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The role of tumour markers in predicting skeletal
metastases in breast cancer patients with equivocal
bone scintigraphy
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Summary Bone scintigraphy (BS) is commonly performed in the staging and postoperative monitoring of breast cancer. Nevertheless, due to
low specificity it often demonstrates hot spots with equivocal interpretation, which may be misleading in the management of these patients.
The aim of this study was to assess the value of a serum tumour marker panel in selecting among the patients with equivocal BS those with
bone metastases. Between January 1986 and December 1995, 297 breast cancer patients were followed-up after mastectomy with serial
determinations of a CEA-TPA-CA15.3 tumour marker panel, BS and liver echography. The tumour marker panel was used to select patients
with equivocal BS for examination of suspicious bone areas by further imaging techniques. Up to December 1995, 158 (53%) patients
showed an equivocal BS and 47 patients developed bone metastases. In the 158 patients with equivocal BS, prolonged clinical and imaging
follow-up over 45 months (mean; range 12—-120) was used to ascertain the presence or absence of bone metastases. In these 158 patients
the negative predictive value and positive predictive value of the tumour marker panel to predict bone metastases was 97% and 75%
respectively. This study shows that in breast cancer patients the CEA-TPA-CA15.3 tumour marker panel has a high value in selecting those
patients with bone metastases, or at high risk of developing clinically-evident bone metastases, among the large number of subjects with
equivocal BS.
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The skeleton is the most frequent target for metastases in Thus, in breast cancer patients efforts for the diagnosis and
breast cancer (Meissner et al, 1971; Bonadonna et al, 1993). Manyonitoring of bone metastases lead to a great number of ineffec-
breast cancer patients are also affected by chronic degenerativie, expensive and potentially harmful radiological examinations.
inflammatory or metabolic lesions of bone, joint or muscleTherefore, efforts to improve the accuracy in distinguishing
(osteoarthritis, osteoporosis, myositis, fibrositis, rheumatoicbenign from metastatic bone involvement are of great potential
arthritis, sarcoidosis, etc) due to the relatively advanced age of thigility. In addition, the ‘early’ detection and treatment of distant
population. Chronic or transient non-neoplastic bone symptomanetastases is useful in prolonging disease-free interval and overall
tology can mimic the metastatic bone involvement in breast canceurvival of some breast cancer patients (Nicolini et al, 1997).

and vice versa. So far no humoral indicator derived from bone has In recent decades the serum concentration of tumour markers
proved reliable for the differential diagnosis of neoplastic bonéhas been used as a warning sign of distant metastases (Nicolin
involvement (Cuschieri, 1973; Gielen et al, 1976; Cuschieri, 1977et al, 1989; 1992; 1997); the combination of carcinoembryonic
White et al, 1979; Mundy et al, 1984; Touitou et al, 1985). Skeletahntigen (CEA), tissue polypeptide antigen (TPA) and breast
X-rays are not a suitable tool for the ‘early’ diagnosis of bonecancer-associated antigen 115 D8/DF3 (CA 15.3) has shown 87%
metastases because they only detect lesions when the loss sensitivity in the ‘early’ detection of breast cancer relapses with
calcium is at least 30-50% (Guzzo et al, 1969; Cuschieri, 1973,8% positive predictive value (Nicolini et al, 1991). Since 1986
Gielen et al, 1976). Bone scintigraphy (BS) wAtiiTc bisphos- we have adopted a protocol based upon the results of the CEA-
phonates has a high sensitivity, however it also has a low spec¢iPA-CA15.3 tumour marker panel in the characterization of
ficity (Fogelman, 1991; Robinson, 1998) and it often demonstratepatients with equivocal BS. The aim of this study is to assess the
hot spots in those patients who remain permanently disease-fremlue of a protocol based on serial determination of the serum
The more recently developed diagnostic imaging techniques suc®@EA-TPA-CA15.3 tumour marker panel to identify, among the
as computed tomography (CT) and nuclear magnetic resonanbeeast cancer patients with equivocal BS, those affected by bone
(NMR), although helpful in the study of bony lesions (Colman etmetastases or at high risk of developing bone metastases.

