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Abstract 

Introduction 

Breast cancer patients treated with aromatase inhibitors (AIs) experience increased bone loss 

during their treatment. However, there is little information about bone mineral density (BMD) 

after completing AI-treatment. The present study aimed to assess BMD changes one year after 

AI-therapy completion. 

Methods 

Data were collected from 864 postmenopausal women treated with AI during 5 years (5y-AI 

group), or during 2-3 years after taking tamoxifen therapy (pTAM-AI group). Participants with 

osteoporosis were treated with oral bisphosphonates (BP). BMD changes in lumbar spine (LS), 

femoral neck (FN) and total hip (TH) between baseline, end of treatment, and at one year post-

treatment were assessed using repeated-measures ANOVA.  

Results 

At the end of AI-treatment, 382 patients had available BMD values and 316 also had post-

treatment BMD values. As expected, BMD levels were decreased at AI-completion in non-BP 

treated patients. After one year, LS BMD increased in both groups (5y-AI: +2.11% [95%CI: 

1.55 to 2.68], p<0.001; pTAM-AI: +1.00% [95%CI: 0.49 to 1.51], p<0.001) compared with the 

end of AI-therapy, while values at FN and TH remained stable. On the other hand, BMD values 

of BP-treated patients were increased or maintained at the end of AI-treatment and also at post-

treatment. 

Conclusions 

At one year after AI-completion, FN and TH BMD remained reduced in non-BP treated women, 

while LS BMD was recovered in the 5y-AI group and partially recovered in the pTAM-AI 

group. BP treatment increased or maintained BMD values at the end of therapy and at one year 

post-treatment.  

 

Keywords: breast cancer, aromatase inhibitors, bone mineral density, bisphosphonates, B-ABLE 

cohort. 
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Introduction 

Aromatase inhibitor (AI) is recommended by the American Society of Clinical Oncology as the 

adjuvant endocrine therapy to treat estrogen receptor positive (ER+) early breast cancer in 

postmenopausal women. Despite its great efficiency, compared to tamoxifen (TAM) as the 

alternative [1-3], AI has been associated with side effects that could affect the patient’s quality 

of life and its adherence to treatment, being arthralgia and bone loss induction among the most 

common [4, 5]. 

Previous studies have described an accelerated decrease in bone mineral density (BMD) 

associated with AI therapy, leading to osteopenic or osteoporotic bone status, both of which are 

related to osteoporotic fracture [1, 4]. Clinical guidelines for the management of AI-related bone 

loss strongly recommend a close monitoring of BMD and other risk factors to reduce the 

fracture risk by means of antiresorptive therapies [6].Treatment with bisphosphonates (BPs) is 

the current recommendation to avoid this bone loss [7-9]. 

Even though bone parameters have been monitored during AI treatment in many studies [10, 

11], there is scarce information about bone status after completion of AI treatment. A small sub-

analysis in the ATAC trial, with 23 evaluated patients, showed an increase of bone mass at 

lumbar spine after one year of AI-completion [12]. In the MA.17R trial [13], an increase in 

lumbar spine (LS) and total hip (TH) BMD was reported 5-7 years post-treatment in women 

mainly treated with TAM followed by AI; however, half of the patients were treated with BP, 

concealing the results. Despite the insights on bone behavior related to AI treatment gained 

from these previous randomized control trials (RCTs), bone health after AI cessation has not 

been explored in actual clinical conditions.  

In the present study, we analyzed BMD changes at the end of treatment and at one year after AI-

completion in an observational prospective cohort (B-ABLE). In this study, the effect of 

previous tamoxifen and/or BP treatment was taken into account. 

Materials and Methods 

Study design and participants 

Caucasian postmenopausal woman diagnosed with ER+ early breast cancer and candidates for 

AI-treatment (letrozole, exemestane, or anastrozole) were consecutively recruited from January 

2006 to January 2018 in B-ABLE cohort – a prospective, non-selected, observational, clinical 

cohort study – in Hospital del Mar (Barcelona, Spain). The study protocol was approved by the 

ethics committee of Parc de Salut Mar (2016/6803/I) and it was carried out in accordance with 

the Declaration of Helsinki. A written informed consent was obtained from all participants after 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

 

4 
 

they had read the study information sheet and any questions had been answered. The privacy 

rights of human subjects must always be observed. 

