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BONE MARROW IMMUNOSCINTIGRAPHY COMPARED WITH
CONVENTIONAL BONE SCINTIGRAPHY FOR THE DETECTION
OF BONE METASTASES

SVEN RESKE, JOHANN KARTSENS, MICHAEL SOHN, WOLFGANG GLOCKNER and UDALRICH BUELL

Immunoscintigraphy of haematopoetic bone marrow was compared to conventional bone scanning in
141 patients with malignant disease. Forty patients had breast cancer, 25 prostatic carcinoma, 14
kidney or bladder cancer, 13 bronchial carcinoma, 39 malignant lymphoma and 10 multiple myeloma.
A total of 18 800 skeletal regions were evaluated. Marrow scans showed more metastatic lesions than
bone scanning in all patient subgroups. Computerized tomography was concordant with bone marrow
scintigraphy in 83.3% of 323 skeletal sites. Bone marrow scans in 30 control patients with fever of
unknown origin were abnormal only in 3 patients and in only 7 out of 2 135 skeletal regions examined.
In patients with malignant lymphoma, bone marrow histology or aspiration cytology was concordantly
positive in 14 and concordantly negative in 17 patients. We conclude that immunoscintigraphy of
haematopoetic bone marrow provides a reliable, sensitive and safe novel approach for non-invasive

detection of metastatic spread to the skeleton.

The skeletal system is a common site of metastases (1).
Bone metastases have been found on autopsy in 50-85%
of patients with breast or prostate carcinoma, malignant
lymphoma, bronchial carcinoma or renal cell carcinoma
(1-3). The tumour cells are, however, primarily localized
in haematopoetic bone marrow, and osteolytic destruction
and/or osteoblastic skeletal reactions develop at a later
stage (2, 4-8). Reactions in the bone are mediated via
specific stimulation of osteoclasts and/or osteoblasts by
mediator substances, secreted by tumour cells or mono-
nuclear cells in the metastatic microenvironment (2, 9).

Received 10 December 1992.

Accepted 15 December 1992,

From the Department of Radiology 111, Nuclear Medicine, Uni-
versity of Ulm, Ulm (S. Reske), and the Departments of Radioon-
cology (J. Kartsens), Urology (M. Sohn), Internal Medicine II
(W. Glockner) and Nuclear Medicine (U. Buell), RWTH,
Aachen, Germany.

Correspondence to: Professor S.N. Reske, Radiologische Klinik
und Poliklinik, Abt. IIT (Nuklearmedizin), Klinikum der Universi-
tit Ulm, Robert-Koch-Strasse 8, D-7900 Ulm (Donau), Germany.
Presented at the 3rd Symposium on Monoclonal Antibodies in
Diagnosis and Therapy of Cancer, October 30-31, 1992, Helsinki,
Finland.

Although skeletal metastases can be reliably detected by
several imaging modalities, such as plane radiographs,
conventional tomography, computerized tomography (CT)
or more recently magnetic resonance (MR) bone scanning
is most commonly used for skeletal surveys because of its
sensitivity in detecting new bone formation in response to
metastatic lesions, and the convenience of whole body
imaging (10, 11).

We have recently used a monoclonal antibody that binds
to granulopoetic cells in bone marrow (12, 13) and to
granulocytes in peripheral blood (14, 15) for the immuno-
scintigraphic examination of haematopoetic bone marrow
in humans (12, 13). High-quality scans showing the distri-
bution of haematopoetic bone marrow were consistently
obtained (12, 13). Since the demonstration of bone mar-
row involvement is not dependent on secondary bony
reaction, bone marrow scanning promises to be a more
sensitive method of detection of bone metastases. We
therefore compared the sensitivity of this novel approach
to that of conventional bone scanning. The two imaging
modalities were compared in groups of patients with pri-
mary solid malignant tumours, such as carcinoma of the
breast, prostate, kidneys, bladder or the bronchial system
as well as malignancies originating from haematopoetic
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or lymphatic tissue, i.e. multiple myeloma or malignant
lymphoma.

Material and Methods

Antibody. A %™ Tc-labelled murine, monoclonal isotype
IgG, antibody BW 250/183 (Szintimmun Granulozyt),
Hoechst AG, Frankfurt, FRG) was used for bone marrow
imaging. The antibody had excellent in vivo stability,
sustained immunoreactivity above 80% of the unlabelled
material, and an affinity constant of 2 x 10° 1/mole (15).

