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Comparison of Markers of Bone Formation and Resorption
in Prostate Cancer Patients to Predict Bone Metastasis

Susumu AKIMOTO, Yuzo FURUYA, KoicHiro AKAKURA, anp Haruo ITO
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Abstract. We investigated the usefulness of two biochemical markers of bone formation (PICP, the
carboxy-terminal propeptide of type I procollagen, and bone ALP, bone-derived alkaline phosphatase)
and a marker of bone resorption (ICTP, the carboxy-terminal telopeptide of type I collagen), to
determine whether the presence of bone metastasis in prostate cancer could be evaluated and the extent
of bone metastasis could be stratified by the serum levels of these markers, compared to total alkaline
phosphatase (T-ALP) and prostate-specific antigen (PSA). The serum levels of PICP, bone ALP, ICTP, T-
ALP and PSA were significantly higher in patients with both prostate cancer and bone metastasis (n=49)
than in patients with benign prostatic hyperplasia (n=35) and patients with prostate cancer without bone
metastasis (n=70). The superiority of a marker in the rate of detection of bone metastasis was evaluated
with receiver operating characteristic curves. The serum marker levels were compared as a function of
metastatic burden in bone (i.e., the extent of disease, EOD grade). We found that bone ALP is the most
suitable marker for evaluating bone metastasis, especially for stratifying the degree of bone metastasis.
Both PICP and ICTP were useful in this respect, but rather inferior to bone ALP. T-ALP had the lowest
ability for detecting bone metastasis, but its correlation with the EOD grade was excellent, second to that
of bone ALP. PSA showed limited reliability for stratifying the extent of bone metastasis.
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BIOCHEMICAL markers of bone formation have
been developed [1]. During the formation of type
I collagen, the carboxyterminal propeptide of type
I procollagen (PICP) is cleaved from procollagen
molecules. The circulation of this propeptide is
released only during the synthesis of collagen [2,
3]. The bone isoenzyme of alkaline phosphatase
(bone ALP), a tetrameric glycoprotein, is localized
in the plasma membrane of osteoblasts and is
released into the circulation as a dimer by
phospholipase cleavage. An immunoradiometric
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(IRMA) assay with two monoclonal antibodies was
developed [4, 5]. One of the two monoclonal
antibodies used in this IRMA has been reported to
exhibit less than 3% cross-reactivity with the liver
isoenzyme of ALP purified from human liver [4].

Biochemical markers of bone resorption have also
been developed [1]. At the time of bone resorption,
pyridinoline (Pyr), deoxypyridinoline (D-pyr), and
the carboxyterminal telopeptide of type I collagen
(ICTP) are excreted through collagen degradation,
and their excretion rates are considered parameters
of the rate of bone degradation [6, 7].

The accurate evaluation of the metastatic lesions
of prostate cancer is essential for tumor staging at
diagnosis. The most common metastatic lesion of
prostate cancer is bone, but the extent of bone
metastasis is usually difficult to estimate accurately.
The assessment of metastases to bone is based on
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bone X-ray-p (X-p) and radioisotopic bone imaging.
It is known that bone X-p examination has low
sensitivity, and sometimes substantial osseous
destruction occurs before the bone X-p shows an
obvious metastatic region. The radioisotope bone
scan is a more reliable tool for the determination
of the metastatic status. Several hot spot sites are
commonly revealed by these bone scans, but they
represent false-positive results in some cases,
revealing the limitations of the bone scan [8]. Other
means for the accurate detection and evaluation of
bone metastases are therefore being investigated.

The present study was undertaken to examine
the usefulness of these biochemical markers of bone
formation (PICP, bone ALP) and bone resorption
(ICTP) for the assessment of metastatic bone
involvement in patients with prostate cancer,
compared with total alkaline phosphatase (T-ALP)
and prostate-specific antigen (PSA).

