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Abstract

Zoledronic acid (ZOL) as a yearly infusion is effective in reducing fracture risk. An acute-phase
reaction (APR), consisting of flu-like symptoms within 3 days after infusion, is commonly seen.
The objective of this analysis was to investigate whether APR occurrence influences drug efficacy.
This analysis uses data from the 3-year randomized clinical trial, Health Outcomes and Reduced
Incidence with Zoledronic Acid Once Yearly-Pivotal Fracture Trial (HORIZON-PFT). APRs were
identified as adverse events within 3 days of first infusion with higher frequency in ZOL than
placebo. To compare mean 3-year change in bone mineral density (BMD) in ZOL versus placebo,
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among women with and without APR, #tests were used. Logistic regression was used to examine
the relationship between APR occurrence and odds of incident morphometric vertebral fracture.
Cox regression was used to determine the risk of nonvertebral and hip fractures for women with
versus without APR. Logistic and Cox models were used to determine the risk of incident fracture
in ZOL versus placebo for women with and without an APR. The analysis included 3862 women
in the ZOL group and 3852 in placebo, with 42.4% in ZOL versus 11.8% in placebo experiencing
an APR. The difference in BMD mean change for ZOL versus placebo was similar for women
with and without an APR (all pinteraction >0.10). Among ZOL women, those with APR had 51%
lower vertebral fracture risk than those without (odds ratio [OR] = 0.49, p < 0.001). A similar but
nonsignificant trend was observed for nonvertebral and hip fracture (relative hazard [RH] = 0.82,
p=0.10; RH =0.70, p=0.22, respectively). There was a greater treatment-related reduction in
vertebral fracture risk among women with APR (OR = 0.19) than those without (OR = 0.38) (v
interaction = 0.01). Our results suggest that women starting ZOL who experience an APR will
have a larger reduction in vertebral fracture risk with ZOL.
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ANTIRESORPTIVES; CLINICAL TRIALS; FRACTURE RISK ASSESSMENT,
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INTRODUCTION

Bisphosphonates have been shown to be effective in reducing fracture risk and are the most
commonly used therapy for treating osteoporosis.(!) Zoledronic acid (ZOL, also zoledronate)
is a nitrogen-containing bisphosphonate that is used as an annual iv infusion and is approved
for the treatment of postmenopausal osteoporosis,(2->) glucocorticoid-induced osteoporosis,
(6) male osteoporosis,(") and low-trauma hip fracture worldwide.® It is commonly used to
treat patients with a gastrointestinal contraindication to oral bisphosphonates, and also it has
the potential to alleviate low compliance reported for oral treatments. (8.9

A large 3-year international, randomized, double-blind, placebo-controlled phase 3

study, Health Outcomes and Reduced Incidence with Zoledronic Acid Once Yearly-

Pivotal Fracture Trial (HORIZON-PFT) randomized 7765 women with postmenopausal
osteoporosis to either 5 mg ZOL or placebo.() The results showed that women in the

ZOL group had significantly lower incidence of vertebral, hip, and non-vertebral fractures
compared with those in the placebo group. ZOL was shown to be safe and well-tolerated.
However, during the first 3 days following the first infusion, transient acute-phase reactions
(APRs), including fever, myalgia, and flu-like symptoms, were more common in the
zoledronic acid group than in the placebo group (42.4% versus 11.7%, respectively). The
incidence of APRs decreased markedly with subsequent infusions.(19)

In a subsequent analysis, risk factors for and severities of APRs, and duration of the
symptoms were further analysed using the results of HORIZON-PFT.(19) APRs were more
common among younger participants, those using nonsteroidal anti-inflammatory drugs
(NSAIDs), and Asians, whereas it was less common in smokers, those with diabetes and
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previous oral bisphosphonates users. However, no studies have examined the impact of APR
on drug efficacy.

The objective of the present analyses of the HORIZON-PFT was to investigate whether the
occurrence of APR after a first ZOL infusion was predictive of drug efficacy in terms of
change in bone mineral density (BMD) or fracture reduction with treatment.

