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A B S T R A C T

Background: Chemotherapy-induced ovarian failure (CIOF) is a frequent side-effect of adju-

vant chemotherapy that results in rapid bone loss. We hypothesised that zoledronic acid

(ZA), a third-generation amino bisphosphonate, would prevent bone loss in premenopausal

women who developed CIOF.

Methods: Women (439) were randomised to intravenous (i.v.) ZA 4 mg every 3 months for

2 years starting within 1–3 months after randomization (arm A) or 1 year after randomiza-

tion (arm B, controls). CIOF was prospectively defined as P3 months of amenorrhoea,

follicle-stimulating hormone (FSH) P30 MIU/ml and non-pregnant at 1 year. The primary

end-point was the percentage change in bone mineral density (BMD) in the lumbar spine

(LS) from baseline to 12 months in the ZA and in control groups in women who developed

CIOF; the secondary end-point was BMD in LS at 3 years in all randomised women.

Findings: One hundred and fifty (56%) met the definition of CIOF at 1 year. Overall, grade 3

toxicities of ZA were fatigue (1%) arthralgias (21%) and pain (84%). The median percent

change (interquartile range, IQR) at 1 year was +1.2% ()0.5% to +2.8%) and )6.7% ()9.7%

to )2.9%) p < 0.001 and at 3 years was +1.0% ()1.6% to +5.2%) and )0.5% ()3.7% to +3.2%)

p = 0.019 in arms A and B, respectively.

Interpretation: ZA every 3 months is well tolerated and prevents rapid bone loss in premeno-

pausal women that develop CIOF. Giving ZA with rather than 1 year after the start of

adjuvant chemotherapy is the preferred sequence to prevent bone loss.

� 2010 Elsevier Ltd. All rights reserved.
er Ltd. All rights reserved.
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1. Introduction cific informed consent in accordance with federal and
Chemotherapy-induced ovarian failure (CIOF) occurs in about

50–70% of premenopausal women who receive adjuvant che-

motherapy for breast cancer.1,2 Chemotherapy, in particular

alkylating agents, such as cyclophosphamide, decreases pri-

mordial follicles and ovarian reserve3–5 but the precise mech-

anism of CIOF remains undefined.6 Among the consequences

of CIOF is rapid bone loss,7–10 which ranges from 6% to 8%

during the first year and is similar to that seen after treatment

with gonadotropin-releasing hormone agonists or oophorec-

tomy and up to two to three-fold higher than aromatase

inhibitor-induced bone loss.11,12

Some women who develop CIOF are at risk for subsequent

osteoporosis13,14 and phase III trials to mitigate bone loss

using intravenous (i.v.) or oral bisphosphonates have been re-

ported.15–19 Cancer and Leukaemia Group B (CALGB) trial

79809 is the largest trial designed to test whether i.v. zoled-

ronic acid (ZA), a third-generation bisphosphonate, can pre-

vent rapid bone loss in premenopausal women receiving

adjuvant chemotherapy. The trial was also designed to test

the optimal timing of administration of ZA either concurrent

with adjuvant chemotherapy or beginning 1 year after

randomization.

2. Patients and methods

The eligibility criteria and definitions of CIOF utilised in trial

79809 were based on a prior prospective trial.8 In brief, pre-

menopausal, non-pregnant women aged 40 years or older

with histological evidence of localised (stages I–III) invasive

breast cancer were eligible. Premenopausal status was de-

fined as actively menstruating or last menstrual period within

6 months prior to randomization on the trial. Women who

had a prior hysterectomy without bilateral oophorectomy

were eligible if their serum estradiol (E2) and follicle-stimulat-

ing hormone (FSH) were within the institutionally-defined

premenopausal range prior to starting adjuvant chemother-

apy. The adjuvant chemotherapy regimen was not specified

and was selected by the treating physician. Subsequent to

the completion of adjuvant chemotherapy, women with oest-

rogen and/or progesterone receptor positive tumours received

tamoxifen. No prior treatment with a bisphosphonate was

permitted and women receiving cardiac glycosides were not

eligible because of potential safety concerns if hypocalcaemia

or impaired renal function developed consequent to ZA treat-

ment. Each participant signed an IRB-approved, protocol-spe-
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Fig. 1 – CALGB trial 79809 schema.
institutional guidelines.

