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Measurement of urinary collagen cross-links indicate
response to therapy in patients with breast cancer and
bone metastases
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Summary Objective assessment of response in bone metastases from breast cancer using radiological techniques takes up to 6 months of
treatment to be certain of a response, and sclerotic metastases are not evaluable. Standard serum and urinary tumour markers may not
always be utilized to predict response, as they may not be elevated, and therefore may not change on treatment. The development of the
urinary pyridinoline cross-link assays which measure mature bone breakdown products have been shown to be highly sensitive and specific
as a measure of bone change in osteoporosis. We have measured pyridinoline (Pyr) and deoxypyridinoline (Dpyr) cross-links sequentially in
36 breast cancer patients with bone metastases, to determine if the measurement of these analytes predicts response at an earlier stage than
radiological assessment. Response was assessed by UICC criteria. Seventeen women responded to hormonal therapy, whilst 19 developed
progressive disease. Both Pyr and Dpyr increased sequentially in women with progressive disease with changes becoming apparent by 8
weeks (P < 0.03). In responding women, cross-link levels did not change significantly. Pyr and Dpyr were more sensitive and specific than the
standard serum tumour marker CA 15-3. Urinary cross-link measurements provide a novel objective method of assessing response to
treatment in women with bone metastases. Initial elevated urinary cross-link markers identify patients who tend not to respond to changes in
hormonal therapy.
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Bone metastases are a common clinical problem, affecting 70%ydroxyproline as a urinary marker of bone resorption in osteo-
of women with breast cancer (Coleman and Rubens, 1987jporotic patients (Eastell et al, 1990; Delmaset al, 1991; Paterson
Difficulties with objective assessment of response to treatmentt al, 1991).
by conventional radiological means, particularly in women with Urinary excretion of cross-links has been reported to be
sclerotic or mixed lytic-sclerotic metastases, have led to the inve®levated in patients with breast and prostate cancer (Sano et al
tigation of biochemical markers of bone metabolism as potentialllt994) and to fall when bone metastases are treated by anti-
useful indicators of disease response (Coleman et al, 1992%esorptive drugs such as bisphosphonates (Coleman et al, 1992).
Urinary hydroxyproline excretion is the most studied marker of The aim of this study was to assess the ability of two urinary
bone resorption but is not specific for bone collagen breakdownross-link markers to predict response to hormonal treatment in
and is affected by changes in diet as well as soft tissue destructipatients with breast cancer bone metastases. These analytes wel
by disease (Robins et al, 1982; Moro et al, 1993). Urinary calciuimeasured serially and compared with serum levels of the breast
excretion is normal in patients with predominantly sclerotictumour-associated antigen CA15-3 (Robertson et al, 1991) and
disease and in patients whose tumours produce parathyrofdandard International Union Against Cancer (UICC) radiological
hormone-related protein (PTHrP), which increases renal tubulasriteria of response (Hayward et al, 1977).
reabsorption of calcium (Coleman et al, 1992; Sano et al, 1994).
Pyridinoline (Pyr) and deoxypyridinoline (Dpyr) are cross-links PATIENTS AND METHODS
between collagen molecules, and are broken down and release
during bone resorption (Fujimoto, 1980; Eyre, 1992). Excretion OEatients
the cross-links is unaffected by diet. Dpyr is only found in bone
and dentine collagen and thus its excretion is potentially specifithirty-six women with breast cancer presenting with metastatic
for bone collagen breakdown (Robins, 1982). Preliminary resultgisease in the skeleton were prospectively studied. At relapse or
suggest that Dpyr excretion has significant advantages overogression of their disease, women were either being treated
with adjuvant tamoxifen 20 mg dayn = 13), megesterol acetate
(n = 3), radiotherapy induced ovarian ablati@an=(1), or on no

Received 19 December 1997 treatment § = 19). Four patients presented synchronously with
Revised 5 November 1998 bone metastases and a palpable breast lump.
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radiographs of the chest, pelvis and lumbar spine. RadiograplTable 1
were also taken of any areas of activity on the radioisotope scan

any clinically symptomatic areas of the skeleton. Twelve patient Responders Progressors
had disease in other sites (soft tissues 8; lung,n = 7; liver,  age 56 years 58 years
n = 2; brain,n = 1) (Table 1). Sequential radiological monitoring (range) (42-69) (36-82)
was performed with plain radiographs of the chest, pelvis, lumbeDisease-free interval from 51 months 12 months
spine and any other affected bones every 3 months. Responseﬂtr;izrtgi?;mzngone (0_27? (0—16§)
treatment for patients with lytic metastases was assessed by Sty atastases (1-12) (1-12)
dard radiological UICC criteria at 3 and 6 months, or at diseasType of metastases
progression (Hayward et al, 1977). The radiological response 1 Lytic 6 12
treatment was assessed independently by a consultant radiolo¢ Mixed u 7
and confirmed by a medical oncologist without knowledge of th(Otgimsezztases 5 3
cross-link results. Patients with an increase in the number ¢ |yng 2 5
metastases, or size of metastases, or the development of furtl Liver 1 1
lytic metastases were regarded as having progressive disease. _ Brain 0 1