Subjects and Methods

Study design

Participants

The HORIZON-PFT was a 3-year, international, multicenter, randomized, double-blind,
placebo-controlled phase 3 study that involved postmenopausal women with osteoporosis.
Participants underwent randomization from February 2002 to June 2003 and were assigned
to receive either ZOL (5 mg as an intravenous infusion over 15 minutes) or a placebo
infusion at baseline (day 0), year 1, and year 2. In addition, all participants received oral
daily calcium (1000 to 1500 mg) and vitamin D (400 to 1200 1U). Participants were
monitored for 3 years with quarterly telephone interviews and clinic visits at months 6, 12,
24, and 36. Two strata of study participants were defined at baseline: stratum 1 included
women not taking any osteoporosis medications at randomization, and stratum 2 included
women on allowed osteoporosis medications at baseline (eg, selective estrogen receptor
modulators [SERMs], calcitonin). Additional details regarding study design can be found in
the main HORIZON-PFT results report.(1)

All procedures performed in studies involving human participants were in accordance
with the ethical standards of the institutional and/or national research committee and with
the 1964 Helsinki declaration and its later amendments or comparable ethical standards.
Informed consent was obtained from all individual participants included in the study.

included in the analyses

Inclusion and exclusion criteria of participants are described in the previous HORIZON-
PFT® report. In brief, postmenopausal women age 65 to 89 years were eligible if the
following criteria were met; BMD 7-score at the femoral neck < -2.5 or 7-score <-1.5
with at least two mild vertebral fractures or one moderate vertebral fracture. Previous use
of oral bisphosphonates was allowed, with the duration of the washout period dependent

on previous bisphosphonate use. The following concomitant osteoporosis medications were
allowed at baseline and during follow-up: hormone therapy, raloxifene, calcitonin, tibolone,
tamoxifen, dehydroepiandrosterone, ipriflavone, and medroxyprogesterone. Participants
were ineligible if any of the following criteria were met: any previous use of parathyroid
hormone, strontium, or sodium fluoride; use of anabolic steroids or growth hormone within
6 months before study entry; intravenous systemic corticosteroids within 12 months; or a
calculated creatinine clearance <30 mL/min.

Definition of APR

A previous secondary analysis of APR was performed from this cohort9 and we used
a similar definition for this analysis. The definition utilized adverse events, which were
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reported as occurring within 3 days of the first administration of study drug. The adverse
events were categorized according to the Medical Dictionary for Regulatory Activities
(MedDRA\) version 9.(11) We analyzed specific MedDRA Preferred Terms and defined

a Preferred Term as being part of the APR set if the overall frequency in the first 3

days following the first infusion was at least 0.1% (=8 participants, both treatment groups
combined) and there was a significant difference between treatment groups (p < 0.05). In a
sensitivity analysis, we added any Preferred Term that differed by treatment (p < 0.5) Two
physicians blinded to treatment (ALS, TYK) reviewed these additional Preferred Terms and
judged whether they were synonymous with one of the Terms selected in the first step. Only
a few additional Terms were added (eg, “increased body temperature” was judged to be
synonymous with self-reported “fever™).

Preferred terms meeting the definition of APR were grouped into five symptom clusters
as was done in the previous study(9): fever; musculoskeletal events (eg, pain and
joint swelling); gastrointestinal events (eg, abdominal pain, vomiting, and diarrhea); eye
inflammation; and, other events (including fatigue, nasopharyngitis, and edema).

Dual-energy X-ray absorptiometry measures of bone density

Participants had dual-energy X-ray absorptiometry (DXA) scans of the hip at baseline and

at months 6, 12, 24, and 36 using a Hologic (Waltham, MA, USA), GE Lunar (Madison,

WI, USA), or Norland (Trumball, CT, USA) axial bone densitometer. Measurements of bone
mineral density at the lumbar spine were obtained for a subgroup of patients. All BMD
measurements were corrected for variations related to machinery and site-related differences
in BMD means.

