T

ncologist
N-Telopeptide of Type | Collagen Long-Term Dynamics in Breast Cancer

Patients With Bone Metastases: Clinical Outcomes and Influence of
Extraskeletal Metastases

ARLINDO R. FERREIRA,a'b IRINA ALHO,b NING SHAN,® MARGARIDA MATIAS,? MARIANA FARIA,? SANDRA CASIMIRO,b Kim LEITZEL,d SUHAIL ALI,d
ALLAN LipTON,? Luis CosTA®®

®Hospital de Santa Maria, Lisbon, Portugal; PInstituto de Medicina Molecular, Faculdade de Medicina, Universidade de Lisboa, Lisbon, Portugal;
“Thar Pharmaceuticals Inc., Tampa, Florida, USA; 4Milton S. Hershey Medical Center, Pennsylvania State University, Hershey, Pennsylvania, USA
Disclosures of potential conflicts of interest may be found at the end of this article.

Key Words. Breast cancer * Bone metastases ¢ N-telopeptide of type | collagen ¢ Zoledronic acid

/ABSTRACT

Background. Markers of bone metabolism, such as N-telopeptide
of type | collagen (NTX), have been demonstrated to be
prognostic in previous trials of breast cancer (BC) patients with
bone metastases (BMs). In the present study, we tested the
survival effect of the NTX response to zoledronic acid (ZA) at
3 and 12 months in a contemporaneous cohort of BC patients
with BMs and evaluated the influence of extraskeletal meta-
static disease on NTX variation.

Patients and Methods. The present study was a prospective
cohort study of consecutive BC patients diagnosed and treated
atasingle center. Patients presenting with de novo radiological
evidence of BMs who started monthly intravenous ZA were
included. Urinary NTX was measured at baselineand 1, 3, 6, 9,
and 12 months after ZA introduction.

Results. Overall, 71 patients were enrolled, 32 with BMs and
39 with BMs plus extraskeletal metastases. The proportion

of patients with elevated NTX at baselineand 3and 12 months
was 49.3%, 26.6%, and 34.2%, respectively. The variables
associated with survival included age at diagnosis, tumor
estrogen receptor status, and NTX at 3 and 12 months.
Multivariate analysis showed that, in addition to age at
diagnosis, only the 3-month NTX level was significantly
associated with survival. Patients with BMs plus extraskeletal
metastases had an erratic NTX variation pattern, unrelated to
survival.

Conclusion. In the present contemporaneous cohort of BC
patients with BMs, the NTX response at 3 months was
strongly associated with survival. Furthermore, an early
response to ZA was strongly associated with long-term NTX
control. Finally, patients with BMs plus extraskeletal metas-
tases had an erratic NTX variation. The Oncologist 2016;
21:1418-1426

Implications for Practice: The present study showed that when accommodating recent therapy innovations and longer patient
survival, the N-telopeptide (NTX) variation at 3 months is strongly associated with survival. In this setting, in addition to a few other
clinicopathological features, NTX is a powerful prognostic marker. Moreover, early NTX correction associates with persistently
normal NTX.This might identify a subgroup of patients with a good prognosis who are eligible for premature zoledronicacid (ZA) de-
escalation. Finally, patients with bone plus extraskeletal metastases showed an erratic variation of NTX, raising concerns that a
single ZA regimen might not fit all patients. Future trials should test its effect according to the presence of extraskeletal
involvement.

INTRODUCTION

Bone is the most common site of metastatic disease in breast
cancer (BC), affecting up to 80% of patients with metastatic
disease [1]. Bone metastases (BMs) significantly affect
patients’ quality of life and survival [2]. In addition to local
symptoms, the morbidity of BMs mostly derives from the
development of skeletal-related events (SREs), a composite of
several clinical events, such as pathologic bone fractures, the

need for radiotherapy or orthopedic surgery for symptomatic
control, hypercalcemia of malignancy, and spinal cord compres-
sion [3]. Pathologicfractures are further associated with decreased
survival [4].

