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Association between bone scintigraphy

and serum levels of procollagen (1) and

PSA in the detection of bone disease in prostate cancer patients
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Summary

Purpose: To evalvare the clinical wsefilnesy of vevum
procellagen § carboxyterming! Pl (PICP) sond pivs-
tate xpecific antigen (PSA) inselation fo hone seon res ully iy
Gvek pavients with prostate conver (0

Patients and methods: 108 PAEnREs (et ape 334, 1
vears; vange S50 with PC and 52 oty Mood donars
as couted growgs were examived for sernm PICP wied PSA
levels, The dsagmosis of PC i confirmed histologically.
Bone morastases were diagnosed in 68 of the patienty with
the s of " T MDP bone scan, wirile 400 preaticns fed 1o
o aetoxtayes. Duving tiv olie Vear follow-np sew PICP
i PSA meosioonrenrs were ebstasned aling witlh o ney
Busesee scem for all g saicdiod

Introduction

Prostate canceris the 6th commonest cancer worlid-
wide and the 3rd most Impartant to men with 543,000
new cases cach year. Iis estimated that in USA | in ey~
ery fmen develops PC during his life, while on Iy | ot
oF 32 will die ol this discase #ecording to the American
Cancer Society's 2004 Cancer Facts & Figures{1]. In
Greeee PC s the second commonest Cancer in men after
lung eancer with 2,920 new cases in 2002, comprising
13.2% oFall cancers in men | 2] Atthe time of diagnosis
of PC the tumor hus advanced beyond the prostatic ca n-
sule i 75% of the pateents and distant melastases can be
detected in nearly half of them, Nowadays. with the
wide use of PSA, many PC are detected in carky stagey
and therefore can be treated either surgically orby drugs

[3].

Resaeles: The leveds of sovim PICP and PSA wene yig-
nificantly higher in peticats with P¢ “and beve metastaves iy
CORPRICISGN I Naticonts 1iply ates B smescrvtases, The sewsitiv-
fvand specificiny of the combinotion of PICE and PSA were
TN and 967 nespectively:

Conelasion: PICE Coded he asefid for diqgnosing ey
haise mesastases of prastase adenocarcinoma and in comb-
neation with P aod bone seqr can ho an ackdition sour in
the folfen-up of pasients with PC

Key words: bone metastases, hose sean, procollugen (1)
cirhoxvienninal propeptide. prostate adenoearcinom,
prostate specific antigen

Accurate evaluation of bone metastases in patients
with PC is signilicant both for the disease classification
atthe ime of diagnosis and also fora corree! decision-
making and effective follow up. Although the most
common location of metastises from PC is the skeleton,
buone metastases cannot always been accurately de-
teeled since radivlogic imaging modalities, such as y-
ray and computerized tomography (CT) can only detect
the long-term appearance of bone Metastases (osteo-
blastic lesions) [4]. Itis commanly observed and widely
accepled tht plain x-ray examination has low sensitfy.
ity and that substantial osseous destruction sometimes
veers before the appearance of metastatic fesions on
pluin x-rays films [5], Radiisulope bone scun is i reli-
able amd established tool for the dragnosis and monitor-
ing of skeletal metastatic status. Although bone scintig-
raphy is considered very powerful at the initial diagno-
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sis because of high sensitivity, its specificity 15 low since
several hot spots (especially i skull or cervical spine)
give commonly false-positive areas on bone scans [0},
The Aare phenomenon (paradoxical deterioration) has
also been reported on bone scans aller the start of anti-
cancer treatment with estrogens, LHRH agonists, anti-
androgens. S-fluorouracil (5-FU), mitomyein or alter
archiectomy. Inaddition, bone scintigraphy is not suit-
able tor monitoring short-term response of bone metas-
tases to therapy [7].

Immunoassays for measuring the circulating pro-
ducts of bath type | collagen synthesis and degradation
have been developed and used for the early detection of
bone metastases in patients with PC [ 7).

