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ORIGINAL ARTICLE

Prognostic and predictive value of low  
estrogen receptor expression in breast cancer
A. Bouchard-Fortier md msc,* L. Provencher md ma,†‡§ C. Blanchette msc,§ and C. Diorio phd†‡§

ABSTRACT

Purpose  Anti-hormonal therapy (tamoxifen) is recommended for estrogen receptor (er)–positive breast cancer 
(bca); however, its effect on low-receptor cancers is unclear. We retrospectively evaluated the effect of adjuvant 
tamoxifen in patients with weakly er-positive bca.

Methods  We identified 2221 bca patients who had been er-tested by ligand-based assay (lba) during 1976–1995 
and who had been treated and followed until 2008. Cox proportional hazards models adjusted for age, body mass 
index, tumour size, nodal status, surgery, and chemotherapy were used to assess the effect of er level on bca survival 
in patients who received tamoxifen.

Results  Overall, 17% (383) of patients were within 0–3  fmol/mg cytosol protein, and 12% (266) were within 
4–9 fmol/mg cytosol protein. Patients with er levels of 0–3, 4–9, 10–19, 20–49, and 50 fmol/mg or more cytosol protein 
had 20-year bca survival rates of 56%, 56%, 63%, 71%, and 60% respectively. Of the 2221 patients studied, 661 (29.8%) 
received anti-hormonal therapy. Within the latter group, er levels of 0–3, 4–9, 10–19, 20–49, and 50  fmol/mg or 
more cytosol protein were associated with a hazard ratio for lower bca mortality: respectively, 1.00 (reference), 0.59  
(p = 0.09), 0.19 (p < 0.0001), 0.26 (p < 0.0001), and 0.31 (p < 0.0001)—the risk reduction being significant only for er 
levels of 10 fmol/mg or more cytosol protein.

Conclusions  Tamoxifen use in bca patients with a weakly positive er status (4–9 fmol/mg cytosol protein), compared 
with those having higher er levels (≥10 fmol/mg cytosol protein), is not associated with a significantly lower 
bca-specific mortality. Our results do not support treatment with anti-hormonal therapy for bca patients with a 
weakly positive er status as identified by lba.
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INTRODUCTION

The presence of estrogen receptors (ers) in breast cancer 
has been known for more than 30 years. Since that discov-
ery, a number of studies have shown that er status is the sin-
gle most important predictive and prognostic biomarker in 
breast cancer1–9. It is recognized that er-positive tumours 
should be treated with adjuvant tamoxifen or aromatase 
inhibitors, because anti-hormonal therapy is associated 
with an important survival benefit. Women with er-positive 
breast cancer treated with 5 years of adjuvant tamoxifen 
have a 29% decreased risk for death from the disease and a 
50% decreased risk for contralateral breast cancer10.

In breast cancer, er was originally assessed using 
biochemical ligand-binding assays (lbas). That method 

has repeatedly been validated in the literature and was 
considered the “gold standard” for a long time2,8,11–16. A 
threshold of 10 fmol/mg or more cytosol protein was gen-
erally accepted to consider a tumour er-positive10. Starting 
in the mid-1990s, lbas were progressively replaced by 
immunohistochemistry (ihc) assays, which use highly 
specific monoclonal antibodies directed against er to assess 
tumour hormonal status. Results are generally reported as 
the percentage of stained cells combined with the intensity 
of staining. Until recently, 10% or more stained cells was 
considered the threshold for er positivity. However, a num-
ber of studies have reported up to 20% inter-laboratory 
variability in ihc results when testing er status in the same 
breast cancers17–19. Those divergent results might reflect 
variations in pre-analytic variables, thresholds for positivity, 
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and interpretation criteria. To reduce the number of mis-
classified patients, the American Society of Clinical On-
cology and the College of American Pathologists in 2010 
published guideline recommendations concerning ihc 
testing for er in breast cancer. After a review of the evi-
dence, the panel recommended that er assays be consid-
ered positive if at least 1% of tumour nuclei are positive 
in the sample when tested in the presence of con-
trols2,8,11–16,20. Since 2010, patients with weakly positive 
er tumours (1%–9% of stained cells) have therefore been 
offered anti-hormonal therapy, because they are consid-
ered er-positive. However, little is known about the real 
benefit of treating weakly positive er tumours with anti- 
hormonal therapies.

