Original article

Can bone metabolism markers be adopted
as an alternative to scintigraphic imaging
in monitoring bone metastases from breast cancer?
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Abstract. Bone scintigraphy plays a major role in the di- peptide type | procollagen — C-terminal cross-linked
agnosis of bone metastases. The clinical utility of nevielopeptide of type | collagen
biochemical markers of bone metabolism has recently
been investigated in various bone diseases. This studyur J Nucl Med (1997) 24:1349-1355
evaluated the role of some bone metabolism markers in
comparison with bone scan in the follow-up of breast
cancer patients. We studied 149 patients with breast can-
cer, 33 (22%) of whom had bone metastases. IRMA#$ntroduction
were used for the evaluation of blood levels of osteocal-
cin, bone alkaline phosphatase (BAP), the C-terminaBone is the most frequent site of metastatic spread from
propeptide of type | procollagen and the C-terminalbreast cancer, bone metastases being demonstrated by
cross-linked telopeptide of type | collagen (ICTP). Mul- autopsy in about 70% of cases [1]. Furthermore, as ob-
tivariate regression analysis showed that menopausal steerved by different authors, about one-third of breast
tus (P=0.007) and metastatic bone lesioRs{.001) af- cancer patients have bone metastases at the time of their
fected bone marker levels. When considering postfirst recurrence [1, 2]. Skeletal metastases are often ac-
menopausal women, the only subset in which bone mesompanied by life-threatening complications including
tabolism marker behaviour could be reliably investigat-spontaneous fractures, spinal cord compression and ma-
ed, we found a high degree of overlap in marker distrilignant hypercalcaemia, and they contribute significantly
bution for scan-positive and scan-negative patients. Digo the morbidity caused by advanced breast cancer.
crimination between scan-negative and scan-positive pa- The diagnosis of bone metastases usually requires a
tients based on the above markers, taken singly or jointombination of nuclear medicine, radiographic and clini-
ly, was assessed by means of logistic discriminant analycal laboratory methods. However, all these techniques
sis. The best discrimination was achieved with BAPhave their methodological limitations in terms of speci-
closely followed by ICTP. BAP and ICTP together gaveficity and sensitivity. Bone scintigraphy plays a major
a slight improvement over the use of the two markersole in the diagnosis and follow-up of bone metastases
separately. However, even in this case the degree of dif3]. In a 10-year follow-up study our group found that
crimination was poor and its clinical utility was limited. bone scan can reach a very high sensitivity and a good
In fact, to achieve a specificity of 95%, the sensitivity ofspecificity, with a positive predictive value of 70% and a
the test was about 20%; conversely, with a sensitivity ohegative predictive value of 99.8%. Furthermore, this
95%, the specificity was below 10%. In conclusion,study underlined the importance of bone scans during
based on our findings, we believe that blood levels of théollow-up because some patients may have asymptomat-
investigated markers cannot replace bone scintigraphy iic lesions and a scintigraphic diagnosis can precede ra-
the follow-up of breast cancer patients for the early dediological evidence by several months [4]. Nevertheless,
tection of bone metastases. dosimetric and cost-effectiveness considerations could
limit the use of repeated bone scans during the follow-up
Key words:Bone scintigraphy — Bone metabolism — Os-of asymptomatic patients [3, 5, 6].
teocalcin — Bone alkaline phosphatase — C-terminal pro- Radiographs have limited sensitivity in the diagnosis
of skeletal metastases, particularly if medullary rather
Correspondence toE. Bombardieri, Nuclear Medicine Division, than cortical metastases are present. Skeletal radiogra-
Istituto Nazionale per lo Studio e la Cura dei Tumori, via Venez-phy of areas of bone pain may demonstrate metastases,
ian, 1-20133 Milano, Ital,’ but it has been estimated that 50% of cortical bone must
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be focally destroyed before lytic metastases will becomlaterials and methods

apparent [7]. Skeletal X-rays are often used in combina- i i _

tion with bone scintigraphy to confirm focal uptake on Case seriesThe case series considered was composed of 149
bone scans, as they can demonstrate specific StruC,[urc&nsecutive female breast cancer patients referred for bone scin-

