
Abstract. This study was designed to evaluate the utility of the
bone markers total alkaline phosphatase (TAP), bone-specific
alkaline phosphatase (BAP), aminoterminal propeptide of type
I collagen (PINP), carboxyterminal propeptide of type I collagen
(PICP), pyridinoline crosslinks (PYD), deoxypyridinoline
crosslinks (DPD), cross-linked carboxyterminal telopeptide of
type I collagen (ICTP), cross-linked carboxyterminal telopeptide
of type I collagen (CTx, ‚-CrossLaps) and tartrate-resistant acid
phosphatase 5b (TRAP 5b) in comparison with bone
scintigraphy for the diagnosis of bone metastasis in lung
carcinoma patients. The study population consisted of 49
patients with bone metastasis confirmed by plain radiography
and/or computed tomography, 89 patients without bone
metastasis, 12 patients with benign lung diseases and 18 healthy
persons. All patients were of male gender. The bone markers
were measured using commercially available tests. Serum and
urine were collected from fasting patients at the time of bone
scan between 7.00 and 8.00 a.m. The sensitivity of bone

scintigraphy was 100%, its specificity 76.4%, resulting in a
diagnostic efficiency of 84.8%. The positive predictive value was
calculated to be 70% and the negative one to be 100%. The
concentrations of the bone markers TAP, BAP, PINP, PYD,
DPD and ICTP were significantly higher in patients with bone
metastasis than in those without bone metastasis (p<0.01). The
levels of PICP and CTx only tended to be higher in the patients
with bone metastasis compared to those without bone
metastasis. There was no significant difference in the TRAP 5b
levels between the two groups. There was also no difference in
the marker levels between osteoblastic, osteolytic and mixed
osteoblastic-osteolytic lesions. Contrary to BAP, PICP, CTx and
TRAP 5b, the markers TAP, PINP, PYD, DPD and ICTP were
found to be higher (p<0.01-0.05) in patients with bone
metastasis than in patients with benign lung diseases. In
addition, PYD, DPD and ICTP differentiated patients with
benign lung diseases from the healthy controls. Based on cut-off
values that correspond to 95% specificity in the group of healthy
persons, the sensitivity of the marker assays were as follows
(specificity in brackets): TAP 33.3% (97.5%), BAP 22%
(100%), PINP 18.4% (97.5%), PICP 2.1% (95.2%), PYD
91.8% (24.1%), DPD 83.7% (34.5%), ICTP 75.5% (44.6%),
CTx 45.8% (77.5%) and TRAP 5b 14% (84%). The
corresponding data for the diagnostic efficiency were as follows:
TAP 73.6%, BAP 77.1%, PINP 67.7%, PICP 61.1%, PYD
48.5%, DPD 55.2%, ICTP 56.1%, CTx 65.6% and TRAP 5b
58.7%, respectively. The positive predictive values ranged from
20% (PICP) to 100% (BAP) and the negative values from
62.7% (PICP) to 84% (PYD). In the ROC analysis, TAP,
followed by BAP, PINP and PYD, showed the best performance.
The levels of TAP, BAP, PINP, PYD, DPD and ICTP were
found to be higher in the patients with bone metastasis
compared to those with metastastic lesions in other sites
(p<0.01, except for ICTP having a p value of < 0.05). The
levels of TAP, BAP, PYD, DPD and ICTP increased
significantly with the number of metastases. There was also a
steady increase in T scores of the markers PINP, PYD, DPD
and ICTP with the extent of the metastatic bone disease. It is
concluded that the currently available bone markers cannot
replace bone scintigraphy, either for screening or in the diagnosis
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of bone metastasis, in lung carcinoma patients. However, a
panel consisting of TAP, BAP, PINP, PYD, DPD and ICTP
may be of some value as an adjunct tool to bone scintigraphy
for this purpose.