When cancer cells invade bone, the balanced and coupled
activity of the dyad osteoclast (bone-degrading cells) to
osteoblast (bone-forming cells) is disrupted [5]. Cancer cells
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Eligible for the present study: n =71
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- No available biological samples at 3 months: n =7
- Patients without available biological samples or
death at 12 months: n =23

F

- Eligible for descriptive NTX statistics: n =71
- Eligible for survival analysis (available 3
months NTX): n = 64

- Eligible for late NTX normalization analysis
(available 12 months NTX): n = 41

Figure 1. Flowchart of study participants.
Abbreviation: NTX, N-telopeptide of type | collagen.

growing in bone activate bone metabolism, leading to the
release of growth factors entrapped in the bone matrix,
which ultimately enhance tumor growth. Tumor growth
further activates bone metabolism, a step that closes the
positive reinforcing loop of cancer-mediated activation of
bone metabolism referredto asthe vicious cycle of BMs [5, 6].
In BC, the activation of osteoclasts by cancer cells often
leads to the development of lytic lesions. Because osteoclast
activation is a central piece in the vicious cycle of bone
metastases, current treatments include antiosteoclastic agents,
such as bisphosphonates or denosumab [7]. These bone-
targeted agents (BTAs) are given in association with anticancer
therapy.

The bone metabolism releases a set of biochemical
products amenable to quantification in the serum and urine.
Although bone resorption releases byproducts of collagen
breakdown, such as N-telopeptide of type | collagen (NTX)
and C-telopeptide of type I collagen, bone formation releases
bone-specific alkaline phosphatase, a biomarker of osteo-
blast activity. The use of these markers provides a non-
invasive method to broadly assess ongoing bone turnover
and henceindirectly inform about the action of tumor cellsin
the bone [8]. NTX, one of the most studied markers of bone
metabolism, is very specific for the monitoring of bone
metastases [9, 10]. It outperforms conventional tumor
markers in predicting the progression of metastatic disease
in the bone [10]. Moreover, NTX decreases with the use of
BTAs [11, 12]. Both baseline and serial NTX levels after BTA
therapy are strongly prognostic [5]. In a large study, higher
baseline and on-study NTX levels doubled the risk of a SRE or
bone disease progressionandincreased, by a factor of four to
six times, the risk of death [13]. In contrast, early NTX
normalization (at 3 months) after treatment with zoledronic
acid (ZA) was associated with an approximately twofold
lower risk of experiencing an SRE or death compared with
patients with persistently elevated NTX levels despite
treatment with ZA [14].

During the past 15 years, several therapeuticinnovations
in the BC arena were brought into clinical practice, changing
the standard management of metastatic BC and extending
survival. The prognostic value of NTX in this setting is not
known. Moreover, the correlation of early and late variations
of NTX and their clinical utility are incompletely understood.
Furthermore, it is unclear whether the presence of extra-
skeletal disease affects NTX behavior. In the present study,
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we assessed the prognostic role of early (at 3 months) and
later (at 12 months) NTX levels after the introduction of ZA
in a cohort of contemporaneous BC patients. We also
investigated the effect of extraskeletal metastases on the
NTX levels.

PATIENTS AND METHODS

Study Population and Design

In the present prospective cohort study, we included
consecutive BC patients diagnosed and treated in the
medical oncology department from Santa Maria Hospital
by a single provider. These patients had presented with
de novo radiological evidence of bone metastases (not
excluding patients with concomitant extraskeletal metas-
tasis) and started monthly intravenous ZA from 2002
to 2009. We evaluated the presence of metastases at
baseline and then prospectively every 3 to 4 months for
1 year. Urine samples for NTX evaluation were also
collected at baseline and 1, 3, 6, 9, and 12 months after
ZAintroduction. Overall cancertreatment was provided as
per the institutional guidelines and was in compliance
with the international oncology society guidelines at the
time of diagnosis. We then retrospectively collected a set
of clinical information, namely concomitant therapy,
radiographic pattern of bone metastases (lytic, blastic,
or mixed lesions), number and timing of SREs, date of
disease progression (bone and extrabone progression),
and survival. The institutional review boards provided
ethical approval of the study, which complied with all
national regulations.

