of treatment patients second course of treatment 

-- failure 27 3 ( 11.1 ~I ~ ) 
- -  regression 1 0 (0.07o) 
+ failure 23 7 (30.4%) 
+ regression 16 8 (50.0'I~i) 

,NIl patients 67 18 (26.9 ~'~, ) 

in their s tud \  since it was based on patients 
t reated between 1960 and 1964. 

In the last few years an increasing number  
of articles has appeared  concerning estrogen 
receptor  measurements  in patients with breast 
cancer  [7-13],  all of  which indicate that 
tumor  regression following hormona l  therapy  
is more c om mon  in E R  + patients. Addit ional  
areas of concern are the details of measure-  
ment  of  estrogen receptor  protein,  the re- 
lationship between the measurements  made  on 
the p r imary  tumor  and those made  on re- 
current  disease, the possible significance of the 
absolute a moun t  of" estrogen receptor  protein 
present, and the relationship of the estrogen 
receptor  assay to other  variables known to 
affect the response to therapy  of survival. 
Heuson et al. [14] analysed 34 cases (some of 
which are included in this repor t )  using the 
quant i ta t ive  ER  value. Among  12 variables of  
known prognostic value tile estrogen receptor  
concentra t ion was the most significant in re- 
lation to therapeut ic ,  in agreement  with the 
findings presented here. In addit ion they 
found that  the probabi l i ty  of" tumor  regression 
was related to the presence of bone involve- 
ment  and age. The i r  method  of analysis was 
the same as that  used here, the logistic re- 
gression model.  

One  of the more  exciting new developments  
in the field of ho rmone  receptors concerns the 
study of progesterone receptors (PgR).  
McGui re  et al. [15] have recently summarized  
work in this area. T h e  central  idea in this 
work is that  PgR can be used as a marker  ibr 
estrogen action in breast tumors. In an ana- 
lysis of  521 cases they found that  PgR were 
present in 74~{~ of  392 E R +  specimens, but  
in E R -  specimens, they were present in only 
97{, of 199 specimens. It  has been suggested 
that  the failure of ER  + patients to respond to 
endocr ine therapy  might  be explained by the 
absence of PgR. Exper iments  have been per- 
tbrmed which indicate that estrogen is re- 
quired tbr PgR synthesis {1.3]. 'Fhus cstrooen 

may not be biologically active in E R +  1)t,t 
P g R -  tumors. O th e r  workers [16-18] have 
measured both PgR and ER  and their find- 
ings are in general  in agreement  with those t)f 
McGui re  et al. that  PgR are much more often 
fbund in E R +  tumors than in E R -  ones. 
McGui re  e! al. also present da ta  on response 
to endocr ine therapy  in 54 patients as a 
thnction of  the two hormone  receptors. 
Th i r teen  of 16 patients with E R + ,  P g R +  
metastat ic tumors responded favorably to en- 
docrine therapy,  compared  to only 7 of 17 
patients with E R + ,  P g R -  tumors, in the 
other  studies insufficient time has elapsed to 
obtain the clinical correlations; howeww, 
measurement  of  PgR along with ER  promises 
to provide increased accuracy  in predict ing 
responses to endocr ine therapy.  

O the r  theories besides the use of PgR as a 
marker  for estrogen activity have been pro- 
posed to explain why not all E R +  tmnors 
regress after endocr ine therapy.  One  of these 
is that  some tumors may have cytoplasmic ER 
but  may  lack nuclear  ER. Laing el al. [19] 
have studied 209 tumors for both nuclear  and 
cytoplasmic receptors and found that  36 of 
105 tumors (34"i~) positive for cytoplasmic 
receptors lacked nuclear  receptors. The i r  clini- 
cal correlations were based on only 32 pa- 
tients, but  18 of  22 patients (82'I~) positive tbr 
both cytoplasmic and nuclear  receptors re- 
sponded to endocrine therapy.  

Another  theory used to explain the failure 
of  some E R +  tumors to regress following 
endocr ine therapy  is that tumors may  be 
composed of several populat ions of cells, some 
of which may  be hormone  dependent  and 
others which are not. Leclercq and Heuson 
[20] in a review of the therapeut ic  signific- 
ance of hormone  receptors in breasl cancer  
have discussed this muhiclonal  fl~cor\ and 
suggest that prcliminav 3 (]i/l~l 5,lll)p()lt this 
idea. 

\Vittliffel al. L13] have proposed yel ,m~thcr 
ext)htnalion ~)t" why not all I~R + l t l l l l ( ) l 'S  
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rcspond to endocr ine  therapy.  Since the stlc- 
rose grad ian t  method  reveals both 8S and 4S 
species of  ER,  they postulate that  the phy-  
siologically active E R  is composed of  subunits 
which must be synthesized and combine  pro- 
perly for estrogen to enter  the nucleus and 
affect cell growth.  T h e y  believe that  E R +  
but  ho rmone  unresponsive tumors may  con- 
tain only a single ER  subuni t  of  the 4S species 
which would nevertheless be classified as 
E R +  by the dex t ran-coa ted  charcoal  assay. 
T h e y  noted no response to endocr ine  therapy  
antong 9 E R +  patients who had on l \  the 4S 

species present and r ecommend  that  sepa- 
rat ion procedures  such as sucrose gradient  
centr i fugat ion be used until  possible differ- 
ences in the molecular  behavior  of  estrogen 
receptors in h u m a n  breast carcinomas have 
been elucidated.  

W h e t h e r  clinical variables such as those 
identified by Heuson et al. [14] and by us in 
this s tudy will cont inue to be impor tan t  pre- 
dictors of  response of  breast cancer  to hor- 
mone  the rapy  as we learn more  about  the 
cellular biology of hormones  is uncertain.  
O n l \  future studies can answer that question. 
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