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Abstract

Metastatic spread to bone is common in patients with breast cancer and its early detection is required for the better management of these
patients. Several biochemical markers of bone remodeling have been recently developed, in order to assess metastatic bone disease with no
radiologic methods. The pyridinolin cross-linked amino-terminal telopeptide of type | collagen (NTx) has been measured in serum and urine
as a specific marker of bone collagen breakdown, while the bone-isoform of alkaline phosphatase (BAP) has been used to determine bone
formation activity.

Thirty-three consecutive ambulatory patients with metastatic breast cancer and bone metastases and 31 with extraskeletal metastases only
matched for age and menopausal status, were studied. Serum levels of NTx and BAP were measured by enzyme-linked immunosorbent assays
The diagnostic accuracy of both markers was evaluated by receiver operating characteristic (ROC) analysis.

Patients with bone metastases had significantly higher levels of NTx433609 nM BCE versus 234 21.0 nM BCE P <0.05) and BAP
(57.8+£31.7 U/L versus 36.528.5U/L, P<0.01) compared to those without bone metastases. NTx was positively correlated with BAP
(R=0.340,P<0.01). The area under the ROC curve was 0.671 for NTx and 0.755 for BAP. Using a cut-off value of 29.7 nM BCE for NTx,
specificity and sensitivity were 87.1% and 45.5%, respectively; in the case of BAP, using a cut-off value of 50.6 U/L, the specificity and
sensitivity were 90.3% and 54.5%, respectively. In patients not receiving concomitant hormonal treatment, the area under the ROC curve was
0.724 for NTx and 0.822 for BAP; in this subgroup of patients, using a cut-off value of 30.0 nM BCE for NTx, the specificity and sensitivity
were 96.2% and 47.1%, respectively, while using a cut-off value of 50.0 U/L for BAP, the corresponding percentages were 92.3% and 70.6%.

Although serum NTx and BAP are quite specific, they are not sensitive enough to diagnose bone metastases in patients with advanced
breast cancer. Their diagnostic accuracy, however, is considerably enhanced in patients not receiving hormonal therapy.
© 2004 Elsevier B.V. All rights reserved.
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in estrogen receptor-positive patief2y. As the disease pro- All patients underwent clinical examination, bone survey
gresses, almost 70% of patients will develop bone metastasesvith Tc-99 bone scan and X-rays and assessment of the ex-
[3]. The median survival from the diagnosis of bone involve- traskeletal disease with chest X-rays, liver ultrasonogram and
ment ranges between 18 and 20 months, with major causes oCT scans when indicated. Bone metastases were classified ac-
morbidity the skeletal related complications, such as patho- cording to the type and bulk of skeletal lesions. More specif-
logic fractures, hypercalcemia and spinal cord compressionically, lesions were characterized by an independent viewer
[4]. Early detection and treatment is of utmost importance, as lytic, blastic or mixed, whereas the bulk of disease, which
as skeletal metastases may influence the quality of patients’concerned the number of segments involved, was character-
life. ized as few (<3 independent segments), or multipl®)(site
Plain radiographs remain the standard method for the di- involvement.
agnosis and follow-up of skeletal involvement while bone Post-menopausal status was defined by one of the follow-
scintigraphy is also used as a whole-body imaging tech- ing criteria: (i) spontaneous amenorrhea for at least 5 years;
nique with extreme sensitivity. In addition, several biochem- (ii) spontaneous amenorrhea lasting at least 12 months with
ical markers of bone formation and bone resorption have re- gonadotrophin levels within the postmenopausal range (FSH:
cently been developed, in order to assess metastatic bon20-143 mIU/ml, LH: 16—71 mIU/ml); (iii) secondary amen-
disease. Among these markers, bone-specific alkaline phosorrhea due to surgical treatment or radiotherapy.
phatase (BAP) reflects bone formation, while the amino-  The trial was approved by the local ethical committee and
terminal telopeptide of type | collagen (NTx) represents a all patients enrolled gave informed consent.
degradation product of mature collagen and reflects bone
resorption. 2.2. Biochemical analysis
The biochemical markers of bone turnover have provided
useful data in patients with osteoporosis, Paget's disease, Bone markers were measured in serum obtained from
hypercalcemia and bone metastg&es8]. Bone-specific al-  fasting morning blood samples and stored-&0°C until
kaline phosphatase has been used as a marker of skeletab be assayed. Determination of NTx was performed by an
metastases, although it seems of limited use in assessing thenzyme-linked immunosorbent assay (ELISA, Osteofark
anti-resorptive respon$®]. Urinary NTx, on the other hand,  NTx serum test, Ostex Inernational Inc., Seattle, USA). This
has already been shown to correlate with the type and ex-assay is a competitive inhibition ELISA format in which
tent of bone metastases and has been used to monitor théhe NTx antigen, which has been absorbed to the surface
anti-resorptive effect of bisphosphonate therapy in patients of microtiter plate wells, specifically the a-2 chain Nf
with hypercalcemia and bone metastd§e8,10] Although telopeptide fragment, is recognized by a horseradish perox-
the standard method of NTx evaluation is the measurementidase labeled monoclonal antibody. After adding LO®f
of urine concentrations, normalized to creatinine levels, it each calibrator, control and sample into the wells andll00
seems that serum assays have less sample to sample variabibf antibody conjucate diluent (1:101), the plate was incu-
ity and are more easily available that their urine indices, as bated for 90 min atroom temperature. The next steps included
serum specimens are also used for numerous other laborator§ive washes with wash solution, addition of the chromogen
investigationg6,11,12] reagent (20@ul/well) and incubation for 30 min. Finally, the
The aim of the present study was to determine the diag- developed blue color in the wells turned to yellow when
nostic validity of serum NTx and BAP in predicting skeletal added 10@l 1 M H>SO as stopping reagent. Optical den-
metastases in patients with breast cancer. sity was measured at 450 nm with a 630 nm reference filter.
Serum NTx levels were expressed in nanomoles of bone col-
lagen equivalents (BCE) per liter (nM BCE). According to
the literature, the mean reported value in healthy individuals

