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The diagnostic potential of a new bone resorption marker, type I collagen-cross-linked N telopeptide (NTx), for bone

metastasis of prostate cancer was evaluated. Ninty-one prostate cancer patients underwent bone scintigraphy, and urine

NTx/creatinine (NTx/Cr) was measured. Urine NTx/Cr levels were compared with bone scintigraphic results. Urine NTx/Cr

levels in the bone metastasis-positive group (n � 47) were 92.9 � 105.1 nmol/L of bone collagen, which is equivalent to per

millimole of urinary creatinine (nmol/L BCE/mmol/L Cr), significantly higher than the level of the bone metastasis-negative

group (n � 44) (59.0 � 41.6 nmol/L BCE/mmol/L Cr). When patients were classified by the extent of disease grade (EOD grade)

nomenclature, the urine NTx/Cr level of the EOD (4�) group was 209.5 � 186.5 nmol/L BCE/mmol/L Cr. This level was

significantly higher than those of the EOD (-) group (59.0 � 41.6 nmol/L BCE/mmol/L Cr), EOD (1�) group (59.0 � 47.8 nmol/L

BCE/mmol/L Cr), and EOD (2�) group (81.1 � 41.3 nmol/L BCE/mmol/L Cr). However, no significant difference was observed

between the EOD (-) and EOD (1�) groups. The mean change in urine NTx/Cr level 3 to 17 months after the first bone

scintigraphy and urine NTx/Cr examination in the bone metastasis-progression group (n � 8) was 11.0 � 31.2 nmol/L

BCE/mmol/L Cr, significantly higher than that in the bone metastasis-regression group (n � 15) (-26.8 � 40.7 nmol/L

BCE/mmol/L Cr). In conclusion, urine NTx /Cr can be measured noninvasively and reflects the state of bone metastasis.

However, the sensitivity of urine NTx/Cr is not as high as that of bone scintigraphy. Therefore, it may provide an auxiliary

diagnostic index for bone scintigraphy.

Copyright 2002, Elsevier Science (USA). All rights reserved.

PROSTATE CANCER HAS a high frequency of bone
metastasis,1,2 and accurate diagnosis of bone metastasis is

an important factor in determining prognosis. The most widely
used test for the diagnosis of bone metastasis is bone scintig-
raphy. A number of bone metabolism markers that reflect bone
resorption and osteogenesis have recently been developed.
Measurement of metabolites produced by cross-linking of type
I collagen, in particular, provides a sensitive measurement of
bone metabolism. Such markers include the C-terminal telo-
peptide of blood pyridinoline-cross-linked type I collagen
(ICTP) and the C-terminal propeptide of blood type I procol-
lagen (PICP).3 Type I collagen-cross-linked N telopeptide
(NTx), as a new bone resorption marker was also recently
developed.4,5 NTx can easily be measured in urine because it is
excreted by the kidneys, and this examination is a noninvasive
test for patients. Few studies have reported on clinical evalua-
tions of NTx in prostate cancer.6,7 We deemed it necessary to
study in detail the sensitivity of NTx in the diagnosis of bone
metastasis, including severity and treatment effects. We studied
the diagnostic performance of this new bone resorption marker
for bone metastasis and compared it with bone scintigraphy.

SUBJECTS AND METHODS

Subjects

Ninety-one patients with prostate cancer who visited the Jikei
Kashiwa Hospital between April 1998 and October 1999 were studied.

The patients ranged in age from 50 to 92 years (mean, 72.7� 9.1), and
tissue types (World Health Organization [WHO] classification) were
well-differentiated in 8 cases, moderately differentiated in 31 cases,
poorly differentiated in 37 cases, and unclassified in 15 cases. The latter
15 cases had been transferred from other hospitals where their tumors
had not been classified. According to TNM staging 1987,8 clinical
stages in the first examinations were stage A in 2 cases, stage B in 6
cases, stage C in 18 cases, stage D in 41 cases, and unclassified in 24
cases. Seven patients were undergoing radical prostectomy. Another
seven patients with localized prostate cancer were treated with external
beam radiation of the pelvis. The forms of androgen suppression were
variable. As for endocrine therapy, 14 underwent bilateral orchiectomy,
76 with relapse after prostatectomy or radiation therapy received lu-
teinizing hormone-relapsing hormone (LHRH) agonist, and 1 patient
was not treated. The periods of LHRH agonist treatment ranged from
0 to 10 (mean 1.9� 2.1) years. Cases with a history of traumatic
fracture during observation were excluded from the present clinical
evaluation.