Patients with solely sclerotic metastases were not evaluabpra‘gszs treatment® 1 o
according to UICC criteria and were excluded from the study 1,noxifen 7 6
However, patients with mixed sclerotic and lytic disease, 0 Megace 0 3
patients with sclerotic metastases who had clearly evaluable are DXT ovarian ablation 0 1
of soft tissue disease were included. Treatment

For analysis, patients with responding or stable disease for mo ?;;ig‘g?drawal) 12 11
than 6 months were grouped together as these categories hé¢ pegace 3 2
been shown to demonstrate equivalent response (Robertson et Aminoglutethamide 1 2
1997). At relapse with bone metastases, all patients were full io_'aqdex é 1

H H H 5 | rimiaex

staged radiologically and by liver function tests. Subsequentl Chemotherapy 0 1

they were started on tamoxifen 20 mg d4y = 21), megesterol
acetate 160 mg day(n = 5), Zoladex £ = 2), aminoglutethamide
(n = 3), arimidex ¢ = 1) and chemotherapy € 1). Three women
had been on adjuvant tamoxifen for over 5 years, and it was fe
they might respond to tamoxifen withdrawal, thus they were given

no treatment. No patient had received bisphosphonate therapygp;e »
skeletal radiotherapy prior to, or during, the study period. Th
study was approved by the Hospital Ethics Committee and & Responders Progressors ~ Range
patients gave informed consent.

aThis includes 13 patients already on endocrine treatment for bone
metastases, and 3 for soft tissue disease.

n 17 19
Serum calcium 2.29 2.32 2.1-2.6
Methods mmol |-+ (2.05-2.54) (2.08-2.56) NS
L. . Urine calcium— 0.38 0.46 <0.5
Blood samples were collected at each clinic visit, centrifuged, arceatinine ratio (0.01-0.99) (0.05-1.24) NS
stored at —20C. Urine for measurement of Pyr, Dpyr, calcium, Calcium excretion 38 49
creatinine and cyclic adenosine monophosphate (CAMP) weimol LGF* (1-102) (7-118) NS
collected between 10:00 h and 12:00 h, from patients who herin® ¢AMP 3 61 <60
fasted overnight. Urine was stored at 2QGfter the addition of gmro HeF (6;26) (241_;426) P<<2.005)
3% hydrochloric acid. All samples were coded, and all samplénmol mmol- (20-75) (35-291) P<0.01
from individual patients were assayed in the same batclcreatinine
Following acid hydrolysis of urine at 190 overnight, and partial PPy . 14 40 <11
purification on a CF1 cellulose column, Pyr and Dpyr werezrrggiimrr?:' (6-22) (9-80) p<002
separated by reverse phase high-performance liquid chrompryp <0.23 <0.23 <0.23
tography (HPLC) and detected by fluorescence (Colwell et apmol I (<0.23-0.76) (<0.23-0.65) NS
1993). The intra-assay coefficients of variation for Pyr and DpyCA 15-3 99 210 <30

were 7% and 10% respectively, and for inter-assay variation we' (11-498) (29-853) p<0.05