2. Patients and methods is 15.9+ 3.8 nM BCE[13].
The levels of BAP were determined by ELISA, using a
2.1. Patients commercially available kit (Metra! BAP Kit, Metra Biosys-

tem, San Diego, CA, USA). ELISA was performed on ster-

All consecutive ambulatory patients with newly diagnosed ile 96-well round bottomed microplates. Each well contained
bone metastases and histologically confirmed breast cancerimmobilized monoclonal anti-BAP IgG murine antibody. Af-
with or without extraskeletal involvement, who were referred ter the addition of 12l of assay buffer, and applying 20
to our Department between July 2002 and December 2003,0f the samples to each well (all runs in triplicate), the mix-
were considered for enroliment. Another group of patients tureswere incubated for 3 h at room temperature. Microplates
with breast cancer bearing only extraskeletal metastaseswere washed and the next step was to addidls® substrate
matched for age and menopausal status, were also studiedcomprised of paranitrophenol phosphate (pNPP) in 2-amino-
Patients with bone metabolic diseases, renal failure, feed-2-methyl-1-propanol and to incubate for 30 min for color de-
ing disorders or a second primary malignancy were excluded velopment. The reaction was determined with 1 N NaOH and
from the study. optical density (OD) was measured at 405 nm in Molecular
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Devices E-max photometer. All quantitative results for BAP Table 2

were expressed as units per liter (U/L) where 1 Unit repre- Metastatic status in patients with bone metastases

sents Jumol of pNPP in the substrate buffer. The reference No. of patients 33
normal range for BAP is 14.2—47.7 U/L. Calibration and val- TYPe of bone metastases

idation of results were performed using the Softmax PRO ';g;ic 1110((33%33@)
software (Version 2.4.1). Mixed 12 (36.4%)
Lo i Bulk of bone metastases
2.3. Statistical analysis Few-site involvement<3 sites) 10 (30.3%)
Multiple-site involvement (>3 sites) 23 (69.7%)
Statistical analysis was performed using the SPSS 10.0 Extraskeletal metastases 23 (69.7%)

statistical software package (SPSS Inc., Chicago, IL, USA).

