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Summary  
Background An increased risk of breast cancer is associated with high serum concentrations of oestradiol and 
testosterone in postmenopausal women, but little is known about how these hormones affect response to endocrine 
therapy for breast cancer prevention or treatment. We aimed to assess the effects of serum oestradiol and testosterone 
concentrations on the efficacy of the aromatase inhibitor anastrozole for the prevention of breast cancer in 
postmenopausal women at high risk.

Methods In this case-control study we used data from the IBIS-II prevention trial, a randomised, controlled, double-
blind trial in postmenopausal women aged 40–70 years at high risk of breast cancer, conducted in 153 breast cancer 
treatment centres across 18 countries. In the trial, women were randomly assigned (1:1) to receive anastrozole 
(1 mg/day, orally) or placebo daily for 5 years. In this pre-planned case-control study, the primary analysis was the 
effect of the baseline oestradiol to sex hormone binding globulin (SHBG) ratio (oestradiol–SHBG ratio) on the 
development of all breast cancers, including ductal carcinoma in situ (the primary endpoint in the trial). Cases were 
participants in whom breast cancer was reported after trial entry and until the cutoff on Oct 22, 2019, and who had 
valid blood samples and no use of hormone replacement therapy within 3 months of trial entry or during the trial. For 
each case, two controls without breast cancer were selected at random, matched on treatment group, age (within 
2 years), and follow-up time (at least that of the matching case). For each treatment group, we applied a multinominal 
logistic regression likelihood-ratio trend test to assess what change in the proportion of cases was associated with a 
one-quartile change in hormone ratio. Controls were used only to determine quartile cutoffs. Profile likelihood 
95% CIs were used to indicate the precision of estimates. A secondary analysis also investigated the effect of the 
baseline testosterone–SHBG ratio on breast cancer development. We also assessed relative benefit of anastrozole 
versus placebo (calculated as 1 – the ratio of breast cancer cases in the anastrozole group to cases in the placebo 
group). The trial was registered with ISRCTN (number ISRCTN31488319) and completed recruitment on Jan 31, 2012, 
but long-term follow-up is ongoing.

Findings 3864 women were recruited into the trial between Feb 2, 2003, and Jan 31, 2012, and randomly assigned to 
receive anastrozole (n=1920) or placebo (n=1944). Median follow-up time was 131 months (IQR 106–156), during 
which 85 (4·4%) cases of breast cancer in the anastrozole group and 165 (8·5%) in the placebo group were identified. 
No data on gender, race, or ethnicity were collected. After exclusions, the case-control study included 212 participants 
from the anastrozole group (72 cases, 140 controls) and 416 from the placebo group (142 cases, 274 controls). A trend 
of increasing breast cancer risk with increasing oestradiol–SHBG ratio was found in the placebo group (trend per 
quartile 1·25 [95% CI 1·08 to 1·45], p=0·0033), but not in the anastrozole group (1·06 [0·86 to 1·30], p=0·60). A 
weaker effect was seen for the testosterone–SHBG ratio in the placebo group (trend 1·21 [1·05 to 1·41], p=0·011), but 
again not in the anastrozole group (trend 1·18 [0·96 to 1·46], p=0·11). A relative benefit of anastrozole was seen in 
quartile 2 (0·55 [95% CI 0·13 to 0·78]), quartile 3 (0·54 [0·22 to 0·74], and quartile 4 (0·56 [0·23 to 0·76]) of 
oestradiol–SHBG ratio, but not in quartile 1 (0·18 [–0·60 to 0·59]).

Interpretation These results suggest that serum hormones should be measured more routinely and integrated into 
risk management decisions. Measuring serum hormone concentrations is inexpensive and might help clinicians 
differentiate which women will benefit most from an aromatase inhibitor. 
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Introduction 
The increased risk of breast cancer associated with high 
serum concentrations of oestradiol and testosterone is 
well established in postmenopausal women.1–6 A 
stronger effect has also been seen for oestrogen 
receptor-positive breast cancer than for all breast 
cancer.7–9 Higher concentrations of sex hormone binding 
globulin (SHBG) have also been shown to reduce the 
risk of breast cancer.4–6

Although the association between oestradiol and breast 
cancer risk is well established, less is known about 
whether the concentrations of these hormones have an 
effect on the efficacy of preventive therapy with selective 
oestrogen receptor modulators or aromatase inhibitors 
in women at increased risk of developing breast cancer. 
Beattie and colleagues10 found little effect of serum 
oestradiol concentrations on the response to tamoxifen 
in the P-1 breast cancer prevention trial. By contrast, 
Cummings and colleagues11 found a strong protective 
effect of raloxifene for women at average risk of breast 
cancer (ie, who had high baseline concentrations [defined 
as >10 pmol/L] of oestradiol) in the MORE trial, but no 
protective effect was seen in those with undetectable 
concentrations, and suggested that this drug might not 
be effective for these women. To date, no results have 
been reported on the impact of endogenous hormone 
concentrations on the efficacy of aromatase inhibitors 
for either preventing or treating breast cancer in 
postmenopausal women.