NTX Determination

Urinary NTX was quantified by an experienced researcher
using Osteomark NTx Urine enzyme-linked immunosor-
bent assay (Inverness; now Alere, Waltham, MA, http://
www.alere.com) according to manufacturer’s instruc-
tions. The lower detection limit of the NTX assay is 20
nmol bone collagen equivalents (BCE). The urinary levels
of NTX in BCE are expressed as a ratio to urine creatinine
excretion. Urinary NTX was defined as low (NTX <64 nmol
BCE/mmol creatinine) or high (NTX =100 nmol BCE/mmol
creatinine). The cutoff values for NTX were chosen to
reflect the approximate upper limit of normal (ULN).
However, the normal range for urinary NTX varies according
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Table 1. Patient demographics and clinical features, overall and according to site of metastasis and baseline median NTX

Bone metastasis only Bone and extraskeletal metastasis
Normal NTX (<64 Elevated NTX (>100 Normal NTX (<64 Elevated NTX (>100
Complete nmol BCE/mmol nmol BCE/mmol nmol BCE/mmol nmol BCE/mmol
Variable cohort creatinine) creatinine) creatinine) creatinine)
Patients, n (%) 71 (100) 7(21.9) 25 (78.1) 8(20.5) 31(79.5)
Age at cancer
diagnosis (year)
Median 57.2 52.3 59.5 51.7 63.1
IQR 45.9-69.1 41.3-60.4 57.2-71.4 45.9-66.1 43.8-70.2
Age at bone metastasis
diagnosis (year)
Median 63.0 59.2 69.5 62.9 65.9
IQR 50.3-71.3 48.9-67.8 57.8-73.5 49.8-70.6 50.6-74.9
ER and/or PR, n (%)
Positive 52 (73.2) 15(83.3) 10 (76.9) 13(76.5) 11 (68.8)
Negative 19 (26.8) 3(16.7) 3(23.1) 4(23.5) 5(31.3)
Nature of metastasis,
n (%)
Osteolytic 48 (67.6) 13 (72.2) 8(61.5) 15 (88.2) 9 (56.3)
Osteoblastic 9(12.7) 2(11.1) 3(23.1) 1(5.9) 1(6.3)
Mixed 14 (19.7) 3(16.7) 2 (15.4) 1(5.9) 6 (37.5)
Baseline NTX
(nmol BCE/mmol
creatinine)
Median 94.8 70.1 212.8 72.7 152.4
IQR 55.8-169.4 43.5-94.8 86.8-349.8 50.9-129.7 66.9-234.7
Age <50 years — - - —
Median 75.4
IQR 49.1-125.6
Age =50 years — — — —
Median 117.4
IQR 56.1-201.3
SREs
Developed SRE, n (%) 44 (63.8) 14 (77.8) 11 (85.6) 11 (68.8) 6 (37.5)
Missing, n (%) 1(2.9) 0(0) 0(0) 1(5.9) 0(0)

Age <50 years, n (%) 8 (47.1) = = = =

Age =50 years, n (%) 36 (69.2) — — — —

Median 1 2 1 1 0

IQR 0-2 1-2 1-2 0-1 0-1
Time from cancer
diagnosis to bone
metastases (months)

Median 44.9 68.7 44.3 449 38.1

IQR 17.8-85.8 36.4-93.8 0.16-89.9 30.0-58.1 15.5-82.9
Time from bone

metastases to ZA
introduction (months)

Median 1.7 1.9 1.4 1.0 3.0

IQR 0.7-5.7 1.0-5.0 0.8-1.9 0.6-2.5 1.0-17.3
Follow-up time (months)

Median 28.4 48.6 20.2 31.7 31.1

IQR 14.5-48.6 25.8-70.9 14.5-35.1 21.2-39.2 18.7-43.2

Abbreviations: —, small number of observations to stratify data; BCE, bone collagen equivalents; ER, estrogen receptor; IQR, interquartile range; NTX,
N-telopeptide of type | collagen; PR, progesterone receptor; SRE, skeletal-related event; ZA, zoledronic acid.
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p value (bone vs. bone +
.397 .060 .206 .790 .097
extra-bone)

Figure2. Median NTX(A)and proportion of patients with elevated NTX (B) over time and according to metastatic site (bone only or bone
plus extraskeletal metastases). Elevated NTX >100 nmol BCE/mmol creatinine, if not otherwise specified.
Abbreviations: BCE, bone collagen equivalents; NTX, N-telopeptide of type | collagen.
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Figure 3. Median NTX over time according to metastatic site (bone only or bone plus extraskeletal metastases) and survival status at the

end of the study follow-up period.