Principle of immunoscintigraphy of granulopoetic bone
specific cross-reacting antigen-antibody
(TcNCAA) binds to granulopoetic bone marrow cells and
granulocytes in peripheral blood via interaction with non-
specific cross-reacting antigen 95 (NCA-95) (14). NCA-95
is expressed in the cytoplasm and at the cell membrane of
granulocytes as well as on mature granulopoetic bone
marrow cells (16-21). Erythropoetic, thrombopoetic and
lymphatic cells did not express NCA-95 (18, 20). Since
granulopoetic bone marrow cells are 50 to 100 tines
more frequent than granulocytes in peripheral blood (22),
TcNCAA distributes primarily to the bone marrow
after iv. injection (12, 13). Immunohistology and flow
cytometry of human bone marrow showed selective
TcNCAA-binding to granulopoetic cells both after in vitro
incubation with TcNCAA and after TeNCAA injection
iv. (23).

Patients. In all, 141 patients with malignant disease,
referred for initial staging or restaging during follow-up
between March 1988 and January 1990, were enrolled in
the study. Forty patients had carcinoma of the breast, 25
carcinoma of the prostate, 14 kidney or bladder cancer, 13
bronchial carcinoma, 10 multiple myeloma and 39 malig-
nant lymphoma (Table 1). The diagnosis was confirmed in
all patients by histology. Thirty patients without any suspi-
cion of malignant disease, examined for fever of unknown
origin (FUO), served as controls. Since no imflammatory

marrow. Non

lesions were found in the skeleton of these patients, this
population was regarded as normal with respect to haema-
topoetic bone marrow. In these patients, only bone mar-
row scans were available. Patient characteristics are
summarized in Table 1. The stage of patients with malig-
nant disease was determined according to the UICC (24).

Scintigraphy. Immunoscintigraphy of haematopoetic
bone marrow studies were done as previously described
(12, 13). Briefly, patients were injected with 300+ 15 MBq/
0.25mg protein TcNCAA. Bone marrow imaging was
done 3—4h later using a LFOV gamma camera. Overlap-
ping spot views of the axial and the proximal appendicular
skeleton were routinely done in anterior and posterior
views. Five hundred to 1 000 kcounts were acquired per
view in the axial and 250 kcounts in the peripheral skele-
ton. The radiation exposure caused by 300 MBq *°™Tc-
labelled antibody amounts was calculated as 6.5 mGy in
the liver, 8.7 mGy in the spleen, 5.7 mGy in the kidneys,
8.8 mGy in bone marrow and 1.5 mGy in the whole body
(25).

Bone scans including the peripheral skeleton were ob-
tained within 14 days of immunoscintigraphy after i.v.
injection of 600 -+ 45 MBq **"Tc DPD (Hoechst AG,
Frankfurt, Germany) using standard techniques and identi-
cal gamma cameras. The scan results were recorded on
x-ray film and read by two experienced observers not aware
of the clinical data, results of other imaging methods
or bone marrow histology. The criterion for a metastatic
lesion at immunoscintigraphy was a clearly-defined focus of
deficient antibody uptake in haematopoetic bone marrow.
Since previous studies in our laboratory have shown a
variable and unhomogenous distribution of haematopoetic
bone marrow in the proximal parts of both femur and
humerus, especially in elderly patients, only multiple and
extensive defects were judged indicative of metastatic in-
volvement in these locations. Since occasionally metastatic
lesions can present on microcolloid scans as hot spots (26),
special attention was given to the occurrence of hot spots
on immunoscans of bone marrow.