Methods

All patients underwent bone scintigraphy. A total of 555 MBq of
99mTc-hydroxymethylenediphosphonate (99mTc-HMDP) was injected
intravenously, and front and back images of the whole body were taken
after 3 hours. The apparatus used was a double-detector gamma camera
(RC-2600I, Hitachi Corp, Japan) with a low-energy high-resolution
collimator, and energy was set at 140 keV� 10%. Bone scintigrams
were read by radiologists and classified into a bone metastasis-positive
and a bone metastasis-negative group. The degree of severity of bone
metastasis was also evaluated in detail using the extent of disease
(EOD) grade nomenclature9 (Table 1). When the bone scintigraphic
results differed among radiologists, the majority decision was accepted.
Furthermore, in some cases, magnetic resonance imaging (MRI) was
used to diagnose bone metastasis.

Urine NTx was measured within 10 days after the bone scintigraphic
examination in all cases. Urine samples were collected at the second
void and preserved by freezing at -20°C. NTx was measured with an
enzyme-linked immunosorbent assay (ELISA) kit, Osteomark (Ostex
International, Seattle, WA). The ELISA kit was used following the
manufacture’s instructions. The Osteomark immunoassay detects NTx
using monoclonal antibody, 1H11, which specifically binds to
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the�2(I)N Telopeptide chain of type I collagen. Urine creatinine (Cr)
was simultaneously analyzed with a Hitachi 7150 autoanalyzer. Urine
NTx was expressed as nanomoles of bone collagen equivalents per
millimoles urinary Cr (nmol/L BCE/mmol/L Cr).4

Among the patients who underwent a second bone scintigraphic
examination and simultaneous urine NTx/Cr measurement 3 to 17
months after the first bone scintigraphy, 23 were classified into a bone
metastasis-progression group or a bone metastasis-regression group.
Forty-one patients who showed no difference between first and second
bone scintigraphic findings were excluded. Subtracting the first urine
NTx/Cr from the second yielded the mean change (�) in urine NTx/Cr.

Prostate-specific antigen (PSA) was measured in 77 cases on the
same day that urine NTx/Cr was measured. Patients were then classi-
fied into 3 groups on the basis of their PSA levels. In group A patients,
PSA was under 4.0 ng/mL. In group B patients, PSA was more than 4.0
ng/mL, but less than 10.0 ng/mL. In group C patients, PSA was more
than 10.0 ng/mL.

Tests

(1) Urine NTx/Cr was compared with bone scintigraphic results in
all cases. (2)� urine NTx/Cr values were compared between bone
metastasis progression and regression groups. (3) Urine NTx/Cr was
compared with bone scintigraphic results on the basis of PSA levels.

Statistical Analysis

Values are presented as means� SD. Student’st test was applied for
comparison of measurements between 2 groups. Scheffes F test was
used for comparisons among groups. A value ofP � .05 was consid-
ered to indicate a statistically significant difference.

RESULTS

Correlation Between Urine NTx/Cr and Bone Scintigraphic
Results

Patients were divided into 2 groups based on the the presence
or absence of bone metastasis. The mean urine NTx/Cr was
significantly lower in the bone metastasis-negative group (n�
44) than in the bone metastasis-positive group (n� 47),
(59.0� 41.6v 92.9� 105.1 nmol/L BCE/mmol/L Cr, respec-
tively) (Fig 1; P � .05). Correct diagnosis of bone metastasis
was highest when the urine NTx/Cr cutoff level was set at 70
to 75 nmol/L BCE/mmol/L Cr, assuming bone scintigraphy
finding is the most reliable. At this cutoff level, diagnosis
reached a sensitivity of 51.1%, a specificity of 79.5%, and an
accuracy of 64.8% (Table 2). When patients were grouped
according to EOD grade, the urine NTx/Cr level did not differ
between the EOD (-) (n� 44) and EOD (1�) (n � 27) groups
(59.0 � 41.6 v 59.0 � 47.8 nmol/L BCE/mmol/L Cr, respec-
tively). Urine NTx/Cr in the EOD (4�) group (n� 9; 209.5�
186.5 nmol/L BCE/mmol/L Cr) was significantly higher than
those in the EOD (-), (1�), and (2�) groups (n� 44; 59.0�
41.6 nmol/L BCE/mmol/L Cr, n� 27; 59.0� 47.8 nmol/L