Fracture ascertainment

Spinal lateral radiographs were obtained at baseline and at 12, 24, and 36 months or early
termination for patients in stratum 1 and at baseline and at 36 months or early termination
for patients in stratum 2. Vertebrae from T4 to L, were evaluated by an expert reader at a
central imaging laboratory (Synarc, San Francisco, CA, USA) with the use of quantitative
morphometry and standard methods.(!2) Incident morphometric vertebral fractures were
defined as a reduction in vertebral height of at least 20% and 4 mm by quantitative
morphometry, confirmed by an increase of one severity grade or more on semiquantitative
analysis.(12) Prevalent vertebral fracture at baseline was defined by a height ratio of at least
three standard deviations (SDs) below the vertebra-specific mean height ratio on quantitative
reading with semiquantitative confirmation.(13.14)

Clinical fracture reports were obtained from participants at each contact. These fracture
reports underwent central confirmation, which was performed at the UCSF Coordinating
Center. Confirmation required either a radiologic or surgical procedure report or a copy of
the radiograph. Excluded were fractures of the toe, facial bone, and finger and those caused
by excessive trauma (assessed centrally as sufficient to cause fracture in a person without
osteoporosis(19)).
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Other measurements

Additional information collected at baseline included race, smoking, weight/height, current/
past medication use, creatinine/alkaline phosphatase, diabetes, and active back pain. Height
was measured with the use of a stadiometer, where available. Creatinine clearance was
calculated using the Cockcroft-Gault equation.

Statistical analysis

The present analyses were performed using the intention-to-treat population (7= 7714)

that was included in the primary report’s safety analyses.(!) Baseline characteristics of
participants were summarized using means and SDs for continuous measures and counts and
percentages for categorical measures. Relevant categories of adverse events were compared
in ZOL versus placebo using chi-square tests.

We used two-sample #tests to compare unadjusted mean percent change in BMD (femoral
neck, total hip, and lumbar spine) during the course of the 3-year study between those
receiving ZOL versus placebo, among women with an APR (APR+) and among women
without an APR (APR-). Linear regression models were used to estimate adjusted mean
3-year percent change in BMD in ZOL versus placebo. The adjusted models included
baseline risk factors that were significantly different between ZOL versus placebo for either
APR+ or APR- women: race (Asian or non-Asian), age, prior bisphosphonate usage, active
back pain, diabetes, femoral neck BMD, number of prevalent vertebral fractures, creatinine
clearance, and alkaline phosphatase. We tested the interaction between treatment assignment
and APR development in these models to determine if the treatment-related difference in
3-year percent change in BMD differed according to APR occurrence.

Logistic regression models were used to determine the odds of incident morphometric
vertebral fracture for those with APR compared to those without APR among women
randomized to zoledronic acid and among women randomized to placebo; results are
presented as odds ratios and 95% confidence intervals (CIs). Cox proportional hazards
models were used to determine the risk of incident nonvertebral fracture and incident hip
fracture for women with versus without APR, stratified by treatment assignment; results are
presented as hazard ratios (HRs) and 95% Cls. Initial analyses included only APR as the
predictor, but additional multivariable analyses included age then the set of confounding
variables found to be significant of APR in our previous analysis(1® (“multi-adjusted”
model). These confounders included race (Asian or non-Asian), age, current smoker, NSAID
use at baseline, prior bisphosphonate usage, active back pain, diabetes, and prior calcitonin
usage. In addition to the covariables in the Reid work,(19) we performed another level of
adjustment in which we tested an additional set of baseline variables (including body mass
index (BMI), femoral neck BMD, number of vertebral fractures, alkaline phosphatase, and
creatinine clearance) for their relationship to APR in the ZOL group and in the placebo
group. Multivariable models were then run including the variables identified in the analysis
in Reid and colleagues(9 plus any variables that were significantly related to APRs in either
the ZOL or placebo groups at p < 0.05 (“fully adjusted” model). We tested the interaction
between treatment assignment and APR development in these models to determine if the
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reduction in incident fracture risk for women with versus without an APR differed according
to treatment assignment.