In lung cancer, metastatic spread to bone occurs in about

10%-35% of cases during the course of this malignant

disease (1). At autopsy, the prevalence of bone metastases

from this malignancy was found to range from 32% to 40%

(2). The diagnosis of bone metastasis is usually performed

initially with bone scintigraphy screening and confirmed by

plain radiography and/or computed tomography or magnetic

resonance imaging (3). Although the sensitivity of bone

scintigraphy is quite high, its specificity is not satisfactory

due to pseudo-positive values caused by inflammation and

traumatic fracture.

In recent decades, several biomarkers of bone metabolism

such as total alkaline phosphatase (TAP), bone-specific

alkaline phosphatase (BAP), aminoterminal propeptide of

type I collagen (PINP), carboxyterminal propeptide of type I

collagen (PICP), pyridinoline crosslinks (PYD), deoxypyri-

dinoline crosslinks (DPD), cross-linked carboxyterminal

telopeptide of type I collagen (ICTP), cross-linked

carboxyterminal telopeptide of type I collagen (CTx, ‚-

CrossLaps) and tartrate-resistant acid phosphatase 5b

(TRAP 5b) have been developed. These biomarkers are

thought to reflect bone formation and resorption during

bone metastasis formation, especially in carcinomas of the

prostate and breast (4).

Recently, three studies have been conducted to evaluate

the significance of the bone markers as tools for the

diagnosis of bone metastasis in lung cancer. These studies,

however, led to contradictory results. Aruga et al. (5)

reported ICTP as the leading marker, whereas other

investigators found PINP and ICTP (6) or NTx and PYD

(7) as the most useful markers for this purpose.

These findings prompted us to reassess the usefulness of

the bone markers in comparison with bone scintigraphy for

the diagnosis of bone metastasis in lung carcinoma patients.

We measured a broad spectrum of markers, namely TAP,

BAP, PINP, PICP, PYD, DPD, ICTP, CTx and TRAP 5b,

in lung carcinoma patients with and without bone

metastasis, in patients with benign lung diseases, and in

healthy persons.

Materials and Methods

The study population comprised 49 lung carcinoma patients with

bone metastasis (mean age: 63.6, range: 40-80 years), 89 lung

carcinoma patients without bone metastasis (mean age: 65,

range: 40-87 years), 12 patients suffering from benign lung

diseases (mean age: 64.8, range: 54-77 years) and 18 healthy

persons (mean age: 48.7, range: 27-61 years). All patients were

of male gender. 

Diagnosis was performed using standard protocols including

histopathological examination of biopsy material. The distribution

of the disease stages based on the international staging system for

lung carcinoma described by Mountain (8) was as follows: TNM

stage I, 12 patients; TNM stage II, 16 patients; TNM stage IIIa, 23

patients; TNM stage IIIb, 11 patients, TNM stage IV, 84 patients.

The histopathological types of the tumors were grouped according

to the WHO classification (9), comprising 50 squamous cell

carcinomas, 46 adenocarcinomas, 26 small cell lung carcinomas and

24 other NSCLC. Bone scintigraphy was carried out using 99 mTc

hydroxymethylene diphosphate-isotope as radionuclide. The

presence of bone metastasis was confirmed by plain radiography

and/or computed tomography. Based on bone scan, the extent of

bone metastasis was classified into three grades: grade 1, solitary

lesion; grade 2, two to five lesions, grade 3, six and more lesions. 