Fig. 1 describes the randomization and treatment plan.

After registration, eligible women were randomised to i.v.

infusion of ZA 4 mg over 15 min every 3 months for a total

of 8 treatments beginning either within 1–3 months after

starting adjuvant chemotherapy (arm A) or 1 year (12–

14 months) after randomization (arm B). Within 4 weeks prior

to randomization all trial participants had a baseline dual en-

ergy X-ray absorptiometry (DEXA) scan, E2, FSH and non-preg-

nant ß-HCG. The E2 and FSH were not collected on a specified

day of the menstrual cycle. These tests were repeated at 1 and

3 years after randomization. Every 3 months all trial partici-

pants had a medical history, vital signs, ECOG performance

status, physical exam, an assessment of toxicities (for pa-

tients randomised to arm B toxicity grading started 1 year

after randomization), determination of serum calcium and

magnesium and the date of last menstrual period recorded.

Serum creatinine was measured prior to each ZA dose. All

women were instructed to take at least 1000 mg of supple-

mental calcium and 400 IU of vitamin D throughout the dura-

tion of the trial and compliance was assessed by self-report

every 3 months, with the actual doses recorded on the study

follow-up forms.

No dose reductions of ZA were permitted. If the serum cre-

atinine was 61.4 mg/dL at the time of study entry, an increase

in creatinine of 0.5 mg/dL or more required delaying the ZA

dose until the serum creatinine returned to no higher than

10% above the baseline value. If the baseline serum creatinine

was >1.4 mg/dL at the time of study entry, an increase of

1.0 mg/dL or more required delaying the ZA dose until the ser-

um creatinine returned to no higher than 10% above the base-

line value. If the ZA dose was delayed the intervals at which the

creatinine was repeated was at the discretion of the treating

physician.
2.1. Study design and data analysis

The primary trial end-point was the percentage change in LS

bone mineral density (BMD) measured at 1 year post random-

ization compared to baseline in the women who developed

CIOF. CIOF was defined prospectively at the 1 year evaluation

point according to the following definition: P3 months of

amenorrhoea, FSH P30 MIU/ml and non-pregnant as estab-

lished in a prior prospective trial.7 The secondary end-point

was BMD measured at 3 years in all randomised women.

The randomization scheme used was a stratified random

permuted blocks design with balanced assignments to each

treatment.20,21 Stratification factors were tamoxifen use (no

versus yes) and nodal status (negative, positive, or unknown

in the case of neoadjuvant treatment). The patient’s institu-

tion was not a stratification factor, but partial balancing with-

in institutions was achieved. In a prior study7 a standard

deviation of about 0.2 g/cm2 in LS BMD was observed at 1 year.

Assuming an equal standard deviation in the two arms of

0.2 g/cm2, 80 patients per arm were needed so that the t-test

had at least 80% power (with a two-sided significance level
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of 0.05) to detect a difference between means of BMD of 1.0 g/

cm2 (arm A) and 0.91 g/cm2 (arm B) at 1 year. Assuming the

rate of CIOF to be 50% and an attrition rate of 20% at 1 year,7,19

the sample size was increased to 200 per treatment arm or a

total of 400 women. Women who did not meet the criteria of

CIOF were excluded from the primary end-point analysis. The

secondary end-point was LS BMD at 3 years post-randomiza-

tion in all women who had a baseline and 3 year BMD

evaluation.

