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INTRODUCTION 
BREAST cancer is thc main cause of death due to 
malignant disease among womcn in the Western 
world [ 11. The incidencc of bone mctastases de- 
pends to a large cxtent on the stage of the tumour 
at thc time of diagnosis and varies markcdly in 
puhlishcd studies [2-51. With the help of ncw 
histologie tcchniques, carried out with antiserum 
against cpithclial membrane antigen, tumour inva- 
sion in bone marrow is found in a high percentage 
of patients [6, 71, even in paticnts with early stagc 

brcast canccr at the time of diagnosis. Most bone 
mctastascs are of thc osteolytic type, are localizcd 
mainly in the axial skeleton [3, 5, 81 and may give 
rise to considerable morbidity. 

Morbidity arising from metastatic bonc lesions 
includcs pain, pathological fractures, restrictcd 
mobility and hypercalcaemia. Galasko [9] reports 

thc occurrencc of pain in 50 out of 86 patients 
(65%) with bonc metastases. About 20% of pa- 
tients suffer pathological fractures [9] and 15% 
dcvclop hypercalcacmia [lO, 1 l] (Tablc 1). 

Genera1 or local osteolytic bone disease obvious- 
ly is a serious complication of breast carcinoma. 
Bisphosphonates have proved to be potent inhibi- 
tors of bone resorption [72] and the possibility of 
using them as supportive therapy has been raised. 1 t 

is thus opportune to briefly review existing data 
about incidence, detection and pathogenesis of 

osteolytic bone disease and to discuss available data 
concerning the efficacy of bisphosphonate treat- 
ment. 
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Table 1, Morbidity of bone metastaJes* 

Pain rjS% 
Pathological fractures UO%, 
Immobility ? 
Hypercalcaemia I 5 %, 

* Data derived from Galasko 191, Haagrnsen [lOJ and Galasko 
ets/. [IIJ. 

INCIDENCE AND DETECTION OF BONE 
METASTASES 

The reported incidence of bone metastascs varies 
markedly [2-51. However, only a few studies had a 
sufficiently long follow-up, that included scinti- 
graphic and radiological assessment [ 13, 141. Stu- 
dies of patients with stage 1 and 11 cancer indicated 
that only a few (< 5%) cxhibited signs of skclctal 
involvement at the time of diagnosis [3-5, 15, 161. 

Bone metastascs are found with higher frequcncy 
(28-75%) in patients with stage 111 diseasc [2, 3, 
51; autopsy studies yield an even higher percentage 
(50-80%) [ 17-191. Evaluation of data is hampered 
by the fact that more than one method of clinical 
staging is used by the different authors 12, 5, 161. 

Thc isotope bone scan is the mcthod of choice for 
the detection of metastases [3, 20, 211. Convcntion- 
al radiographs remain cssential, because both falsc 
positive and false negative stans occur 13, 20, 22, 
231. When the two techniques are compared, scan- 
ning appcars to have a higher sensitivity and 
abnormalities are visible 2-18 months carlicr on 
stans than on radiographs [9, 241. In a rcccnt 
publication [25] it was shown that computed 
tomography is superior to convcntional radiogra- 
phy for the detection of skclctal mctastases and 
should be carricd out whcnevcr skclctal scinti- 
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graphs arc positive and convcntional radiographs 
are normal. 

Somc authors doubt thc value of periodical bonc 
scanning in routine clinical practicc. Thcy rccom- 
mend that this cxamination bc carricd out only 
when indicatcd by complaints (spccifically bonc 
pain) and biochemical abnormalitics [ 16, 26, 271. 
Alkaline phosphatase, CEA and gamma GT serum 
levels are rcported to be thc most important 
biochemical parameters in disseminated breast 
carcinoma [28]. Recent articles considcr the urin- 
ary cxcretion of hydroxyproline to be unrcliable 
[28]; metastases in soft tissues also cause elevation 
of the urinary hydroxyproline excretion [29, 301. 