The study was restricted to men to exclude postmenopausal-

related increases of bone markers. As a pronounced circadian

variation exists with many markers (e.g. PYD, DPD, CTx), all

samples were collected at the time of bone scan in the morning

between 7.00 and 8.00 a.m., from fasting patients. The sera and

urine samples were kept frozen at -40ÆC until analysis. TAP was

measured by using p-nitrophenyphosphate substrate in

diethanolamine buffer at 25ÆC (Roche Diagnostics, Mannheim,

Germany). The BAP assay was performed with an

chemoluminescence immunoassay of Beckman Coulter (Krefeld,

Germany). PINP, PICP and ICTP were determined using

radioimmunoassay kits of Orion Diagnostics (Epsoo, Finland). The

PYD and DPD assays were performed using the HPLC technique

after acid hydrolysis as described by Black et al. (10). CTx was

assessed with a electrochemiluminescence immunoassay of Roche

Diagnostics and TRAP 5 b with an enzyme immunoassay of Medac

(Wedel, Germany). The data are expressed as the mean ±

standard deviation, and 5%, 50% (median) and 95% percentiles.

The results of the PYD and DPD measurements are expressed

relative to urinary creatinine.

Sensitivity and specificity were calculated using cut-off values

that correspond to the 95% specificity of the marker tests in the

group of healthy subjects. The cut-off values were found to be 

185 U/l for TAP, 23.5 Ìg/l for BAP, 113 Ìg/l for PINP, 341 Ìg/l for

PICP, 224 Ìg/g creatinine for PYD, 52 Ìg/g creatinine for DPD, 

5.7 Ìg/l for ICTP, 0.7 Ìg/l for CTx and 7.5 U/l for TRAP 5b.

Receiver-operating characteristic (ROC) curves were drawn in the

markers based on true-postive ratio (patients with bone metastasis)

and false-positive ratio (patients without bone metastasis). T scores

were calculated using the formula: (marker concentration of a

patient with bone metastasis-mean marker concentration of the

group without bone metastasis)/ standard deviation of the marker

concentrations in the patients without bone metastasis.

Statistical analysis was performed using the SPSS software

package (SPSS, Munich, Germany). For comparison of variables

between multiple independent groups the distribution-free

Kruskal-Wallis-test (11) was used. Comparison of two independent

samples was made with the two-sided Mann-Whitney U-test (12). A

p value less than 0.05 was considered to be significant.

Results

Of the 146 lung carcinoma patients tested in this study, 78

patients had a positive bone scan. The presence of bone

metastasis was confirmed by plain radiography and/or
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Table I. Mean, standard deviation, 5%, 50% (median) and 95% percentiles of bone markers TAP (U/l), BAP (Ìg/l), PINP (Ìg/l), PICP (Ìg/l), PYD (Ìg/g
creatinine), DPD (Ìg/g creatinine), ICTP (Ìg/l), CTx (Ìg/l) and TRAP 5b (U/l) in lung carcinoma patients with (BM+) and without bone metastasis
(BM-), in patients with benign lung diseases and in healthy persons. The group of patients with bone metastasis is further stratified according to the
morphological appearance of the metastatic lesions. In addition, p values of statistical comparison between groups are included in the table.

Percentiles p value versus Kruskal-Wallis

N Mean SD 5% Median 95% BM- Benign Healthy Overall p value

TAP * BM+ 48 187 176.1 72 145.5 396 <0.01 <0.01 <0.05 p<0.0001

osteoblastic 5 189 136.5 55 161.0 396

osteolytic 31 195 210.1 72 135.0 407

mixed 12 164 67.0 74 157.5 346

* BM- 81 102 44.7 63 92.0 153 n.s. <0.05

Benign 12 100 19.1 63 102.5 132 n.s.

Healthy 18 114 27.9 68 105.5 185

BAP BM+ 49 20.7 19.3 7.7 16.0 86.0 <0.01 n.s. <0.01 p<0.0001

osteoblastic 5 16.0 6.9 8.1 15.0 27.0

osteolytic 31 22.0 19.9 8.6 17.0 86.0

mixed 13 19.4 21.6 7.0 12.0 89.0

* BM- 85 10.5 3.8 6.5 9.3 17.0 n.s. n.s.

Benign 12 11.6 3.0 7.4 12.0 19.0 n.s.