In this study, we report on the effects of serum 
oestradiol, testosterone, and SHBG concentrations on 
the risk of breast cancer and the efficacy of anastrozole in 

the placebo-controlled IBIS-II breast cancer prevention 
trial, in postmenopausal women at high risk of breast 
cancer. Overall, the trial found a 49% reduction in the 
risk of new breast cancers with anastrozole.12,13 In this 
pre-planned case-control analysis, we tested the 
hypothesis that, for women with a low oestradiol–SHBG 
ratio, anastrozole would provide little or no reduction in 
the risk of breast cancer. 

Methods 
Study design and participants 
Briefly, the IBIS-II prevention trial is a randomised, 
double-blind, placebo-controlled trial investigating the 
effect of 5 years of anastrozole treatment on the risk of 
developing breast cancer. Postmenopausal women aged 
40–70 years with increased risk of breast cancer were 
recruited from 153 breast cancer treatment centres across 
18 countries. Major exclusion criteria were previous 
diagnosis of breast cancer, including ductal carcinoma in 
situ; current or planned use of hormone replacement 
therapy (HRT); and current or previous use of tamoxifen, 
raloxifene, or other selective oestrogen receptor 
modulators for a duration of 6 months or longer before 
trial entry, except for tamoxifen as part of IBIS-I and only 
used more than 5 years before trial entry. Full details of 
the IBIS-II trial method and study design have been 
described previously13 and a protocol is available online.

Women were randomly assigned to receive anastrozole 
(1 mg/day, oral) or placebo for 5 years. All participants 
provided written, informed consent to join the study, 
provide blood samples at baseline and at years 1 and 5 of 
follow-up, and have their past and future health records 

Research in context

Evidence before this study
An increased risk of breast cancer associated with high serum 
concentrations of oestradiol and testosterone has been well 
established in postmenopausal women. However, little is known 
about the effects of these hormones on response to endocrine 
therapy to prevent or treat breast cancer. We searched PubMed 
for publications in English between Jan 1, 1996, and 
June 1, 2022, using the terms “oestradiol”, “breast cancer”, 
“hormone treatment”, and “hormone prevention”. Two breast 
cancer prevention trials were found that evaluated the role of 
oestradiol concentrations in the response to the selective 
oestrogen receptor modulators tamoxifen and raloxifene, with 
differing results. No trials were found that studied serum 
hormone impact on aromatase inhibitor treatment.  

Added value of this study
This study, based on the IBIS-II prevention trial of the aromatase 
inhibitor anastrozole in postmenopausal women at high risk of 
breast cancer, found a clear relative benefit of anastrozole 
overall, but this benefit was limited to women with medium or 
high (quartiles 2–4) ratios of oestradiol to sex hormone binding 

globulin (SHBG), and there was no significant effect for those in 
the lowest quartile. To our knowledge, this is the first report of 
the effect of serum oestradiol concentrations on treatment 
with an aromatase inhibitor. These findings suggest a potential 
role for measuring oestradiol, testosterone, and SHBG more 
widely, both in determining which individuals are at high risk 
and the likely response to endocrine treatment.

Implications of all the available evidence
Overall, use of aromatase inhibitors offers the most effective 
option for treatment of early oestrogen receptor-positive 
breast cancer, and for preventing breast cancer in 
postmenopausal women at increased risk. The role of serum 
hormones in deciding whether preventive hormone agents are 
likely to be effective in individual women is a key question 
identified in the current study. An even more important 
question is the value of these measurements in choosing a 
treatment in the adjuvant setting. Measurement of serum 
hormones is inexpensive, and more routine use of hormone 
assays in high-risk clinics and for treatment of early breast 
cancer could substantially improve disease management. 

For the IBIS-II trial protocol see 
https://www.qmul.ac.uk/wiph/
people/profiles/cuzickjack.
html#third

https://www.qmul.ac.uk/wiph/people/profiles/cuzickjack.html#third
https://www.qmul.ac.uk/wiph/people/profiles/cuzickjack.html#third
https://www.qmul.ac.uk/wiph/people/profiles/cuzickjack.html#third
https://www.qmul.ac.uk/wiph/people/profiles/cuzickjack.html#third


Articles

110	 www.thelancet.com/oncology   Vol 25   January 2024

examined. The primary outcome was the development of 
histologically confirmed breast cancer. 

The trial was approved by the UK North West Multi-
Centre Research Ethics Committee, and was done in 
accordance with the Declaration of Helsinki (1996 
revision), under the principles of Good Clinical Practice. 
The study was monitored, reviewed, and approved 
annually by a trial steering committee while patients 
were still being treated (appendix p 11).

Described here is a pre-planned case-control study of 
the role of plasma oestradiol, testosterone, and SHBG 
concentrations at baseline on the development of breast 
cancer in untreated women and those treated with 
anastrozole. 

Procedures 
Women received 1 mg oral anastrozole or matching 
placebo every day for 5 years. Participants were seen once 
every 6 months for the first 5 years and blood samples 
were taken at baseline, 1 year, and 5 years. After the 
treatment period, women were followed up once a year to 
collect data on breast cancer incidence, other cancers, 
death, and adverse events. Only those of female sex at 
birth were eligible, and no data on gender, race, or 
ethnicity were collected. 