al, 1988; Nicolini et al, 1992), may not be used in all the patients

with suspected metastatic disease because they are expensive and

time-consuming. MATERIALS AND METHODS
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involvement (N+) and 169 did not (N-). In the remaining 12performed initially with an analogue and then a digital whole-body
patients, skeletal metastases were found at the time of surgegamma camera (models SELO KR7 and General Electrics
(M,). The mean follow-up time was 84 months (range 8-120). £ STARCAM 400 or 3000 respectively). In order to better interpret
Following mastectomy the patients were studied every 6 othe BS findings, the history and benign lesions (osteoarthritis,
4 months according to whether they were N— or N+ at pathologicalsteoporosis, trauma, etc) detected with baseline skeletal X-ray
examination. ER and PR were determined on tumour tissue. ERvere taken into account. The principal criteria for interpretation of

and PR- patients were allocated to the shorter interval for followthe BS and the principal types of BS patterns were as follows.

up. Initially the serum CEA-TPA-CA15.3 determination, routine ¢
blood tests (ESR, glucose, calcium, phosphorus, blood cell count,
BUN, creatinine, GOT, GPT, gamma GT, bilirubin, alkaline phos-
phatase, immunoglobulins), chest X-ray, BS, liver echography and
a detailed history and clinical examination were carried out to
better define the postoperative staging. Baseline skeletal
X-ray was performed to distinguish the benign lesions due to
inflammatory and/or degenerative disease in the follow-ups
Subsequently, at each visit, the CEA-TPA-CA15.3 tumour marker
panel, the clinical and routine laboratory examinations were
performed in addition to the history; BS and liver echography
were carried out at the 24-month interval. When a relapse was
suspected by tumour marker panel, BS and liver echography were
performed immediately.

All invasive procedures were avoided except fine needle aspira-

Findings very likely due to bone metastases (pathological
BS): multiple obvious hot spots in sites that are usual for
breast cancer metastases and not involved by benign lesions.
Findings very likely not due to bone metastases (negative
BS): no hot spot; one or more hot spots with diffuse irregular
uptake; one or more hot spots in sites that are unusual for
breast cancer metastases and involved by benign lesions.
Findings defined as equivocal for bone metastases (equivocal
BS): slight asymmetry of tracer uptake; one or more hot spots
in sites that are unusual for breast cancer metastases (skull,
arms) and not involved by benign lesions; one or more hot
spots in sites that are usual for breast cancer metastases also
involved by benign lesions; a single hot spot in sites that are
usual for breast cancer metastases and not involved by benign
lesions.

tion which was carried out at the sternum in two patients. In
patients w_lth typical me_tastatlc or negative BS, bonPT metaStasﬁanagement of patients with equivocal BS
were considered to be diagnosed or ruled out respectively.
Patients with equivocal BS and concomitant constant elevation or
progressive increase in one or more tumour markers were selected
for radiological examinations. Constant elevation or progressive
The TPA was measured by the Sangtec Medical (Brommancrease in tumour markers were defined as mentioned above. All
Sweden) commercial kit. Serum levels initially > 60 mUtrahd hot spots on the BS with an equivocal interpretation and selected
subsequently > 85 mU mlwere considered elevated. Serum for radiological examination were examined by CT, except those
CA15.3 concentrations were determined by IRMA (Cisin the ribs that were evaluated by skeletal X-ray. Skeletal X-ray
International) using a commercial kit and 32 Ullas taken as and CT were carried out according to standard techniques.
the cut-off level. CEA was measured by Lepetit Lysophase RIASpecifically, for CT performed using a CT SYTEC 3000 GE, slice
(Milano, Italy) and subsequently by Sorin Biomedica (Saluggiathickness was 1 mm, spacing 1 mm and scan time 2 s, and for a
Italy) commercial kits; both methods gave superimposable resuliST 9800 QUICK, high resolution, slice thickness 1.5 mm, spacing
in appropriate comparative studies. Serum levels > 7 ignate 3 mm and scan time 2 s.
considered elevated. The within and between assay coefficients of
variation for CEA, TPA and CA15.3 were less than 6% and 90/%
respectively. When the TPA cut-off value was 60 mUtritie
coefficients of variation increased to 10% and 15% respectively. lProbably positive tests were defined as: (a) radiological examina-
our clinical study the serum tumour marker level itself was muchion (i.e. baseline skeletal X-ray, skeletal X-ray and CT directed to
less important than their time-related change. the hot spots of BS) that was pathological or baseline skeletal
A dynamic evaluation of tumour markers was made and in case&ray that showed a picture of equivocal interpretation and (b)
of a high tumour marker value a further blood sample was drawtumour marker assay panel with constant elevation or progressive
within a month of the previous elevated value. If the initialincrease in one or more antigens, unexplained by concomitant
elevated tumour marker value decreased to a normal level this waansient or chronic benign pathology. Pathological BS and those
considered to be an isolated elevated value. The increase in tumalrowing a picture of equivocal interpretation were also considered
marker was considered to be progressive when it was > 30% in tipgobably positive tests. Probably positive tests which were
sample following the initial elevated value. Otherwise, two highconfirmed by monitoring to death or by a definite clinical-imaging
values were regarded to be a constant elevation. Only patients witlourse after the initial result were defined as true positives.
constant elevation or progressive increase in one or more tumour Probably negative tests were defined as: (a) negative radio-
markers, unexplained by concomitant benign pathology and blpgical examination and negative BS and (b) CT without definitely
history, were considered to be suspicious of tumour relapsabnormal result and (c) tumour marker assay panel with normal or
(Nicolini et al, 1989; 1991; 1997). isolated elevated value that persisted longer than 6 months after
the first abnormal result. Probably negative tests which were
followed by at least 1 year of survival without any clinical-
imaging signs of relapse were evaluated as true negatives.
BS was performed 2-3 h after injection of 15-20 mi@iTc In patients where CT and/or skeletal X-ray were directed to
hydroxymethyldiphosphonate (HMDP) and bone imaging wasanultiple BS areas with equivocal interpretation, a single test result