BCE/mmol/L Cr, n� 10; 81.1� 41.3 nmol/L BCE/mmol/L
Cr, respectively) (Fig 2;P � .001). Statistical analysis was not
performed for the EOD (3�) group as there were too few
patients.

Correlation Between� Urine NTx/Cr and Bone
Scintigraphic Results

The intervals between the first and second bone scintigraphy
were 5 to 17 months in the bone metastasis-regression group
(n � 8) and 3 to 16 months in the bone metastasis-progression
group (n� 15). The mean� urine NTx/Cr was significantly
lower in the bone metastasis-regression group than the bone
metastasis-progression group, (-26.8� 40.7 v 11.0 � 31.2
nmol/L BCE/mmol/L Cr, respectively) (Fig 3;P � .05). There
was no significant difference between the bone metastasis-
regression group and the bone metastasis-progression group as
to the manner of treatment.

Correlation Between Urine NTx/Cr and Bone Scintigraphic
Results Based on PSA Levels

In group A, the urine NTx/Cr level was beyond 100 nmol/L
BCE/mmol/L Cr in 4 patients (bone metastasis-negative group
(3/28), bone metastasis-positive group (1/13)). In group B, the
urine NTx/Cr level exceeded 100 nmol/L BCE/mmol/L Cr in 1
patient (bone metastasis-negative group (0/5), bone metastasis-
positive group (1/12)). In group C, the urine NTx/Cr level was
over 100 nmol/L BCE/mmol/L Cr in 6 patients (bone metas-

Table 1. EOD Grade Nomenclature

EOD (�): Normal, or abnormal due to benign bone disease
EOD (1�): Number of bony metastases less than 6, each of which is less than 50% the size of a vertebral body (1 lesion about the size of a
vertebral body would be counted as 2 lesions)

EOD (2�): Number of bone metastases between 6 and 20, size of lesions as described above
EOD (3�): Number of metastases more than 20, but less than a “super scan”
EOD (4�): “Super scan” or its equivalent, ie, more than 75% or the ribs, vertebrae, and pelvic bones

Fig 1. Comparison of urine NTx/Cr between the bone metastasis-

negative and bone metastasis-positive groups. Urine NTx/Cr was

significantly higher in the bone metastasis-positive group.
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tasis-negative group (0/4), bone metastasis-positive group (6/
15) (Fig 4A-C).

DISCUSSION

Bone scintigraphy is based on the highly specific accumula-
tion of 99mTc-HMDP in bone tissue. It has been widely used to
facilitate imaging of the whole body and for accurate detection
of lesion sites. However, bone scintigraphy is limited by sev-
eral factors: its inability to resolve differences between benign
and malignant bone lesions, the cost of the procedure, frequent
patient exposure to radiation, and subjectivity in image inter-
pretation.

To compensate for these limitations, various markers of bone
metabolism have recently been developed and applied clini-
cally.10-15 ICTP and PICP examinations were already reported
to be useful for assessing bone metastasis of prostate cancer
clinically.3 However, ICTP and PICP data are affected by renal
dysfunction, hepatitis, and hepatic fibrosis.15-18 The require-
ment for frequent blood collections to monitor these markers is
not always well accepted by patients, adding to the desire for a
less invasive and more sensitive marker of bone metabolism.