- . . tigraphy; 37 were pre-menopausal (mean age, 38; range, 26-43)
alterations due to the metastatic lesions. Computeg 71> post-menopausal (mean age, 53; range, 41-63). All pa-

tomographic (CT) scans and/or magnetic resonance iMents had had a diagnosis of cancer histologically confirmed post-
aging (MRI) has recently been adopted to better defingperatively and underwent different treatments depending on
these alterations [8—10]. pathological stage and prognostic factors, according to the proto-

Laboratory tests are non-invasive, inexpensive, easyols adopted at the National Cancer Institute in Milan. Bone scin-
to perform and well accepted by patients. Some of thes@raphy represented one step in the clinical surveillance. Thirty-
tests have been proposed as possible substitutes for Xwee patients (22%) had metastatic bone lesions, varying in num-
ray nuclear medicine methods in the follow-up of Cancepgr from one to eight. Patlentslwere considered negative after neg-
patients. This has already happened with prostate-spec tive scintigraphy and a negative follow-up f(_)r at least 1Q months
: . . - ._to rule out the presence of undetectable lesions at the time of the
ic antigen in prostate cancer [11] and with thyroglobulin

. . . examination. Scintigraphically positive patients had subsequent
in differentiated thyroid cancer [12, 13]. Controversy eX'X-ray confirmation and/or their clinical course indicated the pres-

ists over the clinical use_fulness_ of laboratory tests (€.Gence of skeletal disease or progression. Blood samples were ob-
CA 15.3) versus other diagnostic tools (X-rays, ultrasotained at the time of bone scintigraphy. All patients had given
nography, bone scintigraphy) in the follow-up of breasttheir informed consent.

cancer, especially with regard to their ability to modify

the clinical t of patients i | i >ﬁone scintigraphyBone scans were performed following intrave-
e clinical management ol patients in a general Contexf, injection of 555-740 MBq of technetium-99m medronate.

of cost-effectiveness [14]. Against this background, seViyages were acquired with a dual-head tomographic gamma cam-
eral oncological institutions maintain a strictly instru- era equipped with a low-energy, high-resolution (LEHR) collima-
mental follow-up in those patients with the worst prog-tor (Toshiba GCA 7200) 3 h after tracer administration. Total
nostic parameters and at high risk of relapse, so that imody scintigrams were collected by scanning with a speed of
tensive treatment protocols can be activated in cases & cm minton a matrix of 512x1024 pixels.

recurrence. In selected cases, regional planar scintigrams were acquired

In this study we examined bone metabolism markers‘{Vith the same gamma camera on a matrix of 512x512 (dura-
tion=10 min) to better define suspected areas of increased activity.

including traditional markers (serum alkaline phOSFJha_Ima es were evaluated in double-blind manner by two experi-
tase and urinary excretion of calcium and hydroxypro-encgd nuclear medicine specialists y P
line) on the one hand and new biochemical markers '
(bone generation and collagen pathways) on the othelfleasurement of bone metabolism markSstum was separated
Serum alkaline phosphatase and urinary excretion of caly centrifugation at 2500 rpm for 15 min at 4°C and aliquots were
cium and hydroxyproline are the most widely utilized Immediately frozen at —20°C until assay. N
laboratory tests for the detection of bone involvement in_ S€"umM ICTP and PICP were measured by means of a radioim-
breast cancer. However, these tests lack specificity a unng?éspa%/zs('?ﬁ)ffg gotrT:nt%?a%eangii I(%:Z{)ag?ngﬁg)o ”S;”_
sensmwf[y [15_18]' New biochemical markers of bonechased from ltaliana Laboratory Bouty (Milan, italy). Thé intra-
metabolism (i.e. products of osteoblastic cells and prodang interassay CVs were 4.2% and 5.3% for ICA®10) and
ucts of collagen synthesis or degradation) have been ir%:1% and 4.5% for PICPh£10). The analytical sensitivity was
troduced recently and their clinical utility has been in-0.5ug/l for ICTP and 1.2ug/l for PICP. The normal value range
vestigated in various bone diseases including osteoporas 1.8-5.Qug/l for ICTP and 50-17Qg/I for PICP.
sis and Paget’s disease. An interesting point is the poten- The ICTP assay uses an antiserum directed against ICTP re-
tial use of these biochemical markers in the diagnosi$ased from the digestion of human bone collagen by bacterial
and follow-up of neoplastic lesions metastasized to th&0!lagenase or trypsin and purified by two successive reverse-
skeleton. On the basis of these considerations we inves hgase separations on_high-performance liquid chromatography
], whereas the PICP assay is based on human PICP isolated

gateq four markers of bone metabolism, namely the Cg o 1uman skin fibroblast cultures [20].