In this study we evaluated the clinical uselulness
ol serum PICP as an indicator for early detection of
bone metustases in Greek patients with PC in combina-
tion wiath PSA levels.

Patients and methods

Patients

The study population consisted of 108 patients

aged 42-81 years {mean age S842.3) with histologically
confirmed PC {Table ). Disease stage wis defined ac-
cording ta the TNM system |B]. Sixtyv-eight (42.5%%)
patients had bone metastases assessed by bone scan
(group A) with 46 of therm having more than 3 hot spots,
and 22 with less than 3 hot spots{ Table 1, Figure 1). The
remaining 40 {25%) patients had no bone metasiases
{(negative bone scans and x-ray) (group B). Fifty-two
healthy blood donors (mean age 46273 years, range
40-62) served as control group {group Chto estimate the
cut aft value of serum PICP and PSA. None ofthent had
a history of disease (such as bone fractures, osteamala-
cia, Paget’s disease, renal or liver failure) er use of drugs
{steroids, caleitonin, biphosphonates) which could af-
fees bone metabolism [9-11].

All patients Bad an inttial whole body bone scan
with 925 MBq "™ Te-MDP using tomographic gamma
-Camera (GE Millennium MPR. USAjand serum PICP
and PSA measurements and entered the tollow-up pro-
aram of our clinie which included new serum PICP and
PSA messurement after &6 months and bone scan afier
one year . All of the patients were under harmone ther-
apy with antiandrogens and LHRH analogues during
this one-vear period of follow-up,

Table 1. Patiear and prostate cancer{ PC) characteristics of all groups studicd

Characteristic Growp A Cirowp B Growp C
(iRt yeaan re) (B soam segz) formireds)
nita o250 ni%al

No, ofpatients BR42.5) H(25) 22(32.5)
A (ywars), mean (range ) T3.5{65-582) T3(61-85) 68, 5{53-84)
Initial Gleason score

2.4 15(22) REYRN

5.6 21 (31) 1S(37) -

=7 247 2161 -
Initial TNM stage’

TINOMO 17 (43

TINI-IMIb 36(35) -

TaANOMO 2357

T4ANI-3MIDL 32447) -
Hone sean (T1AN 130 b7

=3 26(67)

>3 22(3%) -
PC reatment’

Susgical castratiom 26132) 25(62) -

Hormanal therapy 42062 15(38) -
Initial serum PSA (ngfml)

<50 12120) S2 ()

=D AS(100) 28(70) =
Inztiald sezum PICP (pg/l)

<170 R(22) S21am)

=1 AR IN{TH)
"Tia.c:umil Honk Diliteml exteaprontats (15), extemsionand imvasion of sermal sesicles (el T3ab mvasion of bladder neck. rev-

turm e external sphincier Lk, and invasion of Savatee muscle or pelas Boar by Ny 52 lymph node metastasis M, bone metastasis
*Bane scan with meee o less thon 3 bod spats. " Andengen depavation by surgies! castention or Ditamisde with LHRH antbagie
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Figure L. Whale body bane scan with
928 MBY ™ e-MDP in patieats with

e Bone metastasis of prostate caneer A
less than 3 hot spats; B: more than 3
hot spats at bane scan.
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The diagnosis of bone involvement was per-
formed with whole body scintigraphy, followed by
conlirmation with a plaimn x-ray along with CT scan to
discriminate lesions that appeared positive at scintig-
raphy and negative at x-ray. The extent of metastases in
bone scintigraphy was established according to the
Soloway criteriz [12].

Assavy

Blood samples were drawn in the moming after
overnight fusting and the serum was separated and fro-
zenal =707 C until assayed. Serum levels of PICP were
assayed by RIA {Orion Cooperation, Farmos Diagnos-
tic, Finland) and serum PSA was determined with Tan-
dem-R PSA assay (Hybritech Inc. San Diego, Calif,
USA). The reference normal levels of PICP were con-
sidered to he < 170 pg/l according to our measurements
in group € of healthy hivod donors, in agreement with
other studies [13]. The accepted upper limit of normal
level for PSA was setat 4.0 ng/ml.