Table 1

Some characteristics of patients with malignancies studied with bone marrow and bone scanning

Diagnosis Mean age Stage Time since Sex
(years) diagnosis _
1 IT 1 v N.A. {years) M F
Breast ca. 54 4 22 8 2 4 4.8 0 40
Prostate ca. 75 3 6 5 9 2 1.5 25 0
Kidney ca. 65 0 1 2 9 2 0.6 3 11
Bladder ca.
Bronchial ca. 58 0 1 5 2 S 0.4 12 1
Lymphoma 54 7 11 2 13 6 1.8 13 26
Myeloma 66 2 1 4 ~ 3 1.9 4 4
Controls 58 - - - - - 10 20
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Bone scans were interpreted according to published
guidelines ( 11). Seventy-five skeletal regions were evaluated
in each patient by both procedures. The results from
each of the 75 skeletal regions were analysed with a
statistical data analysis computer package (27). The
number of lesions was determined and compared with a
dedicated computer program. Since some bone regions were
not adequately imaged due, for example, to disabling
disease or were classified as other than normal or
metastatic, 9 400 skeletal regions were available for com-
parison of the two scintigraphy methods. To compare
imaging results in the different patient subgroups, the ratio
of metastatic lesions to all skeletal regions was determined
and taken as an index of the extent of skeletal involvement.

Comparison with CT. For 323 skeletal regions, the re-
sults of CT examinations done for clinical indications were
available. Normal or metastatic lesions, demonstrated by
CT, were compared with the findings at bone marrow
scanning for the respective sites. A time gap of 4 weeks
between bone marrow scanning and CT was allowed.
The findings were compared with those of CT examina-
tions to corroborate the results of bone marrow scanning
with a high resolution imaging method. We are aware that
CT is not the ideal method for verifying bone metastases,
as it has small margin of error (28). Magnetic resonance
imaging (MRI) is probably the best non-invasive imaging
method but it was not generally available for the study
population.

Histology and cytology. In 36 patients with malignant
lymphoma, the results of bone marrow biopsy or bone
marrow aspiration cytology were available for comparison
with the findings of bone marrow scanning.

Statistics. The frequencies of normal and metastatic
lesions found by bone and bone marrow scanning were
compared in the subgroups of patients with malignant
disease by the y>-test (27). A p-value < 0.05 was regarded
as significant.

Results

In control patients antibody uptake was homogenous in
the axial and in the proximal third of the appendicular
skeleton (Fig. 1). In addition, faint antibody uptake in the
liver and moderate uptake in the spleen were observed
which only mildly obscured overlying structures, such as
the spine or the ribs. The image quality of the antibody
scan was comparable to that of a bone scan and clearly
superior to bone marrow radiocolloid scans.

Mixed osteoblastic/osteolytic metastases were concor-
dantly detected by both scintigraphic methods, as shown in
Fig. 2. However, in most patients bone marrow scanning
detected additional metastatic foci. Surprisingly, not only
small but sometimes rather large lestons (Fig. 3) were
detected only by marrow scanning, and appeared normal
in the bone scan. Occasionally, generalized skeletal

Fig. 1. Normal bone marrow scan. Left: anterior; right: posterior
view.

metastatic spread was easily demonstrated by bone mar-
row scanning, whereas bone scans depicted only a few or
no metastatic foci (Fig. 4). Bone scans were clearly sup-
erior in demonstrating metastases to the femoral neck and
the long bones, as the occurrence of haematopoetic bone
marrow in these locations is highly variable or virtually
deficient in elderly patients. Advanced multiple myeloma
was characterized by multiple bone marrow defects. In
these patients scans demonstrated the larger osteolytic foci,
but the detection of increased tracer due to osteoporotic
microfractures or bone marrow infiltration was difficult or
impossible. Similarly, bone marrow involvement was easily
detected in malignant lymphomas (Fig. 5), whereas bone
scans in these patients showed rather unspecific changes in
tracer uptake. In accordance with our previous studies (12,
13), hot spots were not observed in any of the bone
marrow scans.

In 52 previously irradiated patients, the radiation ports
were clearly visualized in the bone marrow scans as
sharply delimited areas with highly reduced antibody up-
take in the bone marrow. Of 30 control patients with
FUO, bone marrow scans were abnormal in 3; only 7 of
the 2 135 skeletal regions showed borderline defects in the
bone marrow scans. The two observers who independently
examined the bone marrow scans agreed in their judge-
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Fig. 2. Concordant visualization of mixed osteolytic/osteoblastic metastases by bone scanning (left) and bone marrow scanning (right)

in a patient with renal adenocarcinoma.

ment concerning 97.2% of all metastatic lesions. For the
remaining lesions, agreement was obtained by consensus.