To assess the prognostic significance of er, the primary 
endpoint of the present study was breast cancer–specific 
survival and mortality according to er level (femtomoles 
per milligram cytosol protein). As a secondary endpoint, 
survival in patients having different er concentration 
levels expressed by breast cancers treated or not with 
tamoxifen were compared to determine whether adju-
vant anti-hormonal treatment of er-poor breast cancer 
patients is really beneficial.

METHODS

Study Population
After ethics approval was obtained from the institutional 
research ethics committee (Comité d’éthique de la recher-
che du chu de Québec), a retrospective study of women 
who attended our tertiary breast cancer centre (Centre 
des maladies du sein Deschêne–Fabia) was performed. Be-
cause the study had no direct patient involvement, patient 
consent for the study was not required. Patients included 
in the study were women diagnosed and treated for an 
infiltrative breast cancer between February 1976 and May 
1995 and followed until 2008 at our centre. We excluded 
women with noninvasive breast cancer, those who were 
metastatic at diagnosis, those who had a prior diagnosis 
of cancer at any site (except non-melanoma skin cancer 
and cervical intraepithelial neoplasia), and those whose 
er status was unknown.

Data Collection
To identify and extract patient characteristics, we used the 
registry of our institution (cms registry). The cms registry 
is one of the most important breast cancer registries in 
Canada; it has information on more than 10,000 women 
diagnosed with breast cancer and treated at our institution 
since 197621.

Patient characteristics extracted from the cms registry 
included age at diagnosis (years) and body mass index 
(kilograms per meters squared). The er and progesterone 
(pr) receptors were measured by biochemistry (dex-
tran-coated charcoal assay) until the beginning of the 
1990s; thereafter they were measured by ihc. The cut-off 
point for positivity was established at 10 fmol/mg cytosol 
protein for the dextran-coated charcoal assay. Patients with 
very low er levels (1–3  fmol/mg cytosol protein) were 
considered er-negative based on earlier studies that had 
used 3  fmol/mg cytosol protein as the threshold for 

negativity8,10,22. In the present study, survival for patients 
with er levels of 1–3 fmol/mg cytosol protein was analyzed 
and shown to be similar to that for patients with er levels 
of 0 fmol/mg cytosol protein. Thus, patients with er levels 
of 0 fmol/mg and within 1–3 fmol/mg cytosol protein were 
combined to constitute the er-negative group. Patients 
with er levels within 4–9  fmol/mg cytosol protein were 
deemed the weakly positive er group. Patients with er levels 
exceeding 9  fmol/mg cytosol protein were considered 
er-positive and were analyzed in groups (10–19 fmol/mg, 
20–49 fmol/mg, and 50 fmol/mg or more cytosol protein).

Extent of disease at diagnosis was assessed by tu-
mour size and regional or distant involvement. Tumour 
size (millimetres) corresponds to the largest diameter of 
the primary tumour considering the invasive component 
of the tumour only. Axillary lymph node involvement 
(node-negative or node-positive) and the absolute num-
ber of involved nodes, when applicable, was based on 
axillary dissection.

Initial locoregional treatments and neoadjuvant or 
adjuvant systemic therapies were documented. The most 
invasive breast surgery was reported and classified as mas-
tectomy (including simple mastectomy, modified radical 
mastectomy, or radical mastectomy) or breast-conserving 
surgery (including lumpectomy and partial or segmental 
mastectomy). Women classified as having had no breast 
surgery included those who had an incisional biopsy as the 
most invasive breast procedure. Axillary surgery included 
mostly axillary dissection, because sentinel lymph node 
biopsy was not done before 1996.

Adjuvant endocrine therapy included tamoxifen al-
most exclusively. Neoadjuvant and adjuvant chemotherapy 
regimens were classified as traditional polychemotherapy 
(cyclophosphamide, methotrexate, fluorouracil, and in rare 
instances, melphalan), anthracycline-containing regimens 
(doxorubicin or epirubicin), or anthracycline-containing 
regimens plus taxanes (docetaxel or paclitaxel).