Subjects and Methods

Subjects

A total of 154 individuals were examined and
stratified into the following three groups: prostate
cancer patients with bone metastasis (n=49),
prostate cancer patients without bone metastasis
(n=70), and patients with benign prostatic
hyperplasia (BPH) (n=35). All of the subjects were
inpatients of Chiba University Hospital. The
diagnosis of all patients was confirmed
histologically. No therapeutic intervention, rectal
examination or endoscopic procedure was
performed in any of these patients immediately
before the blood collection. None of the patients
had impaired renal function, as evidenced by
normal serum creatinine and urea nitrogen levels.

All serum samples were collected in the morning
after an overnight fast and were stored at —60 °C
until assayed.

Prostate cancer with bone metastasis: Forty-nine
patients aged 56-85 yr with metastatic prostate
cancer before treatment comprised this group. The
assessment of metastases to bone was based on
bone X-p and radioisotopic bone imaging. Bone
scans were performed with **™Tc-methylene-
diphosphonate. One patient did not receive a bone
scan because of his poor general condition.
Computed tomography (CT) and magnetic

resonance imaging (MRI) were also performed in
some patients. Clinical staging was done before
the biochemical determination.

The extent of bone metastases (extent of disease,
EOD grade) in each patient was classified by the
method of Soloway et al. [9] as follows. EOD 1,
the number of bony metastases is less than six,
each of which is less than 50% of the size of a
vertebral body (one lesion about the size of a
vertebral body would be counted as two lesions);
EOD 2, the number of bone metastases is between
six and 20, with the size of lesions as described
above; EOD 3, the number of metastases is more
than 20 but less than a “super scan “and EOD 4,
“super scan” or its equivalent, i.e., more than 75%
of the ribs, vertebrae, and pelvic bones have lesions.
The EOD grading of the 48 patients with bone
metastasis as shown by bone scan was determined;
12 patients were EOD 1, 21 were EOD 2, 10 were
EOD 3 and 5 were EOD4.

Prostate cancer without bone metastasis: This
group consisted of 70 patients aged 56-90 yr, with
untreated prostate cancer. When the bone scan of
a patient was positive in only one region and the
finding was equivocal, corresponding bone X-p,
MRI and CT were performed. Some patients of
this group were subsequently diagnosed as having
osteoarthritis or Schmorl nodule.

Benign prostatic hyperplasia (BPH): Thirty-five
BPH patients aged 52-87 yr without evidence of
bone disease were studied. All sera of these
patients were obtained before the operation
(retropubic prostatectomy or transurethral
resection). Subjects with a previous history of bone
fracture, rheumatoid arthritis, or other painful bone
disease were excluded from the study.

Markers of bone formation

The serum bone ALP levels were assayed by the
Tandem-R Ostase assay (Hybritech Inc., San Diego,
CA, USA), a two-site IRMA with two murine
monoclonal antibodies directed against different
epitopes on bone ALP [5, 6]. The intra- and inter-
assay coefficients of variation are 3.7-6.7% and
7.0-8.1%, respectively. The detection limit and
normal range are 0.2 and 2.3-19.9 ng/ml,
respectively [5].

The serum PICP levels were measured by a
radioimmunoassay (RIA) based on the two-
antibody method, with a PICP RIA kit (Orion
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Diagnostica, Espoo, Finland) [3]. The intra- and
inter-assay coefficients of variation are 1.9-8.0% and
3.0-3.9%, respectively. The detection limit and
normal range are 1.2 and 26-222 ng/ml,
respectively [3].

Markers of bone resorption

The serum ICTP levels were assayed by an RIA
(Telopeptide ICTP, Orion) based on the two-
antibody method [7]. The intra- and inter-assay
coefficients of variation are 3.6-5.0% and 4.0-8.7%,
respectively. The detection limit and normal range
are 0.34 and 1.8-5.0 ng/m], respectively [7].

Markers of prostate cancer and total alkaline
phosphatase

The serum PSA levels were determined with
the Tandem-R PSA Assay (Hybritech) [10]. The
intra- and inter-assay coefficients of variation are
1.4-5.8% and 3.3-6.3%, respectively. The detection
limit and normal range are 0.13 and 0-4.0 ng/ml,

respectively [10].