Participants were enrolled at point of starting AI therapy, either six weeks post-surgery or one 

month after the last cycle of chemotherapy (5y-AI group) or, alternatively, once starting 

menopause after taking TAM for two to three years (pTAM-AI group). End of treatment was 

considered a total of five years of hormonal adjuvant therapy, according to classic American 

Society of Clinical Oncology recommendations [14]. Follow-up was from the first day of AI 

intake to one year after AI-completion. Postmenopausal status was defined as patients >55 years 

old with amenorrhea for >12 months, or those ≤55 with levels of luteinizing hormone >30 

mIU/mL or follicle-stimulating hormone values >40 mIU/mL. Eligible participants were 

excluded for previous history of any bone, metabolic or endocrine diseases, as well as 

alcoholism, rheumatoid arthritis, and concurrent or prior treatment with BP, oral corticosteroids, 

or any other bone-active drug except tamoxifen. 

At the outset of the study, patients were stratified by the corresponding therapeutic regimen: 1) 

those with osteoporosis [T score < −2.5] or with a T score ≤ −2.0 at any site plus 1 major risk 

factor (i.e. family history of femoral fracture, or early menopause) or prevalent fragility 

fractures were treated with weekly oral risedronate or alendronate therapy (BP-treated patients) 

2) all other patients were allocated to no active antiresorptive therapy (non-BP-treated patients). 

BMD was assessed every 12 months until one year after the end of AI therapy (post-treatment). 

Those who developed osteoporosis during the treatment were immediately offered oral BP 

treatment and were censored from the study at that point.  

Additionally, all participants received supplements of calcium and 25(OH)vitD3 tablets (1000 

mg and 800 IU daily, respectively), and those with baseline 25(OH)vitD deficiency (<30 

ng/mL) received an additional dose of 16,000 IU of oral calcifediol (HIDROFEROL® FAES 

FARMA) every 2 weeks. 

 

Variables 

Bone Mineral Density 

The main outcomes of the study are the absolute and cumulative percentage change in lumbar 

spine (LS), femoral neck (FN) and total hip (TH) BMD from baseline to the end of treatment 

and at one year post-treatment.  

BMD measures were obtained using a DXA densitometer QDR 4500 SL® (Hologic, Waltham, 

MA, USA), according to manufacturer recommendations. In our department, in vivo 

coefficients of variation of these techniques are 1.0% at LS, 1.60 at TH, and 1.65% at FN. 

As a secondary analysis, non-BP-treated patients were categorized according to its LS-BMD 

shift, and their distribution was plotted. 
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Other variables 

At the time of recruitment, data from large clinical variables were registered, including: age, 

body mass index (BMI), age of menarche and menopause, number of children, months of 

breastfeeding, and prior chemotherapy, among others.  

 

Statistical methods 

Significant differences between variables in the groups of the study were analyzed with One-

way ANOVA, Kruskal-Wallis and Chi-square tests, according to variables’ nature. In each 

group, BMD changes between baseline, end of treatment, and post-treatment were evaluated by 

repeated-measures ANOVA.  

Statistical analysis was done with R for Windows version 3.3.3 (foreign, compareGroups, 

pgirmess, fifter, boot, ggplot2 and scales packages) and SPSS Statistics version 22.0. All 

statistical contrasts were corrected by Bonferroni test per multiple comparisons and P values 

lower than 0.05 were considered significant. 

 

Results 

Participants 

From 864 participants included in the B-ABLE cohort, 382 patients completed AI treatment and 

had BMD values registered at this point, and 316 of those patients had BMD values at one year 

after AI-treatment completion (Fig. 1).  
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Fig. 1 Flowchart showing the number of patient records in each bone mineral density site at the 

end of aromatase inhibitors treatment and at post-treatment, according to antiresorptive therapy. 

Abbreviations: AI, aromatase inhibitors; BP, oral bisphosphonates. 

 

 

Before the end of AI therapy, 32 patients became osteoporotic and started oral BP (5y-AI: n=22, 

3.8%; pTAM-AI: n=10, 3.6%), who were censored from the study at this point; 122 participants 

were withdrawn from the study (Supplementary table 1), and 328 patients still remained in the 

follow-up and did not achieve the time of AI-treatment completion. Between end of treatment 

and one year post-treatment, 41 participants were withdrawn (Supplementary table 1), and 25 

patients had not reached one year post-treatment at the end of data collection. Fracture events in 

participants during follow-up are reported in Supplementary table 2. 