Healthy 18 10.8 3.9 6.9 9.8 23.5

PINP * BM+ 48 97.9 132.9 27 73.5 254 <0.01 <0.05 <0.01 p<0.0001

osteoblastic 5 65.8 28.4 25 71.0 102

osteolytic 31 77.4 46.8 27 67.0 158

mixed 12 164.2 250.4 28 87.0 930

* BM- 81 48.2 23.7 18 44.0 90 n.s. n.s.

Benign 12 51.3 26.9 16 47.5 108 n.s.

Healthy 18 43.9 22.6 21 37.0 113

PICP * BM+ 47 152 67.3 94 131 260 n.s. n.s. n.s. 0.2

osteoblastic 5 125 22.2 109 111 158

osteolytic 31 145 58.3 73 123 255

mixed 11 183 94.1 117 155 439

* BM- 83 137 76.0 60 119 328 n.s. n.s.

Benign 12 129 33.9 71 124.5 176 n.s.

Healthy 18 144 58.9 89 126 341

PYD * BM+ 48 530 296.4 197 500 1058 <0.01 <0.05 <0.01 p<0.0001

osteoblastic 5 617 347.6 192 500 1117

osteolytic 30 458 200.0 197 410 788

mixed 13 661 415.3 307 569 1863

* BM- 87 336 169.5 138 289 725 n.s. <0.01

Benign 12 334 163.2 138 309 581 <0.01

Healthy 16 143 42.8 86 128 224

DPD * BM+ 48 95.8 51.5 30 83 222 <0.01 <0.05 <0.01 p<0.0001

osteoblastic 5 128 90.2 29 132 261

osteolytic 30 83 36.8 30 73 150

mixed 13 114 56.5 53 96 242

* BM- 87 71.0 38.1 29 62 155 n.s. <0.01

Benign 12 61.0 22.8 23 59 110 <0.01

* Healthy 16 31.6 8.4 22 31 52

ICTP * BM+ 48 11.3 8.4 4.3 8.75 33.0 <0.01 <0.05 <0.01 p<0.0001

osteoblastic 5 22.6 16.2 5.2 18.0 45.0

osteolytic 31 9.5 5.9 4.2 8.0 18.0

mixed 12 11.1 6.8 5.0 9.1 30.0

* BM- 83 7.2 4.9 3.0 6.1 13.0 n.s. <0.01

Benign 12 7.8 7.3 2.3 5.2 29.0 <0.01

Healthy 18 3.7 0.9 2.2 3.4 5.7

CTx * BM+ 47 0.7 0.5 0.2 0.6 1.5 0.052 <0.01 p=0.0017

osteoblastic 5 1.1 0.9 0.3 1.2 2.4

osteolytic 31 0.6 0.4 0.1 0.5 1.5

mixed 11 0.7 0.3 0.3 0.7 1.4

* BM- 80 0.5 0.3 0.1 0.5 1.3 n.s. <0.01



computed tomography in 49 patients (true-positive bone

scans). The remaining 21 patients were found to be negative

in X-ray and or computed tomography (false-positive bone

scans). The latter were added to the bone scan-negative

patients (n=68) making up the group of lung carcinoma

patients without bone metastasis (n=89). In 8 cases the

results of the imaging techniques remained unclear. These

patients were excluded from further consideration. Based

on X-ray and/or computed tomography as a gold standard

in making the correct diagnosis of bone metastasis, the

specificity of bone scanning was calculated to be 76.4% and

its positive predictive value amounted to 70%. The

sensitivity of bone scintigraphy for the detection of bone

metastasis was set at 100%, since we did not observe any

false-negative scans. Based on these data, we calculated a

value of 84.8% for the diagnostic efficiency and 100% for

the negative predictive value. 

Table I summarizes the results of the bone marker assays

in lung carcinoma patients with and without bone

metastasis, in patients with benign lung diseases and in

healthy persons. As shown in this table, the concentrations

of TAP, BAP, PINP, PYD, DPD and ICTP were

significantly higher (p<0.01) in the lung carcinoma patients

with bone metastasis than in those without bone metastasis.