Patient registration, randomization and data collection

were managed by the CALGB Statistical Center. Data quality

was ensured by careful review of data by CALGB Statistical

Center staff and by the study chairperson. Statistical analyses

were performed by CALGB statisticians. The CALGB DSMB

provided oversight to the study. This phase III trial was mon-

itored at least twice annually by the DSMB. Planned interim

analyses used the Lan-Demets analog of the O’Brien-Fleming

sequential boundary to maintain an overall significance level

of 0.05.22 The DSMB recommended release of results at the

first interim analysis in November 2008 when the observed

p-value for the change in LS BMD at 1 year from randomiza-

tion (0.0004) was below the Lan-Demets boundary p-value

(0.001). This is the final analysis of the study as this report in-

cludes all of the 3 year data.
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Fig. 2 – CALGB trial 79809 CONSORT diagram.
3. Results

From December 2001 to December 2006 439 women were ran-

domised on the trial (see Fig. 2). All 439 were eligible for ran-

domization. Of these, 173 (39%) were ineligible for the primary

end-point of CIOF because of the following: they did not have

a BMD measured at baseline (n = 4); and either they did not

have BMD (n = 133) or an FSH measured (n = 36) at 1 year, or

they were measured after 12–14 months. Of the 266 (n = 61%)

randomised women eligible for assessment of the primary

end-point, 116 (44%) were either actively menstruating or

had FSH 630 MIU/ml at 12 months and 150 (56%) met the def-

inition of CIOF at 12 months. The rates of CIOF did not differ

among the treatment arms. BMD was available at baseline

and 36 months after randomization for 177 (40%) women.

The baseline demographic characteristics of the random-

ised women are described in Table 1. The treatment arms

were well balanced. The adjuvant chemotherapy regimens

were primarily cyclophosphamide and doxorubicin alone or

with paclitaxel; tamoxifen was administered to 70% of wo-

men. The baseline characteristics of the 116 women that re-

tained menstrual function were similar to those of the 150

women who met the criteria for CIOF (data not shown). Table 1

also describes the baseline characteristics of the 177 random-

ised women who had their BMD measured at baseline and

36 months. Compliance with recommended daily doses of

calcium and vitamin D assessed by self-report was virtually

100% in both treatment arms during the first year.

As expected, the FSH increased and E2 decreased signifi-

cantly during the first 12 months in women who developed

CIOF. The median (range) FSH was 33 MIU/ml (1–109) and 52

(30–142) p < 0.0001 and E2 pg/ml was 32 (7–324) and 20 (5–

795) p < 0.0001 at baseline and 12 months, respectively. Toxic-

ities of ZA in arms A and B are described in Table 3. The

majority of ZA-related toxicities were grades 1 and 2. Grade

3 fatigue, arthralgias and pain were experienced in 1%, 2%

and 8% of women, respectively. There were no cases of seri-

ous renal toxicity or osteonecrosis observed. There were no

differences in ZA-related toxicities among women who did

or did not develop CIOF (data not shown).

BMD results are described in Table 3. Women who devel-

oped CIOF and were randomised to arm A had less bone loss

compared with those who were randomised to arm B (+1.2%

versus )6.7%, p < 0.001). Adjusting on the stratification factors

(tamoxifen and nodal status), the results remained statisti-

cally significant. Analysis of all women who had baseline

and 1 year BMD measured, irrespective of CIOF, yielded simi-

lar results (+1.4 versus )5.5, p < 0.001) although the magnitude

of differences in bone loss was less. At 3 years less bone loss

was observed in women who received ZA (arm A) during the

adjuvant chemotherapy (+1% versus )0.5%, p = 0.019).
4. Discussion

In women who developed CIOF, ZA prevented bone loss

whereas in the control group a highly statistically significant

difference in bone density from baseline to 1 year was ob-

served. The main toxicities of ZA during and after adjuvant

chemotherapy were mild fever, pain and arthralgias; impor-



Table 1 – Baseline patients characteristics by arm.