Abbreviations: NTX, N-telopeptide of type | collagen; ZA, zoledronic acid.

to age, gender, and endocrine function. The ULN in young
healthy adults is approximately 50 nmol/mmol creatinine. For
women after menopause, the ULN level is approximately 100
nmol BCE/mmol creatinine [13]. For the present analysis, we
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used the NTX cutoff of 100 nmol BCE/mmol creatinine at
baseline and at 3 months, given that most women were
postmenopausal at the date of the bone metastasis diagnosis.
We used the cutoff of 64 nmol BCE/mmol creatinine for the
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Table 2. Variables predictive of persistently elevated NTX levels at 12 months (late response) in patients with both 3-and 12-month

NTX data (n = 41)

Variable OR 95% CI p value

Univariate analysis
Age at diagnosis (for every 10-year increase) 1.09 0.67-1.76 .740
Estrogen receptor 0.57 0.13-2.58 464
Time to BM 0.99 0.98-1.01 474
Radiographic pattern of BM 1.46 0.68-3.13 .328
Extraskeletal disease 3.06 0.80-11.73 .103
Baseline NTX >64 nmol BCE/mmol creatinine 3.53 0.65-19.10 .143
Baseline NTX >100 nmol BCE/mmol creatinine 10.2 1.88-55.19 .007°
1-month NTX >64 nmol BCE/mmol creatinine 21.60 3.59-130.04 .001°
1-month NTX >100 nmol BCE/mmol creatinine 6.67 1.34-33.12 .020°
3-month NTX >64 nmol BCE/mmol creatinine 10.48 2.25-48.85 .003?
3-month NTX >100 nmol BCE/mmol creatinine 16.67 2.79-99.57 .002°

Multivariate analysis
Age at diagnosis (for every 10-year increase) 0.91 0.49-1.67 .758
Extraskeletal disease 2.08 0.34-12.92 431
Estrogen receptor 0.21 0.03-1.68 141
Baseline NTX >100 nmol BCE/mmol creatinine 9.13 1.22-68.43 .0317
3-month NTX >100 nmol BCE/mmol creatinine 17.23 2.04-145.78 .009%

Statistically significant.

Abbreviations: BCE, bone collagen equivalents; BM, bone metastasis; Cl, confidence interval; NTX, N-telopeptide of type | collagen; OR, odds ratio.

12-month analysis to reflect the normal values of this
biomarker for patients taking ZA for a long period. A total
of 329 measurements were obtained. Researchers quan-
tifying NTX were unaware of the patients’ outcomes
through the use of specific sample identifiers.

Statistical Analysis

We performed descriptive statistics of baseline clinical
and pathologic characteristics in the overall cohort and
according to the presence of concomitant extraskeletal
metastasis at diagnosis and the baseline NTX status.
Survival plots were performed using Kaplan-Meier meth-
ods. For time-to-event outcomes, we used univariate and
multivariate Cox proportional hazards regression models.
Departures from the proportional hazards assumption
were assessed based on the Schoenfeld residuals. To
overcome the immortal time bias, a survival analysis using
the NTX levels at 12 months as the dependent variable was
performed with a landmark analysis, in which only patients
alive at 12 months were included. For dichotomous
outcomes, we used logistic regression analysis. For other
univariate comparisons, we used the chi-square test or t
test, as appropriate. Given the exploratory nature of the
present study, no specific sample size was defined in
advance. Missing data at 12 months were compared with
the baseline characteristics, and no relevant discrepancies
were identified; thus, the missing data were considered
as missing completely at random (data not shown). The
outcome of overall survival (OS) was defined as the time
from the diagnosis of bone metastasis to death from any
cause. Patients without a vital status change in July 2013
were right censored. The analyses were performed using
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Stata, version 12.3 (StataCorp LP, College Station, TX,
http://www.stata.com).

