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ABSTRACT

Background. Secondary hyperparathyroidism is frequent
in prostate cancer patients with bone metastases, and this
condition is worsened by the administration of potent bis-
phosphonates. Serum parathyroid hormone (PTH) eleva-
tion can impair the efficacy of these drugs in terms of
survival.

Methods. The prognostic role of elevated serum PTH lev-
els at baseline and after 3 months of zoledronic acid admin-
istration was assessed prospectively in 643 bone metastatic
prostate cancer patients enrolled in a prospective random-
ized, placebo-controlled study.

Results. On multivariate analysis, after adjusting for ma-
jor prognostic factors and bone turnover markers, ele-
vated baseline serum PTH level was negatively associated
with overall survival (hazard ratio [HR], 1.448; 95% con-
fidence interval [CI], 1.045–2.006; p < .03) in zoledronic

acid–treated patients but not in placebo-treated patients.
In patients with normal baseline PTH levels, there was a
trend but insignificant association between zoledronic acid
administration and a better survival outcome than with
placebo (HR, 0.81; 95% CI, 0.65–1.01; p � .065), whereas a
trend in the opposite direction was observed in patients
with elevated PTH levels (HR, 1.45; 95% CI, 0.87–2.39;
p � .151); interaction test, p � .040. Elevated serum PTH
level after 3 months of zoledronic acid treatment was not
significantly associated with survival outcome.

Conclusions. Secondary hyperparathyroidism has a neg-
ative prognostic impact in metastatic prostate cancer pa-
tients undergoing zoledronic acid administration.
Counteracting elevated PTH levels by adequate doses of vi-
tamin D may improve the efficacy of this drug. The Oncol-
ogist 2012;17:645–652

INTRODUCTION
The skeleton is the most frequent site of metastatic disease [1]
resulting from prostate cancer. Metastatic cancer cells in the
bone microenvironment release cytokines and growth factors
that stimulate bone resorption and formation [1, 2].

The osteoblastic nature of bone lesions from prostate
cancer leads to calcium entrapment in bone [3] and second-
ary hyperparathyroidism in response to the increased cal-
cium demand [4, 5]. Increased serum parathyroid hormone
(PTH) levels in prostate cancer patients are further en-
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hanced by vitamin D deficiency, which is frequent in elderly
males [6].

PTH elevation can adversely affect the natural history of
the disease by several mechanisms: PTH increases the avail-
ability of cytokines, such as interleukin-6, tumor necrosis fac-
tor-�, and growth factors (transforming growth factor-�) in the
bone microenvironment [7–9]. These effects may favor an
increase in the bone metastatic burden [10, 11]. PTH has an
amino-terminal sequence homology with PTH-related protein
(PTHrP) [12, 13], a hormone that stimulates cell growth and
inhibits apoptosis in different cell types [14–16]. PTHrP and
PTH bind to the same receptor (PTH/PTHrP receptor) that is
expressed in cancer cells [13, 17].

Bisphosphonates are inhibitors of osteoclast-mediated
bone resorption [18], and zoledronic acid is the most potent
bisphosphonate. The efficacy of zoledronic acid against pla-
cebo in preventing skeletal-related events (SREs) in bone met-
astatic prostate cancer patients with hormone-refractory
disease was assessed in a randomized, multicenter trial [19].

The potent osteoclast inhibition induced by zoledronic acid
reduces the contribution from bone resorption to calcium ho-
meostasis and may enhance the secondary hyperparathyroid-
ism of prostate cancer patients [5]. In the present study, we
explored the prognostic role, in terms of the overall survival
outcome, of serum PTH evaluated at baseline and after 3
months of zoledronic acid or placebo treatment in hormone-
refractory prostate cancer patients with bone metastases en-
rolled in the randomized clinical trial previously mentioned
[19]. A secondary aim of this study was to conduct an explor-
atory analysis to assess whether zoledronic acid or placebo
varied by PTH status.