For the case-control study, all cases identified at or 
before the most recent follow-up on Oct 22, 2019, were 
eligible.12 For hormone analyses, two controls who had 
not developed breast cancer were selected at random 
(using a computer random number generator) from 
those who matched each case by allocated treatment, age 
(within 2 years), and follow-up time (which had to be at 
least as long as the case to which they were matching). 

All hormone assays were done in the laboratory of BK 
at the Manchester University NHS Trust, with masking 
to treatment group or case-control status. Oestradiol 
and testosterone concentrations were measured by 
liquid chromatography–tandem mass spectroscopy 
(Waters model TQ-X5, Wilmslow, UK),14 and the SHBG 
assay used an electrochemiluminescence immunoassay 
(Elecsys SHBG Cobas E immunoassay analyser; Roche 
Diagnostics, Mannheim, Germany) on a Cobas analyser 
(Roche Diagnostics).15 The assays used have been 
standardised and have previously been shown to be 
reproducible.14

Statistical analysis 
The primary outcome (both for this case control study and 
the IBIS-II prevention trial) was breast cancer (invasive or 
ductal carcinoma in situ). Secondary outcomes in this 
case-control study were oestrogen receptor-positive breast 
cancer and breast cancer developing before or after 
5·5 years from randomisation. Data on these outcomes 
were collected from health records.

Here, the primary, prespecified analysis evaluated the 
effect of the baseline oestradiol–SHBG ratio on the 
development of breast cancer over the entire 131-month 

median follow-up period. A predefined secondary 
analysis evaluated the effect of the baseline testosterone–
SHBG ratio on the development of breast cancer

A priori, we hypothesised an effect of oestradiol–
SHBG ratio in the placebo group, based on the 
Generations study,5 and no effect in anastrozole group. 
For a planned sample size of 85 cases in the anastrozole 
group and 165 cases in the placebo group, we anticipated 
89% power to show an effect in the placebo group and 
41% power to test the interaction between groups 
(appendix pp 1–2), which was judged sufficiently 
informative to assay samples. Minimal bias related 
to treatment was anticipated, because this was a 
randomised trial. We did a complete case analysis for all 
cases with available data. Data were unavailable for very 
few cases, and those missing data were judged not to 
materially affect the results. HRT was not allowed during 
the trial, and those with HRT use within 3 months of 
trial entry were also excluded from this analysis, as they 
were not excluded at the design stage. Outliers with 
oestradiol concentrations greater than 120 pmol/L, or 
SHBG concentrations either greater than 200 nmol/L or 
less than 2 nmol/L were excluded; a testosterone 
exclusion cutoff value of greater than 3·5 nmol/L was 
also specified, but there were no exclusions on this basis. 
Units used were pmol/L for oestradiol and nmol/L for 
testosterone and SHBG, so units for oestradiol–SHBG 
ratios are (pmol/L)/(nmol/L) and units for testosterone–
SHBG ratios are (nmol/L)/(nmol/L). To approximate 
free oestradiol and free testosterone, the primary 
analyses were based on the oestradiol–SHBG ratio and 
testosterone–SHBG ratio. These ratios were used as 
practical approximations of the free concentrations of 
these hormones, which are considered to be better 
markers of bioactivity than the crude levels of oestradiol 
and testosterone alone.5 After exclusions, we categorised 
hormone values into quartiles separately for oestradiol–
SHBG ratio and testosterone–SHBG ratio, using 
matched controls from the combined anastrozole and 
placebo groups to determine the quartile cutoffs. 

For each treatment group, we applied a multinominal 
logistic regression likelihood-ratio trend test for the 
change in the proportion of cases for a one-quartile 
change in hormone ratio—ie, exp(α), where the 
probability (p) that a case is in quartile j=1,2,3,4 is 
pj=exp(jα) / Σk=1:4 exp(kα). Note that when α=0, pi=0·25 for 
all j (ie, no trend), and, for example, when exp(α)=1·2, 
pj=(0·186, 0·224, 0·268, 0·321, j=1,...,4). Matched controls 
were only used to determine quartile cutoffs. Profile 
likelihood 95% CIs were used to indicate the precision of 
this estimate. A test for interaction between randomised 
allocation and serum hormone concentration was also 
done, using a case-only analysis based on a Wilcoxon test 
of the distribution of hormone concentrations between 
the two groups. The benefit of anastrozole was quantified 
as 1 minus the relative risk of cancer in the anastrozole 
group versus placebo group (ie, 1 – [number of cases in 