Follow-Up
The cms conducts active follow-up of all breast cancer 
patients to assess vital status. Vital status was updated by 
linkage of the cms register with the database of beneficia-
ries of the Quebec universal health insurance system (Régie 
de l’assurance maladie du Québec) and with the Quebec 
mortality database held by the Institut de la statistique du 
Québec. Compared with the Quebec mortality database, 
the Régie de l’assurance maladie du Québec database al-
lows for the identification of a date at which an individual 
was still known to be alive. The 2221 women included in the 
present study were followed for periods ranging from 4 days 
to 20 years (median: 14.7 years) to the end of October 2008, 
which was the termination date for the present analysis.

In addition, to detect if a bias was present in er-negative 
patients who did or did not receive tamoxifen as adjuvant 
therapy, we extracted medical files for all er-negative 
patients treated with tamoxifen, together with 10 cases of 
er-negative patients not treated with tamoxifen. Patients 
with negative or weakly positive er who received tamoxifen 
were generally patients within a trial studying the use of 
tamoxifen. We verified the patient characteristics together 
with their er and pr lba results.
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Statistical Analysis
In order of priority, the date of the first histopathologic 
confirmation of malignancy was defined as the date of 
diagnosis, the date of the first positive cytology, or the date 
of the first clinical investigation (mainly mammography) 
showing malignancy.

We used the Kaplan–Meier method to estimate survival 
for breast cancer patients with tumours that were er- 
negative (0–3  fmol/mg cytosol protein), that had low er 
expression (4–9  fmol/mg cytosol protein), and that had 
higher er expression (10–19, 20–49, ≥50 fmol/mg cytosol 
protein). Analyses were performed separately for patients 
who did and did not receive anti-hormonal therapy (tamox-
ifen), as well as for both groups combined. Cox proportional 
hazards models were used to assess the effect of er level 
(0–3, 4–9, 10–19, 20–49, ≥50 fmol/mg cytosol protein) on 
breast cancer mortality in patients who did or did not re-
ceive anti-hormonal therapy. Breast cancer–specific mor-
tality for the study patients is reported as hazard ratios with 
95% confidence intervals. In addition, a multivariable Cox 
model was used to analyze all patients according to er 
level and the presence or absence of anti-hormonal treat-
ment. Those patients were compared with a reference group 
[patients with er-negative breast cancer (0–3  fmol/mg 
cytosol protein) not treated with anti-hormonal therapy].

Follow-up for the patients included in the analyses 
started at breast cancer diagnosis and ended at death, end 
of follow-up, or at year 20 of follow-up, whichever came first. 
In the analyses, the event of interest was breast cancer–
specific mortality. The Cox models were adjusted for age, 
body mass index, tumour size, nodal status, surgery, and 
chemotherapy. Further adjustment for pr status or end of 
follow-up at 15 years instead of 20 years (or both) did not 
materially change the results; those models are therefore 
not presented. All reported p values are 2-sided, with 95% 
confidence intervals. Statistical tests were performed using 
the SAS software application (version  9.3: SAS Institute, 
Cary, NC, U.S.A.).

RESULTS

Table  i presents patient characteristics according to 
anti-hormonal treatment status. Anti-hormonal therapy 
was given to 661 patients; 1560 patients did not receive any 
anti-hormonal therapy.

Patients treated with anti-hormonal therapy were older 
than patients who did not receive such therapy (mean age: 
59.4 years vs. 53.5 years). Overall, tumour size in the patients 
was, in order of frequency, 20 mm or less, 21–50 mm, and 
more than 50 mm (50.4%, 39.2%, and 7.0% respectively), and 
a high proportion of patients had positive axillary lymph 
node involvement (41.4%). Among patients treated with 
anti-hormonal therapy, 6.1% were er-negative (0–3 fmol/mg 
cytosol protein), and 7.0% were weakly er-positive (4–9 fmol/
mg cytosol protein). As expected, patients not treated with 
anti-hormonal therapy had a higher prevalence of negative 
and weakly positive er results (frequency: 22.0% and 14.1% 
respectively). Compared with patients not treated with anti- 
hormonal therapy, those who were treated had higher er 
levels. The proportion of patients with er test results in the 
ranges 10–19 fmol/mg, 20–49 fmol/mg, and 50 fmol/mg or 