The serum activity of T-ALP was measured at
37 °C according to the optimized standard method
of the German Society for Clinical Chemistry by
an automated colorimetric assay and para-
nitrophenyl phosphate as a substrate. The T-ALP
values are expressed as IU/L. The normal range
is 72-206 IU/L.

Statistical analysis

Differences in the PICP, bone ALP, ICTP, T-ALP,
and PSA levels were tested by the Wilcoxon-Mann-
Whitney test. The sensitivity, specificity and
accuracy (the ratio of true positives plus true
negatives to the total number of cases) of PICP,
bone ALP, ICTP, T-ALP and PSA were calculated
with several arbitrarily chosen cut-off levels.
Receiver operating characteristic (ROC) curves,
which are graphic presentations of the pairs of
sensitivity and 100 minus the corresponding
specificity, were constructed. The differences
between the areas under the ROC curve were

Table 1. Serum PICP, bone ALP, ICTP, T-ALP, and PSA levels in patients with benign
prostatic hyperplasia (BPH), patients with prostate cancer without bone metastas-
es, and patients with prostate cancer with bone metastases

Disease BPH prostate cancer without prostate cancer with
bone metastases bone metastases
(n=35) (n=70) (n=49)
Mean * SD
(median)
Age (yrs) 69.5+8.2 722+85 722 +8.0
(70) (74) (73)
PICP 99.8 +35.3 100.7 + 44.7 259.9 + 228.22b
(94) (88) (155)
bone ALP 119+7.0 10.8 £ 6.6 65.3 + 70.72b
(11.0) (10.1) (26.4)
ICTP 35+17 45+27¢ 10.2 + 7.6P
(3.2) (4.3) (7.6)
T-ALP 155.1 +42.5 155.5 + 59.8 571.2 + 750.22b
(153) (141) (310)
PSA 6.4+47 57.3 £111.54 625.6 + 960.6*°
(5.6) (19.3) (219)

PICP, bone ALP, ICTP, and PSA (ng/ml) and T-ALP (IU/L). a, P<0.0001 vs. BPH patients;
b, P<0.0001 vs. prostate cancer patients without bone metastasis; ¢, P=0.0130 vs. BPH patients;
d, P<0.0001 vs. BPH patients. BPH, benign prostatic hyperplasia; PICP, carboxy-terminal
propeptide of type I procollagen; bone ALP, bone-derived alkaline phosphatase; ICTP,
carboxy-terminal telopeptide of type I collagen; T-ALP, total alkaline phosphatase; PSA,

prostate-specific antigen.
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estimated by a previously reported method [11].
The correlations of the EOD grade and PICP, bone
ALP, ICTP, T-ALP and PSA were evaluated by

Spearman'’s rank correlation test.

Results

PICP, bone ALP, ICTP, T-ALP and PSA in BPH
and prostate cancer

The serum levels of PICP, bone ALP, ICTP, T-
ALP and PSA were significantly higher in the
patients with both prostate cancer and bone
metastasis than in the patients with BPH and those
with prostate cancer without bone metastasis. The
PICP, bone ALP and T-ALP levels in the patients
with prostate cancer without bone metastasis were
similar to those in the BPH patients, whereas the
ICTP and PSA levels were significantly higher in
the former group than in the latter group (Table
1). The results of the ROC analysis are shown in
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Fig.1. Receiver operating characteristic (ROC) curves of

PICP, bone ALP, ICTP, T-ALP, and PSA. Prostate
cancer patients with metastatic spread to bone
(n=49) showing abnormal levels were regarded as
true-positive; patients with BPH (n=35) and
prostate cancer patients without bone metastases
(n=70) showing abnormal levels were regarded as
false-positive. @, PICP; [], bone ALP; X, ICTP; O,
T-ALP; M, PSA. Units are ng/ml for PICP, bone
ALP, ICTP, and PSA, IU/L for T-ALP.