MATERIALS AND METHODS

Patients and Study Design
This analysis was based on data from patients enrolled in a ran-
domized, multicenter, double-blind, phase III clinical trial
evaluating the safety and efficacy of zoledronic acid in patients
with malignant bone disease from prostate cancer (Protocol
039) [19]. The main efficacy endpoint was the occurrence of
one or more SREs. Secondary study aims were disease pro-
gression in bone and the overall survival outcome.

Patients in the study were randomly assigned to treatment
with 4 mg zoledronic acid, 8 mg zoledronic acid, or placebo
every 3 or 4 weeks for up to 24 months. During the course of
the trial, the 8-mg zoledronic acid dose was reduced to 4 mg to
ensure renal safety in all patients.

The current analyses were performed using PTH measure-
ments at baseline and a 3-month assessment; follow-up was up
to 24 months.

Patient Evaluation
Urine specimens (from a morning second void) and a venous
blood sample were collected to measure biochemical markers
of bone metabolism and serum PTH in all patients at baseline,
1 month after enrolment, and then every 3 months. The urinary
N-telopeptide/creatinine ratio (NTX) was used to assess bone

resorption activity, and serum bone-specific alkaline phospha-
tase (BAP) was used as an indicator of bone formation. A cen-
tral laboratory (Mayo Medical Laboratories, Rochester, MN)
performed measurements of urine and serum biochemical
markers of bone metabolism for all patients.

Serum PTH was considered as a continuous variable or cat-
egorized both as normal (�5.2 pmol/L) or supranormal (�5.2
pmol/L), with cutoffs corresponding to the approximate upper
limit of normal (ULN) in age-matched healthy male individu-
als and according to quartile distribution.

Quality-of-life parameters included a pain score, assessed
using the Brief Pain Inventory completed by patients every 6
weeks, Eastern Cooperative Oncology Group (ECOG) perfor-
mance status score, scores from two quality of life question-
naires (Functional Assessment of Cancer Therapy–General
and EuroQol), and analgesic scores recorded by the investiga-
tor on the basis of the type of pain medication administered.

Statistical Methods
Logistic regression analysis was used to assess, in multivariate
analysis, the independent factors predicting PTH elevation.

Cox regression analysis was used to assess the impact of
the PTH value either at baseline or at 3 months on the risk for
death among patients receiving zoledronic acid or placebo
[20–22]. Both univariate models, which examined one factor
at a time, and multivariate models, which examined multiple
factors at the same time, were used. A full multivariate model
was fit by including all factors simultaneously, and a reduced
model was identified by eliminating factors that were not in-
dependently associated with survival. The reduced model
therefore identified the factors that were independently asso-
ciated with survival outcome. In the multivariate models, can-
cer duration, age, ECOG score, hemoglobin level, elevated
lactate dehydrogenase (LDH), bone pain index composite pain
score, prior SREs, lymph node metastases, visceral disease (lung,
liver, brain, pleura, skin, eye, or other metastases versus none),
analgesic consumption (minor analgesic, tranquilizers and antide-
pressants, mild narcotics, or strong narcotics versus none), and
baseline serum creatinine, serum albumin, serum calcium, serum
prostate-specific antigen (PSA), serum BAP, and NTX were con-
trolled to assess the independent prognostic role of elevated PTH
level at baseline. When analyses to assess the independent prog-
nostic role of serum PTH after 3 months were conducted, the fol-
lowing variables were added to the previous ones: 3-month serum
PSA level, 3-month urinary NTX, and 3-month serum BAP. In
the analyses reported, events were counted from the time of ran-
domization until the end of the scheduled follow-up, censoring, or
death, in which case the 3-month PTH value could have been re-
corded after the clinical event. Note that, in the last analyses, we
restricted attention to patients who survived to the 3-month as-
sessment. For both the univariate and multivariate models, rela-
tive risks were computed comparing elevated with normal PTH
levels for baseline evaluations, whereas the second, third, and
fourth quartiles of PTH levels to the first quartile level were con-
sidered for the 3-month evaluation. In addition, a global three de-
gree of freedom test was conducted to test the effect of the
3-month PTH level. Homogeneity tests of the null hypothesis of a
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Table 1. Patient demographics and baseline disease characteristics