Arm A-ZA (n = 70) Arm B-Control (n = 80) Total CIOF (n = 150) Total at 3 years (177)

Age (year)a 46 (40–57) 48 (40–59) 47 (40–59) 47 (40–59)

Race
White 69 (99) 73 (91) 142 (95) 165 (93)
Black 0 (0) 3 (4) 3 (2) 8 (5)
Asian 0 (0) 1 (1) 1 (1) 1 (2)
Other 1 (1) 3 (4) 4 (3) 2 (1)

ECOG PS
0 69 (93) 71 (91) 136 (92) 165 (93)
1 5 (7) 7 (8) 14 (8) 12 (7)

Nodal status
Negative 29 (41) 27 (34) 56 (37) 81 (46)
Positive 34 (49) 45 (56) 79 (53) 89 (50)
Unknown 7 (10) 8 (10) 15 (10) 7 (4)

Stage
I/II 55 (79) 65 (82) 120 (80) 145 (82)
III 13(18) 10 (12) 23 (15) 26 (15)
Unknown 2 (3) 5 (6) 7 (5) 6 (3)
E2 (pg/ml)a 34 (7–324) 31 (1–248) 32 (1–324) 35 (4–531)
FSH (MIU/ml)a 28 (1–103) 34 (1–92) 33 (1–109) 21 (0.6–115)
LS BMD (g/cm2)a 1.1 (0.8–1.6) 1.1 (0.7–1.9) 1.1 (0.7–1.9) 1.1 (0.7–1.9)
Tamoxifen (%) 51 (73) 56 (70) 107 (71) 125 (71)

N%.

Abbreviations: ECOG, Eastern Cooperative Oncology Group; PS, performance status; E2, estradiol; FSH, follicle stimulating hormone; LS, lumbar

spine and BMD, bone mineral density.

a Median (range).

Table 2 – ZA-related toxicities in treatment arm A and B during year 1.

Grade Arm 1 2 3 4 Total

Fever A 6 (8) 0 0 0 6 (8)
B 6 (8) 0 0 0 6 (8)

Fatigue A 16 (23) 7 (10) 0 0 23 (33)
B 10 (13) 4 (5) 1 (1) 1 (1) 16 (20)

Pain A 15 (21) 9 (13) 2 (3) 0 26 (37)
B 17 (21) 8 (10) 4 (5) 0 29 (36)

Arthralgias A 11 (16) 6 (8) 1 (1) 0 18 (25)
B 4 (5) 5 (6) 1 (1) 0 10 (13)

Creatinine A 2 (3) 0 0 0 2 (3)
B 2 (3) 0 0 0 2 (3)

N%.

Abbreviation: ZA, zoledronic acid.

Table 3 – Median (interquartile range) percent difference in BMD from baseline to 1 or 3 years.

ZA-arm A Control-arm B p

Total with CIOF at 1 year (n = 150) 1.2 ()0.5 to +2.8) )6.7 ()2.9 to )9.7) <0.001
Total women at 1 year (n = 302) 1.4 ()0.7 to +3.9) )5.5 ()2.3 to )8.8) <0.001
Total women at 3 years mos (n = 177) 1.0 ()1.6 to +5.20) )0.5 ()3.7 to +3.2) 0.019

Abbreviations: BMD, bone mineral density; CIOF, chemotherapy-induced ovarian failure and ZA, zoledronic acid.
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tantly there was no clinically significant renal toxicity or oste-

onecrosis observed. CALGB 79809 has several features that

distinguish it from prior trials15–19; it is the largest trial, it in-

cluded a prospective protocol-specified definition of CIOF and

it was designed to test the optimal timing of i.v. ZA adminis-

tration either administered concurrently with adjuvant che-
motherapy or beginning 1 year after the adjuvant

chemotherapy started.

Several randomised trials have demonstrated that ZA and

other i.v. and oral bisphosphonates prevent bone loss in

premenopausal women receiving adjuvant chemotherapy

(Table 4). The one exception is the randomised trial by Hines



Table 4 – Randomised bisphosphonate trials in premenopausal women treated with adjuvant chemotherapy.