more cytosol protein were, for those treated with tamoxifen, 
15.1%, 25.9%, and 46% respectively, and for patients not re-
ceiving tamoxifen, 12.6%, 17.1%, and 34.2% respectively. The 
proportions of patients with pr values of 0–9 fmol/mg and 
10 fmol/mg or more cytosol protein were 31.0% and 63.7% 
respectively for those receiving anti-hormonal treatment 
and 40.2% and 51.5% respectively for those not so treated. In 
both groups, most patients did not receive chemotherapy in 
addition to anti-hormonal therapy (84.9% and 71.2%). After a 
median follow-up of 14.7 years, breast cancer–related deaths 
numbered 216 among the 661 patients in the anti-hormonal 
therapy group (32.7%) and 556 among the 1560 patients in 
the group not receiving anti-hormonal therapy (35.6%).

TABLE I  Patient characteristics by anti-hormonal treatment status

Characteristic Anti-hormonal treatment

Yes No Overall

Patients (n) 661 1560 2221

Mean age (years) 59.4±11.1 53.5±13.1 55.3±12.8

Mean BMI (kg/m2) 24.7±4.4 23.7±4.0 24.0±4.2

Missing [n (%)] 11 (1.6) 47 (3.0) 58 (2.6)

Tumour size [n (%)]

≤20 mm 301 (45.5) 819 (52.5) 1120 (50.4)

21–50 mm 225 (43.1) 585 (37.5) 870 (39.2)

>50 mm 52 (7.8) 104 (6.7) 156 (7.0)

Missing 23 (3.5) 52 (3.3) 75 (3.4)

Axillary nodes [n (%)]

0 248 (37.5) 870 (55.8) 1118 (50.3)

1–3 225 (34.0) 347 (22.2) 572 (25.8)

>3 128 (19.4) 219 (14.0) 347 (15.6)

Unknown 60 (9.1) 124 (8.0) 184 (8.3)

Estrogen receptor [n (%)]

0–3 fmol/mg 40 (6.1) 343 (22.0) 383 (17.2)

4–9 fmol/mg 46 (7.0) 220 (14.1) 266 (12.0)

10–19 fmol/mg 100 (15.1) 196 (12.6) 296 (13.3)

20–49 fmol/mg 171 (25.9) 267 (17.1) 438 (19.7)

≥50 fmol/mg 304 (46.0) 534 (34.2) 838 (37.7)

Progesterone receptor [n (%)]

0–9 fmol/mg 205 (31.0) 627 (40.2) 832 (37.5)

≥10 fmol/mg 421 (63.7) 804 (51.5) 1225 (55.2)

Unknown 35 (5.3) 129 (8.27) 164 (7.4)

Surgery type [n (%)]

Total mastectomy 282 (42.7) 788 (50.5) 1070 (48.2)

Lumpectomy and RT 294 (44.5) 615 (39.4) 909 (41.0)

Other 85 (12.9) 157 (10.1) 242 (10.9)

Chemotherapy [n (%)]

Yes 100 (15.1) 450 (28.9) 550 (24.8)

No 561 (84.9) 1110 (71.2) 1671 (75.2)

Death

Breast cancer 216 (32.7) 556 (35.6) 772 (34.8)

Overall 336 (50.8) 830 (53.2) 1166 (52.5)

BMI = body mass index; RT = radiotherapy.
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When comparing patients with weakly positive er 
results (4–9  fmol/mg cytosol protein) and patients with 
er results showing 10  fmol/mg or more cytosol protein, 
patients with weakly positive er had more weakly positive 
or negative pr results (53.8% vs. 26.4%), were more likely 
to receive systemic chemotherapy (39.5% vs. 19.5%), and 
experienced higher breast cancer–specific mortality (41.7% 
vs. 31.7%). When er-negative patients were compared with 
weakly positive er patients, no major differences were 
found (Table ii).