Characteristic Overall Placebo Zoledronic acid

n of patients 643 208 435

Median age (range), yrs 72 (37–90) 73 (37–90) 72 (43–90)

Visceral disease 17 (2.6%) 5 (2.4%) 12 (2.8%)

Lymph node metastases 37 (5.8%) 9 (4.4%) 28 (6.5%)

Missing 5 2 3

Eastern Cooperative
Oncology Group performance
status

Fully active 277 (43.1%) 93 (44.7%) 184 (42.4%)

Some impairment 365 (56.9%) 115 (55.3%) 250 (57.6%)

Missing 1 1

Analgesic use

None 244 (38.1%) 77 (37.2%) 167 (38.6%)

Some 396 (61.9%) 130 (62.8%) 266 (61.4%)

Missing 3 1 2

Brief Pain Inventory
composite pain score

Median (range) 2.0 (0.0–10.0) 1.75 (0.0–9.2) 2.0 (0.0–10.0)

�2 282 (48.4%) 96 (50.3%) 186 (47.4%)

�2 301 (51.6%) 95 (49.7%) 206 (52.6%)

Missing 60 17 43

Creatinine, mg/dL

Median (range) 1.10 (0.60–4.47) 1.10 (0.70–3.50) 1.10 (0.60–4.47)

�1.4 mg/dL

Prostate-specific antigen

Median (range) 77.30 (0.15–9124.00 61.00 (0.25–3828.00) 86.95 (0.15–9124.00)

�ULN 596 (93.7%) 184 (91.1%) 412 (94.9%)

Missing 7 6 1

N-telopeptide/creatinine ratio,
nmol/mmol

Median (range) 89.0 (2.0–2611.0) 90.0 (2.0–2312.0) 89.0 (9.0–2611.0) (66.9%)

�64 410 (67.1%) 135 (67.5%) 24

Missing 32 8

Bone-specific alkaline
phosphatase, U/L

Median (range) 267.5 (44.0–10640.0) 256.0 (44.0–10640.0) 272.0 (48.0–7214.0)

�146 U/L 481 (76.8%) 156 (77.2%) 325 (76.7%)

Missing 17 6 11

Hemoglobin, g/dL

Median (range) 12.7 (5.4–16.9) 12.9 (5.4–15.8) 12.6 (6.3–16.9)

�13 g/dL 244 (38.9) 85 (41.9) 159 (37.4)

Missing 15 5 10

Lactate dehydrogenase, U/L

Median (range) 211.0 (13.0–2229.0) 207.0 (13.0–2229.0) 216.5 (78.0–2058.0)

�454 U/L 69 (10.9) 22 (10.8) 47 (10.9)

Missing 8 5 3

(continued)
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common treatment effect for groups with different PTH levels
were carried out by fitting the interaction between treatment and
PTH level.

RESULTS
Six hundred forty-three patients were enrolled in this trial.
Six hundred twenty-five (97.2%) had serum PTH levels as-
sessed at baseline, 503 (78.2%) had serum PTH levels as-
sessed both at baseline and at 3 months. The distributions of
patient demographics, disease characteristics, prognostic
markers, bone turnover markers, and serum PTH levels in
cases overall and in the placebo and zoledronic acid arms
are outlined in Table 1.

Baseline serum PTH was significantly associated with age.
Using tertiles to categorize patient age at baseline, supranormal
PTH levels were seen in 24 of 204 (11.8%) patients in the first age
tertile (�69 years of age), 29 of 180 (16.1%) patients in the sec-
ond tertile (69–75 years of age), and 59 of 241 (24.5%) patients in
the third tertile (�75 years of age) (p � .0022).