Fig. 1. The best accuracy levels and corresponding
marker levels were 79.9% (200 ng/ml) for PICP,
83.8% (25 ng/ml) for bone ALP, 83.8% (6.5 ng/ml)
for ICTP, 83.1% (300 IU/L) for T-ALP and 85.7%
(80 ng/ml) for PSA. The areas under the ROC
curve and corresponding standard error of the
mean (SEM) were 82.8%, 0.039 for PICP, 87.4%,
0.030 for bone ALP, 85.2%, 0.040 for ICTP, 77.2%,
0.044 for T-ALP, and 89.8%, 0.031 for PSA. PSA
was therefore better than bone ALP for detecting
bone metastasis, followed by ICTP, PICP and T-
ALP. The areas under the ROC curve for bone
ALP and ICTP were significantly larger than that
for T-ALP (P value: bone ALP wvs. T-ALP; <0.005,
ICTP vs. T-ALP; <0.05). The coefficients of
correlation between the ROC areas of T-ALP and
those of PSA, bone ALP, ICTP, and PICP were 0.15,
0.61, 0.33 and 0.53, respectively. Since the
coefficient of correlation between T-ALP and PSA
was much lower than those for the other markers,
the area under the ROC curve for PSA was not
significantly different from that for T-ALP. There
were no other significant differences among the
ROC curves.

Relationship of PICP, bone ALP, ICTP, T-ALP, and
PSA to the extent of bone metastases

We compared the serum levels of PICP, bone
ALP, ICTP, T-ALP and PSA as a function of
metastatic burden in bone estimated by the method
of Soloway (Fig. 2). The mean values and median
values for PICP, bone ALP, ICTP and T-ALP
increased with the extent of bone metastasis. In
contrast, the mean and median values for PSA in
the EOD 3 patients were lower than those in the
EOD 2 patients. The PICP, bone ALP, ICTP, T-
ALP and PSA levels in the EOD 4 patients were
significantly higher than those in the EOD 1
patients. Similarly, the PICP, bone ALP, ICTP and
T-ALP values in the EOD 2 and EOD 3 patients
were significantly higher than those in the EOD 1
patients. The PSA levels in the EOD 1, EOD 2 and
EOD 3 patients were not significantly different. The
PICP, bone ALP and T-ALP levels in the EOD 3
and EOD 4 patients were significantly higher than
those in the EOD 2 patients. In contrast, the PSA
levels in the EOD 2, EOD 3, and EOD 4 patients
were not significantly different. The correlations
of EOD grade with the PICP, bone ALP, ICTP, T-
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Individual values for five biochemical markers of bone formation, resorption
and prostate cancer in 48 prostate cancer patients with bone metastasis as a
function of the extent of the disease (EOD) grade (EOD 1, n=12; EOD 2, n=21;
EOD 3, n=10; EOD 4, n=5). For each marker, horizontal lines represents the
mean * SD for each group. The coefficient of correlation (r) and p value
between EOD grade and each marker were obtained by Spearman’s rank

correlation test.

ALP and PSA levels were evaluated by Spearman’s
rank correlation test. The correlation of bone ALP
with the EOD grade was the highest, followed by
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T-ALP, PICP and ICTP, and that of PSA was the
lowest (Fig. 2).
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Discussion

The usefulness of the biochemical markers of
bone formation and bone resorption has been
evaluated in several studies [12-15], but few such
studies examining metastatic bone involvement
have been done. In the present study, parameters
of bone formation and bone resorption were
determined in BPH and prostate cancer patients
with and without evidence of metastatic bone
involvement. The results demonstrated that the
levels of both the bone formation and bone
resorption markers were significantly higher in the
prostate cancer patients with bone metastasis than
in the BPH patients and prostate cancer patients
without bone metastasis. This observation is in
agreement with the findings in previous reports
[16, 17] using the urinary excretions of Pyr and D-
Pyr. Although an alternative enzyme immunoassay
for Pyr and D-Pyr has been developed, it was
reported that, in a study with the ROC curve,
urinary Pyr and D-Pyr were not suitable for
indicating metastatic bone involvement [18].