The levels of PICP and CTx only tended to be higher in the

patients with bone metastasis compared to those without

bone metastasis. There was no significant difference in the

TRAP 5b levels between the two groups. Although marker

concentrations varied with the morphological appearance of

bone metastasis, we did not observe any significant

difference between osteoblastic and osteolytic or mixed

osteoblastic-osteolytic lesions. Contrary to BAP, PICP, CTx

and TRAP 5b, the markers TAP, PINP, PYD, DPD and

ICTP were also significantly higher (p<0.01-0.05) in lung

carcinoma patients with bone metastasis than in patients

with benign lung diseases. In addition, the markers PYD,

DPD and ICTP differed significantly (p<0.01) between

patients with benign lung diseases and healthy controls.
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Table I continued

Percentiles p-value versus Kruskal-Wallis

N Mean SD 5% Median 95% BM- Benign Healthy Overall p value

Benign 12 0.5 0.4 0.1 0.3 1.4 n.s.

Healthy 18 0.3 0.1 0.2 0.3 0.7

TRAP 5b BM+ 49 5.4 11.9 2.6 5.1 8.7 n.s. <0.05 p=0.02

osteoblastic 5 6.1 2.6 2.6 5.9 9.6

osteolytic 31 5.1 1.9 2.5 4.4 8.7

mixed 13 5.8 1.6 3.4 5.6 8.6

* BM- 88 5.7 2.3 2.8 5.2 11.0 n.s. <0.01

Benign 12 4.8 1.7 2.6 4.6 7.9 n.s.

Healthy 18 4.2 1.4 1.9 3.9 7.5

No significant differences were seen between osteolytic, osteoblastic and mixed type.

* missing values

Table II. Sensitivity, specificity, diagnostic efficiency and positive and negative predictive values of the bone marker tests in lung carcinoma patients with
bone metastasis. Cut-off values for the calculation of the positivity rates correspond to 95% specificity of the bone marker measurement in healthy
persons.

Predictive Value

Marker Sensitivity Specificity Diag. Efficiency Positive Negative

% % % % %

TAP 33.30 97.50 73.60 88.90 71.2

BAP 22.00 100.00 77.11 100.00 68.55

PICP 2.08 95.18 61.07 20.00 62.70

PINP 18.37 97.53 67.53 81.82 66.39

PYD 91.84 24.14 48.53 40.54 84.00

DPD 83.67 34.48 55.21 41.84 78.95

ICTP 75.51 44.58 56.06 44.58 75.51

CTx 45.83 77.50 65.63 55.00 70.46

TRAP 5b 14.00 84.03 58.70 33.33 63.25



Table II presents the values for sensitivity, specificity,

diagnostic efficiency and predictive values of the various

markers. With the exception of TRAP 5b, sensitivity rates

of the bone resorption markers were clearly higher than

those of the formation markers, but the specificity data were

the other way round. The diagnostic efficiency was highest

for BAP, followed by TAP, PINP and CTx. Concerning the

positive predictive value, BAP, TAP and PINP were the

leading markers, whereas in the case of the negative

predictive value, PYD and DPD showed the best

performance, followed by ICTP and TAP. There was no

elevation of the bone formation markers in patients with

benign lung disorders. However, elevated levels of all

resorption markers were seen in this group, yielding

specificity rates of 41.7% for PYD and DPD, 58.3% for

ICTP, 75% for CTx and 91.7% for TRAP 5b.

Figure 1 illustrates ROC curves of the bone markers

based on true-positive and false-positive ratios in the

diagnosis of bone metastasis. According to this figure, TAP

showed the best curve characteristic among the markers,

followed by BAP, PINP, PYD and ICTP. The markers PICP,

CTx and TRAP 5b showed rather poor characteristics and

were not included in Figure 1.