Unadjusted and adjusted logistic and Cox regression models were used to determine the
relative risk of incident fracture in ZOL versus placebo by APR occurrence. Like the change
in BMD models, the adjusted models included measures that were significantly different
between ZOL versus placebo for either APR + or APR- women: race (Asian or non-Asian),
age, prior bisphosphonate usage, active back pain, diabetes, femoral neck BMD, number

of prevalent vertebral fractures, creatinine clearance, and alkaline phosphatase. We tested
the interaction between treatment assignment and APR development in these models to
determine if treatment-related reduction in incident fracture risk differed according to APR
occurrence.

All analyses were performed using SAS (version 9.4; SAS Institute Inc., Cary, NC, USA).
All tests were two-tailed and p < 0.05 was considered significant.

Participant baseline characteristics

A total of 7714 women were included in this analysis (Table 1). Of these, 3852 were
randomized to placebo and 3862 to zoledronic acid. Overall, at baseline, the mean + SD age
of the women was 73.1 + 5.4, 14.1% were Asian, and mean femoral neck 7-score was -2.7
+ 0.5. A total of 4878 women (63.2%) had prevalent vertebral fracture, and 1454 (18.8%)
had active back pain. Less than 10% were current smokers (8.5%), and 6.2% had diabetes.
Over half of the participants (56.8%) were taking NSAIDs at baseline, 1119 participants
(14.6%) had prior bisphosphonate use, and 868 (11.3%) had prior calcitonin use. vertebral
fracture, and 1454 (18.8%) had active back pain. Less than 10% were current smokers
(8.5%), and 6.2% had diabetes. Over half of the participants (56.8%) were taking NSAIDs
at baseline, 1119 participants (14.6%) had prior bisphosphonate use, and 868 (11.3%) had
prior calcitonin use.

Among the 2095 women who experienced an APR (APR+), there were several baseline
characteristics that varied between treatment groups including age, Asian race, prevalent
vertebral fractures, active back pain, and prior bisphosphonate use. Among those without an
APR (APR-), age, Asian race, BMD, creatinine clearance, alkaline phosphatase, diabetes,
and prior bisphosphonate use were significantly different by treatment.

Incidence of APR in ZOL versus placebo

The occurrence of any APR within 3 days of the first study drug infusion was significantly
higher in the zoledronic acid compared to placebo group (42.4% versus 11.8%, p < 0.0001)
(Table 2). Similar to our previous report,(19) incidence of each of the five categories of
APRs also was significantly higher in ZOL versus placebo including fever, musculoskeletal
(pain and joint swelling), gastrointestinal (abdominal pain, vomiting, diarrhea), and eye
inflammation.
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Treatment-related change in BMD by APR occurrence

The difference in mean change in BMD for ZOL versus placebo was similar for women
with an APR and those without (all o for interaction >0.10) (Table 3). Among women who
developed an APR, the unadjusted mean change in BMD over 3 years was +4.6% higher

at the femoral neck, +5.7% higher at the total hip, and +5.4% higher at the lumbar spine

for women who received ZOL compared to women who received placebo. Among those
who did not develop an APR, women in the ZOL group had +5.1% greater mean change in
femoral neck BMD, +6.0% greater mean change in total hip BMD, and +7.2% greater mean
change in lumbar spine BMD compared to women in the placebo group. Adjusted results
were similar.

Relationship of APR to incident fracture risk

In the women who received ZOL, in unadjusted analyses, those who experienced an APR
had a significantly lower risk of incident vertebral fracture than in those who did not
experience an APR (Table 4, Fig. 1). The incidence of vertebral fracture was 2.2% among
those with an APR compared to 4.3% among those without an APR (OR = 0.49; 95%

Cl, 0.33-0.74; p=0.0007). There was also a nonsignificant trend toward a lower risk for
nonvertebral and hip fracture among those who experienced an APR (nonvertebral fracture
RH =0.82; 95% ClI, 0.65-1.04; p=0.10; hip fracture RH = 0.70; 95% CIl, 0.40-1.24; p=
0.22).

Adjustment for factors significantly predictive of APR in the combined treatment groups
attenuated the relationships slightly (Table 4). However, the relationship of APR to vertebral
fracture among the ZOL group remained statistically significant (OR = 0.52; 95% ClI, 0.34—
0.79; p=0.002).