Baseline characteristics of selected patients are described in Table 1.  
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Table 1 Baseline characteristics of patients 

Variables 

Non-BP-treated patients 

(n=242) 

BP-treated patients 

(n=74) 

pTAM-AI group 

(n=127) 

5y-AI group 

(n=115) 

pTAM-AI group 

(n=44) 

5y-AI group 

(n=30) 

Mean age (years) ± SD 57.2 ± 8.65 62.8 ± 7.21 63.4 ± 9.42 60.8 ± 6.20 

Mean BMI (g/cm2) ± SD 28.5 ± 5.68 30.4 ± 4.78 27.3 ± 4.70 27.4 ± 4.45 

Median age of menarche 

(years) [Q1;Q3] 
13.0 [11.0;13.0] 12.0 [11.0;14.0] 12.0 [11.0;14.0] 13.0 [12.0;13.8] 

Mean age of menopause 

onset (years) ± SD 
48.7 ± 4.08 49.7 ± 4.40 49.5 ± 3.73 49.5 ± 3.04 

Median number of children 

[Q1;Q3] 
2.0 [1.0;2.0] 2.0 [1.0;3.0] 2.0 [1.7;3.0] 2.0 [2.0;2.7] 

Median breastfeeding 

(months) [Q1;Q3] 
3.0 [0.0;9.0] 3.0 [0.0;11.5] 3.0 [0.0;7.2] 0.0 [0.0;6.0] 

Prior chemotherapy (n (%)) 90 (70.9%) 58 (50.4%) 27 (61.4%) 16 (53.3%) 

Abbreviations: 5y, treated during five years; AI, aromatase inhibitors; BMI, body mass index; BP, 

oral bisphosphonates; pTAM, previous tamoxifen treatment; Q, quartile. 

 

BP and non-BP treated patients were analyzed separately. In the BP-treated group, no 

significant differences were found between pTAM-AI and 5y-AI patients. In the non-BP-treated 

patients, the pTAM-AI group was significantly younger (p<0.0001) and more likely to be 

treated with chemotherapy (p=0.0107) than the 5y-AI group. Both groups did not differ in age 

of menarche, age of menopause, number of children, and months of breastfeeding.  

 

BMD variation analysis 

Mean percentage changes in BMD at LS, FN and TH from baseline to end of treatment and one 

year post-AI treatment are summarized in Fig. 2.  
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Fig. 2 Individual percent change in lumbar spine, femoral neck, and total hip bone mineral 

density from baseline to the end of aromatase inhibitors treatment and at post-treatment 

according to oral bisphosphonates and previous tamoxifen treatment. Mean ± 95%CI is 

reported. In ANOVA from baseline: * (P< 0.01); ** (P< 0.001). Abbreviations: 5y, treated 

during five years; AI, aromatase inhibitors; BMD, bone mineral density; BP, oral 

bisphosphonates; pTAM, previous tamoxifen treatment. 

 

Absolute BMD values at the three evaluation points are reported in Table 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

 

9 
 

Table 2 Absolute LS, FN and TH BMD values at baseline, at the end of Al treatment, and at 

one year post-treatment, according to BP treatment and previous TAM use. 

BP 

treatment 

Patients  

group 
Site N 

Visit 

Baseline End of treatment Post-treatment 

 NO 

pTAM-AI 

LS 125 0.963 ± 0.099 0.925 ± 0.102 0.934 ± 0.106 

FN 125 0.765 ± 0.088 0.739 ± 0.087 0.740 ± 0.083 

TH 120 0.910 ± 0.095 0.882 ± 0.093 0.888 ± 0.095 

5y-AI 

LS 114 0.965 ± 0.112 0.939 ± 0.117 0.958 ± 0.121 

FN 114 0.753 ± 0.094 0.727 ± 0.092 0.725 ± 0.090 

TH 113 0.901 ± 0.093 0.878 ± 0.092 0.879 ± 0.095 

 YES 

pTAM-AI 

LS 41 0.814 ± 0.104 0.828 ± 0.099 0.839 ± 0.103 

FN 44 0.649 ± 0.086 0.653 ± 0.083 0.654 ± 0.083 

TH 43 0.785 ± 0.103 0.792 ± 0.105 0.800 ± 0.105 

5y-AI 

LS 30 0.768 ± 0.078 0.794 ± 0.086 0.806 ± 0.079 

FN 30 0.625 ± 0.083 0.644 ± 0.085 0.646 ± 0.083 

TH 30 0.769 ± 0.096 0.783 ± 0.113 0.798 ± 0.101 

Abbreviations: 5y, treated during five years; AI, aromatase inhibitors; BMD, bone mineral density 

(g/cm2 (Mean±SD)); BP, oral bisphosphonates; FN, femoral neck; TH, total hip; LS, lumbar spine; 

pTAM, previous tamoxifen treatment. 