<10%. Age-matched post-menopausal women had absolute ran(
of Pyr of 12-40 nmol mmol creatinine, and Pyr 3-11 nmol
mmol? creatinine (Colwell et al, 1993). The upper limits of
normal for this study were therefore the highest levels measurezkrum calcium to assess the renal tubular reabsorption of calcium
in age-matched controls; Pyr 40 nmol mrhoteatinine and Dpyr  (Peacock et al, 1969).
11 nmol mmot* creatinine. Serum calcium, creatinine, albumin, and alkaline phosphatase
Urine excretion of CAMP was measured by radioimmunoassawere measured by standard automated methods. Serum calcium
(Amersham UK), and was expressed as nmblglomerular ~ was adjusted to an albumin concentration of 46 dadjusted
filtrate. The fasting molar ratio of urinary calcium to creatinine serum calcium = measured calcium mmoH0.02[40-measured
(CaCr* mmol mmot?) was multiplied by the serum creatinine to albumin]). Blood for assay of plasma PTHrP was collected in
calculate calcium excretion (CaE). CaE was then compared witBRDTA after the addition of 200 IU of Trasylol, and separated by
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Table 3
Marker Upper 95% Cl  Sensitivity ~ Specificity — Positive
for responders prediction prediction
CA15-3IUI* >60 80% 7% 78%
Pyr nmol mmol-? >70 80% 93% 93%
creatinine
Dpyr >22 84% 95% 95%
nmol mmol-creatinine
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Figure 1 (A) Initial urinary excretion of pyridinoline (Pyr) in progressors and
responders, in patients with purely lytic, or mixed lytic/sclerotic bone
metastases (data shown as absolute range and mean values). (B) Initial
urinary excretion of deoxypyridinoline (Dpyr) in progressors and responders,
in patients with purely lytic, or mixed lytic/sclerotic bone metastases (data
shown as absolute range and mean values). (C) Initial serum CA15-3 in
progressors and responders, in patients with purely lytic, or mixed
lytic/sclerotic bone metastases (data shown as absolute range and mean
values)

centrifugation within 15 min. Plasma PTHrP (1-86) was measured
by a sensitive two-site immunoradiometric assay (normocalcaemic
controls <0.23 pmoH) (Ratcliffe et al, 1993). Serum CA15-3 was
measured by an immunoradiometric assay (CIS UK Ltd; healthy
controls >30 U mt).

The percentage change of biochemical markers was calculated
by using each patient as her own control. The subsequent increas
or decrease in each tumour marker are expressed as a percentay
change from the original value. This enables a comparison of
magnitude of change between each tumour marker without any
confusion as to the importance of absolute values. Variations of
tumour markers within the reference range for healthy controls
were recorded as no percentage change.

Statistical analysis was performed by Spearman rank correla-
tion, Kruskal-Wallis three-way analysis, Mann—-Whitrigyests,
and multiple analysis of variance where appropriate.

RESULTS

UICC assessment of disease response

The frequency of metastases in sites other than bone was equally
distributed between patients with responding and progressing
disease (Table 1). As evaluated by UICC criteria at 6 months, or at
disease progression, 19 patients had radiological evidence of
progressive disease, and 17 patients either had stable disease or
partial response. The median duration of response was 10 month:s
(range 6-24 months). The median number of bone metastases
initially detected in the women with progressive bone disease was
five (range 1-12), and was not significantly different from the

number found in women whose disease responded (median three
range 1-12). Eighteen women had lytic bone metastases, 14 hac
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mixed sclerotic/lytic metastases, and four had sclerotic metastasPatients with responding bone metastases

with easily evaluable soft tissue metastases. Pyr and Dpyr excretion was within the normal range in 50% and

Measurement of urinary cross-link excretion at the start of thP60% of cases respectively. Furthermore, the urinary concentrations
study showed that Pyr correlated with Dpy#(©0.85, < 0.0001). of Pyr and Dpyr did not change significantly throughout the period

The number of bone metastases was not related to the urinar¥ f . . . f
. . urine cross-link sampling, which was for a median of 6 months
levels of the two bone resorption markers and there was no signif-

icant relationship between them and the number of bone meta range 3-12), and demonstrated for the first 2 months by Figure

tases at presentation. The frequency of metastases in sites ot @rand B.
than bone was equally distributed between the progressive and

non-progressive groups (Table 1).
prog groups ( ) Patients with progressive bone metastases

Biochemical parameters at the start of the study At initial diagnosis of skeletal metastases, urinary Pyr and Dpyr

were increased in 100% and 85% of patients, respectively, who

A serie_s of urine and biochemical measurements were made at tQSbsequentIy developed progressive disease (Figure 1A,B). The
beginning of the study in order to see if any measuremenfian follow-up time for a patient with progressive disease was
predicted disease response (Table 2). Excretion of Pyr was S'gn'fﬁimonths (range 2—11). Over the period of monitoring, urinary Pyr

cantly higher in patients whose disease subsequently progressgdy ppyr excretion increased in all patients with progressive
(mean 164 nmol mmdicreatinine, range 35-291) compared with yisease compared with the levels at presentation. The initial rise

a mean of 56 nmol mmdlcreatinine (range 20-75) in WOMen j, oy cretion preceded radiological evidence of disease progression

who responded (partial response and stable diseAse)X01) by 4 median of 2 months (Figure 2A,B). The increases in Pyr and