Prognostic Role of Elevated Serum PTH Level
at Baseline
Elevated serum PTH at baseline in patients treated with zole-
dronic acid was significantly correlated with a higher risk for
death in both the univariate analysis (hazard ratio [HR], 1.483;
95% confidence interval [CI], 1.077–2.041; p � .02) and mul-
tivariate analysis (HR, 1.448; 95% CI, 1.045–2.006; p � .03)
after adjusting for commonly recognized prognostic markers
and bone turnover markers (Table 2). The median time to death
among zoledronic acid–treated patients with elevated PTH
levels was 376 days (95% CI, 332–494 days), and for those
with a PTH level �5.2 pmol/L, it was 572 days (95% CI, 496–
670 days). The respective medians for placebo-treated pa-
tients were 501 days (95% CI, 199 to no upper limit) and
493 days (95% CI, 385– 637 days), respectively. An ele-
vated serum PTH level at baseline in the placebo arm was

not associated with patient outcome in either the univariate
(HR, 0.840; 95% CI, 0.494 –1.426; p � .52) or multivariate
(HR, 0.764; 95% CI, 0.423–1.380; p � .37) analysis (data
not shown).

Efficacy of Zoledronic Acid Treatment over Placebo
in Patients Stratified According to Baseline PTH
Status
Zoledronic acid administration resulted in a nonsignificant
greater survival benefit overall (Fig. 1) [19], but analyses ac-
cording to patient baseline PTH status revealed a suggestive
trend toward a lower risk for death in patients receiving zole-
dronic acid administration than in those receiving placebo
among patients with a normal baseline serum PTH level (HR,
0.81; 95% CI, 0.65–1.01; p � .065) and a nonsignificant higher
risk for death in patients with supranormal baseline PTH
levels (HR, 1.45; 95% CI, 0.87–2.39; p � .151). These two
HRs were significantly different based on a test of homoge-
neity (p � .040).

Factors Predictive of Increased PTH Level after 3
Months of Zoledronic Acid Administration
A multivariate logistic regression analysis was performed to
identify categorical baseline factors that were predictive of
PTH elevation after 3 months of zoledronic acid administra-
tion. Cancer duration (odds ratio [OR], 0.84; 95% CI, 0.75–
0.94; p � .0019) and hemoglobin value (OR, 0.33; 95% CI,
0.17–0.63; p � .0008) were the two independent factors neg-
atively associated with 3-month PTH elevation, whereas a
baseline serum PSA level above the ULN (OR, 5.13; 95% CI,
1.01–26.07; p � .0489), baseline serum NTX �64 nmol/mmol
(OR, 6.39; 95% CI, 3.26–12.52; p � .0001), and baseline se-
rum PTH level �2.8 pmol/L (OR, 4.85; 95% CI, 2.51–9.37;
p � .0001) were the independent factors positively associated
with 3-month PTH elevation. Other potential independent

Table 1. (continued)

Characteristic Overall Placebo Zoledronic acid

Albumin, g/L

Median (range) 41.90 (20.00–50.00) 42.00 (27.00–50.00) 185 (91.1) 41.00 (20–50)

�35 g/L 593 (93.2) 5 408 (94.2)

Missing 7 2

Serum calcium, Mmol/L

Median (range) 2.35 (1.75–3.10) 2.35 (1.75–2.74) 2.35 (1.87–3.10)

�ULN 53 (8.3) 18 (8.9) 35 (8.1)

Missing 7 5 2

Baseline parathyroid
hormone, pmol/L

Median (range) 3.10 (0.20–48.00) 3.10 (0.20–17.00) 3.15 (0.30–48.00)

�5.2 112 (17.9%) 32 (15.9%) 80 (18.9%)

Missing 18 7 11

Abbreviation: ULN, upper limit of normal.

648 PTH, Zoledronic Acid, and Prostate Cancer



variables such as age, prior SRE, lymph node metastases, vis-
ceral disease, performance status, bone pain, analgesic con-
sumption, serum creatinine, serum albumin, serum calcium,
serum LDH, and serum alkaline phosphatase failed to enter the
model.

Prognostic Effect of Serum PTH after 3 Months on
Zoledronic Acid Efficacy
The prognostic effect of serum PTH (categorized according to
quartile distribution) after 3 months of zoledronic acid treat-
ment on the overall survival outcome is reported in Table 3.

The 3-month PTH level distribution in the third and fourth
quartiles had a significant negative prognostic impact versus
the first quartile (HR, 1.88; 95% CI, 1.20- 2.96; p � .006 and
HR, 3.04; 95% CI, 1.98–4.66; p � .0001, respectively) in the
univariate analysis, but it just failed to attain statistical signif-
icance in the multivariate analysis (HR, 1.39; 95% CI, 0.84–
2.31; p � .204 and HR, 1.53; 95% CI, 0.84–2.76; p � .161,
respectively).