Conventional bone scans showed fewer metastatic sites
than bone marrow scans in all patient subgroups (Table
2). These differences were highly significant (p < 0.001 to
p = 0.0175). The extent of skeletal involvement, as assessed
by the two scintigraphic methods is summarized in Table
3. Bone marrow scans demonstrated significantly more
widespread involvement of the skeletal system than con-
ventional bone scans.

CT examinations were available for 226 skeletal regions
in patients with solid tumours and for 97 regions in
patients with malignant {ymphoma or multiple myeloma.
Findings concordant with the bone-marrow scans were
observed in 84.5% of the sites in the subgroup with solid

Table 2

Extent of skeletal involvement according to bone marrow scanning
(IBM) and bone scanning (BS)

Diagnosis No of Percentages of skeletal regions
patients  with metastatic lesions

IBM BS p-value
Breast ca. 40 322 10.6 <0.001
Prostate ca. 25 17.7 11.9 =0.175
Kidney/bladder ca. 14 3.6 1.5 =0.002
Bronchial ca. 13 10.7 5.1 <0.001
Lymphoma 39 10.6 1.0 <0.001
Myeloma 10 19.7 4.7 <0.001

Table 3

Skeletal regions judged to be normal or to contain metastatic lesions
by bone scanning and bone marrow scanning

Diagnosis Bone scan Bone marrow
Normal Metastatic Normal Metastatic
Breast ca. 2421 324 1591 832
Prostate ca. 1417 246 1512 328
Kidney/bladder ca. 994 18 827 37
Bronchial ca. 946 46 703 83
Lymphoma 2380 31 2061 264
Myeoloma 403 25 402 127

primary tumours, and in 80.4% of patient with malignant
lymphoma or multiple myeloma (Table 4).

The findings of bone marrow histology or cytology were
available for comparison scans in 36 patients with malig-
nant lymphoma. Concordant negative results were found
in 17 patients, whereas 14 patients had concordant positive
results indicating bone marrow infiltration. In 5 patients,
histology was negative but bone marrow scans showed
defects indicating bone marrow involvement. Histological
evidence of bone marrow infiltration in combination with
normal bone marrow scan was not observed.

Discussion

In the present study, bone marrow scanning detected
considerably more metastatic lesions than conventional
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Fig. 3. Large osteolytic metastasis in left pelvis visualized by bone
marrow scanning in a patient with breast cancer (right). The bone
scan (left) was normal in this region. Additional metastases in Th
12 and Teft scapula (arrows). Only the latter lesion was detected
by bone scanning. The spot view of the bone marrow scan (lower
image) shows the lesions more clearly. The importance of high
quality bone marrow scans for detecting small lesions is clearly
demonstrated.

bone scanning. This observation was not surprising in
haematopoetic or lymphatic malignancies in view of earlier
reports (11, 29-37). However, immunoscintigraphy of the
bone marrow also detected significantly more lesions than
bone scanning in solid tumours, indicating that the bone
marrow frequently contains metastases which have not yet
induced osteoblastic or osteolytic response detectable by
bone scanning.

Several authors have reported that bone scintigraphy is
more sensitive than bone marrow scanning with radioac-
tive microcolloids in detecting bone metastases from
prostate and breast cancer and other solid tumours (31,
36). Some authors (26, 33, 34) concluded that radiocolloid
bone marrow scanning helps to distinguish benign from
malignant skeletal lesions, and this method and bone
scanning provide complementary information. Others have
reported that lumbar spine and pelvic radiocolloid bone
marrow scans were highly sensitive in detecting metastatic

disease (35). Similarly, Bourgeois et al. {(36) found ‘an
earlier and more precise detection of skeletal invasion’ in
radiocolloid marrow scans than on bone scans in 10 out of
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Fig. 4. Generalized bone metastases in a patient with breast cancer. The bone marrow scan shows multiple defects (right images).
Increased antibody uptake in the spleen, possibly due to extramedullary haematopoesis. The bone scan shows increased uptake in left

upper kidney pole, but was otherwise normal (left images).

101 patients with carcinoma of the breast. Preliminary
results published by Majimiyi & Shepstone (37) are in
accord with these observations.