termmal propeptlde O_f type | procollagen (PICP)' the C- The Osteocalcin MYRIA-C kit, purchased from Italiana Labo-

cross-linked telopeptide of type I collagen (ICTP), 0S-ratory Bouty (Milan, Italy), was employed for the measurement of

teocalcin (BGP) and bone alkaline phosphatase (BAP). BGP serum levels. The kit is a one-step assay and uses an anti-
The aim of this study was to investigate whether thevody which recognizes a central part of the native molecule of os-

presence of bone lesions in breast cancer patients, as &wcalcin. The intra- and interassay coefficients of variation (CVs)

sessed by radionuclides, may be demonstrated by testitgre 3.0% and 5.4%%¢10). The detection limit was Oj&y/l. The

the levels of the aforementioned metabolism markers jRormal value range was 8.0-{ig/l.

blood. In other words, we wanted to establish whether Serum skeletal alkaline phosphatase was measured by means

the determination of these laboratory parameters can tgé the Tandem-R Ostase IRMA kit of Hybritech Europe (Liege,

liabl d bsti for b N h elgium). The assay uses two monoclonal antibodies directed
reliably used as a substitute for bone scintigraphy. against the human bone isoenzyme and BAP purified from human

SAOS-2 osteosarcoma cells as a standard. The intra- and interas-
say CVs were 7.9% and 8.0%—<10), respectively. The detection
limit was 2.0ug/l. The normal value range was 4.0-+2§)l.
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Statistical methodsBone marker distribution was described in Results
terms of 5th percentile, 50th percentile (median) and 95th percen-

tile. Correlation between markers was estimated by computingrhe relevant patient and disease characteristics are re-
Spearman's correlation coefficients. %orted in Table 1. The sample of 149 subjects was quite

As a preliminary step in the analysis, possible associations b . . Lo
tween patient or disease characteristics that might affect bone m eterogeneous. Multivariate regression analysis indicat

tabolism and bone markers were investigated. For this purpose %d that factors S|gn|f|c_antly affecpng bone marker levels,
multivariate linear regression model was adopted in which log-2Part from a neoplastic bone lesiét+0.0010), were the
transformed marker measurements of each subject represented faEesence of other metastass{.0016) and menopause
response profile and the predictor variables considered werdP=0.0070). In particular, whilst patients with other me-
menopausal status (pre- or post-menopausal), bone neoplastic kastases consistently showed increased marker levels,
sions (none, present), neoplastic lesions at sites other than bopgst-menopausal women, as compared to pre-menopaus-

(none, breast primary or recurrent lesions, distant metastases)| women, showed increased levels of BGP and BAP, but
a-specific bone lesions (none, osteoarthrosis or fractures), and opaquced levels of PICP and ICTP.

going antineoplastic systemic treatments (none, chemotherapy, The above findings would suggest separate discrimin-

hormone therapy). The above variables were entered into the mod-

el by means of indicator (0—1) variables. Statistical significanceant analyses in different patient categories defined by the

was assessed at the conventional 5% level based on Wilk’s Iamb(?zpoye fath_)rS' Howeve_r’ cons_idering the limited i”fo'
statistic. mation available on patients with other metastases (eight
Discriminant analyses were performed by using logistic re-cases) and on pre-menopausal patients (36 women, only
gression models in which bone scan outcome represented thiaree of whom had bone metastases), we restricted our
i dels [21] in which b d thl f wh had b tast tricted
dichotomous response and marker measurements, taken singly further investigations to post-menopausal women (105
jointly, were taken as the predictors. Preliminary exploratory analywomen, 24 of whom had bone metastases), who repre-
ysis based on generalized additive models [22] suggested a lineggnted the majority of patients in our sample as well as
relationship (on the logit scale) between the response and PICP M the general population of breast cancer patients
ICTP, whereas a non-linear relationship (roughly of sigmoid " 151,10 5> symmarizes the distribution of each marker in