Among the 661 patients treated with anti-hormonal 
therapy, the 20-year breast cancer–specific survival re-
sults demonstrated a gap between the survival curves for 
the er groups corresponding to less than 10 fmol/mg and 
10 fmol/mg or more cytosol protein (Figure 1). The 20-year 
breast cancer–specific mortality in patients treated with 
anti-hormonal therapy showed a significant risk reduction 
for er levels of 10  fmol/mg or more cytosol protein (Ta-
ble iii). In the adjusted analysis, er levels of 0–3 fmol/mg, 
4–9 fmol/mg, 10–19 fmol/mg, 20–49 fmol/mg, and 50 fmol/
mg or more cytosol protein were associated with a hazard 
ratio for lowered breast cancer mortality: 1.00 (reference), 
0.59 (p = 0.09), 0.19 (p < 0.0001), 0.26 (p < 0.0001), and 0.31 
(p < 0.0001) respectively.

Among the 1560 patients not receiving anti-hormonal 
therapy, the 20-year breast cancer–specific survival was 
similar to that for patients taking anti-hormonal therapy, 
with the exception of patients with er levels in the range 
20–49  fmol/mg cytosol protein, who seemed to experi-
ence improved survival (73%, Figure  2). The 20-year 
breast cancer–specific mortality in patients not receiving 
anti-hormonal therapy demonstrated a significant risk 
reduction only for er levels of 20 fmol/mg or more cytosol 
protein (Table  iv). In the adjusted analysis, er levels of 
0–3 fmol/mg, 4–9 fmol/mg, 10–19 fmol/mg, 20–49 fmol/mg, 
and 50 fmol/mg or more cytosol protein were associated 
with a hazard ratio for lowered breast cancer mortality: 1.00 
(reference), 0.91 (p = 0.52), 0.86 (p = 0.30), 0.47 (p < 0.0001), 
and 0.78 (p = 0.03) respectively.

Figure 3 shows that, for all 2221 patients (regardless 
of therapy), the 20-year breast cancer survival for patients 
with er levels in the ranges 0–3  fmol/mg, 4–9  fmol/mg, 
10–19 fmol/mg, 20–49 fmol/mg, and 50 fmol/mg or more 
cytosol protein was 56%, 56%, 63%, 71%, and 60% respec-
tively. In the adjusted analysis of all patients, the 20-year 
breast cancer–specific mortality revealed a significant 
protective effect of anti-hormonal therapy, particularly 
in patients treated for tumours with er levels of 10 fmol/
mg or more cytosol protein compared with those having 
er-negative tumours (0–3  fmol/mg cytosol protein) not 
treated with anti-hormonal therapy (p < 0.0001, Table v).

DISCUSSION

In the present study, we demonstrated a relationship 
between er expression and survival, confirming that 
er is a strong prognostic factor in patients with breast 
cancer. Multivariable analyses of breast cancer survival 
according to er expression and anti-hormonal treatment 
(tamoxifen) showed an er threshold of 10 fmol/mg cy-
tosol protein, which was associated with a statistically 

significant benefit for anti-hormonal therapy. Even 
though a survival trend seemed to be present, no benefit 
from anti-hormonal adjuvant therapy was observed for 
breast cancers with poor er expression (4–9  fmol/mg 
cytosol protein) compared with those having negative 
er expression (0–3 fmol/mg cytosol protein). In addition, 
no significant benefit from anti-hormonal therapy was 
observed for breast cancers having negative or weak er 
expression (0–3 fmol/mg and 4–9 fmol/mg cytosol pro-
tein) compared with breast cancers having negative er 
expression (0–3 fmol/mg cytosol protein) that were not 
treated with anti-hormonal therapy.