(Figure 1A). ) _ o Dpyr excretion were significant at 8 weels< 0.04), and also at
Excretion of Dpyr was also higher in women with disease thaj weeks P < 0.005) (Figure 2A,B).

progressed, mean 40 nmol mmolcreatinine (range 9-80)

compared with a mean value in responders of 14 nmol thmol

creatinine (range 6—22P(<_ 0:('._)2) (Flgu_re 1B_). Tumour marker Calcium excretion and PTHIP levels

serum CA15-3 was also significantly higher in progressors (mean

210 I1U, range 29-853) compared with responders (mean 99 IWrinary calcium excretion at presentation did not differ signifi-

range 11-498) (Figure 1Ch € 0.05). Serum CEA was also higher cantly between the patients who progressed or responded; mean

in progressors (mean 57, range 4—470) than in responders (meé®pmol LGF? (range 7-118) and 38mol LGF* (range 1-102)

23, range 4-150)(< 0.05). respectively. Neither calcium excretion nor the urinary
Serum calcium, urine calcium/creatinine ratio, calcium excre<calcium—creatinine ratio correlated with disease response. Renal

tion and plasma PTHrP were non-predictive (Table 2). Althoughubular reabsorption of calcium was within the normal range for

urine cAMP was significantly higher at the beginning of the studyall patients. Plasma PTHrP levels were similar in both groups of

in progressors, sequential changes were not predictive (Table Patients: the median in the progressive group was <0.23 phol |

The specificity and sensitivity of three predictive assays (Pyr(range <0.23-0.65) and for the non-progressive group was

Dpyr and CA15-3) are shown in Table 3. <0.23 pmol t* (range <0.23-0.76).
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Figure 2 (A) Changes in Pyridinoline (Pyr) excretion in progressors and responders, over the first two months of the study period (data shown as median
values and standard deviation) (B) Changes in Deoxypyridinoline (Dpyr) excretion in progressors and responders, over the first two months of the study period
(data shown as median values and standard deviation). Note: patients with progressive disease had further increase in pyridinoline and deoxypyridinoline
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Figure 3  (A) Percentage change in urinary excretion of Pyr and Dpyr, and serum CA15-3 over the first 2-month period of observation in patients who
subsequently remained stable or responded to treatment. Patients who remained within the reference ranges/normal limits are represented as no percentage
change. Results are expressed as absolute range and mean change. (B) Percentage change in urinary excretion of Pyr and Dpyr, and serum CA15-3 over the
first 2-month period of observation in patients who subsequently progressed on treatment. Patients who remained within the reference ranges/normal limits are
represented as no percentage change. Results are expressed as absolute range and mean change

Comparison with changes in serum CA15-3 levels urinary cross-links provided objective disease response assess
In all patients, initial urinary Pyr and Dpyr levels correlated with ment by 2 months compared to the standard criteria, which require
b ! yry Py 3-6 months of radiological assessment (Hayward et al, 1977;

:S;lljr;] %Atﬁse-&r(o:uo.\?v?{g :rc?'?ggs;;ndngi'agr’]})c?%i lr::‘e)li Cr'oseColeman et al, 1998). Biochemical markers would thus allow
y)- group progr ' ) Farlier changes of therapy for women with progressive disease and
and in the responders, median CA15-3 levels remained stable . .
— . . . may result in better patient outcomes.
confirming the radiological UICC assessment of disease progres- CA 15-3 is released from human tumour cells. and is the most
sion. However, CA15-3 levels increase from the first measuremeng . . . . -
; . _reliable biochemical tumour marker currently available for moni-
in some responders, and decreased in some progressors (Fig

H)rﬁng response to treatment in patients with advanced breast

3A.B). cancer. Although increased levels of CA 15-3 are useful, rises in
CA 15-3 can occur in the first 3 months in some patients who
DISCUSSION subsequently respond to therapy, and should be regarded with

caution. In contrast, Pyr and Dpyr are released from the bone
The recent development of sensitive biochemical markers to detematrix by osteoclast-mediated resorption stimulated by the
mine changes in bone metabolism has provided new insights intomour-produced factors. CA 15-3 is not produced by every
the mechanisms of progression of bone metastases in women witimour and does not always reliably increase even when the
breast cancer. Pyr and Dpyr have both been shown to be matemour is progressing (Robertson et al, 1991). However, CA 15-3
sensitive than urinary hydroxyproline in monitoring bone resorp4is of great value for monitoring metastases at other sites. Women
tion (Eastell et al, 1990; Bettica et al, 1992; Colwell et al, 1993). who present with elevated urinary levels of cross-links appear to

We have confirmed the preliminary findings of a recent studyrespond poorly to changes in hormonal therapy.