T-ALP is still the parameter most widely used
for estimating bone metastasis, even though its
clinical value in evaluating osteoblast activity is
restricted, because T-ALP is composed of several
isoenzymes whose most important fractions
originate in the liver as well as bone. The area
under the ROC curve for T-ALP was previously
reported as 61% [18]. This rate is lower than that
obtained in the present study (77%). The higher
rate in the present study might be attributable to a
difference between prostate cancer and other
cancers in the tumor-induced enhancement of
osteoblasts (approximately half of the previous
report’s patients had breast cancer). The percentage
of the area under the ROC curve for T-ALP was
the lowest among the markers examined in the
present study, but T-ALP was superior to PICP,
ICTP and PSA with respect to stratifying the
metastatic burden of bone by EOD grade.

In the present study, the area under the ROC
curve for bone ALP was significantly larger than
that for T-ALP, and bone ALP was the most useful
marker for stratifying the degree of bone metastasis,
but we observed a substantial overlap in the
distribution of bone ALP levels among the three
groups; this observation coincides with the findings

of previous reports [19, 20]. The ROC curves in
the present study indicate that bone ALP and ICTP
are superior to T-ALP as markers for evaluating
bone metastasis. It has been reported that ICTP
was a superior marker to bone ALP [21]; that
finding differs from those of the present study.
The cause of this discrepancy may be that osteolytic
metastases were present in 80% of the patients in
that study. The low discriminating power of PICP
compared to bone ALP (both are bone formation
markers) in the present study is in accordance with
another previous report [22]. We observed that
the area under the ROC curve for PSA was the
largest, but was not significantly different from that
for T-ALP. The reason is that the calculation of
differences in the areas under the ROC curve
included the correlation between the ROC areas of
each marker [11], and the coefficients of correlation
for PSA and T-ALP were rather low.

The present findings showed that PSA was
inferior to PICP, bone ALP, ICTP and T-ALP with
respect to stratifying the metastatic burden of bone.
It has been reported that, since higher-grade tumors
produce less PSA, advanced-stage tumors that
contain high-grade tumor cells may actually release
less PSA into the blood [23]. Another possible
explanation for the low correlation between PSA
and the degree of bone metastasis is based on the
coexistence of neuroendocrine cell tumors. The
incidence of neuroendocrine cells in prostate cancer
has been debated, but at least 10% of prostate
cancers have a marked proportion of this cell type
[24]. A quantitative assay of serum chromogranin
A, a neuroendocrine cell product, has recently been
applied to studies of prostate cancer. It has been
reported that 67% of the patients at stage D2 with
high serum levels of chromogranin A had normal
serum PSA [25]. PSA was therefore not a useful
marker for stratifying the extent of bone metastasis.

Prostate cancer is the only cancer that consistently
produces osteoblastic, rather than osteolytic, bone
metastasis. More than 90% of bone lesions due to
prostate cancer are osteoblastic. Breast cancer is
the second most common cause of osteoblastic
metastasis, but the rate is low (8%) [26]. In the
present study, the serum levels of ICTP in even
the prostate cancer patients with bone metastasis
were increased in all EOD grades. This high level
of ICTP might be due to the stimulation of
osteoclasts by metastatic cancer cells or the coupling
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of bone formation and resorption. Attention has
been focused on the role of cytokines in mediating
bone remodeling [27], but the relationship between
cytokines and bone metastasis in prostate cancer is
not clearly understood. Bone ALP is produced by
osteoblasts. In the present study, the correlation
of the extent of bone metastasis with ICTP, a bone
resorption marker, was relatively low compared
to PICP and bone ALP, which are bone formation
markers. This is attributed to the imbalanced
coupling accompanying bone metastasis.