The benefit of anti-hormonal therapy in breast cancers 
expressing hormone receptors has been recognized for 
more than 30 years. During those years, assays to deter-
mine the presence or absence of hormone receptors on 
cancer cells have progressively been refined, and thresh-
olds have been lowered. Recently, the American Society of 
Clinical Oncology and the College of American Pathologists 
jointly recommended that any tumour expressing 1% or 

TABLE II  Patient characteristics by estrogen receptor status

Characteristic Estrogen receptor status (fmol/mg)

0–3 4–9 ≥10

Patients (n) 383 266 1572

Mean age (years) 51.7±13.0 52.1±12.1 56.7±12.7

Mean BMI (kg/m2) 23.8±4.1 23.8±4.5 24.1±4.2

Missing [n (%)] 8 (2.1) 5 (1.9) 45 (2.9)

Tumour size [n (%)]

≤20 mm 168 (43.9) 116 (43.6) 836 (53.2)

21–50 mm 154 (40.2) 117 (44.0) 599 (38.1)

>50 mm 38 (9.9) 21 (7.9) 97 (6.2)

Missing 23 (6.0) 12 (4.5) 40 (2.5)

Axillary nodes [n (%)]

0 186 (48.6) 132 (49.6) 800 (50.9)

1–3 93 (24.3) 65 (24.4) 414 (26.3)

>3 76 (19.8) 47 (17.7) 224 (14.3)

Unknown 28 (7.3) 22 (8.3) 134 (8.5)

Progesterone receptor [n (%)]

0–9 fmol/mg 274 (71.5) 143 (53.8) 415 (26.4)

≥10 fmol/mg 76 (19.8) 121 (45.5) 1028 (65.4)

Unknown 33 (8.6) 2 (0.8) 129 (8.2)

Surgery [n (%)]

Total mastectomy 190 (49.6) 123 (46.2) 757 (48.2)

Lumpectomy and RT 158 (41.3) 112 (42.1) 639 (40.6)

Other 35 (9.1) 31 (11.7) 176 (11.2)

Chemotherapy [n (%)]

Yes 139 (36.3) 105 (39.5) 306 (19.5)

No 244 (63.7) 161 (60.5) 1266 (80.5)

Death [n (%)]

Breast cancer 162 (42.3) 111 (41.7) 499 (31.7)

Overall 214 (55.9) 140 (52.6) 812 (51.7)

BMI = body mass index; RT = radiotherapy.
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more er should be considered positive17–20. However, de-
termining a relevant threshold is difficult, and uncertainty 
about a threshold for er expression at which the clinical 
benefits of anti-hormonal therapy are outweighed by 
the misclassification of a tumour (hormone-sensitive vs. 
hormone-resistant) will always be present. For instance, 
patients with an er-positive breast cancer misclassified 
as er-negative will be denied the benefit of anti-hormonal 
therapy, and patients with an er-negative breast cancer 
misclassified as er-positive with be exposed to the risks 
of anti-hormonal therapy and be denied the benefits of 
other treatments.

A number of studies have shown a direct linear relation-
ship between er concentration and survival3,8,14,16,18,23–26. 
However, very few studies have supported the use of anti- 
hormonal treatment in breast cancer patients whose tu-
mours are weakly positive for er (3–9 fmol/mg cytosol pro-
tein by lba or 1%–9% by ihc assay). The six studies used to 
establish the guidelines published by the American Society 
of Clinical Oncology and the College of American Pathol-
ogists had different scoring systems, different threshold 
values, limited follow-up, and a low number of patients 
with er-poor tumours8,16,18,23,24,27. Recently, the Early 
Breast Cancer Trialists’ Collaborative Group published a 

FIGURE 1  20-Year breast cancer–specific survival for 661 patients treated with anti-hormonal therapy. ER = estrogen receptor; KM Est = Kaplan–
Meier estimate; CI = confidence interval.

TABLE III  Breast cancer–specific mortality up to 20 years by estrogen receptor (ER) status in 661 patients treated with anti-hormonal therapy

ER status
(fmol/mg)

Pts
(n)

Deaths
(n)