In placebo-treated patients, the serum PTH level after 3
months failed to correlate with the risk for death in both the
univariate and multivariate analyses (data not shown).

Table 2. Univariate and multivariate analyses of baseline prognostic factors and supranormal serum parathyroid hormone

Univariate model

Multivariate model

Full model Reduced model

Variable RR 95% CI p RR 95% CI p RR 95% CI p

Overall survival

Cancer duration (1 yr longer) 0.94 (0.90–0.98) .0033 0.94 (0.90–0.98) .0029 0.93 (0.89–0.97) .0014

Age, yrs 1.03 (1.02–1.05) .0002 1.03 (1.01–1.05) .0013 1.03 (1.02–1.05) .0002

Prior skeletal-related event 1.09 (0.83–1.43) .535 1.06 (0.79–1.40) .708

Lymph node metastases 1.30 (0.78–2.17) .308 1.39 (0.82–2.37) .221

Visceral disease: lung/liver/
brain/pleura/skin/eye/other
metastases

0.87 (0.38–2.00) .748 0.98 (0.42–2.29) .969

Analgesic used: none 1

Analgesic used: some 1.80 (1.37–2.37) �.0001 1.34 (0.98–1.82) .066 1.49 (1.12–1.97) .0061

Brief Pain Inventory
composite pain score �2

1.38 (1.07–1.78) .0133 1.03 (0.76–1.40) .857

ECOG status: fully active 1

ECOG status: impairment 1.34 (1.03–1.73) .026 1.07 (0.80–1.43) .633

Baseline creatinine
�1.4 mg/dL

1.59 (1.17–2.15) .0027 1.31 (0.95–1.81) .099

Hemoglobin, g/dL 0.46 (0.35–0.61) �.0001 0.55 (0.41–0.74) �.0001 0.50 (0.37–0.66) �.0001

Baseline albumin �35 g/L 0.40 (0.24–0.67) .0004 0.68 (0.40–1.16) .155

Baseline unadjusted calcium
�ULN, mmol/L

0.69 (0.43–1.12) .134 0.83 (0.50–1.37) .46

Lactate dehydrogenase
�454 U/L

2.44 (1.62–3.69) �.0001 1.78 (1.14–2.80) .0116 1.88 (1.24–2.87) �.0031

Baseline prostate-specific
antigen �ULN, ng/mL

3.02 (1.34–6.82) .0076 2.19 (0.96–5.03) .0630

Baseline
N-telopeptide/creatinine
ratio �64 nmol/mmol

1.72 (1.30–2.27) .0001 1.25 (0.91–1.72) .162

Baseline bone-specific
alkaline phosphatase
�146 U/L

1.66 (1.21–2.28) .0016 1.41 (0.99–2.01) .056 1.59 (1.14–2.20) .0056

Baseline PTH �5.2 pmol/L 1.48 (1.08–2.04) .016 1.36 (0.97–1.93) .069 1.45 (1.04–2.01) .026

Patients had to have a complete baseline PTH assessment and assessment of baseline prognostic factors. Patients entered the
risk set at the time of study entry.
Abbreviations: CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; PTH, parathyroid hormone; RR,
relative risk.
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DISCUSSION
Elevated serum PTH levels are frequent in bone metastatic
prostate cancer patients, and this condition can be stimulated
by zoledronic acid administration [4]. Secondary hyperpara-
thyroidism can adversely influence the natural history of the
disease, but to our knowledge this hypothesis has never been
explored.