 

 

Lumbar spine BMD variation 

In non-BP treated patients, LS BMD decreased significantly at the end of AI treatment in both 

5y-AI and pTAM-AI patients: -2.62% [95%CI: -3.64 to -1.60] and -3.96% [95%CI: -4.79 to -

3.12], respectively; p<0.001. After one year of AI-treatment completion, BMD in 5y-AI patients 

significantly increased (+2.11% [95%CI: +1.55 to +2.68], p<0.001), achieving values similar to 

baseline (-0.59% [95%CI: -1.69 to +0.50], p=0.732). In contrast, baseline LS BMD values were 

not recovered in pTAM-AI patients (-3.01% [95%CI: -3.96 to -2.05], p<0.001). However, a 

slight increase in BMD was detected between end of treatment and one year post-treatment 

(+1.00% [95%CI: +0.49 to +1.51], p<0.001).  

In the BP-treated group, all patients had continued bone mass gains at a) the end of treatment 

and b) one year post-treatment: a) 5y-AI group (+3.39% [95%CI: +1.39 to +5.40], p=0.005); 

pTAM-AI group (+1.90% [95%CI: +0.31 to +3.48], p=0.145); and b) 5y-AI (+5.16% [95%CI: 

+2.91 to +7.41], p<0.001); pTAM-AI (+3.23% [95%CI: +1.62 to +4.84], p=0.002).  

 

 

Femoral neck BMD variation 

In non-BP-treated participants, FN BMD diminished in both groups (5y-AI: -3.42% [95%CI: -

4.36 to -2.47]; pTAM-AI: -3.33% [95%CI: -4.15 to -2.51]; p<0.001) until the end of AI 

treatment; these BMD values were maintained at one year post-treatment.  
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In contrast, BMD improved with BP therapy (5y-AI: +3.17% [95%CI: +1.37 to +4.98], 

p<0.003; and pTAM-AI: +0.85% [95%CI: -0.73 to +2.44], p=0.145) up to the end of treatment; 

no significant changes were detected between AI-completion and post-treatment.  

 

Total hip BMD variation 

Similar to FN BMD behavior, a significant decrease in TH BMD was detected after AI-

treatment completion in non-BP-treated patients (-2.53% [95%CI: -3.40 to -1.65], p<0.001 in 

5y-AI group; and -3.01% [95%CI: -3.80 to -2.22], p<0.001 in pTAM-AI group). The decreased 

TH BMD levels remained stable at one year post-treatment. 

In the BP-treated patients, BMD increases were detected only in the 5y-AI group at one year 

post treatment (+3.89% [95%CI: +2.14 to +5.64], p<0.001). 

 

Patient distribution by LS BMD categories 

As the major BMD variations were detected at the LS location in patients without BP between 

end of AI treatment and one year post-treatment, patient distribution according to LS BMD 

changes was explored (Fig. 2). A total of 65.8% of 5y-AI and 42.4% of pTAM-AI patients 

experienced an intra-individual BMD gain equal to or greater than 1%. In 19.3% and 32.8% of 

patients, respectively, BMD values remained constant (Fig. 3). However, in 14.9% and 24.8%, 

respectively, bone mass had continued to decrease, by 1% or more, at one-year follow-up. 
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Fig. 3 Participant distribution in non-BP-treated patients according to lumbar spine bone 

mineral density shift between end of treatment and post-treatment. Abbreviations: 5y, treated 

during five years; AI, aromatase inhibitors; BMD, bone mineral density; pTAM, previous 

tamoxifen treatment. 

 

Discussion 

In this prospective cohort study based on actual clinical conditions, bone health was evaluated 

after one year of AI-completion in women with early breast cancer, stratifying the analysis by 

bisphosphonates use. 

Bone loss related to AI therapy was recovered at the LS location in 5y-AI patients, but mean 

BMD recovery in pTAM-AI patients was only 1%. In contrast, FN and TH BMD values 
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remained reduced at one year post-treatment even though the bone loss was stopped. In BP-

treated patients, LS, FN and TH BMD levels were maintained or continued to gain at the end of 

follow-up.  

About half of non-BP treated patients experienced a clinically significant gain (greater than or 

equal to 1%) in LS-BMD at one year after AI cessation, and half of this subgroup had gained 

more than 3%. Only 15% of 5y-AI and 25% of pTAM-AI patients continued to lose bone mass 

at the end of follow-up. Hence, in most patients the deleterious effect of AI in LS bone mass 

stopped, with a trend towards recuperation of baseline BMD after completing AI treatment. On 

the other hand, a lack of FN and TH BMD recovery was observed in the first year post-

treatment. This could be due to the lower capacity for change at these locations [11]. 