In addition to the factors predictive of APR in the previous analysis, we found that

several other factors were predictive of APR within the ZOL group: lower BMI, higher
femoral neck BMD, fewer baseline vertebral fractures, higher creatinine clearance and lower
baseline alkaline phosphatase (Supplemental Table S1). Addition of these covariables to the
multivariate analysis did not substantially change results.

Of interest (self-reported), acute back pain at baseline was predictive of APR (also self-
reported) in the placebo as well as in the ZOL group (Supplemental Table S1). This suggests
that one factor influencing APR reporting may be proclivity to self-report symptoms.

Treatment-related effect on fracture risk by APR occurrence

The relative risk of incident fracture for women in the ZOL group versus the placebo

group by APR occurrence is displayed in Fig. 2 and Supplemental Table S2. There was a
greater treatment-related reduction in vertebral fracture risk among women with an APR
(unadjusted OR = 0.19; 95% CI, 0.12-0.31) than those without (unadjusted OR = 0.38; 95%
Cl, 0.30-0.49) (o for interaction = 0.01). Adjustment for factors significantly predictive

of treatment assignment slightly attenuated the treatment-related reduction in vertebral
fracture risk among APR+ women (adjusted OR = 0.22; 95% CI, 0.14-0.35) but slightly
strengthened the relationship among APRCI, 0.29-0.47) (p for interaction = 0.05). There
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was no difference in the treatment-related reduction in non-vertebral fracture risk or hip
fracture risk for women who developed an APR and those who did not in either unadjusted
or adjusted analyses (all pfor interaction >0.10).

Discussion

APRs are common among people who are treated for the first time with iv bisphosphonates
including zoledronic acid. The specific symptoms vary but almost always resolve within a
few of days after the infusion. Reactions are much more common after the first compared
to subsequent infusions.(2:19) In this analysis, we examined whether the occurrence of an
APR after the first infusion was indicative of a differential effect of zoledronic acid on
fractures or bone mineral density. We found that the treatment-related reduction in risk

of vertebral fracture was significantly greater for women who experienced an APR (81%
reduction in risk) than those who did not have an APR (62% reduction in risk). Among
women who received ZOL, those who experienced an APR showed a 51% reduction in
vertebral fractures compared to those who did not experience an APR (2.2% versus 4.3%).
For nonvertebral fractures there was a similar but nonsignificant trend toward lower risk

in those with an APR. These results were slightly attenuated but remained similar after
adjustment for multiple covariates. For changes in BMD, there was no suggestion of a
difference in efficacy based on APR occurrence.

These results may be reassuring to women who experience an APR since the occurrence of
the APR indicates that the treatment which is highly effective in reducing risk of vertebral
fractures may be even more efficacious in them.

It is challenging to establish some mechanism that may explain the larger reduction in
vertebral fracture risk among those who had an APR. Because we saw no relationship
between the occurrence of APR and changes in bone density by treatment, any potential
mechanism must be independent of BMD change. In particular, a mechanism may involve
bone turnover and resulting bone quality. Changes in bone turnover markers in response to
osteoporosis therapy have been shown to be associated with fracture reductions,16-20) sych
that those with larger decreases seem to have lower fracture risk. One might hypothesize that
those with larger decreases in bone turnover markers (BTMs) might be more likely to have
had an APR which may explain the association, or that differences in baseline bone turnover
may play a role. These hypotheses cannot easily be tested in our database because we did
not assess BTMs in the initial days after infusion and furthermore, BTMs were only assessed
in HORIZON-PFT on a small subset of participants. Although we adjusted for a large set of
covariables in our multivariate model, it is possible that the reduction in vertebral fractures
could be due to an unmeasured confounder.