Table III lists the results of the bone marker assays in

lung carcinoma patients in stage TNM IV without bone

metastasis. Comparison of these data with the marker

concentrations of the lung carcinoma patients with bone

metastasis revealed that the levels of the markers TAP,

BAP, PINP, PYD, DPD and ICTP were significantly higher

in the bone metastasis group than in the patients with

metastatic lesions in other sites (p<0.01, except for ICTP

having a p value of<0.05). 

The results of the marker assays in lung carcinoma

patients with bone metastasis in relation to the number of

metastasis discovered in the bone scan are listed in Table

IV. The levels of TAP, BAP, PYD, DPD and ICTP

increased significantly with the number of metastases. The

corresponding p values were found to be 0.04, 0.027, 0.03,

0.03 and 0.021, respectively (Kruskal-Wallis-test). For PINP,

there was only a trend (p=0.06).

Figure 2 shows the T scores for TAP, BAP, PINP, PYD,

DPD and ICTP plotted against the extent of skeletal
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Figure 1. Receiver operating characteristic (ROC) curves of bone markers TAP, BAP, PINP, PYD, DPD and ICTP. The areas under the ROC curves
for TAP, BAP, PINP, PYD, DPD and ICTP were 0.765, 0.764, 0.742, 0.737, 0.671 and 0.699, respectively.
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Table III. Mean, standard deviation, 5%, 50% (median) and 95% percentiles of bone marker concentrations in lung carcinoma patients with metastasis
to other organs (TNM stage IV). The table contains p values of the comparison between this group and lung carcinoma patients with bone metastasis
(BM+).

Percentiles p value 

N Mean SD 5% Median 95% vs BM+

TAP* 31 107.3 59.8 63 89 176 <0.01

BAP* 33 10.4 4.1 6.2 9.2 21 <0.01

PICP* 32 142.4 95.5 55 112 401 n.s.

PINP* 31 48.1 23.9 17 47 89 <0.01

PYD* 33 337.6 139.6 144 308 558 <0.01

DPD* 33 71.2 37.2 24 62 123 <0.01

ICTP* 32 7.8 6.6 3 6.2 14 <0.05

CTx* 30 0.6 0.3 0.2 0.5 1.3 n.s.

TRAP 5b 34 6.0 2.6 2.7 5.6 11 n.s.

* missing values

Table IV. Mean, standard deviation, 5%, 50% (median) and 95% percentiles of bone marker concentrations in lung carcinoma patients with metastasis
to bone in relation to the number of bone metastases (1, singular metastasis; 2, 2-5 metastases; 3, >5 metastases). The results of statistical analysis are
included in the table.

Percentiles p value  versus Kruskal-Wallis

Number of

lesions N Mean SD 5% Median 95% 1 2-5 >5 Overall p

TAP 1 10 125.4 78.1 67 98 319 <0.05 n.s. 0.04

2-5 15 248.9 280.3 90 173 1232 n.s.

>5 23 173.2 95.8 74 156 396

BAP 1 10 12.4 6.7 7.4 10.4 30 <0.01 n.s. 0.027

2-5 16 23.5 19.9 11.0 18.0 93 n.s.

>5 23 22.3 21.9 7.7 16.0 86

PINP 1 10 54.8 28.5 27 44.5 122 <0.05 <0.05 0.06

2-5 15 83.1 52.6 40 71 254 n.s.

>5 23 126.2 183.8 27 86 292

PICP 1 10 126.6 49.8 50 111 209 n.s. n.s. 0.24

2-5 15 143.3 39.3 99 134 240 n.s.

>5 22 168.5 84.7 96 148 331

PYD 1 10 365.3 137.2 192 335.5 569 n.s. <0.01 0.03

2-5 15 479.9 216.3 192 499 802 n.s.

>5 23 633.3 353.5 313 559 1117

DPD 1 10 68.8 30.7 30 60 132 n.s. <0.01 0.03

2-5 15 84.7 39.6 17 81 143 n.s.