Similar findings were reported in the bone sub-study of the ATAC trial [12], in which 65.2% of 

participants had increased their LS BMD one year after AI cessation. Similar to our study, LS 

BMD values increased (+2.35% [interquartile range: -5.34 to 8.19, p=0.04]) and remained stable 

in TH BMD (+0.71% [interquartile range: -9.42 to 4.63, p=0.3]). Their results, obtained from a 

small sample (n=21 in LS; n=23 in TH), were confirmed in our cohort. 

In the Ma.17R trial [13], patients presented a mean gain in BMD of +4.5% in the spine and 

+22.4% in the hip at 5 to 7 years post-treatment. The higher increase observed in that trial could 

be explained by differences in length of follow-up and a lack of stratification by BP use and 

previous TAM treatment. In fact, one of the strengths of the present study is that we separate 

participants in different groups according to previous tamoxifen treatment and current BP use, 

which revealed differences in BMD behavior between treatment groups. In this regard, BP-

treated patients improved their BMD values, as would be expected. 

Bone mass loss during AI treatment is one of the most important adverse effects experienced by 

breast cancer patients on adjuvant endocrine therapy. In fact, the decrease of BMD has been 

described as the major factor of fragility fractures [15]. Moreover, some clinical trials with AI 

have reported an increase of fractures in both osteopenic and osteoporotic patients [13, 16]. 

Even though bone mass seems to be recovered after AI cessation, bone health should be 

evaluated in all patients since BMD in LS remained decreasing almost in 1/4 of patients after AI 

treatment was ended. In these cases, BPs could be a recommended option since BP treated 

patients in our study showed better BMD values.  

In this line, patients from our cohort are subjected to strict monitoring of 25(OH)vitD levels and 

calcium diet intake. All patients receive a high 25(OH)vitD supplementation from baseline. 

Hence, 25(OH)vitD levels improved significantly in our cohort with the proposed repletion 

regimen raised until the normal range reaching an average >30 ng/ mL, and persisted by the 
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follow-up [17]. Data from previous studies strongly recommend that individuals in AI 

treatment, including those who are at low risk for fractures and not candidates for BP treatment, 

should receive calcium and 25(OH)vitD supplements [18], especially in cases where calcium 

intake is not enough. These supplementations could contribute to the recovery of BMD values 

observed after AI-completion in our study. 

One limitation of our study is the limited tracking time after treatment completion, which 

precludes any predictions about how BMD will evolve during a longer-term follow-up, and in 

particular, whether FN and TH BMD will be recovered. Further research is needed to explain 

why patients previously treated with TAM experienced lower LS BMD recovery than patients 

receiving AI monotherapy. We hypothesize that the accelerated bone loss during AI treatment in 

pTAM-AI patients, as previously described in B-ABLE cohort [19], might delay LS BMD 

recovery. Likewise, we cannot know if this BMD could return to baseline levels at long term.  

It is worth mentioning that although BMD measured by DXA is the gold standard surrogate for 

the diagnosis of osteoporosis, it is well-known that the increased risk of non-traumatic fractures 

is determined not only by the mineral content but also by bone quality and material properties, 

such as trabecular microarchitecture [10], the accumulation of microfractures, a disordered bone 

remodeling, bone affecting drugs, toxic habits or the influence of extra-skeletal risk factors [20].  

In summary, AI-related bone loss stopped at one year after AI-completion and, in the lumbar 

location, BMD values were totally recovered in most patients who had received AI 

monotherapy and partially recovered in patients who were previously treated with TAM. 

However, monitoring of bone health and calcium and 25(OH)vitD supplementation is essential 

for the clinical management of patients after finalizing AI adjuvant therapy. Larger studies are 

needed to determine whether the observed BMD behavior persists beyond the one year post-

treatment. 
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Highlights 

 Bone mineral density (BMD) levels decrease during aromatase inhibitor (AI) therapy. 

 At one year after AI-completion, femoral neck and total hip BMD remained reduced. 

 At one year after AI-completion, lumbar spine BMD was recovered in patients treated 

with 5 years of AI and partially recovered in AI-patients previously treated with 

tamoxifen.  

 Bisphosphonate treatment increased or maintained BMD values at the end of AI therapy 

and at one year post-treatment.  
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