The immune system plays a role in APR: nitrogen-containing bisphosphonates inhibit
farnesyl diphosphate synthase in the mevalonate pathway, which leads indirectly to
activation of -y6 T cells with the release of interferon-y (IFNvy) and tumor necrosis factor
(TNF) resulting in the APR.(21-23) Although subjects with higher inflammatory markers
have been shown to have a higher fracture risk,(24:2%) there is also evidence that zoledronate
causes v cells to mature toward an IFNy-producing phenotype,(2%) which may induce
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antiresorptive responses.(2”) Therefore, it is not clear if the immune system response to
zoledronate might impact fracture risk.

Although the results for nonvertebral fractures were not statistically significant, the trends
toward reduced risk among those with APR compared to those without APR were similar to
the significant findings for vertebral fractures. These results are supportive of the validity of
the reduction in vertebral fractures but are less definitive due to their nonsignificance. Future
analyses examining the relationship of APR to nonvertebral fractures using other data sets or
examining severity of APR would be helpful to address this question.

There are several important limitations to our data. First, APRs were self-reported and
could not be objectively verified. There may be differences in the tendency to report APR
depending on baseline characteristics such as age, socioeconomic status, or geographic
region, but we adjusted for many of these factors in our models. In addition, some of the
covariables, such as prior use of bisphosphonates and use of NSAIDs, are based only on
self-report and may be incompletely reported. APR is a postrandomization variable and
therefore we cannot assume that the treatment groups are comparable with respect to risk
for its occurrence. However, controlling for potential confounders showed our results to be
robust. Last, because HORIZON-PFT only assessed bone turnover markers in a small subset
of participants, we cannot include BTMs as covariables and cannot reliably compare their
change as an outcome in those with and without APR or include BTMs in the multivariable
analyses.

Despite these limitations, our analysis has a number of important strengths. This large study
is randomized and was conducted in 23 countries including a broad sample of women

with osteoporaosis internationally. Because of the nature of the treatment (an infusion), we
can know for certain adherence and were able to exclude those few participants from our
analysis set who did not receive the first infusion.

In summary, we found that women treated with ZOL who experienced an APR after

the first infusion have a significantly greater reduction in risk of morphometric vertebral
fracture compared to those who did not experience an APR. However, there was no
significant difference in treatment-related reduction in risk of nonvertebral or hip fracture, or
treatment-related change in BMD, according to occurrence of an APR. These results may be
reassuring to patients who experience an APR, because it indicates that the treatment, which
is highly effective at reducing risk of vertebral fractures, may be even more efficacious in
them.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig 1.

In?:ident fracture according to development of APR after first infusion. 2Unadjusted relative
risk of incident fracture in APR+ versus APR- for ZOL group. Odds ratio for vertebral
fractures using logistic regression models, relative hazard for non-vertebral and hip fractures
using Cox proportional hazard models. APR = acute-phase reaction; PLB = placebo; RR =
relative risk; ZOL = zoledronic acid.
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Fig 2.

Rglative risk (95% ClI) of incident fracture in ZOL versus placebo for those who developed
APR and those who did not. 20dds ratio for vertebral fractures using logistic regression
models, relative hazard for nonvertebral and hip fractures using Cox proportional hazard
models. The APR-stratified models were adjusted for race (Asian or non-Asian), age, prior
bisphosphonate usage, active back pain, diabetes, femoral neck BMD, number of prevalent
vertebral fractures, creatinine. The all-women models were unadjusted since there were no
significant differences between ZOL versus placebo. APR = acute-phase reaction; Cl =
confidence interval; RR = relative risk; ZOL = zoledronic acid.
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Table 2.

Adverse Events Occurring Within 3 Days of the First Study Drug Infusion

Adverse event ZOL (n=3862) Placebo (n = 3852)
Fever/chill/hot flush, 7 (%) 778 (20.1) 96 (2.5)
Musculoskeletal, 7 (%) 781 (20.2) 189 (4.9)
Gastrointestinal, 77 (%) 292 (7.6) 76 (2.0)
Ocular, 7 (%) 16 (0.4) 1(0.0)
Other APR, 11 (%) 852 (22.1) 227 (5.9)
Any of the above, 77 (%) 1639 (42.4) 456 (11.8)

All pvalues <0.001.

APR = acute-phase reaction; ZOL = zoledronic acid.
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