Continuous variables were expressed as meais.D. Mean bone disease (37:036.9nM BCE versus 23521.0nM

values were compared between groups using Studete®  BCE, P<0.05 and 57.8& 31.7 U/L versus 36.528.5 U/L,

or Mann-WhitneyJ-test, according to the distribution ofthe  p<0.01, respectivelyFig. 1). Overall, NTx was positively

variables tested by the Kolmogorov—Smirnov test. Chi-square correlated with BAP R=0.340,P<0.01). However, when

testwas used to compare categorical variables. Linear regresthe two patient subgroups were studied separately, this cor-
sion analysis was used to investigate potential relationshipsre|ation was no more significant in patients with no bone
between variables. Receiver operating characteristics (ROC)disease, while in patients with bone metastases the correla-

curves were plotted to evaluate the diagnostic accuracy oftion remained significant and was even stronger 0.448,

bone remodeling markers in predicting bone metastases. Ap<0.01).

P <0.05 was considered statistically significant. In the group of patients with bone metastases, mean
BAP was higher in patients with blastic than lytic bone le-
sions (56.4+-29.8 U/L versus 43.6:21.3 U/L), but the dif-

3. Results ference was not statistically significant. In contrast, mean
BAP was significantly higher in patients with multiple than

Sixty-four patients were enrolled in the study, 33 with in those with few bone site involvement (65:34.2 U/L
bone and extraskeletal metastases and 31 with extraskeletajersus 39.8-13.8 U/L, P<0.01). On the other hand, mean
metastases only. Patients’ baseline characteristics are showNTx was significantly higher in patients with blastic skele-
in Table 1 The two patient groups did not differ with re-  ta| metastases than in those with lytic ones (3725.9 nM
spectto age and menopausal status. Patients with bone metaBCE versus 18.5- 7.3 nM BCE,P<0.05). Mean NTx also
tases, however, had a higher percentage of positive hormonakhowed a trend for being higher in patients with multiple bone

— estrogen or progesterone — receptors. Patients with bongesions compared to those with few lesions (4842.1 nM

metastases were mainly treated with hormonal therapy, while BCE versus 22.6- 14.5 nM BCE,P=0.057).

chemotherapy was more frequently given in patients with  Regarding the effect of concomitant therapy, NTx and

extraskeletal metastases only. Concerning the sites of metasBAP were significantly correlated in patients not receiving

tases, liver involvement occurred in 27 patients, followed by hormonal therapy and this correlation was stronger than

lung (21 patients), brain (8 patients), skin (8 patients) and the one encountered in the overall study groRg 0.448,

lymph nodes (4 patients); 5 patients had locally advanced p<0.01). However, the correlation disappeared in patients

breast cancer and 6 had other sites of metastatic involvementtreated with concomitant hormonal therapy. Both mean
including bone marrow, pleura and palate. NTx and BAP were higher in patients receiving hormonal

Out of 33 patients with skeletal metastases, 10 had only therapy (39.8t 42.9nM BCE versus 252 22.0nM BCE
bone metastases and 23 had both skeletal and extraskeletadhr NTx and 50.0+ 29.8 U/L versus 46.3 33.0 U/L for
metastases. The characteristics of this subgroup of patientBAP, respectively), but the differences were not signifi-
are demonstrated ifable 2 cant. In patients receiving hormonal therapy, mean NTx

The mean NTx and BAP values were significantly higher and BAP did not differ significantly between patients
in patients with bone metastases compared to those withoutyith and without bone metastases (3%35.2nM BCE

Table 1
Patient characteristics

Total Bone metastases ) Bone metastases (+) P
No. of patients 64 31 33
Age (years) 6112 62+ 12 61+ 12 NS
Postmenopausal 50 (78.1%) 26 (83.9%) 24 (72.7%) NS
Hormonal receptor (+) 31 (48.4%) 9 (29.0%) 22 (66.7%) <0.01
On hormonal therapy 21 (32.8%) 5 (16.1%) 16 (48.5%) <0.01

On chemotherapy 52 (81.3%) 30 (96.8%) 22 (66.7%) <0.01
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100
curve was 0.671 for NTx (95% confidence intervals (Cl),
80 0.537-0.804R < 0.05 versus the reference area of 0.500) and
0.755 for BAP (95% CI, 0.635-0.87®,<0.001). Using a
60 cut-off value of 29.7 nM BCE, the specificity and sensitivity
of NTx were 87.1% and 45.5%, respectively. In the case of
40 BAP, using a cut-off value of 50.6 U/L, the specificity and
sensitivity were 90.3% and 54.5%, respectively. The ROC
35 curves were also plotted separately for patients treated with
and without concomitant hormonal theragyid. 3). In pa-
0 . . tients receiving hormonal therapy, the areas under the curve
N= 31 a3 for both NTx and BAP were extremely low (0.400 and 0.513,
(b) Bone metastases (-)  Bone metastases (+) respectively) and did not differ significantly from the ref-