In the present study, elevated serum PTH level at base-
line had a significant negative impact in zoledronic acid–
treated patients in the multivariate analysis adjusting for
major prognostic parameters and bone turnover markers,
but this was not seen in placebo-treated patients. A possible
explanation for this discrepancy is that zoledronic acid
treatment consistently enhances serum PTH elevation and
the higher PTH levels attained after zoledronic acid can
have a negative prognostic role. Vitamin D deficiency could
be a key factor responsible for PTH elevation in prostate
cancer patients with metastatic bone disease, suggesting
that secondary hyperparathyroidism in these patients is a
biochemical hallmark for insufficient vitamin D status. Un-
fortunately, vitamin D was not measured in the patients en-
rolled in this trial and this represents a limitation. Vitamin D
deficiency or insufficiency is a potential confounder in the
interpretation of these study results. Vitamin D, in fact, ex-
erts potent antiproliferative effects on normal cells and can-
cer cells [23], and hypovitaminosis D is associated with a
higher risk for death from prostate cancer [24].

Noteworthy is the fact that a divergent effect of zoledronic
acid on overall survival was observed when stratifying patients

according to baseline PTH level. A trend close to statistical sig-
nificance of a better survival outcome in favor of zoledronic
acid treatment over placebo was observed in patients with nor-
mal PTH levels, but an opposite tendency was observed in pa-
tients with elevated PTH levels. The two HRs were
significantly different using a test for heterogeneity. The anti-
neoplastic effect of zoledronic acid administration has been
shown in preclinical and clinical studies [25]. We suggest that,
for the present study, the antitumor effect of zoledronic acid in
prostate cancer patients could have been masked by a pre-
existing condition of an elevated serum PTH level, implying
that the correction of secondary hyperparathyroidism using ad-
equate vitamin D supplementation can potentially increase
zoledronic acid efficacy.

Serum PTH increased significantly after zoledronic acid
treatment despite vitamin D supplementation at 400 IU daily.
Forty-one percent of patients with normal PTH values at base-
line had elevated PTH levels after 3 months of zoledronic acid
treatment, versus 5% of patients receiving placebo. Among the
independent factors predictive of a PTH increase in the multi-
variate logistic analysis, the direct relationship with serum
PSA and with urinary NTX and the inverse relationship with
blood hemoglobin suggest a contribution of the disease extent
in bone.

Data on the relationship between the serum PTH level mea-
sured after 3 months and prognosis are less impressive than
those of PTH measured at baseline. An elevated PTH level af-
ter 3 months of zoledronic acid treatment was significantly
correlated with a poor prognosis in the univariate analysis, but
it failed to show a relationship with the survival outcome in the
multivariate analysis. It should be noted, however, that (a) be-
cause of early death and missing values, a lower number of pa-
tients were included in the model and (b) the HR for death of
the fourth quartile was close to attaining statistical signifi-
cance.

CONCLUSION
This study shows, for the first time, that serum PTH status has
a negative prognostic role in hormone-refractory prostate can-
cer patients undergoing zoledronic acid administration. Cau-
tion should be adopted in generalizing results emerging from
an unplanned analysis, and a potential confounder in this anal-
ysis is vitamin D deficiency itself.

These limitations notwithstanding, these data have sev-
eral implications: (a) vitamin D and PTH status should be
assessed before zoledronic acid administration and regu-
larly monitored afterwards, (b) the calcium and vitamin D
supplementation performed in this study was inadequate to
control PTH elevation under zoledronic acid administration
and could be increased on an individual basis, (c) baseline
PTH levels should not simply be considered a predictive
factor for zoledronic acid efficacy, and (d) elevated PTH
may be a target for vitamin D supplementation. The survival
improvement obtained with zoledronic acid in the patient
subset with normal baseline PTH levels suggests that the ef-
ficacy of this drug could be improved if secondary hyper-

Figure 1. Forrest plot of the prognostic role of zoledronic acid
administration versus placebo. A nonsignificant greater sur-
vival benefit overall in favor of zoledronic acid was observed.
Analyses according to patients’ baseline parathyroid hormone
(PTH) status revealed opposite trends—a nonsignificant lower
risk for death was seen in patients receiving zoledronic acid,
compared with placebo, among those with a normal serum PTH
level, and a nonsignificant greater risk for death was seen in
patients with supranormal baseline PTH levels (test of homo-
geneity, p � .040).
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parathyroidism is effectively counteracted. A trial testing
this hypothesis would be of great value.