See Online for appendix
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the anastrozole group divided by number of cases in the 
placebo group]) for the oestradiol–SHBG ratio and 
testosterone–SHBG ratio. A thin-plate spline smoother16 
was used to estimate the benefit of anastrozole as a 
function of the oestradiol–SHBG ratio. Relative benefit 
of anastrozole versus placebo was calculated in the 
overall population and by oestradiol–SHBG ratio and 
testosterone–SHBG ratio quartiles. A post-hoc analysis 
of relative benefit of anastrozole compared quartile 1 
with the combined quartiles 2–4 using an exact binomial 
test. We assessed the effect of baseline oestradiol–SHBG 
ratio or testosterone–SHBG ratio on the incidence of 
breast cancer and the relative benefit of anastrozole in a 
pre-planned subgroup analysis for oestrogen receptor-
positive invasive breast cancer, and in a post-hoc 

subgroup analysis for cancers occurring within the first 
5·5 years (treatment period plus 6 months) of follow-up 
versus those occurring subsequently. Spearman’s 
correlation coefficient was used to assess the association 
between BMI and serum hormone concentration. All 
p values and 95% CIs are two-sided. A two-sided 
significance threshold of p<0·05 was used. Statistical 
analyses were done with R (version 4.1.2) and Stata 
(version 17.0).

The IBIS-II prevention trial had a data monitoring 
committee which met annually when women were still 
being treated and annually approved the continuation of 
the trial. IBIS-II is registered as an International 
Standard Randomised Controlled Trial (number 
ISRCTN31488319).

Figure: Study profile 
HRT=hormone replacement therapy. SHBG=sex hormone binding globulin. *Unable to provide family history to establish high-risk status.

1914 received anastrozole

1920 assigned to anastrozole group

3864 women randomly assigned to treatment

85 developed breast cancer

11 no valid blood 
      samples

1937 received placebo

1829 did not develop breast 
            cancer

1681 not selected 
            as controls

165 developed breast cancer

6 ineligible
3 premenopausal
2 more than two spinal fractures
1 oestrogen receptor-negative ductal 
   carcinoma in situ

1944 assigned to placebo group

7 ineligible
3 premenopausal
2 previous diagnosis of breast cancer
1 oestrogen receptor-negative ductal 
    carcinoma in situ
1 adopted*

18 no valid blood 
      samples

1772 did not develop breast 
           cancer

1478 not selected as 
            controls

74 with valid blood samples

2 excluded
1 HRT use within 
    3 months of trial 
    entry
1 oestradiol or SHBG 
    values out of 
    bounds

148 controls matched to 
         cases with valid blood 
         samples

8 excluded
1 inadequate 
   blood sample 
   quality
2 HRT use within 
    3 months of trial 
    entry
5 oestradiol or 
    SHBG values out 
    of bounds

147 with valid blood 
         samples

5 excluded
3 HRT use within 
    3 months of trial 
    entry
2 oestradiol or SHBG 
    values out of 
    bounds 

294 controls matched to 
         cases with valid blood 
         samples

72 included in analysis 140 included in analysis 142 included in analysis 274 included in analysis

20 excluded
3 inadequate 
    blood sample 
    quality
7 HRT use within 
    3 months of trial 
    entry
6 oestradiol or 
    SHBG values out 
    of bounds
4 matching case 
    excluded
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Role of the funding source 
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report.

Results 
In the IBIS-II trial, 3864 postmenopausal women at 
increased risk of breast cancer were recruited between 
Feb 2, 2003, and Jan 31, 2012, and randomly assigned to 

receive anastrozole (n=1920) or placebo (n=1944; figure). 
At the last reported assessment, with cutoff date 
Oct 22, 2019,12 the median follow-up time was 131 months 
(IQR 106–156), 85 (4·4%) participants in the anastrozole 
group and 165 (8·5%) in the placebo group were 
diagnosed with breast cancer, among whom 74 (87%) in 
the anastrozole group and 147 (89%) in the placebo group 
had valid blood samples. Two matched controls per case 
were randomly chosen, for a total of 442 controls (148 in 
the anastrozole group, 294 in the placebo group). After a 
total of 35 exclusions, 72 (97%) of 74 cases and 140 (95%) 
of 148 controls in the anastrozole group, and 142 (97%) of 
147 cases and 274 (93%) of 294 controls in the placebo 
group were included in this analysis (figure). Details and 
demographics of the analysis sample are shown in 
table 1.

The distribution of hormone concentrations among 
controls was based on the combined control populations 
(n=414). Median values for oestradiol–SHBG ratio were 
0·36 (IQR 0·20–0·74) for cases and 0·28 (0·17–0·62) 
for controls. For testosterone–SHBG ratio median 
values were 0·013 (0·090–0·019) for cases and 0·011 
(0·008–0·017) for controls (appendix pp 3–5). As 
expected, oestradiol–SHBG ratio at baseline was 
moderately correlated with BMI (rs=0·58 in controls). 