. o . erence area of 0.500. In contrast, in patients not receiving
Fig. 1. Box-plot graphs of NTx (a) and bone-specific alkaline phosphatase . .
(b) in metastatic breast cancer patients with and without bone metastases. Irhormonal therapy the correspondlng areas were even hlgher
each plot, the box represents the interquartile range which contains the 50%than those of the overall group (0.72< 0.05 for NTx and
of observed values; the bold line across the box indicates the median; the0.822,P < 0.001 for BAP). In this subgroup of patients, using
whiskers extend from the box to the highest and lowest values, excluding 5 cut-off value of 30.0 nM BCE, the specificity and sensitiv-

outliers and extremes; open circles represent the outliers, which are case 0 0 ; . ;
with values between 1.5 and 3 box lengths from the upper or lower edge ofslty of NTX were 96.2% and 47.1%, reSpeCtIVEIy’. r_egardlng
the box; stars represent the extremes, which are cases with values more thalBAP’ using a cut-off value of 50.0U/L, the SpeCIfICIty and

3 box lengths from the upper or lower edge of the box. sensitivity were 92.3% and 70.6%, respectively.

versus 47.8& 37.9nM BCE for NTx and 52.8 33.1U/L
versus 43.616.5U/L for BAP, respectively), while in 4. Discussion
patients not receiving hormonal therapy, these differences

were statistically significant (36%28.7 nM BCE versus Several biochemical markers of bone remodeling have re-
18.8+12.5nM BCE,P<0.05, for NTx and 63.4 30.2 U/L cently been developed as an objective means to assess pa-
versus 35.2 30.3 U/L,P<0.01, for BAP, respectively). tients with bone metabolic diseases, such as osteoporosis and

Inwhat concerns the diagnostic accuracy of NTx and BAP Paget’s disease, in addition to imaging technig[6&44].
in predicting bone metastases, the corresponding ROC curved hese biochemical markers are mostly stable-end products
forNTxand BAP are shown iRig. 2 The areaunderthe ROC released into circulation either during bone formation or dur-
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Recently, NTx levels have been estimated in patients with
bone metastatic disease. Studies have shown that urinary
NTx was elevated in patients with untreated bone metas-
tases and correlated with the extent and type of metastases
[8,10,16] Urinary NTx may also assess the anti-resorptive
and analgesic effect of bisphosphonate treatment, evaluate
the disease progression in bonewhile it may be used to sched-
ule the appropriate dose and efficacy of the bisphosphonate
[5,10,11,17]Among bone formation markers, BAP has been
shown to be elevated in patients with untreated skeletal metas-
tases as the overall bone remodeling process is usually imbal-
anced10,18] Nevertheless, itis of limited value in assessing
the response to anti-resorptive treatmfgi]. Limited and
conflicting data are available about the use of these markers
in screening bone metastatic disease. Urine NTx had been
associated with a high diagnostic validity in patients with
bone metastases from a variety of solid tumors, including
lung cancer and early stage prostatic cafi8gr9,20]

In a very recent study, serum NTx levels were found to
bear a prognostic significance in a cohort of 250 breast cancer
patients with bone metastases, who participated in two ran-
domized studies of second-line hormone ther@dy. More
specifically, patients with elevated serum NTx levels at base-
line had a shorter duration of clinical benefit, time to tumor
progression and overall survival compared to those without
NTx elevation.

In the present study, serum NTx and BAP concentrations
were evaluated in metastatic breast cancer patients with and
without bone metastases. The two groups were matched for
age and menopausal status, factors that are known to interfere
with bone metabolism. Both NTx and BAP were significantly
higher in patients with bone metastases. Furthermore, in this
subgroup, the correlation between NTx and BAP was stronger
than in the entire cohort. Serum NTx and BAP were also
correlated, as it was expected, with the bulk of bone disease
and the type of lesions.