PATHOGENESIS OF SKELETAL 
METASTASES, OSTEOLYSIS AND 

HYPERCALCAEMIA 
Skeletal metastases 

Several hypotheses have been put forward to 
explain the occurrence of skeletal metastases. Be- 
sareb and Caro [31] suggest that excessive PG 
secretion by the tumour could lead to suppression 
of the immune system, thus giving the tumour cells 
the chance to rcach certain tissues - especially 
bone. On the other hand PG might create a ‘fertile 
soil’ for some tumour cells, leading to metastases in 
bone [31]. Once several tumour cells have become 
embedded, local production of osteolytic subst- 
ances could result in erosion and thereby permit 
expansion of the tumour [31, 321. Finally Orr et al. 
[33, 341 demonstrated that bone is a chemoattrac- 
tant for breast cancer ~11s. Type 1 collagen and its 
fragments too have a chemotactic effect on breast 
cancer cells [35]. The possibility that collagen 
degradation products produced by bone remodell- 
ing could be responsible for the chemoattraction of 
some tumour cells to endosteal bone surfaces has to 
be considered [36]. 

Osteolysis 
The pathogenesis of the osteolysis around 

metastatic bone lesions is not yet fully understood. 
Galasko and Bennett [37, 381 distinguish two 
mechanisms: 
1. bone dcstruction by metastasized :G’mour cells 
and 
2. bone destruction by osteoclasts that are acti- 

vated by mediators secreted by the primary 
tumour. 2.’ 

It has been shown that monocytes and lympho- 
cytes may play a role in the activation of tumour 
cells. Substances that are elaboratcd in thc course 
of the interaction between tumour cells, monocytes 
and lymphocytes have the property of being able to 
induce or enhance osteoclastic bone rcsorption. For 
instance, tumour cells and monocytes have been 

shown to bc able to stimulatc production of an 
ostcoclast activating factor (OAF) by lymphocytcs 
through formation of type E and F prostaglandins, 
monocytes or tumour cclls [39,40]. Involvcment of 
OAF has been proven in myeloma and lymphoma. 
A direct influencc of PG on the ostcoclasts has also 
been described [41]. Zn vitro monocytcs can directly 
resorb bonc without involving cither the ostcoclasts 
or PG, via divcrsc other mechanisms [32, 411. 
Though PG has been implicated in breast cancer 
[42, 431, prostaglandin inhibitors (aspirin, in- 
domcthacin) were found to bc unable to inhibit 
osteolysis completely [44]. Mundy [32] considcrs 
the role of PG uncertain. Direct resorption of bone 
by breast cancer cells in vitro has been dcscribed 

[451. 

Hypercalcaemia 
As discussed in thc previous section patients 

with malignancy may exhibit generalized osteolysis 
in addition to or even without demonstrable metas- 
tases. The occurrence of osteolysis may wel1 be 
responsible for the development of hypercalcaemia 
in patients with tumours. Even when metastatic 
lesions are demonstrated in the skeleton of hyper- 
calcaemic patients, it is stil1 possible that the 
hypercalcaemia is due to the generalized osteolysis 
rather than to the localized destruction. 

Three explanations have been put forward. 
Mundy [36] suggests that growth factors may bind 
to PTH receptors in bone. Ectopic PTH produc- 
tion by the tumour tissue itself has also been 
suggested as a possibility, as has the production of 
vitamin D like sterols. The importante of sterols 
has not been generally accepted. The possibility of 
ectopic PTH production merits further discussion. 