The presence of NTx, a metabolite of bone resorption

derived from type I collagen in humans, in urine has been
reported.5 The diagnostic performances of urine NTx, blood
ICTP, urine pyridinoline (PYD), and deoxypyridinoline (DPD)
have been compared, and urine NTx was found to be the most
sensitive marker of bone metabolism.7 One advantage of NTx
examination is that it can easily be repeated. It is also nonin-
vasive, which is important to patients. We examined the effec-
tiveness, limitations, and significance of NTx as a marker for
clinical application. In this report, we divided the urine NTx
level by the urine Cr concentration.4,19

Levels of urine NTx/Cr have been investigated in healthy
patients by Sone et al.19 Urine NTx/Cr excretion levels were
determined in 452 healthy Japanese subjects. Urine NTx/Cr
values in healthy subjects ranged from 5.1 to 150.0 (31.6�
16.7) nmol/L BCE/mmol/L Cr. While a marked variation was
observed between pre- and postmenopausal women, urine
NTx/Cr values did not vary greatly according to age in male
study subjects. Urine NTx/Cr values in our bone metastasis-
negative group showed a wide range from 9.6 to 278.6 nmol/L
BCE/mmol/L Cr (mean, 59.0� 6.1). We will discuss the
reason for our bone metastasis-negative group data being
higher than that of Sone et al.19 The exact reasons for this
discrepancy are not known. However, it is likely that there
relatively large differences exist in the urine of NTx/Cr indi-
viduals. In addition, bone resorption and urine NTx/Cr values
are reportedly significantly elevated in patients undergoing
androgen ablation therapy.20,21 Our previous results demon-
strated an increase in urine NTx/Cr beyond 20 nmol/L BCE/
mmol/L Cr in patients without bone metastasis due to androgen
suppression for at least 12 months.22 In our study, most of the
patients were undergoing androgen suppressive treatments (bi-
lateral orchiectomy, 14 cases; LHRH agonist, 76 cases). The
reason for the urine NTx/Cr values of the bone metastasis-
negative group being higher than those of healthy Japanese
subjects reported by Sone et al19 could be related to androgen
deficiency. Because of the higher baseline NTx excretion in
androgen-suppressed prostate cancer patients, the sensitivity of
urine NTx/Cr for bone metastasis might be lower than in men
with normal testosterone levels. However, many patients un-

Fig 2. Comparison of urine NTx/Cr according to EOD grade no-

menclature. Urine NTx/Cr was significantly higher in the EOD (4�)

group than in the EOD (-), (1�), and (2�) groups.

Fig 3. Comparison of � urine NTx/Cr between bone metastasis-

regression and bone metastasis-progression groups. � urine NTx/Cr

was significantly higher in the bone metastasis-progression group.

Table 2. Diagnostic Ability of Bone Metastasis

Cutoff Level
(nmol/L BCE/mmol/L Cr)

Sensitivity
(%)

Specificity
(%)

Accuracy
(%)

95 31.9 93.2 61.5
90 34.0 90.9 61.5
85 38.3 84.1 60.4
80 44.7 81.8 62.6
75 51.1 79.5 64.8
70 51.1 79.5 64.8
65 53.2 65.9 59.3
60 57.4 63.6 60.4
55 57.4 50.0 53.8
50 63.8 45.5 54.9
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dergoing androgen suppressive treatments are included among
bone metastasis-negative patients in some hospitals. For a
marker to be used clinically, its diagnostic ability should be
investigated, keeping in mind potential disadvantages. For this
reason, we selected bone metastasis-negative patients as our
control group.

In 1 patient in the bone metastasis-negative group who
received an LHRH agonist for 8 months, both urine NTx/Cr
(278 nmol/L BCE/mmol/L Cr) and alkaliphosphate (ALP) (481
IU/L) were very high. Over the following month, urine NTx/Cr
decreased to 62 nmol/L BCE/mmol/L Cr, while ALP increased
to 581 IU/L. This patient had neither hepatic nor pancreatic
disease. The origin of the increase in ALP in this case is
unclear. Thus, we are still monitoring the course of this patient.