Trial N Chemo Dose/schedule % Change in LS BMD p

CALGB 79809 ZA versus CON 150
177

AC, ACT i.v. ZA 4 mg Q3 mo · 2 years +1.2 versus )6.7a,b

+1.0 versus )0.5d
<0. 001
0.019

Hershman15 2008 ZA versus PLAC 114 AC, ACT i.v. ZA 4 mg Q3 mo · 1 year )0.6 versus )4.4b <0.05
Hines16 2008 RISED versus PLAC 170 AC, ACT PO RISED 35 mg Q week · 1 year )4.3 versus )5.8b 0.18
Fuleihan17 2005 PAM versus PLAC 87 CAF i.v. PAM 60 mg Q3 mo · 1 year 1.9 versus )3.2b

0.9 versus )4.0a
0.002

0.03
Powles18

1998
CLOD versus PLAC 118 CMF, MMC, CEF PO CLOD 1600 mg Q day · 2 years 0.3 versus )4.0b 0.003

)4.0 versus )3.9c 0.9
Saarto19

1997
CLOD versus CON 113 CMF PO CLOD 1600 mg Q day · 2 years )0.7 versus )3.7b

)3.2 versus )6.8a
0.0005

NA

Abbreviations: LS, lumbar spine; BMD, bone mineral density; CLOD, clodronate; CON, no treatment control; PLAC, placebo; RISED, risedronate;

PAM, pamidronate; ZA, zoledronic acid; CMF, cyclophosphamide, methotrexate, fluorouracil; MMC, mitoxantrone, methotrexate, cyclophos-

phamide; E, epirubicin; AC, doxorubicin, cyclophosphamide and T, paclitaxel.

a Result in women with prolonged amenorrhea or chemotherapy-induced ovarian failure (CIOF).

b At 1 year.

c At 2 years.

d At 3 years.
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et al. in which there was no difference in BMD measured at

one year in the LS between the oral risedronate and placebo

groups.16 The lack of a definition for CIOF and the use of an

oral, less potent bisphosphonate may have contributed to

the null result. Relevant questions include identifying those

women who are most (and least) at risk for bone loss and

the optimal timing, schedule and duration of bisphosphonate

administration. It is instructive to look at the natural history

of CIOF by examining the placebo or control-treated groups

in prior trials. Women who retain menstrual function after

adjuvant chemotherapy are at little or no risk of bone loss

at 1 year, whereas those who develop prolonged amenorrhoea

or CIOF experience a highly statistically significant bone loss

in the LS in the range of 4–8%.7,15,17,19 These results are con-

sistent with the 6.7% decrease in LS BMD observed in the con-

trol group in this trial.

Fracture data are not available in trial 79809 or any of the

other trials described in Table 4. This is because in premeno-

pausal or newly postmenopausal women the fracture risk is

very low23; even the largest trials are too small and the fol-

low-up duration too short to detect any differences in fracture

rates that may occur decades later. However, several studies

report that breast cancer survivors have a higher incidence

of vertebral fractures, osteoporosis and undiagnosed osteopo-

rosis relative to women without breast cancer.24,25 In addi-

tion, very limited data are available on the relationship

between BMD, T scores and fracture risk in premenopausal

women or women with CIOF,26,27 in contrast to postmeno-

pausal women where the relationship between BMD, T-scores

and fractures is well established. The International Society for

Clinical Densitometry advocates using Z-scores (the standard

deviations above or below an individual’s BMD relative to the

mean BMD of an age, gender and ethnicity matched popula-

tion) instead of T-scores in premenopausal women. A Z-score

of lower and higher than )2 is classified as below and in the

expected range for age, respectively.28 Individual Z-scores

were not collected in this trial so it is unknown how many

women randomised to control (arm B) were below the ex-

pected range for age. Nonetheless, it seems prudent to miti-
gate this rapid bone loss as it may lessen the risk of

osteoporosis developing decades later.