>5 23 114.9 59.1 53 96 242

ICTP 1 10 7.7 4.0 3.7 5.85 13 n.s. <0.05 0.02

2-5 15 10.4 10.0 5.0 6.7 45 <0.05

>5 23 13.4 8.4 5.3 10.0 33

CTx 1 10 0.66 0.45 0.21 0.47 1.5 n.s. n.s. 0.08

2-5 15 0.53 0.29 0.12 0.45 1.26 <0.05

>5 22 0.85 0.52 0.25 0.74 1.5

TRAP 5b 1 10 4.9 1.5 3.2 4.3 7.5 n.s. n.s. 0.66

2-5 16 5.4 1.8 2.5 6.1 8.7 n.s.

>5 23 5.6 2.1 3.3 5.1 9.1
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Figure 2. T scores of the bone markers TAP, BAP, PINP, PYD, DPD and ICTP in relation to the metastatic grade (number of lesions).



metastasis. As demonstrated in the figure, there is a steady

increase in the T scores of the markers PINP, PYD, DPD and

ICTP with the grade of metastasis. In the case of TAP and

BAP, there is also an increase from the group with a singular

metastasis to the group with 2-5 metastases, but in the group

with 6 and more metastases, the T score declined again.

Discussion

The present study has clearly proved the superiority of bone

scintigraphy over the markers for bone metastasis in

patients with lung carcinoma, due to its high sensitivity and

acceptable specificity. We used a positive bone scan as a

prerequisite for entering the group of lung carcinoma

patients with bone metastasis, i.e. the sensitivity of this

imaging technique was set at 100%. However, it cannot be

ruled out that false-negative scans may occur. They may

result when the lesion is small (micrometastasis) and

entirely osteolytic (cold lesion) or is rapidly growing (13).

Nevertheless, by using this probably overestimated

sensitivity value, we found a diagnostic efficiency of 84.4%,

a positive predictive value of 70% and a negative predictive

value of 100% for the scanning technique in differentiating

lung carcinoma patients with bone metastasis from those

without bone metastasis.

The corresponding values of efficiency for the bone

markers ranged from 48.5% (PYD) to 77.1% (BAP). These

lower values compared to that of bone scan are due either

to the low sensitivity of bone formation markers (2.1%-

33.3%) in the patients with bone metastasis, or to the low

specificity of the bone resorption markers (24.1%-84.0%) in

patients without bone metastasis. That means, in case of low

sensitivity, the majority of patients with bone metastasis

would be missed, whereas low specificity would require the

use of further imaging techniques to confirm or to exclude

bone metastasis. The lack of specificity is considered to be

the main counterar-gument for a general application of

bone markers as a tool in the diagnosis of bone metastasis.

There are two major reasons for the increased amounts

of fragments of type I collagen in serum and urine of lung

carcinoma patients without bone metastasis. Firstly, they

may originate from the destruction of collagenic

components by the proteolytic activity of tumor cell- and

host cell-derived proteases. This process is known to

facilitate the local access of tumor cells to the systemic

circulation, leading to distant dissemination (14, 15).

Concomitant to collagen degradation, a disproportionate

formation of dense connective tissue (stroma) also occurs

within and around some tumors, which may also lead to the

release of type I collagen markers. Secondly, it is likely that

increase of the type I collagen markers in this group is

caused by early metastatic invasion into bone. This question

may be answered by a follow-up of these patients. 

Similarly, in benign lung diseases such as fibrosis,

sarcoidosis and inflammatory or autoimmune disorders,

proteases released from activated macrophages or

neutrophils are able to degrade type I collagen, the main

collagenic component of the interstitial tissue. Indeed, we

observed increased concentrations of bone resorption

markers in patients with benign lung diseases of different

etiology. This finding is in line with our earlier observations

(16). In that paper, we described that ICTP was more

frequently raised in patients with empyema thoracis than in

healthy controls (p<0.01) or even in patients with bone

metastasis secondary to SCLC (p<0.05). ICTP levels were

also higher in tuberculosis patients compared to healthy

controls (p<0.01). 