Statistical analyses

Statistical analyses were performed using the
statistical package SPSS V.11, We compared the PICP
and PSA serum values between PC patients with mul-
tiple bone metastases (>3 hot spots) with those with
limited bone metastases (= 3 hot spots) and those with-
out bone metastases. Chi-square test was considered as
appropriate. The specificity, sensitivity and accuracy

were caleulated using ROC curve analysis {PICP,
PSA). A p-value of less than 0.035 was considered sta-
tistically significant.

Results

The patient and control groups characteristics are
summirized in Table | PICP levels in group A (Figure
2) were 380489 pg/l (range | 78-380), in group B
128443 pg/l (range 98-195)and in group C 90 45 g/l
(range 6G0O-120).
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Figure 2, Observed values of serum peacallagen (1) in zroup A of
patients with booe metastases assessed by bone scan, and group 8
with negative bone scans and x-ray (range [ 78-380 pedin fLroup
Acnd 98195 pg/l in group B),



PSA levels in group A were 158+ 85 ng'ml{range
73-243), in group B 6,2+5.8 ne‘ml(range 0.4-12.0), and
ingroup C 2.8=1.9 ng/ml (range 0.9-4.7) (Figure 3).

The levels of PICP and PSA were significantly
higher in patients with PC and bone metastases (T -
3NI1-3MIb)in COMPAriSOn to patients with PC without
bone metastases (p <0.005), PICP and PSA serum lev-
els were significantly higher in patients with PC and
bone metastases than in those without bone metastases
(p < 0.005). Very high values of PICP, higher than those
of PSA. were found in patients with multiple (=3 hot
spots) bone metastases (p=0.005).

Patients with low levels of PICP (=90 ngd) had no
hone metastases. Hi ghlevels of PICP (=170 ugh were
predictive for bone metastases with sensitivity, specific-
ity and accuracy of 54%, 939 and 84%, respectively.
PSA values > 4 np/mi were predictive for bone metas-
lases with sensitivity 75%,, specificity 94%, and acce-
racy 88%, while when PSA levels were < 4 ng/mi sen-
SHIVilY was 68%_ specificity 91% and accuracy 88%,

Sensitivity, specificity and accuracy of the com-
bination of PICP plus PSA were 78%, 96% and 97%,
respectively (Figure 4).

After one vear of fol low-up serum PICP, PSA and
bone scan far all groups studicd were repeated (Table
2). Eight (20%) patients of group B presented with
bone metastases. of whom 5 {12.5%) had =3 hot spots
and 3 (7.5%) < 3 hot spoets. All patients with new meta-
static lesions had initial PSA level = 50 ng'mland PICP
level =170 pg/t. Besides, 12 (17.6%) patients of group
Aancreased their bone metastases from < 3 hot spots to
=3 hot spots on bone scan, while 5{7.3%) patients with
>3 hol spois on bone scan, serum PSA =5 ng/ml and
PICP =170 ug/l died during this period (one year),
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Figure 3, Varations of seruns PSA values (hox plots) of all Lroups
studied {group A range 73-243 ng'ml, and group B ranpe 0,4-12.0
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Figure 4, Percentages af, sSeRsitvily, specifivity and accumacy for hone
scan, PICP muore than 170 pedland serum PSA more than 4 neml.