The radioisotope bone scan has limitations in
assessing metastatic burden accurately. Since
benign disorders of the bones and joints may
produce false positive findings, in our institution,
when a bone scan of a patient is positive in only
one region and equivocal findings are obtained,
corresponding bone X-p, MRI and CT are
performed. In the present study, the clinical staging
was done before the biochemical determination.

The levels of the bone formation and resorption
markers and the degree of bone metastasis were
not correlated in some cases. The determination
of the levels of bone formation and resorption
markers may play a helpful and complementary
role in differentiating degenerative change from
metastasis.

In conclusion, the serum levels of both bone
formation and bone resorption markers were
increased in prostate cancer patients with bone
metastasis, and bone ALP was found to be the most
suitable marker for evaluating bone metastasis,
especially for stratifying the degree of bone
metastasis. Both PICP and ICTP were useful in
this respect, but rather inferior to bone ALP. T-
ALP had the lowest ability for detecting bone
metastasis, but its correlation with EOD grade was
excellent, second to that of bone ALP. PSA showed
limited reliability for stratifying the extent of bone
metastasis.

References

1. Calvo MS, Eyre DR, Gundberg CM (1996) Molecular
basis and clinical application of biological markers
of bone turnover. Endocr Rev 17: 333-368.

2. Melkko J, Niemi S, Risteli L, Risteli J (1990)
Radioimmunoassay of the carboxyterminal
propeptide of human type I procollagen. Clin Chem
36: 1328-1332.

3. Francini G, Gonnelli S, Petrioli R, Bruni S, Marsili
S, Aquino A, Camporeale A (1993) Procollagen type
I carboxy-terminal propeptide as a marker of
osteoblastic bone metastases. Cancer Epidemiol,
Biomarkers and Prev 2: 125-129.

4. Garnero P, Delmas P (1993) Assessment of the
serum levels of bone alkaline phosphatase with a
new immunoradiometric assay in patients with
metabolic bone disease. | Clin Endocrinol Metab 77:
1046-1053.

5. Panigrahi K, Delmas PD, Singer F, Ryan W, Reiss
O, Fisher R, Miller PD, Mizrahi I, Darte C, Kress
BC, Christenson RH (1994) Characteristics of a two-
site immunoradiometric assay for human skeletal
alkaline phosphatase in serum. Clin Chem 40: 822-
828.

6. Delmas PD, Body JJ (1992) Urinary pyridinium
cross-links as markers of bone resorption in tumor-
associated hypercalcemia. | Clin Endocrinol Metab
74: 471-475.

7. Risteli J, Elomaa I, Niemi S, Novamo A, Risteli L
(1993) Radioimmunoassay for pyridinoline cross-

linked carboxy-terminal telopeptide of type I
collagen: A new serum marker of bone collagen
degradation. Clin Chem 39: 635-640.

8. Smith P H, Bono A, Calais da Silva F, Debruyne F,
Denis L, Robinson P, Sylvester R, Armitage TG
(1990) Some limitations of the radioisotope bone
scan in patients with metastatic prostatic cancer. A
subanalysis of EORTC trial 30853. Cancer 66: 1009-
1016.

9. Soloway MS, Hardeman SW, Hickey D, Raymond
], Todd B, Soloway S, Moinuddin M (1988)
Stratification of patients with metastatic prostate
cancer based on extent of disease on initial bone
scan. Cancer 61: 195-202.

10. Lange PH, Ercole CJ, Lightner DJ, Fraley EE,
Vessella R (1989) The value of serum prostate
specific antigen determinations before and after
radical prostatectomy. | Urol 141: 873-879.

11. Hanly JA, and McNeil BJ (1983) A method of
comparing the area under receiver operating
characteristic curves derived from the same cases.
Radiology 148: 839-843.

12. Ezzat S, Melmed S, Endres D, Eyre DR, Singer FR
(1993) Biochemical assessment of bone formation
and resorption in acromegaly. | Clin Endocrinol
Metab 76: 1452-1457.