A new line of investigation implicates growth 
factors in osteolytic bone resorption [46]. The 
function of the peptide epidermal growth factor 
(EGF) in man is unknown. Tashjian and Levinc 
[47] found that EGF induces bone rcsorption in 
neonatal mouse calvaria. This effect was mediated 
by PG synthesis and was blocked by PG inhibitors. 
However, in the foetal rat long botte system, the 
stimulation of bone resorption by EGF is indepen- 
dent of PG generation [48]. Since EGF stimulates 
mesenchymal cells to divide and thus accelerates 
prolifcrative processes, it may resemble the factors 
involvcd in oncogenic transformation by retrovir- 
uses. Platelet-derived growth factor (PDGF) is thc 
major circulating growth factor for cells of mescn- 
chymal origin. Its bchaviour is similar to that of 
EGF, also with rcgard to PG synthesis [49]. PDGF 
is related to the oncogcnc of simian sarcoma virus. 
Tumour-dcrived transforming growth factors 
(TGFs) are a family of polypcptides which stimu- 
late cel1 growth and replication. TGFs share somc 
biological propertics with EGF [50], but differ 
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structurally and antigenically. Thcy have been 

found in and may bc responsible for somc of thc 

cases of tumour-induccd hypcrcalcacmia. 

Diffeentiation between primary hyperparathyroidism and 
tumour-induced hypercalcaemia 

Diffcrcntiation betwccn hypcrparathyroidism 
and tumour-induccd hypercalcacmia is difficult 
biochemically. Therc are howcvcr two parameters 
that aid in diagnosis: thc urinary excrction of 

calcium is likely to bc highcr in severc tumour- 
induced hypcrcalcarmia than in primary hyper- 
parathyroidism, whilc the serum calcium valucs 
tcnd to vary over short prriods of timc in tumour- 
induccd hypercalcaemia and are often quitc stablc 
in hypcrcalcacmia dut to hypcrparathyroidism. In 
hoth cases, howcvcr, a low serum phosphatc, a 

dccreased tubular phosphatc rcabsorption (TmP/ 
GFR) (Tablc 2) and an incrcascd nephrogenous 
cyclic AMP (NcAMP) production are found. In a 
minority of thcir hypercalcaemic tumour paticnts 
Stcwart el al. ohscrved a dccrcased production of 
NcAMP [5l]. As a rulc these patients had brcast 
carcinoma or lymphoma with extensivc dissemina- 

tion to thc bones. TmP/GFR was significantly 
lowrr in this group ofpaticnts; in al1 othcr rcspects, 
howevcr, they did not diffcr from tumour patients 
with an rlrvatcd NcAMP. Moreover, uncertainty 
rxists ahout thc incidcncc of hypcrparathyroidism 
in canccr paticnts. Some invrsti,qators emphasizc 
that hyperparathyroidism might account for many 
of the tumour-induccd hypercalcacmias, but often 
srlectcd paticnt populations were studied [52-541. 
Moreover, thc importancc of ectopic parathyroid 
hormonc (PTH) production in this kind of paticnt 
has probably been exaggerated in thc past. In a 
comprehcnsivr review article Skrabanck ef al. [52] 
fbund evidencc for pseudohyperparathyroidism (or 
humoral tumour hypercalcacmia/hypo- 
phosphatacmia) in 61 of 74 surgical patients. Ecto- 
pic PTH production could bc demonstrated in only 
a minority of these paticnts. 

It has. howevcr, brcomc clear that in additioin 

Tahle 2. C.‘omparison of primary hvperparathyroidism (HPT) 
with tumour-ìnduced hypercalcaemia ( TIH) * 

serum Po: 
‘l‘mP/GFR 
Ca’+ rxcrrtion (urini) 
Ca’+ ahsorption (gut) 
Serum iPTH 
Serum 1.25 (OH), Vit 11 
Bloed pH 

* data derivcd f’rom Strwart el al. 1511. Skrabanek etal. (521 and 
Coombes et ni. 1551. 
t i incrrasrd; 1 decrcascd; = normal. 
: rclativc to dcgrrr of hyprrcalcaemia. 