RESULTS

Baseline Characteristics

During the study period, we included a total of 71 patients
(Fig. 1) with a median age of 57.2 years (interquartile range
[IQR], 45.9-71.3). Detailed baseline clinical and pathologic
characteristics are summarized in Table 1. Overall, 32
patients presented with bone metastases only, and 39 had
bone plus extraskeletal metastases. Most patients presented
with lytic bone metastasis (67.6%) and developed at least
one SRE (63.8%). The median number of SREs was 1 (IQR,
1-2), with the use of radiotherapy for symptomatic control
being the most frequent SRE (63.6% of all SREs; data not
shown). The proportion of patients with at least one SRE
during the study was 64%. The median time from the diag-
nosis of BC to the development of bone metastasis was 44.9
months (IQR, 17.8-85.8), and the median time to ZA intro-
duction after the diagnosis of bone metastasis was 1.7 months
(IQR, 0.7-5.7).

NTX Variation

Approximately halfthe patients had an elevated baseline NTX
level (49.3%). Overall, the median baseline NTX value was
94.8 (IQR, 55.8-169.4). The percentage of patients with
elevated NTX levels at 3 and 12 months after introduction of
bisphosphonates was 26.6% and 34.2%, respectively (Fig. 2;
details on the NTX cutoffs are provided in NTX Determina-
tion). The percentage of patients with elevated NTX levels at
baseline and 1, 3, and 12 months according to extraskeletal

O?fi?ologist”


http://www.stata.com

Ferreira, Alho, Shan et al. 1423
Table 3. Predictors of survival
Variable HR 95% CI p value
Univariate analysis
Age at diagnosis (for every 10-year increase) 1.44 1.16-1.79 .001°?
Estrogen receptor 0.51 0.28-0.93 .02¢9°
Time to bone metastasis 0.99 0.99-1.00 .069
Pattern of bone metastasis 0.92 0.65-1.31 .657
Extraskeletal disease 1.73 0.98-3.10 .060
Elevated baseline NTX (>64 nmol BCE/mmol creatinine) 1.59 0.84-3.00 .153
Elevated baseline NTX (>100 nmol BCE/mmol creatinine) 1.70 0.96-2.99 .067
Elevated 1-month NTX (>64 nmol BCE/mmol creatinine) 2.63 1.42-4.86 .0027
Elevated 1-month NTX (>100 nmol BCE/mmol creatinine) 3.10 1.67-5.76 <.001°
Elevated 3-month NTX (>64 nmol BCE/mmol creatinine) 2.06 1.11-3.81 .021°
Elevated 3-month NTX (>100 nmol BCE/mmol creatinine) 2.08 1.08-4.01 .029°
Elevated 12-month NTX (>64 nmol BCE/mmol creatinine)b 2.49 1.10-5.66 .029°7
Multivariate analysis
Model A (observed, 64; events, 44)
Age at diagnosis (for every 10-year increase) 1.48 1.13-1 .0042
Estrogen receptor 0.69 0.35-1.38 .300
Elevated baseline NTX (>100 nmol BCE/mmol 0.91 0.45-1.86 .795
creatinine)
Elevated 3-month NTX (>100 nmol BCE/mmol creatinine) 2.12 1.01-4.43 .046°
Model B® (observed, 41; events, 25)
Age at diagnosis (for every 10-year increase) 1.61 1.09-2.37 .016°
Estrogen receptor 0.95 0.33-2.80 .933
Elevated baseline NTX (>100 nmol BCE/mmol 0.82 0.28-2.38 711
creatinine)
Elevated 3-month NTX (>100 nmol BCE/mmol creatinine) 1.57 0.49-5.04 446
Elevated 12-month NTX (>64 nmol BCE/mmol creatinine) 1.57 0.49-4.99 446

“Statistically significant.