The incidence of breast cancer by treatment group and 
quartiles of oestradiol–SHBG ratio is shown in table 2, 
and the relative benefit of anastrozole over placebo by 
oestradiol–SHBG ratio on a continuous scale is provided 
in the appendix (p 6). Overall, the relative benefit of 
anastrozole was 0·49 (95% CI 0·32–0·62; p<0·0001), 
matching the findings for the whole trial.12 There was a 
clear trend of increasing risk of breast cancer with 
increasing quartile of oestradiol–SHBG ratio in the 
placebo group (trend per quartile 1·25 [95% CI 
1·08–1·45], p=0·0033), but not in the anastrozole group 
(1·06 [0·86–1·30], p=0·60; table 2). In a post-hoc analysis, 

Anastrozole group Placebo group

Cases Matched controls Cases Matched controls

Breast cancer cases identified among trial participants 85 ·· 165 ··

Participants included in case-control analysis 72 140 142 274

Age at entry, years 61·0 (55·9–64·2) 61·3 (56·7–64·2) 58·9 (55·6–63·2) 58·8 (55·5–63·3)

BMI, kg/m² 27·8 (24·0–31·8) 27·0 (24·1–30·2) 28·7 (25·3–32·4) 27·5 (24·2–31·2)

Tyrer-Cuzick 10-year risk,17 % 7·7% (5·9–10·8) 7·2% (5·5–9·9) 9·2% (6·5–12·7) 7·7% (6·0–9·7)

Breast cancer in a first-degree relative 20 (28%) 44 (31%) 36 (25%) 63 (23%)

Breast cancer oestrogen receptor status

Positive 46 (64%) ·· 102 (72%) ··

Negative 15 (21%) ·· 24 (17%) ··

Unknown 11 (15%) ·· 16 (11%) ··

HRT use >3 months before study entry 36 (50%) 71 (51%) 56 (39%) 121 (44%)

HRT use >3 months but ≤12 months before entry 3 (4%) 7 (5%) 12 (8%) 17 (6%)

Characteristics are shown only for participants included in the case-control analysis. Data are n, n (%), or median (IQR). HRT=hormone replacement therapy. 

Table 1: Characteristics of study participants by treatment group and case or control status

Breast cancer cases Relative benefit of 
anastrozole (95% CI)*

Anastrozole group Placebo group

Overall 72 142 0·49 (0·32 to 0·62)

By oestradiol–SHBG ratio

Quartile 1 (<0·167) 18 (25%) 22 (16%) 0·18 (–0·60 to 0·59)

Quartile 2 (0·167 to <0·279) 14 (19%) 31 (22%) 0·55 (0·13 to 0·78)

Quartile 3 (0·279 to <0·617) 21 (29%) 46 (32%) 0·54 (0·22 to 0·74)

Quartile 4 (≥0·617) 19 (26%) 43 (30%) 0·56 (0·23 to 0·76)

Trend in risk (95% CI)† 1·06 (0·86–1·30), 
p=0·60

1·25 (1·08–1·45), 
p=0·0033

pinteraction=0·20‡

By testosterone–SHBG ratio

Quartile 1 (<0·0077) 15 (21%) 26 (18%) 0·42 (–0·13 to 0·72)

Quartile 2 (0·0077 to <0·0111) 15 (21%) 31 (22%) 0·52 (0·08 to 0·76)

Quartile 3 (0·0111 to <0·0169) 18 (25%) 39 (28%) 0·54 (0·17 to 0·75)

Quartile 4 (≥0·0169) 24 (33%) 46 (32%) 0·48 (0·13 to 0·70)

Trend in risk (95% CI)† 1·18 (0·96 to 1·46), 
p=0·11

1·21 (1·05 to 1·41), 
p=0·011

pinteraction=0·85‡

Cases per group and quartile are presented as n (%). Quartile boundaries were based on data from 414 controls matched 
to breast cancer cases; ratios are based on oestradiol measured in pmol/L and SHBG and testosterone measured in 
nmol/L. SHBG=sex hormone binding globulin. *Relative benefit is calculated as 1 minus the ratio of cases in the 
anastrozole group to cases in the placebo group. †Increase per quartile on a multiplicative scale (1·00 corresponds to no 
linear trend in the proportion of cases by quartile). ‡p value for interaction between treatment and oestradiol–SHBG or 
testosterone–SHBG ratio. 

Table 2: Relative benefit of anastrozole versus placebo for breast cancer incidence overall and by quartiles 
of oestradiol–SHBG ratio and testosterone–SHBG ratio
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the relative benefit of anastrozole for reduction of breast 
cancer incidence in quartiles 2–4 (overall 54 anastrozole 
cases vs 120 placebo cases) was 0·55 (95% CI 0·32–0·68; 
binomial p<0·0001), but no benefit was seen in the 
lowest quartile (0·18 (–0·60 to 0·59; binomial p=0·64; 
table 2). Little benefit from anastrozole was apparent for 
oestradiol–SHBG ratios below 0·10 (appendix p 6), but 
more data are needed to make specific recommendations 
about a cutoff, and the interaction between treatment 
and oestradiol–SHBG ratio concentration was not 
significant (pinteraction=0·20; table 2).

A weaker, but still significant, association with breast 
cancer risk was seen for the testosterone–SHBG ratio 
in the placebo group (trend 1·21 [95% CI 1·05–1·41], 
p=0·011), but not in the anastrozole group (1·18 
[0·96–1·46], p=0·11), and there was no evidence of 
a significant interaction between treatment and 
testosterone–SHBG ratio (pinteraction=0·85; table 2) . SHBG 
concentrations were not significantly associated with 
breast cancer in the placebo group (p=0·060) or the 
anastrozole group (p=0·92), and there was no significant 
interaction between treatment and SHBG concentration 
(pinteraction=0·24; appendix p 7). Further details for oestradiol 
and testosterone concentrations alone are in the 
appendix (p 7).