shape) was observed for BGP and BAP. the t tient sub defined by th f
Coherently, PICP and ICTP were entered into the logistic € (wo patient subgroups defined Dy thé presence of a

models by means of linear terms, whereas two-knots restricted cii€gative or a positive bone scan. The median levels of
bic splines were adopted for BGP and BAP [23, 24]. OptimalPICP, ICTP and BAP were higher in women with bone
spline knots positions were at 18 andi&fll for BGP and 2Qug/l ~ Metastases, whereas the opposite was true for BGP.
for BAP. However, Table 2 also shows that there was a substantial
The main criterion for assessing model discriminative ability gverlap in the marker distribution in scan-positive and
was thec statistic, corresponding to the non-parametric estimatescan-negative patients; the 5th percentiles in particular
of the area under the receiver-operating characteristic (ROCYiq not meaningfully differ in the two patient subgroups,

curve [25]. Thec statistic may vary from 0.5, denoting the lack of while a lesser degree of overlap was observed for 95th
discrimination between scan-negative and scan-positive patiemfjercentiles

to a maximum of 1, denoting perfect discrimination. A jack-knife

approach, as supported by SAS PROC LOGISTIC [26], was used

when computing the statistic to reduce the bias of classifying the Taple 1. Patient and disease characteris:ics.

same data from which the classification criterion is derived.
The sensitivity, specificity, positive predictive value and com-  No. (%)

plementary negative predictive value were also computed, accord- of patients

ing to the following definitions. Sensitivity (Se) is the probability

of a positive test (in our context probability of bone scan positiv-Menopausal status

ity, as computed from marker values, above a given threshold) in a pre menopause 37 (25)

“diseased” subject (a patient with bone metastases), whereas spec-post menopause 112 (75)

ificity (Sp) is the probability of a negative test (probability of bone ) )

scan positivity, as computed from marker values, below thdVeoplastic bone lesions

threshold) in a non-diseased subject (negative bone scan). Both None 116 (78)
the sensitivity and the specificity depend on the threshold chosen: Present 33 (22)
low threshold levels tend to yield a high sensitivity and a low concomitant neoplastic lesions

specificity, whereas the opposite is true for high thresholds. Posi- None 100 (67)
tive predictive value (PPV) and complementary negative predic- Primary tumour or local recurrence 41 (28)
tive value (1-NPV) quantify the probability that the disease is pjstant metastases 3 (5)

present given that the test is positive or negative, respectively. Sta- -~ )
tistical comparison between different logistic regression modelg\specific bone lesions

was based on likelihood ratio tests, where appropriate, or by con- None 102 (68)
sidering the Akaike information criterion (AIC) for comparing  Osteoarthrosis or fractures a7 (32)
non-hierarchical models [27]. Systematic treatment

Finally, to investigate the relationship between marker levels “Ngne 62 (42)
and the number of bone metastases, the former were regressed Othemotherapy 9 (6)
the latter by means of a linear regression model. Hormone therapy 78 (52)
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Table 2. Bone metabolism marker distributicin Table 4. Statistics derived from the logistic model including ICTP
and BAP (see text for explanatic.n)
5th percentile 50th 95th
percentile percentile  Threshold Classified False- Sensitivity ~ Specificity
(median) as negative negative (%) (%)
PICP (ug/l) 0.060 0 0 100.0 0.0
Scan- 72.7 101.9 165.1 0.080 2 1 95.8 1.2
Scan + 66.0 119.4 234.4 0.100 17 4 83.3 16.0
0.120 33 4 83.3 35.8
ICTP g/l 0.140 50 6 75.0 54.3
Scan- 1.3 2.2 4.4
Scan + 1.7 2.6 10.5 0.160 o7 ! 708 61.7
0.180 63 8 66.7 67.9
BGP (ug/l) 0.200 66 8 66.7 71.6
Scan- 2.3 6.5 20.6 0.220 71 10 58.3 75.3
Scan + 0.8 6.0 385 0.240 73 10 58.3 77.8
0.260 74 10 58.3 79.0
BAP (ugfl) 0.280 75 11 54.2 79.0
Scan - 51 9.7 17.1 0.300 77 11 54.2 815
Scan + 4.6 14.9 25.2 0.320 78 12 50.0 815
0.340 83 15 375 84.0
0.360 86 16 33.3 86.4
Except for ICTP versus PICP, Spearman correlatior®.380 87 17 29.2 86.4
coefficients between bone metabolism markers were sigl400 89 19 20.8 86.4
nificantly greater than zero. However, the degree of cor?-420 91 19 20.8 88.9
relation was relatively low, ranging from 0.09 to 0.39,0'440 92 19 20.8 90.1
. . 0.460 94 19 20.8 92.6
well below the maximum achievable value of 1. 0.480 94 19 20.8 926
Results from logistic analyses are reported in Table 3; 5qq 97 20 16.7 95.1