which reported increased Pyr and Dpyr in patients with bone Breast cancer may affect bone metabolism, producing increased
metastases from breast cancer (Paterson et al, 1991). Dpyr Hasne resorption with or without an associated increase in bone
previously been shown to decrease transiently in 20 patients wiflormation (Delmas et al, 1991; Sano et al, 1994). Bone resorption
bone metastases undergoing chemotherapy, suggesting that Digyrincreased by factors released by breast cancer cells such a
may be a useful early marker of disease response to therapy (Wad&HrP, TGFe, or prostaglandins, which may stimulate osteo-
et al, 1993). We have demonstrated that the initial urine levels aflastic activity either locally or via the bloodstream (Mundy et al,
Pyr and Dpyr in patients presenting with bone metastases allowl985). Bone metastases usually stimulate bone resorption more
prediction of future outcome of the disease. The positive predicthan bone formation and thus markers of bone formation, e.g. alka-
tive values that indicated the disease progression for Pyr and Dplne phosphatase, are not as valuable markers of disease activity a
were 95% and 100% for urine levels of 70 and 22 nmol mtmol markers of bone degradation such as Pyr and Dpyr.
creatinine respectively. This compares very favourably with the Urinary cAMP excretion was raised at presentation in those
standard tumour marker Cal5-3, where even with levels twice theatients who subsequently had progressive disease. It did not,
upper limit of normal, sensitivity and specificity for disease however, rise sequentially with disease progression, and could not
progression was only 82% and 79%. Both Pyr and Dpyr increasege utilized as a marker of disease response. Urinary cCAMP was
significantly within 8 weeks in progressors. The measurement oflevated in the absence of raised PTHrP, and this may reflect the
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actions of an as yet unidentified tumour product that affects the iliac crest biopsy in patients with vertebral osteopordsine Min Res 6:
kidney. 639-644
. . odwell DJ, Howell A and Ford J (1990) Reduction in calcium excretion in women
In contrast to previous authors (COIeman et ajl’ ]_'9_88’ D_Odweﬁ with breast cancer and bone metastases using the oral bisphosphonate
et al, 1990) we were unable to demonstrate a significant increase pamidronateBr J Cancer 61: 213-215
in urinary calcium excretion in patients with progressive bonetastell R, Hampton L, Colwell A and Reeve J (1997) Biochemical markers of bone
disease. Urinary calcium excretion does not Change in the presence resorption compared with estimates of bone resorption from radiotracer
of sclerotic bone metastases, whereas urinary cross-link excretiqn kinetics studies in 0steoporost&MR 12: 59-65 , ,
) o ¥re DR (1990) Editorial: New biomarkers of bone resorptiafiin Endocrinol
was shown to be elevated (Sano et a!, 1994). I.n this study, 59 0 OF  pferab 74: 470A-470C
the women had an element of sclerotic bone disease, and this m@yjimoto D (1980) Evidence for natural existence and pyridinoline crosslink in
account for the failure of urinary calcium excretion to increase  collagenBiochem Res Commun 93: 948-953
with disease progression. As with other markers of bone diseas#ayward JL, Carbone PP, Henson JC, Kumaoka S, Segaloff A and Rubens RD
. . . . (1977) Assessment of response to therapy in advanced breast €ancer.
elevation of urinary cross-link levels must be related to other clin- 35" 550" o902
ical and biochemical markers as elevations of urinary cross-link§oro L, Gazzarrini C, Crivellari D, Galligioni E, Talamini R and de Bernard B
could occur from benign bone disease. These results confirm work (1993) Biochemical markers for detecting bone metastases in patients with
by Sano et al (1994) that bone resorption is also elevated in breastcanceclin Chem 39: 131-134

: : ; : ndy GR, Ibbotsin KJ and D’Souza SM (1985) Tumour products and the
patients with osteosclerotic bone metastases despite thé! hypercalcaemia of malignancyClin Inest 76: 391394

osteoblastic overactivity seen o_n histological and rad'Oloq'C"’llﬁatc-:‘rson CR, Robins SP, Horobin JM, Preece PE and Cuschieri A (1991) Pyridinium
study of such metastases. This study has demonstrated that crosslinks as markers of bone resorption in patients with breast danéer.
sequential monitoring of urinary cross-link levels during therapy = Cancer 64: 884-886

may prove to be a useful indicator of disease response in bone. Peacogk M, Robgrtsoq WG aﬁd Nordin BEC (1969) Relation bgt\(veen serum and
urinary calcium with particular reference to parathyroid activity.cet i:

384-386
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