Table 2. Characteristics of ail groups studied after one year af
fallow-up

Clharacterisnic Grop 4 Cronp B
w75 w2

No. of patients a0 F2(100)
TNM stage

TI-aNOMG 32¢100)

T3ENI-3MIb THIOD) -
Boae sean {no. of hat Spots b

=3 37¢49)

>3 (s
Serum PSA (ng/mil)

< 50 - 7422}

=50 Ta(100) 25{78)
Serum PICP(ugl)

= P70 - L B

=17 FHO100) 264¢82)
Discussion

It i5 known that metastatic bone lesions interfere
with nonmel bone regeneration due to the local release
of cytokines and growth factors which increase osteo-
blastic and‘or osteolvtic activit v [14]. Bone metastases
occurin 85% ol the paticnts who die ol PC [3]- Although
mast patients with bone metastases respond well 1o
hormonal therapy, the median survival is between 2 and
3 years, and only 30% of the patients arc alive afier 5
vears [15]. The early detection of bone Metastases is
therelore considered 1o be very important and decisive
for the prognosis of patients with PC.

Assessment of other methods for detecting and
evaluating borte metasiases, such as manitoring of
urinary hydroxyproline, urinary pyridinoline and de-
oxypyridinaline. urine calcium. serum osteocalein and
serum alkaline phosphate levels have been performed
[11.16.17], but they seem incomplete without clinical
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uselulness. It is noteworthy that there are highly malig-
nant PCs that praduce less PSA than low malignancy
PCs. Such cases call for the development ol new hio-
logical markers [ 18],

As a consequence of bone involvementa variety
of biachemical markers are altered and monitoring
these markers in the blood and urine can provide an
indirect indication of the discase activity [19.20]. The
measurement of the markers is cheaper than other
methods, more easily determinable and with negligible
disturbance to the patients [21].

Type | collagen is the most abundant collagen in
many soft tissues and accounts for more than 0% of
the organic matrix of the bone, The precursor molecule,
procollagen, contains both aminoterminal and caronxy-
terminal extension peptides which are cieaved before
collagen becomes incorporated as a fibnn into the bone
matrix. The amount of PICP released into the circula-
tion is directly related to the rate of de nove synthesis
of collagen maolecules, since PICP normally does not
come from soft tissues, PICP is not incorporated into
the bone matrix and thus circulating levels of PICY in-
dicate the rate of bone collagen synthesis, and conse-
quently of usteoblastic activity [8,9]. Therefore, moni-
toring of the collagen type 1 metabalism can be used 10
detect the activity of bone metastases [22]. PICT is a
marker of bone metaholism and its levels are known o
be elevated in other discases such as bone fraciure,
osteomalacia and Paget’s discase {9-11]. Therefore,
careful assessment of PICP levels is required in patients
with combinations ol these discases.

PSA is the marker most widely used for the diag-
nosis and follow-up of PC [ 18] There 15 a general agree-
ment that PSA takes its highest prognostie value for PC
when it is estimated in relation to age, prostate size, the
relation to free PSA and the rhythm by which it in-
creases within one year [13]. In a study 10-27% of men
aged 62-91 vears with PSA 4.0 ng'ml or slightly less had
PC [18]. Younger individuals with PSA 2.6-6 ng/mi
have higher possibilities than elders to have curable PC,
while clders have higher possibility to have highly ma-
lignant PC. In addition, PSA levels are not always re-
lated to the PC extent [23]. Also, given that PSA is under
androgen regulation, it is worth meniioning that after
homnmonal therapy 34% of patients with clinical stage D2
disease show nommal PSA values despite the progres-
sion of bone metastases [24]. These findings underline
the need of additional measurement of PICP levelsin
these categories of PC paticnts.

In the present study the combination of PICP and
PSA showed sensitivity and specificity of 78% and
96%. respectively.

The high levels of PICP found in patients with PC

73

without bone metastases can be attributed to the pres-
ence of micrometastases undetectahle by conventional
methods [25]. The results of our study are in agreement
with similar studies [21.22.26-30].

In conclusion, our findings validate the usetulness
of PSA in the diagnosis of metastatic bone disease and
indicate PICP as a reliable marker of bone metastatic
changes in PC patients. Their combination Improves
the accuracy, sensitivity, and specificity for the dingno-
sis of bone metastases in PC, especially in early discase
stages.
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