according to the markers included in the model. For each
model the following statistics are reported: the likeli-
hood ratio chi-square test for the fitted model vs the

model containing only the intercept term, the corre-practically the same. When considered singly, all mark-
sponding degrees of freedom aRd/alue, the AIC and ers, except for PICP, showed a significant association
the c statistic (area under the ROC curve). According towith the presence of bone metastases. The best discrimi-
the number of variables included in the models, the lattenation between scan-negative and scan-positive patients
are listed from top to bottom in order of descending was achieved with BAPc€0.689), closely followed by
that is, from best to worst. Ordering based on AIC wasCTP (c=0.659). When marker pairs were considered on-

Table 3. Results from logistic discriminant

analyses in 105 post-menopausal patznts Logistic models LRx? df P AIC ¢

1. BAP 13.345 2 0.0013 105.539 0.689
ICTP 9.775 1 0.0018 107.110 0.659
BGP 6.887 2 0.0320 111.997 0.568
PICP 0.593 1 0.4414 116.292 0.529

2. ICTP,BAP 16.980 3 0.0007 103.905 0.737
PICP,BAP 13.362 3 0.0039 107.522 0.700
BGP,BAP 13.985 4 0.0073 108.899 0.690
ICTP,BGP 12.341 3 0.0063 108.544 0.677
PICP,ICTP 9.828 2 0.0073 109.056 0.658
PICP,BGP 6.927 3 0.0378 113.957 0.568

3. ICTP,BGP,BAP 17.255 5 0.0040 107.630 0.740
PICP,ICTP,BAP 17.056 4 0.0019 105.828 0.737
PICP,BGP,BAP 14.047 5 0.0153 110.838 0.711
PICPR,ICTP,BGP 12.342 4 0.0150 110.543 0.676

4. PICP,ICTP,BGP,BAP 17.365 6 0.0080 109.519 0.744

LR x2, Likelihood ratio test chi-squaréf, corresponding degrees of freeddP value;
AIC, Akaike information criteriong, ¢ statistic.
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1.0 ' the number of lesions detected with bone scan. The asso-
09 ciation was significant for BGPPE0.0163) and BAP
08 (P=0.0190); a lowP value was obtained also for ICTP
N ' / (0.0605).
06 /
05 v Discussion
04 /"
03 g The organic part of the bone matrix consists of 90% type
Yy S | collagen produced from an osteoblastically synthesized
02 it precursor (procollagen) with a molecular weight of
01 |/ A about 450 kDa. During the extracellular processing of
0.0 L LA S this precursor, cleavage of the N-terminal and C-termi-
00 01 02 03 04 05 06 0.7 08 09 10 nal extension peptides by specific proteinases occurs be-
fore the collagen molecules are assembled into fibres
Prior probability Scan + [28]. These peptides are released into the blood with a

stoichiometric ratio of 1:1 with the collagen molecules
incorporated in the extracellular matrix [29]. This is why

PPV, p=01 ——— 1-PPV, p=0.1 their levels can be considered an indicator of bone for-
"""" PPV,p=03 ===== 1-PPV,p=03 mation. In particular, the fragment cleaved off from the
— © 7 PPV,p=0S = = = 1-PPV,p=05 C-terminus, known as the C-terminal peptide of type |
©-66- PPV, p=07 €6 1-PPV,p=07 procollagen (PICP), is a glycoprotein with a molecular