PAnalysis using landmark analysis at 12 months (with only patients alive at 12 months included).
Abbreviations: BCE, bone collagen equivalents; Cl, confidence interval; HR, hazard ratio; NTX, N-telopeptide of type | collagen.

involvement did not differ statistically; however, a numerical
trend toward a higher proportion of patients with elevated
NTX and higher median levels was observed in patients with
associated extraskeletal metastases (Fig. 2). Furthermore, the
NTX pattern of variation differed according to extraskeletal
involvement. Although NTX variation demonstrated a re-
sponse in line with patient vital status (and thus a response
to therapy plus ZA) in patients with bone-only metastasis,
patients with simultaneous extraskeletal involvement present
with an erratic pattern of NTX variation that was independent
of survival (Fig. 3).

The variables associated with persistently elevated NTX
levels at month 12 included an elevated baseline and 1- and
3-month NTX level but not age, estrogen receptor status,
time to the development of bone metastasis, radiographic
pattern of bone metastasis, or the presence of extraskeletal
metastasis (Table 2). Patients with extraskeletal disease
also demonstrated a trend toward an increased risk of
persistently elevated NTX at 12 months. Both an elevated
baseline and an elevated 3-month NTX level correlated
strongly with survival on univariate and multivariate
analyses.

www.TheOncologist.com

Prognostic Role of Early and Late NTX Levels

Overall, the median follow-up was 28.4 months (IQR,
14.5-48.6), and 50 patients (70.4%) developed an OS event
during the follow-up period. The median OS was 32.0 months
(IQR, 17.7-63.5). Variables associated with survival included
age at diagnosis, tumor estrogen receptor status, and NTX
level at 3and 12 months, both of which were associated with a
twofold increase in the risk of death (Table 3; Fig. 4A). A trend
toward worse OS was also noted for patients with disease
affecting extraskeletal sites (Fig. 4B) and in those patients
with shorterintervals from BC diagnosisto bone involvement.
On multivariate analysis, although elevated NTX levels at
3 months maintained significance, elevated NTX levels at
12 months showed only a trend toward an increased risk
of death.

DISCUSSION

In the present study, we report the prognostic role of NTX
and its long-term behavior in a contemporaneous cohort of
BC patients with bone metastases. We also report for the first
time, the effect of extraskeletal disease on this biomarker. In
brief, as previously shown in older cohorts of metastatic BC

©AlphaMed Press 2016


http://www.TheOncologist.com

1424

NTX Long-Term Dynamics in BC With BMs
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Figure 4. Survival according to NTX level at 3 months (A) and extraskeletal involvement (B). Adjusted HR, controlling for age at diagnosis,

shown.

Abbreviations: BM, bone metastasis; Cl, confidence interval; Elev., elevated; HR, hazard ratio; IQR, interquartile range; met.,
metastasis; NR, not reached; NTX, N-telopeptide of type | collagen; OS, overall survival; Visc., visceral.

patients, persistently elevated NTX levels at 3 months
(NTX >100 nmol BCE/mmol creatinine) after initiation of
ZA is a clear marker of worse outcome, in addition to a
few other clinicopathological features. Also, despite recent
therapeuticinnovations and longer survival of metastatic BC
patients, early NTX responses correlated with death as well
as did later NTX assessments, in our study, at 12 months. We
also showed that the NTX levels at 1 and 3 months after the
introduction of ZA are strongly associated with long-term
NTX levels (at 12 months); thus, good responders to ZA seem
tobeidentifiable early aftertheintroduction of such therapy.
Patients with metastatic disease involving extraskeletal sites
in association with the bone had a numerical trend for
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persistently higher NTX levels and an erratic variation of NTX
during ZA treatment.