Tumour markers

tatistical analysis

Bone scintigraphy
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was Computed_ The overall result was classified as negative Wh'TabIe 1 False positive FESU|t§ in diagnosing bone metastases in 250
it was negative in all uncertain BS areas, equivocal or pathologic°n"é/apsed breast cancer patients

when it was uncertain or pathological in at least one of the Beg e Tn Resut  Probably  Test specificity (%)

areas with equivocal interpretation. The final result was related t positive tests ( )

the most relevant of the equivocal BS areas evaluated by C

and/or skeletal X-ray. Tumour marker panel 3792 94+ 2 99
Sensitivity was defined as TP/(TP + FN)L00, specificity as  g,ne scintigraphy 895 136e 136 46

TN/(TN + FP)x 100, accuracy as TN + TP/(TN + FN + TP + FP),
positive predictive value as TP/(TP + FP), negative predictivt
Value.as TN/(_TN - FN?’. where l:P = false posmve, FN = falseTn:total number of tests; Result = number of patients with (e) equivocal
negatlve_' TP = t_rue pOSItIVQ, TN = _true ne_gatlve' . initial imaging result or (+) significantly elevated tumour marker panel

In patients with a BS with equivocal interpretation the exac.
Fisher’s test was applied to verify whether tumour marker panel

had statistically significant power in distinguishing true positives ] ] o )
from true negatives. metastases were not confirmed during a mean clinical-imaging

follow-up over more than 47 months (range 12-120). Six (4%) of
these 136 non-relapsed patients with equivocal BS were selectec
RESULTS to undergo CT because of concomitant constant elevation or

General outcome and BS with equivocal interpretation progressive increase on tumour marker panel.