Fig. 1. Positive predictive valuePPV) and complementary nega- Weight of about 100 kDa, consisting of three polypeptide
tive predicted valuel¢NPV) in the logistic model including ICTP  chains connected to each other by disulphide bonds.
and BAP for threshold valués=0.1, 0.3, 0.5 and 0.7 Alkaline phosphatase (AP) is the most commonly
used serum marker to assess osteoblast function. The
main drawback of AP measurement is its lack of speci-
ly the joint modelling of BAP and ICTR+£0.737) gave ficity. In fact, several isoforms of AP may be produced
a non-negligible improvement over the use of the twdy tissues other than bone and consequently the AP con-
markers separately. The improvement was, however, n@entrations in blood come from different sources, in par-
significant according to the likelihood ratio test ticular the liver and kidney. Bone alkaline phosphatase
(P=0.0566). No further improvement of practical impor- (BAP) is present on the surface of osteoblasts and is re-
tance could be obtained when jointly considering thregdeased during the process of matrix mineralization [30].
or all four markers. In an attempt to improve the specificity of BAP serum
Table 4 reports sensitivity and specificity estimatesmeasurement, monoclonal antibody-based assays have
according to the probability of bone scan positivity been developed to differentiate bone from liver isoen-
(threshold) as predicted from the logistic model includ-zymes [31, 32].
ing BAP and ICTP. The second and third columns report Osteocalcin, also called bone gla-protein (BGP), is a
the number of patients classified as scan-negative (presmall non-collagenous protein (molecular weight
dicted probability of bone scan positivity below or equal5.8 kDa) produced by osteoblasts during the matrix min-
to the threshold) and, among these, the number of paralization phase [33]. Its function is not well known, but
tients with bone lesions (false-negative). As can be obit is assumed to bind calcium by titearboxyglutamate
served in Table 4, the sensitivity tended to be remarkablggla) residues contained in the protein. A fraction of the
low, even at very low threshold levels. synthesised protein does not accumulate in bone but is
Figure 1 shows PPV and 1-NPV curves for variousreleased directly into the circulation [34]. Some frag-
threshold choicesP), again considering the combined ments of the protein may also be released during bone re-
use of BAP and ICTP. The degree of displacement of theorption, especially when there is a high turnover. Several
curves from the diagonal (line) indicates the extent tdlifferent assays have been used for BGP determination,
which the test can serve the purpose of ruling out (1lemploying different standard preparations (bovine and
NPV curves) or confirming (PPV curves) the diagnosishuman proteins) and different immunoreagents (mono-
In all conditions tested, 1-NPV curves showed little dis-clonal and polyclonal antibodies) [35]. The consequences
placement from the diagonal, whereas a more favourablef this methodological heterogeneity, together with the
picture emerged for PPV curves for suitably choserfact that the molecule easily loses its immunological ac-
thresholds. tivity at room temperature, are the discrepancies in the
Finally, when considering the 24 women with provenliterature regarding the changes in serum osteocalcin in
bone metastases, a linear relationship was observed bghysiological or pathological conditions [36].
tween circulating levels of all markers tested after loga- After collagen is incorporated into bone matrix,
rithmic transformation of the original measurements andross-links form a stable network of collagen fibrils.
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Pyridinoline and deoxypyridinoline are two of these scintigraphy with bone metabolism markers to detect the

cross-links. During bone resorption, degradation of expresence of skeletal metastases [43], our results show the

tracellular collagen occurs, and the various cross-linkingpoor diagnostic utility of these laboratory tests in post-

components are released either in peptide-free or in pepaenopausal patients, which is the group with the highest

tide-bound form. ICTP, released through type | collagedikelihood of skeletal metastases. In fact, the specificity

degradation, includes those cross-links [37] and is foundnd sensitivity of these determinations are unsatisfacto-

in an immunochemically intact form in blood [38]. PICP, ry, and it is not realistic to propose their use in the diag-

BAP, BGP and ICTP have been tested in this study tmosis of skeletal localizations. Moreover, when there is a

evaluate their clinical utility in discriminating breast diagnostic suspicion of skeletal metastases, there is a

cancer patients with or without bone metastases. Theeed to confirm and evidence the site of the localization.