In the subgroup of patients receiving hormonal therapy,
mean NTx and BAP did not differ significantly between pa-
tients with and without bone metastases. This is consistent
with the well-known correlation between hormonal replace-
ment therapy and osteoporosis in patients with breast cancer

Fig. 3. Receiver operating characteristics curves for NTx (solid line) and [22’231 . .
bone-specific alkaline phosphatase (dotted line) in patients not receiving ~According to ROC analysis, BAP seemed to have a bet-

hormonal therapy (a) and in those on concurrent hormonal therapy (b).  ter diagnostic accuracy than NTx in predicting bone metas-
tases in patients with advanced breast cancer. Both mark-
ing bone resorption and can be detected in serum or urine.ers, although quite specific, with overall specificities reach-
Pyridinium cross-links and associated telopeptides — amino-ing 90%, were not sensitive enough, as sensitivities were
terminal, NTx and carboxy-terminal, CTx — represent frag- lower than 55%. This lack of sensitivity may be attributed to
ments of cross-linking amino acid derivatives that stabilize the concomitant hormone-treatment or to the high incidence
the type | collagen fibrils in bone. Type | collagen telopep- of bone micrometastatic disease in patients with metastatic
tide sequences that contain these cross-linking residues havéreast cancer. Indeed, it has been shown by autopsy series
proven to be more specific markers of bone resorption thanthat over 75% of patients with advanced breast cancer have
the free crosslinks themselvgls]. The specificity of NTx bone metastasd8]. Regarding the first factor, ROC curves
results from the fact that it originates solely from type | col- were plotted separately as to the presence or absence of con-
lagen and is produced as a neo-epitope by osteoclast activitycomitanthormonal therapy. Actually, in patients notreceiving
during bone-resorption phase. hormonal therapy, both NTx and BAP had an enhanced diag-
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nostic accuracy for bone metastases compared to the entire[7] J. Vinholes, C.Y. Guo, O.P. Purohit, R. Eastell, R.E. Coleman, J.

group, with NTx specificity reaching 96% and BAP sensitiv- Clin. Oncol. 15 (1997) 131-138.

ity reaching 70%. In contrast, in patients on hormonal ther- [81 M. Izumi, . Nakanishi, K. Takayama, K. Kimotsuki, K. Inoue, H.

Wataya, T. Minami, N. Hara, Cancer 91 (2001) 1487-1493.

apy, the areas under the ROC Cu.rves f_or b?th NTx and BAP [9] L.M. Demers, L. Costa, A. Lipton, Clin. Orthop. Rel. Res. 415

were extremely low and did not differ significantly from the (2003) 138-147.

reference area of 0.500. [10] L. Costa, L.M. Demers, A. Gouveia-Oliveira, J. Schaller, E.B. Costa,
In conclusion, although serum NTx and BAP are specific M.C. de Moura, A. Lipton, J. Clin. Oncol. 20 (2002) 826-850.

markers and their diagnostic accuracy is substantially en-11] E' Efesstgl';n’\(‘j “éa'g’;]aé"snit \I’:’Iei;%n"é",\itéggeéé ';"'Eet(t;%%%r)' SDéféggé

hanced in patients nOt receivmg hqrrn_ongl ther‘f"pY’ they a‘re[lz] H..W. Woitge,’M.'Pecherstorfér, Y. Li, A.V. keck, IE. Horn, R. Ziegler, .

generally characterized by low sensitivity in predicting skele- M.J. Seibel, J. Bone Miner. Res. 14 (1999) 792-801.

tal metastases in advanced breast cancer patients. The diagt3] I. Kanakis, M. Nikolaou, D. Pectasides, C. Kiamouris, N.K. Kara-

nostic accuracy of these and other markers in detecting the ~ manos, J. Pharm. Biomed. Anal. 34 (2004) 827-832.

presence of bone micrometastases, before these metastasgg! L-M. Demers, M. Kleerkoper, Clin. Chem. 40 (1994) 1994-1995.

- . . . [15] P. Garnero, E. Gineyts, P. Arbault, C. Christiansen, P.D. Delmas, J.
become clinically apparent by radiologic techniques, may be Bone Miner. Res. 10 (1995) 641-649.

the aim of future prospective studies. [16] L.M. Demers, L. Costa, A. Lipton, Cancer 88 (2000) 2919-2926.
[17] J. Vinholes, O.P. Purohit, M.E. Abbey, R. Eastell, R.E. Coleman,
Annu. Oncol. 8 (1997) 1243-1250.
[18] P. Magnusson, L. Larsson, G. Englund, B. Larsson, P. Strang, L.
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