The use of bone remodeling markers is not recommended
as a part of routine clinical practice [7, 15-17]. However, a
growing body of evidence has moved bone markers from
exploratory research to clinical research as tools that can be
used to determine the design of clinical trials and support
decisions in the context of drug development [17]. The
application of bone remodeling markers was further explored
in several clinical contexts, including to assess the risk of
developing BM, to support the diagnosis of BM, to adjust the
schedule of administration of bone-modifying agents, and also
to estimatethe riskof bone disease progression and the overall
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prognosis of patients with BM [5]. NTX is one of the most
extensively studied markers of bone metabolism. The urinary
NTX level at baseline, its early response after treatment with
ZA, and its values during treatment were reported to correlate
with the risk of developing an SRE, the time to the first SRE,
bone disease progression, and death [11, 13, 14, 18]. However,
these data were derived from clinical studies conducted
before the introduction of major therapeutic innovations
in the management of BC, such as aromatase inhibitors,
taxanes, and trastuzumab. Despite these innovations, in
our contemporaneous cohort of BC patients, the NTX level
at 3 months was strongly associated with survival. More-
over, despite the longer survival of these patients (median,
32 months), very early NTX evaluation seems to be associ-
ated with survival in a similar way as later evaluations (e.g.,
at 12 months).Thus, later evaluations do not seemtoimprove
its prognostic value.

Furthermore,the NTXlevels 1and 3 months after starting
ZA therapy were consistently associated with long-term
biomarker response, showing that early control of bone
metabolism after starting ZA is associated with persistent
future control. Thisfinding isinterestingin light of the results
of the ZOOM and OPTIMIZE-2 trials that tested the de-
escalation of ZA (from an every 4-week regimen to an every
12-week regimen) in patients treated with ZA for approx-
imately 12 months [19, 20]. Given the strong association
of early normalization of NTX with later control (but also
longer survival and thus higher cumulative exposure to ZA,
with the associated increased risk of adverse events), it could
be a reasonable strategy to test the early de-escalation of
ZA in those patients with a good biomarker response at
3 montbhs.

We found a greater variation of NTX after the introduc-
tion of ZA in those patients with extraskeletal metastatic
disease sites, in addition to bone metastasis. These patients
showed a trend toward increased bone resorption and a
lower rate of NTX normalization (less than 64 nmol BCE/mmol
creatinine) compared with patients with bone-only metas-
tases. This observation is relevant when we realize that in
all the large phase Il trials that led to the approval of
bisphosphonates or denosumab to treat BC patients with
BMs, the treatment schedule of the antiresorptive agent
was the same, regardless of the sites of metastatic disease:
bone-only or bone with extraskeletal metastases. We do
not know whether this affects the incidence of SREs in
patients with bone plus extraskeletal metastases. Further-
more, the observation that extraskeletal metastases influ-
ence the status of bone resorption in metastatic BC could be
provocative to discover answers to other questions. For
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example, it is not known whether humoral factors affecting
bone resorption are produced by extraskeletal metastases
and/or whether cancer cells can circulate from different sites
of metastases (outside of bone to bone and vice versa) to
restimulate the microenvironment. This appears plausible in
light of the evidence that cancer cells can circulate (reseed)
from metastases to the primary site [21, 22].

CONCLUSION

In a contemporaneous cohort of BC patients with bone
metastases, persistently elevated NTX levels at 3 months after
theintroduction of ZA doubled the risk of death. This effect size
was similar to that of later evaluations (at 12 months).
Furthermore, NTX normalization at 1 and 3 months was
strongly associated with long-term control (at 12 months) of
bone metabolismin response to the introduction of ZA. Finally,
bone resorption, as measured by NTX levels, seems to be
influenced by the site of distribution of the metastases. Thus,
patients with bone plus extraskeletal metastasis tended to
have higher NTX levels and an erratic NTX variation during
treatment with ZA.This observation should be further explored
to clarify whether patients with bone plus extraskeletal
metastases should receive a different treatment regimen of
bone-targeted agents.
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Implications for Practice:

Retrospectively, risk factors were identified for skeletal-related events (SREs) in breast cancer patients with bone metastasis
who were treated with bone-modifying agents (BMAs). For the time to the first SRE and for the SRE frequency, presence
of extraskeletal metastases and BMA initiation =6 months after the detection of bone metastases were risk factors,
respectively. Luminal B type disease, a history of palliative radiation therapy, BMA treatment within 2 years, and elevated
serum calcium levels at initial BMA dose were risk factors for both first SRE and SRE frequency. More vigilant observation

should be considered for patients with these risk factors.
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