marker results were compared to those of bone scintigr&ncologists therefore need whole-body imaging to dis-

phy, which were considered as the gold standard. cover the topography of the metastatic site. Even if the
As a preliminary step we investigated by multivariatelaboratory tests had a better diagnostic efficacy, for ther-

regression analysis the factors influencing bone markegipeutic decision-making it would still be reasonable to

levels in our series of patients. The analysis shows thatarry out diagnostic imaging.

besides the presence of neoplastic bone lesions also the

presence of visceral metastases and menopausal staAeknowledgementsThis work was partially supported by an

can affect the serum levels of the marker. In particu|af\|RC project on breast cancer diagnosis and characterization

post-menopausal patients (as compared to pre-meno-

pausal patients) showed increased levels of BGP and

BAP but reduced levels of PICP and ICTP. The appar-

ently paradoxical increase in markers of osteoblastic ad¥éferences

tivity such as BGP and BAP in a stage of life (post-

menopause) characterized by bone loss can be explaineﬁ ) : !

by the fact that osteoblastic activity does not reflect a g;;tc;fc}';ﬂfﬂg@gﬁ,@;?gg_ﬂ'uence of prognostic factors.

pOS_IIIV(_e balance in bone formation. Convers_ely PICP, Kamby C, Rose C, E}Iersten B, Andersen J, Birkler NE, Ryt-

which is released only at the collagen formation phase, ter L, Andersen KW, Zedeler K. Stage and pattern of metas-

is a better index of bone formation [39]. The reasons for tases in patients with breast candgur J Cancerl987; 23:

reduced levels of a bone resorption marker such as ICTP 1925-1934.

in post-menopausal women are not easy to identify.3. Wikenheiser KA, Silberstein EB. Bone scintigraphy screening

Probably the ICTP assay does not reflect such minimal in stage I-Il breast cancer: is it cost effectiv@feve Clin J

changes as occur after-menopause, even though it may Med1996; 63: 43-47. _ o _

be a good marker for osteoporosis, as has been observ ggﬁgasznﬁgizgﬂ;Ei’nAg;g;gf(;;‘é’;‘fa;d'?;n'i'egr”r?cﬂ%WGl';b

> Isne\\//?er\{;lvI i?t&%rssﬁgn‘lnz&mber of pre-menopausal pa- study.J Nucl Biol Med1993; 37: 57-61 -

. . . . d'5 Loprinzi CL._ It is now the age to de_flne th_e appropriate fol-

tients with skeletal metastases in our study we restricted  |5,y_p of primary breast cancer patienisClin Oncol1994;

our investigation of the accuracy of metabolic markers in 12 gg1-883.

detecting bone lesions to post-menopausal patients. Irs. Rosselli Del Turco M, Palli D, Cariddi A, Ciatto S, Pacini P,

this group the median levels of bone metabolic markers Distante V. Intensive diagnostic follow-up after treatment of

were generally higher in patients with than in those primary breast cancefJAMA1994; 271: 1593-1597.

without bone metastases. However, we found a substanZ. Rankin S. Radiology. In: Rubens RD, Fogelman |, &tme

tial overlap in the marker distribution for scan-positive :(noertlgséapsrﬁ'\ze?'iiggngols:ise ;ngltreatmmrlin Heidelberg New

and sc_an-negative patients: W.hen markers were ConSidé BroWn B Laor,r A Gree;s én A, Stadalnik R. Negative bone

ered §|ng|y the best dIS'(‘ermIna.tlng marker between scan- scintigrap;hy with ldiffuse oF)steobiastic carcinoma gEnetastases.

negative and scan-positive patients was BAP, cIo_ser fol- clin Nul Med1994: 19: 194—196.

lowed by ICTP. When we considered marker pairs, only g vandemark RM, Shpall EJ, Affronti ML. Bone metastases

the joint modelling of BAP and ICTP gave an apprecia- from breast cancer: value of CT bone window€omput As-

ble improvement over the use of the two markers sepa- sist Tomogr1992; 16: 608—614.

rately. No further improvement could be obtained with10. Freig SA. The role of new imaging modalities in staging and
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