Unadjusted analysis Adjusted analysisa

HR 95% CI p Value HR 95% CI p Value

0–3 40 22 1.00 Reference 1.00 Reference

4–9 46 24 0.75 0.42 to 1.34 0.33 0.59 0.33 to 1.08 0.09

10–19 100 22 0.22 0.12 to 0.41 <0.0001 0.19 0.10 to 0.36 <0.0001

20–49 171 49 0.31 0.19 to 0.52 <0.0001 0.26 0.16 to 0.45 <0.0001

≥50 304 99 0.38 0.24 to 0.60 <0.0001 0.31 0.19 to 0.51 <0.0001

a	� Adjusted for age, body mass index, tumour size, axillary lymph node involvement, surgery, radiation therapy, and chemotherapy.
Pts = patients; HR = hazard ratio; CI = confidence interval.
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meta-analysis studying the relevance of breast cancer hor-
mone receptors and the efficacy of adjuvant tamoxifen10. 
They included more than twenty randomized controlled 
trials with 21,457 patients that examined the effects of 5 
years of adjuvant tamoxifen in nonmetastatic breast cancer 
patients with variable er positivity thresholds tested by 
biochemical assay. The authors showed that patients with 
er levels below 10 fmol/mg cytosol protein did not benefit 
from anti-hormonal therapy.

In 2011, Khoshnoud et al.36 randomized postmeno-
pausal breast cancer patients to receive either adjuvant 
tamoxifen or placebo. The er status of their patients was 

re-analyzed with ihc so that cytosol-based assays could 
be compared with ihc for the determination of er status 
and the prediction of response to adjuvant tamoxifen. The 
authors observed high concordance between the cytosol 
assays and the ihc assays (88%). At a median follow-up of 
17 years, no clinical benefit of tamoxifen was observed in 
er-negative patients (<0.05 fmol/μg dna or <10% on ihc), 
and lesser recurrence-free survival was observed in er- 
positive patients treated with tamoxifen (hazard ratio: 0.53; 
p < 0.001). However, very few patients with er-poor tumours 
were included in that study (7 patients with 1%–9% er 
positivity on ihc), and the er scale used was different from 

FIGURE 2  20-Year breast cancer–specific survival for 1560 patients treated without anti-hormonal therapy. ER = estrogen receptor; KM Est = 
Kaplan–Meier estimate; CI = confidence interval.

TABLE IV  Breast cancer–specific mortality up to 20 years by estrogen receptor (ER) status in 1560 patients treated without anti-hormonal therapy

ER status
(fmol/mg)

Pts
(n)

Deaths
(n)

Unadjusted analysis Adjusted analysisa

HR 95% CI p Value HR 95% CI p Value

0–3 343 140 1.00 Reference 1.00 Reference

4–9 220 87 0.89 0.68 to 1.16 0.39 0.91 0.70 to 1.20 0.52

10–19 196 80 0.86 0.65 to 1.12 0.25 0.86 0.65 to 1.14 0.30

20–49 267 62 0.44 0.33 to 0.60 <0.0001 0.47 0.35 to 0.63 <0.0001

≥50 534 187 0.74 0.60 to 0.92 0.01 0.78 0.62 to 0.98 0.03

a	� Adjusted for age, body mass index, tumour size, axillary lymph node involvement, surgery, radiation therapy, and chemotherapy.
Pts = patients; HR = hazard ratio; CI = confidence interval.
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those used in most previous studies (femtomoles per 
microgram of dna rather than femtomoles per milligram 
of cytosol protein)26.

In 2009, Merglen et al.28 found that, for patients with 
less than 10% er on ihc assay, the risk of death from 
their disease was significantly increased among those 
treated with tamoxifen compared with those treated 
without it. That observation raises the hypothesis that 
tumours with low levels of er or negative er seem to be 
not only more aggressive in nature but also resistant to 
anti-hormonal treatments.

Anti-hormonal treatments are associated with a 
number of side effects. Tamoxifen and aromatase inhib-
itors have been shown to be associated with increased 
risks of thromboembolic events, uterine cancer, bone 
fractures, and many other effects shown to decrease 
quality of life (fatigue, hot sweats, depression, and so 
on)10,29. Given that new evidence now shows a survival 
benefit for patients receiving tamoxifen for 10 years 
rather than 5 years, correctly classifying breast cancers 
as er-positive or -negative is of crucial importance30. 
Based on our findings and on the absence of evidence 

FIGURE 3  20-Year breast cancer–specific survival for all 2221 study patients. ER = estrogen receptor; KM Est = Kaplan–Meier estimate; CI = 
confidence interval.