Colloid uptake in the liver and spleen, which overlap
large parts of the spine and thorax deteriorates the image
quality of radiocolloid marrow scans considerably (11)
which prevents an adequate comparison between bone
marrow and bone scanning. This disadvantage is largely
overcome by bone marrow immunoscintigraphy. Thus, in

virtually all subgroups of malignant diseases this method
was found to be superior to conventional bone scanning
for detecting metastases in the skeletal system. However,
to demonstrate metastases in the femoral head and long
bones the findings with bone marrow and bone scanning
were complementary.

Bone marrow defects may have a variety of causes, the
more common being malignant lesions, inflammatory, cir-
culatory or degenerative changes, fibrosis, fatty degenera-
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a)

I
3

b)

Fig. 5. Generalized bone marrow infiltration in Hodgkin's disease, confirmed by bone marrow biopsy. The bone marrow scan shows only
spotty residual islands of haematopoetic bone marrow (b) The scan (a) shows a slight diffuse increase in tracer uptake in lumbar vertebrae

ITT-V compatible with osteoarthritis.

Table 4

Comparison between computerized tomography (CT) and bone mar-

row scanning (BMS) for selected skeletal regions. CT examinutions

were done to clinical indications. The percentages of concordant and
discordant findings are indicated

Lymphomas and

Solid tumors myelomas Total

n =226 n=97 n =323
CT+/BMS+  56.6% 6.2% 41.5%
CT—-/BMS—  27.8% 74.2% 41.8%
CT+ /BMS —  18.6% 2.2% T 1%
CT — /BMS + 1.0% 13.3% 9.6%
Concordant
findings 84.5% 80.4% 83.3%

tion, necrosis, extensive osteoarthritis, and fatty or bony
islands (3, 10-12. 26). Thus, the specificity of the frequent
bone marrow defects observed in the present patient popu-
lation with malignant diseases remains to be determined.
However, the concordance with histologic and CT find-
ings, when these were available, and the largely negative
findings in control patients, strongly support that the
defects actually represented malignant bone marrow
lesions. The findings in the control patients also gave the
impression that active bone marrow is distributed in a
remarkably homogeneous manner in the axial skeleton.

Linden et al. (38) recently reported that chemotherapy
did not significantly alter the distribution of normal haema-
topoetic bone marrow imaged by radiocolloids or MRI.
Radiotherapy exerted well-known local effects on the bone
marrow. which were easily detected by MRI or bone
marrow scanning, but did not alter the appearance of the
bone marrow scans outside the radiation ports (12, 13, 38);
similar observations were obtained in the present study.

It may be difficult or impossible to distinguish between
active bone marrow discase and bone marrow fibrosis solely
on the basis of a bone marrow defect. In doubtful cases
more specific procedures, such as MRI or bone marrow
biopsy have been advocated (38, 39). Bone marrow scan-
ning in such cases may help in directing the biopsy or
selecting sites for further investigation.

In a patient material as the present one a selection bias
in favour of patients with advanced disease has to be taken
into account. The important question of early detection of
metastatic disease in the skeleton by bone marrow scan-
ning awaits further clarification. However, results recently
reported by Duncker et al. (40) indicate that bone marrow
immunoscintigraphy holds promise for the ‘early detection
of bone metastatic involvement in patients with breast
cancer’.

Antibody response to the injected murine antibody may
have serious implications for repeated immunoscinti-
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graphic studies (41). However, in a preliminary study of 86
patients, receiving TC(NCAA we found measurable indica-
tion of human antimouse antibodies (HAMA) in only 4
patients. Additional 3 patients had borderline titres (42).
We thus feel that the HAMA response to 100-250 ug
#mTc.labeled TcNCAA might be small compared to the
response to some other substances used for clinical im-
munoscinitigraphic procedures (43).

In conclusion, bone marrow immunoscintigraphy had
superior sensitivity compared to conventional bone scan-
ning in patients with various solid and haematological
malignancies. Further studies are needed to elucidate the
potential of this novel approach for the early diagnosis of
metastatic spread to the skeleton.

ACKNOWLEDGEMENTS

The authors wish to express their gratitude to Prof. Dr.
Bohndorf, Dr. Klose and Dr. Klein, Dept. Diagnostic Radiology,
RWTH Aachen, for providing the radiological findings.

REFERENCES

1. Meinshausen J, Choritz H, Georgii A. Frequency of skeletal
metastases as revealed by routinely taken bone marrow biop-
sies. Virchows Arch A Pathol Anat Histopathol 1980: 409
17.