Up to December 1995, 47 (16%) of the 297 patients manifested )
distant metastases and in 35 of them these occurred during tfglapsed patients
postoperative follow-up. Twenty five of these 35 patients were N+raple 2 shows the principal results of tests performed in the 47
and the remaining 10 N-. In 42 of the 47 patients with metastaseg|apsed patients. In these 47 relapsed patients the overall sensitiv
bone was the ﬁrst Site Of diStant Spl’ead. In the Other fiVe, Varioqﬁes for diagnosing bone metastases Of base”ne ske'eta' x_ray’ BS
organs were involved contemporaneously with bone. and tumour marker panel were 25%, 98% and 91.5% respectively.
During the postoperative follow-up 158 (53%) of the 297 |y 14 (29.7%) equivocal (seven) or pathological (seven) BS was
patients showed hot spots on BS with equivocal interpretationne first sign of the relapse. Twenty-seven patients (57%) were
One hundred and thirty-six of them (86%) (group a) were in theyyspected for relapse because they showed constant elevation c
250 non-relapsed patients and the remaining 22 (14%) (group B}ogressive increase in one or more tumour markers in the panel,
were in the group of 47 with bone metastases. Twenty-four (15%yhich was not explained by concomitant chronic or transient
of these 158 patients, six (4%) in group a (non-relapsed) and Ienign pathology. In 15 of these 27 patients, BS was pathological,
(82%) in group b (bone metastases), were selected on the basisgfd in the other 12 patients it showed a picture of equivocal inter-
constant elevation or progressive increase in one or more @jretation. In the other two (4.2%) of the 47 relapsed patients, base-
tumour marker panel to undergo CT or skeletal X-ray directegine skeletal X-ray was the first sign of the relapse. In one of these
towards BS hot spots with equivocal interpretation. two patients BS was pathological and in the other it was falsely
negative. Bone symptomatology occurred as a first sign of relapse
in the remaining four (8.5%) patients and lead-time to definite
radiological diagnosis was 5457 months. In three of these four
Table 1 shows the principal results of tests performed in the 25@atients BS showed a picture of equivocal interpretation and in the
non-relapsed patients. In these patients the overall specificities ftast it was pathological. In 23 relapsed patients bone symptoms
excluding bone metastases of baseline skeletal X-ray, BS arappeared either after patients were suspected due to tumour marke
tumour marker panel were 97%, 46% and 99% respectively. increase (14 subjects) or when bone metastases were ascertaine
One hundred and thirty-six (54%) (group a) of these nonby radiological means (nine patients). In the remaining 20 relapsed
relapsed patients had hot spots on BS with equivocal interpret@atients bone symptoms occurred after bone metastases had bee
tion. In that group a, aged 33-80 years£82; meant SD), 32%  radiologically ascertained. Therefore, at the time of relapse in 24
of patients were premenopausal and 68% were N+, and bor{1%) of the 47 patients with metastases the BS was pathological.

Skeletal X-ray 250 7e 7 97

Non-relapsed patients

Table 2 False negative results in 47 breast cancer patients with bone metastases

Test type Tn Result Probably Test sensitivity (%)
negative tests ( n)

Tumour marker panel 578 20 — 4 91.5

Bone scintigraphy 104 22 e 98
1 negative 1

Skeletal X-ray* 47 15 negative 15 25

Tn = total number of tests; Result = number of patients with (e) equivocal initial imaging result or () normal or not significantly
elevated tumour marker panel; *basal skeletal X-ray was evaluated in 20 patients with bone metastases in the first year after
mastectomy
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Table 3 Tumour marker panel in patients with equivocal bone scintigraphy (BS)

Patients without bone metastases Patients with bone metastases
Equivocal BS (n) 136 22
Tumour marker panel + (n) 6 18
Tumour marker panel — (n) 130 4
Tumour marker panel specificity 96% -
Tumour marker panel sensitivity - 82%

(+) significantly elevated; () normal or not significantly elevated tumour marker panel; P = 0.02, exact Fisher’s test