13. Garnero P, Vassy V, Bertholin A, Riou JP, Delmas
PD (1994) Markers of bone turnover in hyper-
thyroidism and the effects of treatment. | Clin



104

14.

15.

16.

17.

18.

19.

20.

AKIMOTO et al.

Endocrinol Metab 78: 955-959.

Kushida K, Takahashi M, Kawana K, Inoue T (1996)
Comparison of markers for bone formation and
resorption in premenopausal and postmenopausal
subjects, and osteoporosis patients. ] Clin Endocrinol
Metab 80: 2447-2450.

Miyakawa M, Tsushima T, Demura H (1996)
Carboxy-terminal propeptide of type I procollagen
(PICP) and carboxy-terminal telopeptide of type I
collagen (ICTP) as sensitive markers of bone
metabolism in thyroid disease. Endocr | 43: 701-
708.

Miyamoto KK, McSherry SA, Robins SP, Besterman
JM, Mohler JL (1994) Collagen cross-linked
metabolites in urine as markers of bone metastases
in prostatic carcinoma. | Urol 151: 909-913.
Takeuchi S-I, Arai K, Saitoh H, Yoshida K-I, Miura
M (1996) Urinary pyridinoline and deoxy-
pyridinoline as potential markers of bone metastasis
in patients with prostate cancer. | Urol 156: 1691-
1695.

Pecherstorfer M, Zimmer-Roth I, Schilling T, Woitge
HW, Schmidt H, Baumgartner G, Thiebaud D,
Ludwig H, Seibel MJ] (1995 ) The diagnostic value
of urinary pyridinium cross-links of collagen, serum
total alkaline phosphatase, and urinary calcium
excretion in neoplastic bone disease. | Clin
Endocrinol Metab 80: 97-103.

Wolff JM, Ittel T, Boeckmann W, Reinike T, Habib
FK, Jakse G (1996) Skeletal alkaline phosphatase in
the metastatic workup of patients with prostate
cancer. Eur Urol 30: 302-306.

Lorente JA, Morote J, Raventos C, Encabo G,
Valenzuela H (1996) Clinical efficacy of bone

21.

22.

23.

24.

25.

26.

27.

alkaline phosphatase and prostate specific antigen
in the diagnosis of bone metastasis in prostate
cancer. | Urol 155: 1348-1351.

Plebani M, Bernardi D, Zaninotto M, De Paoli M,
Secchiero S, Sciacovelli L (1996) New and traditional
serum markers of bone metabolism in the detection
of skeletal metastases. Clin Biochem 29: 67-72.
Withold W, Schulte U, Reinauer (1996 ) Method for
determination of bone alkaline phosphatase activity:
Analytical performance and clinical usefulness in
patients with metabolic and malignant bone disease.
Clin Chem 42: 210-217.

Partin AW, Carter HB, Chan DW, Epstein ]I,
Oesterling JE, Rock RC, Weber JP, Walsh PC (1990)
Prostate specific antigen in the staging of localized
prostate cancer: Influence of tumor differentiation,
tumor volume and benign hyperplasia. ] Urol 143:
747-752.

di Sant’Agnese PA, Cockett TK (1994) The prostatic
endocrine-paracrine (neuroendocrine) regulatory
system and neuroendocrine differentiation in
prostatic carcinoma: A review and future directions
in basic research. | Urol 152: 1927-1931.

Deftos L], Nakada S, Burton DW, di Sant’Agnese
PA, Cockett TK, Abrahamsson P-A (1996)
Immunoassay and immunohistology studies of
chromogranin A as a neuroendocrine marker in
patients with carcinoma of the prostate. Urology 48:
58-62.

Jacobs SC (1983) Spread of prostatic cancer to bone.
Urology 21: 337-344.

Manolagas SC, Jilka RL (1995) Bone marrow,
cytokines and bone remodeling. N Engl | Med 332:
305-311.