to similarities therc arc also diffcrcnces in thc 

biochemical profiles bctwecn hyperparathyroidism 

and tumour-induccd hypercalcacmia. In hypcrpar- 
athyroidism serum 1,25-(OH)z vitamin D Icvel is 
high [51] or normal [56], serum iPTH is high [51], 
calcium absorption in thc gut is increased [55], 
blood pH is low and serum chloride is high 1521. In 
tumour-induccd hypcrcalcacmia, in contrast, 
serum l,25-(OH)u vitamin D is low, iPTH is low 

[51], calcium absorption is drcreascd 1551, blood 
pH is high and serum chloride is low [52] (Tablc 

21. It is concluded from these data that PTH is not 
rcsponsible for thc hypcrcalcacmia (and hypophos- 
phataemia) in tumour paticnts [5 11. Charactcristic 
bom histology of thc two conditions is different; in 
hypercalcaemia dut to malignancy ostcoclasts are 
incrcased and ostroblasts and ostcoid are practical- 

ly absent, whcrcas in hyperparathyroidism both 
osteoclast and ostcoblast activities are increased 
and thc loss of skelctal calcium is minima1 [57]. 
Simpson et al. [ 581 could even cxcludc ectopic PTH 
production by the tumours of thrir patients. Thcy 
could not dctcct PTH-mRN.4 in thr tumour tissue. 

TREATMENT OF HYPERCALCAEMIA AND 
OSTEOLYTIC METASTASES 

H_vpercalcaemia 
Sccondary disturbance of renal function is mainly 

responsible for thc life thrcatcning charactcr of the 
tumour-induccd hypercalcacmia. Thc most signi- 
ficant of these are a drcline in glomrrula filtration 
rate, sodium loss and rcduccd conccntrating capac- 
ity [59-611. Thc last, combincd with vomiting and 
rcduced fluid intake, may lead to contraction of the 
extracellular volume, which causes an increase ofan 
already high fractional reabsorption of calcium. 
Becausc of the sodium diurctic rffcct of calcium and 
the contraction of thc cxtracellular volume the 
reabsorption of sodium which is associated with 
calcium reabsorption wil1 incrcasr. This results in a 
further increase in serum calcium and the creation 
of a vicieus circle which may lcad to a threatcningly 
fata1 situation. 

Thc trcatmcnt of tumour-induced hypcrcal- 
caemia should rest on thc following principles 
(brside treatment of thc tumour): 

the abolition of the contraction of thc cxtraccllu- 
lar volume, 
the facilitation of calcium elimination hy thc 

kidncy and 
the inhibition of bonc resorption. 

Trcatment with saline infusion alom practically 
ncvcr leads to normocalcacmia [62, 631. In somc 
cases the serum calcium even increascs. The samc 
holds truc when onc tries to incrcase urinary 
calcium excretion with thc help of forcrd diurcsis 
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by saline infusion combined with furoscmide [64- 
671. 

Treatment with calcitonin, which has a natriuric 
and thcreby also a calciuric effect and inhibits bonc 
resorption has a prcdictable calcium lowcring 
cffcct but scldom leads to normocalcaemia. Thc 
excess of serum calcium dccreascs by approximatc- 
ly 60% [68]. As is thc case with furoscmide 
treatmcnt, almost immcdiatcly after thc discon- 
tinuation of calcitonin the serum calcium starts to 
rise. The effect of glucocorticoids and indometha- 
cin in tumour-induced hypercalcaemia is usually 
unpredictable and disappointing. [69]. 

A good rcsult may be attained with mithramy- 
cin. Multiple applications of 25 pg/kg body wt 
normalizes the serum calcium in approx. 85% of 
the patients [68]. Aftcr morc than two applications 
on consecutivc days, howcver, the possibility of 
scrious liver damage and haematological toxicity 
increases. 

Becausc of gastro-intestinal side-effccts oral 
administration of inorganic phosphate is unsuit- 
able for thc acute trcatment of hypercalcaemia. 
Intravcnous phosphate almost immediately de- 
creases the serum calcium; the effect is grcat, dose 
dependent and short-lived. The rapid fa11 of cal- 
cium can cause hypotension, and precipitation of 
calcium phosphate an acute renal insufficiency, 
therefore a too rapid decline in serum calcium must 
be avoided. Phosphate treatment is, therefore, not 
ideal [32, 691. 