Yamamoto et al6 reported the efficiency of diagnosing bone
metastasis to be greatest with the cutoff level for urine NTx/Cr
set at 40 to 50 nmol/L BCE/mmol/L Cr. In the present study,
correct diagnosis was highest with the urine NTx/Cr cutoff
level set at 70 to 75 nmol/L BCE/mmol/L Cr. At this cutoff
level, diagnosis reached a sensitivity of 51.1%, a specificity of
79.5%, and an accuracy of 64.8%, as shown in Table 2.
Significant differences in urine NTx/Cr levels were observed
between the bone metastasis-negative and positive groups, but
the variance in values between the 2 groups overlapped, as
shown in Fig 1. These results illustrate the difficulties associ-
ated with diagnosing the presence or absence of bone metas-
tasis by urinary analysis of NTx/Cr alone.

When EOD grade nomenclature was used to classify the
degree of bone metastasis, urine NTx/Cr increased relative to
the EOD grade, and urine NTx/Cr levels in the EOD (-), (1�),
and (2�) groups were significantly lower than that of the EOD
(4�) group. No significant difference was observed between
the EOD (-) and EOD (1�) groups, indicating the urine NTx/Cr
level to be elevated in patients in whom bone metastasis had
progressed. However, urine NTx/Cr may not be suitable for
early diagnosis of bone metastasis. The small number of cases
in the EOD (3�) group prevented comparisons between this
group and the EOD (-) group.

These results indicate that a single examination of urine
NTx/Cr values is not sufficient for determining the state of

bone resorption in an individual, and that repeated urine
NTx/Cr measurements appear to be necessary to detect varia-
tions. In this study, we found the mean� urine NTx/Cr in the
bone metastasis-progression group to be significantly higher
than that in the bone metastasis-regression group. However,
further studies are needed to provide more detailed information
and confirm our results.

PSA has been widely used as an index of metastasis to bone
and other organs in prostate cancer patients.11-14 As shown in
Fig 4, those patients whose urine NTx/Cr levels exceeded 100
nmol/L BCE/mmol/L Cr in the C group all belonged to the
bone metastasis-positive group, based on bone scintigraphy.
These results suggested that combining urine NTx/Cr with PSA
would facilitate making an exact diagnosis of bone metastasis.
However, we speculate that further studies, including consid-
eration of other bone metabolism markers, are needed to clarify
this issue.

In general, bone metastasis of prostate cancer is composed
mainly of osteoblastic type cells. The reason for the increase in
bone resorption markers correlating with the progression of
prostate cancer is not clear at present. It has been well docu-
mented that excessive osteoid formation occurs adjacent to
metastatic bone lesions in prostate cancer, and that active
osteoblast numbers increase in parallel with the rate of bone
resorption.23,24 Increased osteoclast activity can be promoted
by tumor-derived factors, such as epidermal growth factor,
tumor necrosis factor-�, and transforming growth factor-�.25,26

It is interesting that elevation of bone resorption markers, such
as blood ICTP, urine PYD, and DPD have been reported in
prostate cancer patients with bone metastasis.27-29 It was ar-
gued, based on such results, that bone resorption markers
increase as bone is resolved, despite osteoblastic activity being
enhnaced. It is probable that our finding of elevated urine
NTx/Cr in these types of cancer cases is attributable to similar
mechanisms.

CONCLUSION

(1) Bone scintigraphy and urine NTx/Cr measurements
were performed for 91 prostate cancer cases. (2) Urine

Fig 4. Diagnostic ability combining urine NTx/Cr with PSA. (A) Group A (PSA < 4), (B) group B (4 < PSA < 10), and (C) group C (PSA > 10).

All of the patients whose urine NTx/Cr levels were over 100 nmol/L BCE/mmol/L Cr in group C had bone metastasis.
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NTx/Cr was significantly higher in the bone metastasis-
positive group than in the bone metastasis-negative group.
(3) Urine NTx/Cr was significantly higher in the EOD (4�)
group than in the EOD (-), (1�), and (2�) groups. However,
no significant difference was observed between the EOD (-)
and (1�) groups. (4) Changes in urine NTx/Cr in the bone

metastasis-progression group were significantly greater than
those in the bone metastasis-regression group. (5) The abil-
ity to diagnose bone metastasis was improved by combining
urine NTx/Cr with PSA. (6) Urine NTx is potentially useful
as an auxiliary diagnostic index, used in conjunction with
bone scintigraphy.
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