ACKNOWLEDGEMENT
Research and technical support were provided by a grant from
Novartis Pharmaceuticals Corporation and the Italian Ministry
of University and Research (MIUR).

AUTHOR CONTRIBUTIONS

Conception/Design: Alfredo Berruti, Richard Cook
Provision of study material or patients: Allan Lipton, Fred Saad, Robert E.

Coleman, Matthew R. Smith
Collection and/or assembly of data: Allan Lipton, Fred Saad, Robert E.

Coleman, Matthew R. Smith, Ker-Ai Lee
Data analysis and interpretation: Alfredo Berruti, Richard Cook, Fred Saad,

Robert E. Coleman, Matthew R. Smith, Ker-Ai Lee

Table 3. Univariate and multivariate analyses of the prognostic role of serum PTH after 3 months of zoledronic acid
therapy

Univariate model

Multivariate model
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Lymph nodes metastases 1.12 (0.59–2.11) .723 0.87 (0.43–1.74) .707

Visceral disease: lung/liver/
brain/pleura/skin/eye/other
metastases

0.89 (0.36–2.24) .812 1.00 (0.39–2.59) 1.000

Analgesic use: none 1

Analgesic use: some 1.61 (1.18–2.19) �.0023 1.36 (0.95–1.95) .092

Brief Pain Inventory composite
pain score �2

1.19 (0.88–1.60) .254 0.88 (0.61–1.26) .488

ECOG status: fully active 1

ECOG status: impairment 1.09 (0.81–1.47) .572 0.89 (0.63–1.26) .523

Baseline creatinine �1.4 mg/dL 1.77 (1.25–2.49) .0012 1.39 (0.95–2.03) .091 1.44 (1.01–2.06) .046

Hemoglobin, g/dL 0.54 (0.39–0.73) �.0001 0.62 (0.44–0.86) .0052 0.59 (0.42–0.82) .0016

Baseline albumin �35 g/L 0.42 (0.23–0.79) .0073 0.60 (0.31–1.17) .135

Baseline unadjusted calcium
�ULN, mmol/L

0.82 (0.48–1.39) .460 0.96 (0.54–1.71) .886

Lactate dehydrogenase �454 U/L 1.88 (1.06–3.35) �.032 1.48 (0.78–2.83) .229

Baseline PSA �ULN, ng/mL 2.68 (1.10–6.56) .030 1.16 (0.39–3.48) .786

3-mo PSA �ULN, ng/mL 2.72 (1.01–7.38) .048 1.64 (0.49–5.55) .425

Baseline NTX �64 nmol/mmol 1.48 (1.08–2.02) �.014 0.84 (0.55–1.27) .397

3-mo NTX �64 nmol/mmol 2.53 (1.76–3.63) �.0001 1.37 (0.84–2.24) .211 1.54 (1.03–2.30) .0371

Baseline BAP �146 U/L 1.44 (1.03–2.03) .034 0.79 (0.49–1.27) .332

3-mo BAP �146 U/L 2.03 (1.48–2.77) �.0001 1.88 (1.17–3.03) .010 1.76 (1.25–2.49) .0012

Baseline PTH �5.2 pmol/L 1.44 (0.98–2.12) .064 1.23 (0.80–1.91) .343

0.00 pmol/L � 3-mo PTH � 3.10
pmol/L

1 1

3.10 pmol/L � 3-mo PTH � 5.10
pmol/L

1.29 (0.81–2.06) .274 1.25 (0.76–2.05) .375

5.10 pmol/L � 3-mo PTH � 8.80
pmol/L

1.88 (1.20–2.96) .006 1.39 (0.84–2.31) .205

3-mo PTH �8.80 pmol/L 3.04 (1.98–4.66) �.0001 1.53 (0.84–2.76) .161

Patients had to have complete baseline and 3-mo PTH assessments and assessment of baseline prognostic factors. Patients
entered the risk set at the time of study entry.
Abbreviations: BAP, bone-specific alkaline phosphatase; CI, confidence interval; ECOG, Eastern Cooperative Oncology
Group; NTX, N-telopeptide/creatinine ratio; PSA, prostate-specific antigen; PTH, parathyroid hormone; RR, relative risk.
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