In the present study, the sensitivity values of the bone

resorption markers were found to be considerably higher

compared to those of the formation markers (45.8%-91.8%

versus 2.1%-33.3%), probably reflecting the predominant

occurrence of osteolytic metastases in our study population

(63.3%). Osteoblastic metastases were seen in only 10.2%

and mixed osteolytic-osteoblastic metastases in 26.5% of the

cases. However, we did not observe any significant

difference in the concentrations between resorption and

formation markers with respect to the morphological

appearance of the bone metastases. Remarkably, the levels

of the resorption markers PYD and DPD were

insignificantly higher in osteoblastic than in osteolytic

metastases. In addition, the formation markers PINP and

PICP and the resorption marker PYD were more frequently

increased in mixed osteolytic-osteoblastic metastases,

indicating that bone formation as well as bone resorption is

increased. These results illustrate that mixed forms indicate

more aggressive bone involvement (4).

The efficacy of the bone markers in the detection of bone

metastasis can also be demonstrated by ROC analysis,

which indicates the correlation between sensitivity and

specificity for each individual marker. In this study, the

areas under the ROC curves were greatest for TAP,

followed by BAP and PINP. Therefore, among the markers

tested, TAP may be considered to be the most useful

marker for detecting bone metastasis in lung carcinoma,

despite its lack of specificity and limited sensitivity. This

finding is in agreement with a general recommendation for

the use of biomarkers in the diagnosis of bone metastasis in

lung cancer (17-19). 

Our results, however, differ more or less from those

published in previous papers. For instance, Aruga et al. (5)

reported that ICTP was most highly correlated with the

diagnosis of bone metastasis. Its sensitivity was found to be

71.4% (specificity 87.3%). The sensitivity values decreased

in the order DPD (61.0%), TAP (55.6%) and BAP (44.4%).

The corresponding specificity values were 93.0%, 79.5% and

93.2%, respectively. In another study conducted by

ANTICANCER RESEARCH 24: 3193-3202 (2004)
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Kobayashi et al. (6), the sensitivity of PINP (80%) was equal

to that of ICTP (80%), but the specificity of PINP (79%)

was superior to that of ICTP (58%). Finally, Izumi et al. (7)

concluded that NTx (sensitivity 50%), followed by PYD

(40%) and ICTP (17%), is the most useful marker for

detecting bone metastasis in lung carcinoma patients. 

Despite these contradictions, all published studies so far

agree that there is a panel of markers comprising TAP,

BAP, PINP, PYD, DPD, ICTP and probably NTx which

provides some specificity as indicators for bone metastasis

in lung carcinoma. This conclusion is further supported by

two findings: firstly, the markers TAP, BAP, PYD, DPD

and ICTP were significantly more increased in patients with

metastasis to bone than in those with metastasis to other

organs. Secondly, the markers PINP, PYD, DPD and ICTP

and, to a lesser extent, TAP and BAP, correlated with the

number of skeletal sites involved. In addition, the T scores

of the same markers were found to increase with the extent

of the metastatic bone disease, i.e. high T score values

strongly suggest that the metastatic burden is large.

In conclusion, at present bone markers cannot replace

bone scintigraphy, either for screening or in the diagnosis

of bone metastasis. They may only be of some value as

adjunct tools to bone scintigraphy. Theoretically, marker

tests would be useful in saving cost-intensive bone scans in

those patients in whom the marker concentrations were

found in the normal range. This application would be

possible if some markers met the requirement of having

high negative predictive values, preferably close to 100%.

However, as this study has shown, negative predictive values

were clearly lower and ranged from 62.7% to 84%.
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