Hormone receptor status was known for 61 (85%) of 
72 breast cancer cases in the anastrozole group, of which 
46 (75%) were oestrogen-receptor positive. In the placebo 
group, hormone receptor status was known in 126 (89%) 
of 142 cases, of which 102 (81%) were oestrogen-receptor 
positive. In pre-planned secondary analyses, trends in 
incidence by oestradiol–SHBG ratio for oestrogen 
receptor-positive cancers were very similar to those for all 
breast cancers, with no trend in the anastrozole group 
(trend 1·05 [95% CI 0·81–1·37], p=0·69) but a clear trend 
in the placebo group (1·32 [1·11–1·59], p=0·0018; table 3). 
Similar but slightly stronger trends than for all breast 
cancers were seen for the testosterone–SHBG ratio in 
oestrogen receptor-positive cancers (anastrozole group 
trend 1·26 [0·97–1·65], p=0·085; placebo group 1·34 
[1·12–1·60], p=0·0013; table 3). Further details for SHBG 
are in the appendix (p 8). No effect was seen for oestrogen 
receptor-negative invasive cancers, but the numbers were 
too small (15 anastrozole, 21 placebo; table 1) to draw any 
firm conclusions (data not shown).

In post-hoc secondary analyses, the association of 
oestradiol–SHBG ratio with breast cancer incidence was 
only seen for cancers diagnosed in the first 5·5 years of 
the study (period of active treatment plus 6 months), and 
not subsequently, in the placebo group (table 4). However, 
the association of testosterone–SHBG ratio with breast 
cancer incidence was only seen in the subsequent 6-year 
median follow-up period in the placebo group (table 4). A 
test for interaction between cancer incidence in the two 
follow-up periods and the oestradiol–SHBG ratio or 
testosterone–SHBG ratio quartiles was not significant 
for either treatment group (p=0·64 for anastrozole and 

p=0·90 placebo for oestradiol–SHBG ratio, and p=0·64 
and p=0·42 for testosterone–SHBG ratio; table 4), and 
these effects remain speculative.

Further details for SHBG, oestradiol, and testosterone 
alone are in the appendix (pp 9–10).

Discussion 
The results from the placebo group of this study confirm 
the increasing risk of breast cancer associated with 
higher oestradiol and testosterone concentrations, and a 
decreasing risk associated with increasing SHBG 
concentrations in women who were not randomly 
allocated to receive anastrozole.3,4 However, to our 
knowledge, this is the first report of the effect of low 
concentrations of oestradiol or testosterone on a lack of 
response to aromatase inhibitor treatment, either as a 
preventive measure or in the adjuvant setting. These 
data provide support for the hypothesis that preventive 
therapy with an aromatase inhibitor is likely to be most 
effective for women with higher oestradiol–SHBG ratios 
and, conversely, of little or no benefit for those with low 
oestradiol–SHBG ratios. Measurement of oestradiol and 
SHBG concentrations might be helpful in making 
decisions about using inhibitors both for treatment 
and prevention.

Reliable SHBG assays are widely available, but 
many oestradiol assays in routine use are ill suited 
for measuring the low concentrations present in the 

Oestrogen receptor-positive breast cancer 
cases

Relative benefit of 
anastrozole (95% CI)*

Anastrozole group Placebo group

Overall 46 102 0·55 (0·36 to 0·69)

By oestradiol–SHBG ratio

Quartile 1 (<0·167) 10 (22%) 13 (13%) 0·23 (–0·90 to 0·70)

Quartile 2 (0·167 to <0·279) 10 (22%) 22 (22%) 0·56 (0·00 to 0·81)

Quartile 3 (0·279 to <0·617) 16 (35%) 35 (34%) 0·54 (0·15 to 0·76)

Quartile 4 (≥0·617) 10 (22%) 32 (31%) 0·69 (0·35 to 0·86)

Trend in risk (95% CI)† 1·05 (0·81 to 1·37); 
p=0·69

1·32 (1·11 to 1·59); 
p=0·0018

pinteraction=0·16‡

By testosterone–SHBG ratio

Quartile 1 (<0·0077) 8 (17%) 13 (13%) 0·38 (–0·60 to 0·78)

Quartile 2 (0·0077 to <0·0111) 11 (24%) 25 (25%) 0·56 (0·07 to 0·80)

Quartile 3 (0·0111 to <0·0169) 10 (22%) 28 (28%) 0·64 (0·24 to 0·85)

Quartile 4 (≥0·0169) 17 (37%) 36 (35%) 0·53 (0·14 to 0·75)

Trend in risk (95% CI)† 1·26 (0·97 to 1·65); 
p=0·085

1·34 (1·12 to 1·60); 
p=0·0013

pInteraction=0·72‡

Cases per group and quartile are presented as n (%). Quartile boundaries were based on data from 288 controls 
matched to oestrogen receptor-positive breast cancer cases; ratios are based on oestradiol measured in pmol/L and 
SHBG and testosterone measured in nmol/L. SHBG=sex hormone binding globulin. *Relative benefit is calculated as 
1 minus the ratio of cases in the anastrozole group to cases in the placebo group. †Increase per quartile on a 
multiplicative scale (1·00 corresponds to no linear trend in the proportion of cases by quartile). ‡p value for interaction 
between treatment and oestradiol–SHBG or testosterone–SHBG ratio.