Bone loss appears to be the greatest in the first 6–

12 months after initiating adjuvant chemotherapy in women

who develop CIOF or prolonged amenorrhoea due to rapid

oestrogen deprivation. Although CIOF is a frequent side-effect

of adjuvant chemotherapy, the term lacks a standard and pre-

cise definition.1 Prolonged amenorrhoea [i.e. 6 or 12 months]

after adjuvant chemotherapy using self-reported menstrual

diaries or standardised questionnaires is reported in clinical

trials.29 However, up to 27% of women with amenorrhoea

after adjuvant chemotherapy will resume menses after a

median duration of 12 months.30 The definition of CIOF used

in this trial [i.e. 3 or months of amenorrhoea, FSH of 30 MIU/

ml or more higher and non-pregnant] was the same definition

used in a prior prospective trial.7 A subset of those women

were followed for 24 months and had sustained elevations

of FSH in the postmenopausal range without resumption of

menses. Thus, distinguishing between CIOF that is perma-

nent and amenorrhoea that may reverse is an important issue

not only for bone loss but for the selection of optimal anti-

oestrogen treatment, fertility considerations, overall quality

of life and informed consent.

In postmenopausal women tamoxifen preserves BMD

whereas in menstruating women tamoxifen causes bone

loss.31 Less is known about women who develop CIOF and re-

ceive tamoxifen. For this reason, the BMD results in women

who did not receive ZA but were treated with tamoxifen are

of interest. These tamoxifen-treated women had less bone

loss at 1 year than those that did not receive the drug (median

percent change in LS BMD of )4.4% versus )8.1%). Although

these results should be interpreted with caution as this was

an unplanned subset analysis, they are consistent with the

results of another trial in premenopausal women experienc-

ing prolonged amenorrhoea after adjuvant chemotherapy

and also received tamoxifen.32 A bone-sparing effect of

tamoxifen may occur in women who develop CIOF but larger

studies are required to confirm this. These data also suggest

that women with oestrogen receptor negative tumours who
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develop CIOF may benefit most from early interventions to

mitigate bone loss.

At 3 years after randomization there was statistically sig-

nificant higher BMD in arm A although the magnitude of differ-

ence in bone loss in the treatment arms is much smaller at 3 as

opposed to 1 year (Table 3). As ZA does not appear to increase

the toxicities of adjuvant chemotherapy (Table 2), for practical

purposes the preferred sequence is to initiate ZA concurrent

with the adjuvant chemotherapy. The optimal schedule of

ZA to prevent bone loss in women with CIOF remains un-

known. A 5 mg ZA dose annually improved BMD, reduced frac-

tures and is approved for use in postmenopausal women with

osteoporosis.33 An annual 4 mg dose of ZA was studied in a

small phase II trial in 44 postmenopausal women with breast

cancer and osteopenia.34 Statistically significant increases in

BMD and decreases in bone resorption markers were sustained

for up to 3 years following the single dose. Whether an annual

dose of ZA will be as effective in the setting of the rapid bone

loss associated with CIOF remains to be tested.

The strengths of trial 79809 are that it included a prospec-

tive definition of CIOF and it addressed the optimal timing of

ZA. There is a need to develop risk factors for CIOF, indepen-

dent of age,35 as these are women in whom the benefits of ZA

are likely to be the greatest as opposed to those who retain

menstrual function or are transiently amenorrheic. Impor-

tantly, after 3 years the BMD was higher when the ZA was

administered beginning with the start of adjuvant chemo-

therapy as opposed to starting the drug 1 year later. Finally,

the results of trial 79809 can be considered representative of

women treated in the community, where the majority of can-

cer care occurs, as more than 50% of accrual was from the

CALGB Community Clinical Oncology Program (CCOP) institu-

tions. Weaknesses of this trial include the lack of compliance

with the protocol specified DEXA scans especially at 1 year.

Thirty percent of the randomised women did not have a DEXA

scan at 1 year or the scan was outside the protocol-specified

window of 12–14 months. Detailed information on reasons

for non-compliance was not collected, however, this is in

the range of 20–25% reported in other randomised trials.15–18

Recently, administration of 4 mg of ZA every 6 months for

three years in premenopausal women receiving adjuvant

endocrine therapy was reported to prevent bone mineral loss

and reduce the risks of systemic recurrence.36,37 If the results

of larger trials in which women receiving adjuvant chemo-

therapy (with or without endocrine therapy) are randomized

to receive ZA or not confirm these findings then it is likely

that ZA will become incorporated into adjuvant therapy regi-

mens to reduce the risk of recurrence and lessen the amount

of bone loss.
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