In 22 (46.8%) it showed a picture of equivocal interpretation anaeported to be very helpful for the ‘early’ detection of bone marrow
in one patient it was falsely negative. In this last patient (aged 58icrodissemination from breast cancer. It allows for a better
years) with pIN,M, classification, BS maintained the same staging; however, the diagnostic information provided is limited to
picture until 33 months after the first falsely negative result. Thighe regions of haemopoietic bone marrow (Sanal et al, 1994;
patient had an osteolytic lesion in the occipital bone which wa#loulopulos et al, 1995). In contrast, hot spots on whole body BS
suspected to be a relapse because of the tumour marker panel aathmonly occur in compact portions of the bony skeleton. CT has
was submitted to CT of the skull because of constant headache. proved highly accurate in the diagnosis of bone lesions (Held et al,
Twenty two (47%) (group b) of the 47 relapsed patients1994). However CT and NMR may not be suitable for routine use
showed a BS with an equivocal picture (Table 2). In this group hin the postoperative follow-up of breast cancer patients because
aged 32-77 years (535 12; meant SD), premenopausal and they are too expensive and time-consuming; furthermore, the
N+ patients were 41% and 59% respectively, and bone metastadesions examined are often benign. The sensitivity of the CEA-
were confirmed by an average clinical-imaging follow-up overTPA-CA15.3 panel to signal a relapse is very high (about 90%).
more than 28 months (range 5-65). Eighteen (82%) of these Zhis high sensitivity for detecting distant metastases confirms our
relapsed patients with equivocal BS showed constant elevation previous data (Nicolini et al, 1991) and it is greater than that
progressive increase on the tumour marker panel (Table 3) amdported by other authors for individual markers (50%, 67%, 77%
were selected to undergo CT (14) or rib X-ray (four). for CEA, CA15.3, TPA respectively) and for the combination of
CEA-CA15.3 (71%) (Luthgens et al, 1981; Fateh-Moghadam et al,
1993; ASCO tumour marker expert panel, 1996). The reason for
this greater sensitivity is probably because three markers are moni-
tored simultaneously (CEA, TPA and CA15.3): Moreover, we have
Table 3 clearly shows that tumour markers were elevated amordgfined specific criteria to seek out false positive results on the
relapsed patients in a significantly greater proportion than inumour marker panel (Nicolini et al, 1989, 1992).
non-relapsed patients. Tumour markers remained normal or not In this study, we evaluated the utility of the CEA-TPA-CA15.3
significantly elevated in patients without bone metastases muctumour marker panel to select patients with equivocal BS at high
more frequently than in those who relaps@d=(0.02, Fisher’s risk of bone metastases. In selecting patients with equivocal BS to
exact test). undergo radiological examinations, the CEA-TPA-CA15.3 tumour
marker panel showed 94% accuracy. In fact, among the 158
DISCUSSION patients wi_th equivocal BS (groups a + b) only four falsely nega-
tive and six falsely positive results of the tumour marker panel
The physician who cares for breast cancer patients after mastegere observed (Table 3).
tomy very often faces the clinical problem of how to distinguish These data indicate that in the postoperative follow-up of breast
between benign and metastatic bone lesions without usingancer patients the CEA-TPA-CA15.3 tumour marker panel is a
invasive procedures. He should therefore be well aware of thsuitable tool to select patients to undergo further radiological
accuracy of the available techniques. examinations directed at the sites of equivocal BS findings and
This study shows that the sensitivity of baseline skeletal X-rayhat it allows a decrease of 70-80% in the number of bone scinti-
for the ‘early’ detection of bone metastases is only 25%. BS is graphic studies and other radiological examinations (chest and
useful sensitive tool for the early diagnosis of bone metastases bskeletal X-ray, liver echography, CT, NMR). Consequently, a
is not specific enough. Furthermore, in this study, it provided &0-75% cost saving per patient is achieved for an intensive
picture of equivocal interpretation in 53% of all patients (54% of5-year follow-up with CEA-TPA-CA15.3 tumour marker panel,
non-relapsed patients and 47% of patients with bone metastasegjompared with that conducted with traditional means. This cost
Therefore, skeletal X-ray is not useful for the ‘early’ detectionhas been calculated as $10 000 per patient (Virgo, 1996) while in
of bone metastases due to low sensitivity (Galasko et al, 197®ur protocol it amounted to $2500.
Komaki et al, 1979) and BS requires complementary tools, to As to the differential diagnosis between benign and malignant
select patients to undergo radiological examinations directed tskeletal lesions. CT showed high accuracy (70%) while skeletal
those hot spots with equivocal interpretation. NMR and CT are&X-ray directed to equivocal hot spots shown at ribs by BS proved
among the more recently developed techniques. NMR has beemhelpful. Different examinations such as spiral CT and FDG PET

The role of tumour markers in confirming or excluding
bone metastases in the patients with equivocal BS
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(Shreve et al, 1996) should be evaluated for the differential diag-uthgens M, Schelegel G, Eklund G and Bjorklund B (1981) Correlation between

nosis of equivocal BS areas in the ribs.

In conclusion, CEA-TPA-CA15.3 tumour marker panel can be

activity in breast cancer and CEA, TPA and eighteen common laboratory
procedures and the improvement by the combined use of CEA and TPA.
Tumour Diagnostik 2: 6-11

used as a preliminary screen to select those who need furth@gissner w and Warren S (1971) Neoplasm@dihology, 6th edn. Mosby: St.

radiological investigation, thus confirming its important role in the

Louis

postoperative fo”ow_up of breas’[ cancer patients (N|C0||n| et a|'MOU|0pU|OS LA, Dimopoulos MA, Smith TL, Weber DM, Delasalle KB, Libshitz HI

1997).
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