Table 3: Relative benefit of anastrozole versus placebo for incidence of oestrogen receptor positive breast 
cancer, overall and by quartiles of oestradiol–SHBG ratio and testosterone–SHBG ratio, preplanned 
secondary analysis
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plasma in postmenopausal women.18 We used a very 
sensitive liquid chromatography–tandem mass 
spectroscopy assay (lower limit of sensitivity of 
3 pmol/L), which allowed us to accurately measure the 
low concentrations of oestradiol and SHBG in the 
serum samples from our population of postmenopausal 
women. Wider use of this type of assay or a similar 
assay will be necessary to implement any of the actions 
suggested by this study. 

This study of the aromatase inhibitor anastrozole 
adds substantial information to the previous literature 
on the effect of serum oestradiol concentrations on 
response to the selective oestrogen receptor modulators 
tamoxifen (P1 trial)10 and raloxifene (MORE trial)11 in 
the preventive setting. Oestradiol had very little effect 
in on the efficacy of tamoxifen treatment in the P1 trial, 
but showed a strong effect in predicting response to 
raloxifene in the MORE trial. Two studies have reported 
that lower doses of tamoxifen lead to similar preventive 
effects, but with fewer side-effects. A Swedish study19 
found that doses of 2·5, 5, and 10 mg/day of tamoxifen 
all had the same effect on reducing mammographic 
density, a known risk factor for breast cancer, as did 
20 mg, but with only half the number of severe 
vasomotor symptoms (hot flashes, cold sweats, and 
night sweats). Additionally, an Italian trial20 found that 
low-dose tamoxifen at 5 mg/day for 3 years in women 
with intraepithelial neoplasia reduced the occurrence of 
invasive breast cancer or ductal carcinoma in situ by 

52% compared with placebo after a median 9·7 years of 
follow-up, without additional adverse events. Further 
study of tamoxifen is ongoing in the IBIS-I prevention 
trial (ISRCTN91879928).21 

In the ATAC trial, adjuvant anastrozole resulted in a 
greater reduction in distant recurrence than did tamoxifen 
in a direct randomised comparison,22 and also in breast 
cancer deaths in an overview of nine randomised trials;23 
however, to our knowledge, no studies have investigated 
the effect of oestradiol or other serum hormones on 
the efficacy of anastrozole in the adjuvant setting. 
The POETIC study24 showed that 2 weeks of use of an 
aromatase inhibitor as a preoperative treatment in women 
with oestrogen receptor-positive cancer can lead to an 
important reduction in Ki-67 concentration in the tumour 
tissue, which in turn predicts better treatment response 
in this setting. Concordant with the current report, higher 
plasma oestradiol concentrations were recently reported 
to be associated with a significantly greater response to 
aromatase inhibition in the POETIC study.25

Although IBIS-II has established a 50% reduction in 
cancer incidence with anastrozole overall in the 
preventive setting, the current analysis indicates a much 
weaker effect when oestradiol concentrations are low. 
Further work is needed to accurately assess whether 
there is any benefit of anastrozole in these circumstances 
and, if so, if such a benefit is sufficient to justify the 
side-effects of treatment.22 These results also raise 
the question of whether serum hormones should be 

Breast cancer cases in ≤5·5 years Breast cancer cases in >5·5 years Time period pinteraction*

Anastrozole 
group

Placebo group Relative benefit of anastrozole 
(95% CI)†

Anastrozole 
group

Placebo group Relative benefit of anastrozole 
(95% CI)*

Anastrozole 
group

Placebo 
group

Overall 35 88 0·60 (0·41 to 0·74) 37 54 0·31 (–0·06 to 0·56) ·· ··

By oestradiol–SHBG ratio

Quartile 1 (<0·167) 10 (29%) 12 (14%) 0·17 (–1·10 to 0·68) 8 (22%) 10 (19%) 0·20 (–1·25 to 0·73) ·· ··

Quartile 2 (0·167 to <0·279) 4 (11%) 22 (25%) 0·82 (0·46 to 0·95) 10 (27%) 9 (17%) –0·11 (–2·09 to 0·59) ·· ··

Quartile 3 (0·279 to <0·617) 10 (29%) 27 (31%) 0·63 (0·21 to 0·84) 11 (30%) 19 (35%) 0·42 (–0·28 to 0·75) ·· ··

Quartile 4 (≥0·617) 11 (31%) 27 (31%) 0·60 (0·15 to 0·82) 8 (22%) 16 (30%) 0·50 (–0·24 to 0·81) ·· ··