TABLE V  Breast cancer–specific mortality up to 20 years by estrogen receptor (ER) status and anti-hormonal (A-H) treatment status in 2221 patients

ER status
(fmol/mg)

Unadjusted analysis Adjusted analysisa

No A-H treatment A-H treatment No A-H treatment A-H treatment

HR 95% CI p Value HR 95% CI p Value HR 95% CI p Value HR 95% CI p Value

0–3 1.00 Reference 1.79 1.14 to 2.81 0.01 1.00 Reference 1.55 0.97 to 2.46 0.07

4–9 0.89 0.68 to 1.16 0.39 1.37 0.89 to 2.11 0.16 0.92 0.71 to 1.21 0.56 1.03 0.66 to 1.60 0.90

10–19 0.85 0.65 to 1.12 0.25 0.41 0.26 to 0.65 0.0001 0.86 0.66 to 1.14 0.30 0.34 0.22 to 0.54 <0.0001

20–49 0.44 0.33 to 0.60 <0.0001 0.57 0.41 to 0.79 0.0008 0.47 0.35 to 0.63 <0.0001 0.46 0.33 to 0.65 <0.0001

≥50 0.74 0.60 to 0.92 0.008 0.69 0.53 to 0.89 0.004 0.77 0.61 to 0.96 0.02 0.55 0.42 to 0.73 <0.0001

a	� Adjusted for age, body mass index, tumour size, axillary lymph node involvement, surgery, radiation therapy, and chemotherapy
HR = hazard ratio; CI = confidence interval.
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supporting extended therapy for patients with er-poor 
tumours, the duration of tamoxifen therapy should not 
be extended to 10 years in this subgroup of patients.

Considering all studies about this subject, the pres-
ent study encompasses the largest number of patients 
followed for the longest period of time at a single centre. 
Moreover, the present study has the largest number of 
patients with weakly positive er concentrations in the 
published literature. Only 31 of the 2221 study patients 
(1.4%) were lost to follow-up, causes of death were known 
for almost all (97.2%) patients, and very few variables 
had missing values. Unlike previous studies, the present 
study had a sample size large enough to permit analyses 
of subgroups of patients with many different er concen-
tration levels.

However, some limitations must be taken into ac-
count when interpreting our results. This was a retro-
spective study, and in addition, er concentrations were 
analyzed by biochemical assay—a technique that is no 
longer used, but that has been shown to be equivalent 
to ihc. However, the use of biochemical results was 
necessary because follow-up for breast cancer patients 
whose er concentrations were analyzed by ihc is cur-
rently insufficient. In addition, misclassification of er 
status could have occurred, and unreported deaths in 
the registry could potentially have underestimated a real 
treatment effect. It was also not possible to determine 
how many patients did not complete 5 years of tamoxifen 
therapy because of complications, side effects, or patient 
preference. Such drop-outs could also have biased the 
results, resulting in an underestimated treatment effect. 
Moreover, comorbidities, tumour histology, tumour 
grade, and menopausal status were not included in the 
adjusted analyses because those variables were missing 
for several patients. We performed additional sensitivity 
analyses to determine whether excluding those variables 
affected our results. By comparing models that included 
and excluded those variables, we found that treatment 
effects were attenuated, meaning that our results might 
have been overestimated.

CONCLUSIONS

Results of the present study suggest that, compared with 
breast cancer patients whose tumours express er at 
10 fmol/mg cytosol protein on lba, those with weaker er ex-
pression (<10 fmol/mg cytosol protein) do not significantly 
benefit from adjuvant anti-hormonal therapy (tamoxifen). 
Caution should therefore be applied when treating breast 
cancer patients with low er expression measured by lba; 
treatment allocation should be decided on a case-by-case 
basis. Because we analyzed patients treated with tamoxi-
fen, it is still uncertain whether our findings could apply to 
patients taking aromatase inhibitors. In addition, it is also 
uncertain whether our findings apply to weakly er-positive 
breast cancers tested by ihc, given that the study used 
er concentrations analyzed by lba. A similar study that 
includes patients treated with aromatase inhibitors and 
patients whose er expression was analyzed by ihc should 
be done to confirm whether our findings are valid in current 
patient populations.
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