The introduction in 1979 of bisphosphonates for 
hypercalcaemia treatment was a significant im- 
provement [ 121. Three bisphosphonates are cur- 
rently uscd. They are the disodium salts of 3- 
amino-1-hydroxypropylidene-1, 1-bisphosphonatc 
(APD) [12], 1-hydroxy-ethylidene-1, l- 
bisphosphonate (EHDP) [ 7 l] and dichloromethy- 
lidene bisphosphonate (ClzMDP) [ 70-751. Al1 
three are given prefcrentially by the intravenous 
route and infused, together with sodiumdichloridc 
0.9% over periods of 2 hr (APD) or more (EHDP 
and Cl,MDP). The dose is 15 mg per day in the 
case of APD and 500-2500 mg/day for the other 
two. Al1 three are efficacious inhibitors of osteoclas- 
tic bonc resorption, but thcy differ in two respccts. 
APD has far greater potency than the two others 
[76]. EHDP is the least potent and may black bonc 
mineralization [ 771. There may be several mcchan- 
isms of action, including inhibition of bonc rccogni- 
tion by osteoclasts and direct toxicity to thc osteoc- 
last of mineral-bound bisphosphonate [78]. NO 
side-effects have been seen with intravenous APD; 
EHDP, when infused too rapidly, has cuased irrev- 
ersible renal damagc; that the samc is thc case with 
ClzMDP is unlikely [79, 801. The occurrence of 
leukemia in three CIZMDP treatcd paticnts is 
probably not rclated to the drug [71]. 

Our expcrience covers 150 consecutivc paticnts 
with hypcrcalcaemia of malignancy, treatcd with 
intravenous APD, for 5 consecutive days in most. 
In 95% thc serum and urine calcium was normal- 
ized and in the remainder nearly so, within 3-10 
days [81]. This was associated with significant 
improvcment of rcnal function and corrcction of 
hypomagncscmia. Since trcatment is always fol- 
lowed by adjustment of chcmotherapy, normocal- 
ccmia is gcncrally maintaincd and continuation of 
bisphosphonate is superfluous. For EHDP and 
C&MDP thc efficacy is approx. 20% lowcr. Only 
APD [72-741 and C12MDP [82] are cfficacious 
when given orally, but, sincc bisphosphonates arc 
not wel1 absorbed and since hypcrcalcacmia is 
frcquently associatcd with nausea and vomiting, 
the intravenous route is to be prefcrred. 

A last resort for hypercalcaemia treatment is 
hemodialysis but in view of the efficacy of previous 
modalities, this should hardly ever be neccssary. 

Osteolytic melastases 
In contrast to the many treatmcnt modalities in 

tumour-induced hypercalcaemia thcre is as yet no 
accepted treatment available (beside chemother- 
apy and/or radiotherapy) for bonc metastascs. 
Moreover, follow-up investigations are compli- 
cated. Most studies thus have focused on hypercal- 
caemia. 

A first pilot study on the inhibitory effect of APD 
on osteolytic lesions in eight patients with breast 
cancer (fivc with hypercalcaemia) and six with 
myeloma (two with hypercalcacmia) was carried 
out by van Breukelen et al. [ 121. In this study it has 
been demonstrated that bone resorption is inhi- 
bited by APD in normocalcaemic tumour patients. 
APD was administercd for a short period (about 12 
days) and thc study was uncontrolled. Subsequent- 
ly several fairly short-term studies on the efficacy of 
C&MDP were carried out [69, 73, 85-871. Thc 
evidencc that bisphosphonates inhibit bonc rcsorp- 
tion is based on direct observations in uitro [76, 771. 
In clinical studies their effect is associated with a 
rapid and concomitant reduction of thc urinary 
cxcretion of calcium and hydroxyproline togcther 
with an increasc of calcium absorption, confirming 
that thcir action is associated with inhibition of 
bone resorption [ 12, 82-841. 