Trend in risk (95% CI)‡ 1·11 
(0·82 to 1·50), 
p=0·50

1·26 
(1·04 to 1·53), 
p=0·017

Treatment pinteraction=0·48§ 1·01 
(0·76 to 1·35), 
p=0·94

1·23 
(0·97 to 1·58), 
p=0·087

Treatment pinteraction=0·30§ 0·64 0·90

By testosterone–SHBG ratio

Quartile 1 (<0·0077) 7 (20%) 16 (18%) 0·56 (–0·12 to 0·85) 8 (22%) 10 (19%) 0·20 (–1·25 to 0·73) ·· ··

Quartile 2 (0·0077 to <0·0111) 8 (23%) 21 (24%) 0·62 (0·10 to 0·85) 7 (19%) 10 (19%) 0·30 (–1·04 to 0·77) ·· ··

Quartile 3 (0·0111 to <0·0169) 6 (17%) 26 (30%) 0·77 (0·43 to 0·92) 12 (32%) 13 (24%) 0·08 (–1·19 to 0·62) ·· ··

Quartile 4 (≥0·0169) 14 (40%) 25 (28%) 0·44 (–0·12 to 0·73) 10 (27%) 21 (39%) 0·52 (–0·06 to 0·80) ·· ··

Trend in risk (95% CI)‡ 1·25 
(0·92 to 1·70), 
p=0·15

1·16 
(0·96 to 1·40), 
p=0·42

Treatment pinteraction=0·68§ 1·13 
(0·84 to 1·51), 
p=0·13

1·31 
(1·03 to 1·69), 
p=0·028

Treatment pinteraction=0·43§ 0·64 0·42

Quartile boundaries were based on data from 414 controls matched to breast cancer cases; ratios are based on oestradiol measured in pmol/L and SHBG and testosterone measured in nmol/L. SHBG=sex 
hormone binding globulin. *p value for interaction between follow-up period (≤5·5 years vs >5·5 years) and oestradiol–SHBG ratio or testosterone–SHBG ratio quartiles for cancer risk. †Relative benefit is 
calculated as 1 minus the ratio of cases in the anastrozole group to cases in the placebo group. ‡Increase per quartile on a multiplicative scale (1·00 corresponds to no linear trend in the proportion of cases by 
quartile). §p value for interaction between treatment and oestradiol–SHBG or testosterone–SHBG ratio. 

Table 4: Relative benefit of anastrozole versus placebo for incidence of breast cancer, in the first 5·5 years of follow up and after 5·5 years, overall and by quartiles of oestradiol–SHBG ratio 
and testosterone–SHBG ratio, preplanned secondary analysis
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measured more routinely and integrated into risk models 
to help decide on possible preventive measures, including 
the need for more (or less) screening.

A major strength of this study is that it was conducted 
within the context of a large clinical trial. As this was a 
randomised trial, bias should be minimal. The population 
studied was identified prospectively, and a standard 
format was used for case identification and assay 
collection, which was independent of breast cancer risk 
factors or hospital contact. 

This study has a number of limitations. Although it is 
the largest study to date on the effect of serum hormone 
concentrations on endocrine-based preventive treatment, 
studies with larger numbers of cases and studies in the 
adjuvant setting will be needed to fully validate these 
findings. One other trial (MAP3) has been reported in 
the prevention setting, using an aromatase inhibitor 
(exemestane), but no results regarding hormone 
concentrations have been reported.26 Another issue that 
needs further study is the role of serum hormones in 
deciding whether preventive hormone agents are likely 
to be effective for breast cancer prevention in individual 
women. An even more important question is the value 
of such measurements in choosing a treatment in the 
adjuvant setting. Another limitation of our study is that 
it only evaluated an aromatase inhibitor in the prevention 
setting, whereas the effects in an adjuvant setting remain 
an important area for further investigation. Although 
ethnicity was not recorded in the trial, we know that the 
study population comprised mainly White European 
women at high risk of breast cancer due to family 
history; therefore, our findings might not be 
generalisable to women with other ethnic backgrounds 
or at a lower risk. 

A surprising finding from the ATAC adjuvant trial was 
that a low BMI was associated with a better response to 
anastrozole than to tamoxifen,27 despite BMI being 
positively correlated with oestradiol concentrations. 
Unfortunately, no blood samples were taken in ATAC. 
Further work is also needed to assess whether there is a 
similar effect of serum hormones on the efficacy and 
side-effects of tamoxifen. Tamoxifen and the aromatase 
inhibitors have very different modes of action from one 
another, so the outcomes will be of considerable interest. 
Another question of interest is whether hormone 
concentrations can identify which postmenopausal 
women are more likely to benefit more from tamoxifen 
or an aromatase inhibitor. Future work will look at the 
issues studied here in the IBIS-I trial of tamoxifen for 
prevention of breast cancer in both premenopausal and 
postmenopausal women.21 The differential side-effect 
profiles between these two classes of drugs according to 
hormone concentrations also require more study. Finally, 
the associations of these hormones with other risk 
factors, including BMI, requires further work.28 

In conclusion, the results of this analysis suggest that 
measuring serum hormone concentrations could be an 

inexpensive method to help clinicians differentiate which 
women will benefit most from use of aromatase inhibitor 
for the prevention of breast cancer.
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