Elomaa’s invcstigation [88] is the only pro- 
longed controlled study of patients with carcinoma 
of the breast. Sevcnteen paticnts with breast canccr 
that had invadcd thc skeleton were placed on 
ClzMDP therapy (for 3-9 months) additional to 
thcir original canccr therapy. Thcy cxpericnccd 
fewer episodes of hypercalcacmia, developcd fcwer 
new bonc lesions and uscd analgcsics lcss often 
than thc 17 paticnts of thc control group [88] 
(Table 3). The favourable rcsults of bisphosphon- 
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atc trcatmcnt in tumour-induccd hypcrcalcaemia 

and thr results of thc study of Elomaa el al. 1881 

indicatc that bisphosphonatcs play an activc rok in 
thc inhibition of ostcolysis in metastatic bonc Ic- 

sions and that this cffcct is a long-term onc. 

Table 3. Results of bìsphosphonate (dichloro met/$idene bis- 
phosphonate = CI- .WDP) treatment of breast carrinoma xith 

osteo!ytic metastases @lacebo controlled) * 

C1,511)P Placcho 
Numbcr 0T paticnts 

17 
1.5 

Radiothcrapy bccausr «f pain 
or previntion of fracturcs 

Hypcrcalcarmia 1 (mild) 

Skelrtal scintigraphy: 
J tracer uptakc in bonr metastase 
t tracer uptakc in hom metastase 

tracer uptakc unchangrd in honr 
mrtastascs 

17% 
3 1% 
22% 

nw+ hone mctastaws 3 11 

S ray: 
t size of honr mrtastascs 
1 size of honc mctastascs 

Fracturrs 

5 
0 

17 

10 
0 

* Data dcrivrd from Elomaa PI al. 1881. 

SUMMARY 

In this review different aspects of ostcolytic bonc 
mctastasis of brcast carcinoma including morbid- 
ity, pathogenesis, accompanying hypcrcalcacmia 

1. 
2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

ll. 

and trcatmcnt, arc discusscd. Bonr mctastascs 

occur in many paticnts with brcast cancer (perccn- 
tagcs of up to 85% have been rcported); although 

patients seldom die of bone metastases morbidity 
is pronounccd. Litcraturc data point out that 
humoral factors, such as prostaglandins and thc 
rcccntly dcscribcd growth factors are of importante 
bcsidc ccll intcractions bctwcrn monocytcs, lym- 
phocytrs. ostcoclasts and tumour cclls. Nowadays. 
no significancc is attributed to parathyroid hor- 
monc iPTH) ovcrproduction in this rcspcct. Thc 
difkrcntial diagnosis betwccn primary hypcrpar- 
athyroidism and tumour-induccd hypcrcalcacmia 
is not always casy biochemically; combinations of 
both do occur Irss frcqucntl) than has been 
assumrd in thc past. A ncw and promising lint of 
invcstigations involves thc growth factors, which 
can incrcasc ostcolytic bonc rcsorption and may 
bind to epidrrmal growth factor (EGF) or PTH 
rcccptors, thus inducing somc of thr biological 
cffccts of PTH (including hypcrcalcacmia). Until 
rcccntly it was cxcecdingly diffìcult to trcat 
tumour-induccd hyper-calcaemia (TIH) (thc acutr 
condition). Sincc thc availabilitv of thc bisphos- 
phonates dichloromcthylidcnc bisphosphonate 
(Cl-MDP) and 3-amino-1-hydroxypropylidcnc-1, 
1-bisphosphonatc (APD) this trratmcnt has bc- 
comc vcry simplr. Prcliminar)~ rcsults, dcrivrd 
from thc litcrature, point out that bisphosphonatc 
trcatment might also br cktivc in providing 
long-term control. 
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