2. Scher HI, Yagoda A. Bone metastases: Pathogenesis, treat-
ment and rationale for use of resorption inhibitors. Am J Med
1987; (Suppl 2A): 6-28.

3. Rieden K. Knochenmetastasen. Springer-Verlag, 1988: 1-5.

4. Redding HW, Coombes RC, Monaghan P, et al. Detection of
micrometastases in patients with primary breast cancer.
Lancet 1983: 1271-3.

5. Kamby C, Gulkhammer B, Vejborg I, et al. The presence of
tumour cells in bone marrow at the time of first recurrence of
breast cancer. Cancer 1987; 60: 1306-12.

6. Schlimock G, Funke I, Holzmann B, et al. Micrometastatic
cancer cells in bone marrow: in vitro detection with anti-
cytoketatin and in vivo labelling with anti-17-1A-antibodies.
Proc Natl Acad Sci USA 1987; 84: 8672-6.

7. Berger U, Bettelheim R, Mansi J, Easton D, Coombes C,
Neville M. The relationship between micrometastases in the
bone marrow, histopathologic features of the primary tumour
in breast cancer and prognosis. Am J Clin Pathol 1988; 90:
1-6.

8. Cote RJ, Rosen PR, Hakes TB, et al. Monoclonal antibodies
detect occult breast carcinoma metastases in the bone marrow
of patients with early stage disease. Am J Pathol 1988; 12:
333-40.

9. Berrettonie BA, Carter JR. Mechanisms of cancer metastasis
to bone. Current concept review. J Bone Joint Surf 1986;
(68-A): 308-12.

10. Vogler 11 JB, Murphy WA. Bone narrow imaging. Radiology
1988; 168: 679-93.

1. McKillop JH. Bone scanning in metastatic disease. In:
Fogelman 1, ed. Bone scanning in clinical practice. Springer-
Verlag, 1987: 51-60.

12. Reske, SN, Karstens JH, Gloeckner W, et al. Radio-
immunoimaging for diagnosis of bone marrow involvement
in breast cancer and malignant lymphoma. Lancet 1989; 2:
299-301.

13. Reske SN, Karstens JH, Gloeckner WM, Ammon J, Biill U.
Nachweis des Knochenmarkbefalls beim Mammakarzinom
und bei malignen Lymphomen durch Immunszintigraphie
des hidmatopoetischen Knockenmarks. Fortschr Roentgenstr
Nuclearmed 1990; 152: 60-6.

14. Joseph K, Hoffgen H, Bosslet K, Schorlemmer U. In vivo
labelling of granulocytes with Tb-99m anti-NCA monoclonal
antibodies for imaging inflammation. Eur J Nucl Med 1988;
14: 367-73.

15. Steinstraesser A, Schorlemmer HU, Schwarz A, Kuhlmann L,
Bosslet K. A novel Tc-99m labelled antibody for in vivo
targeting of granulocytes (Abstract). J Nucl Med 1988; 29:
925.

16. Burtin P, Quain PC, Sabine MC. Non specific cross reacting
antigen is a marker for human polymorphs, macrophages and
monocytes. Nature 1975; 255: 714-7.

17. Bordes M, Knobel S, Martin F. Carcinoembryonic antigen
(CEA) and related antigens in blood cells and hematopoetic
tissues. Eur J Cancer 1975; 11: 783—6.

18. Wahren B, Gahrton G, Hammerstrom S. Non-specific cross-
reacting antigen in normal and myeloid cells and serum of
leukemic patients. Cancer Res 1980; 40: 2039-42.

19. Wahren B, Gahrton G, Hammerstrém S. Clinical evaluation
of NCA in patients with chronic myelocytic leukemia. Int J
Cancer 1982; 29: 133.

20. Noworolska A, Hardozinska A, Richter R, Brodzka W.
Non-specific cross-reacting antigen (NCA) in the individual
maturation stages of myeloic cell series. Br J Cancer 1985; 51:
371-7.

21. Noworolska A, Harlozinska A, Buchegger F, Lawinsky R,
Richter R. Expression of non-specific cross-reacting antigen
species in myeloid leukemic patients and healthy subjects. Blut
1989; 58: 69-75.

22. Tavassoli M, Yoffey JM. Bone marrow. Struture and func-
tion. New York: Alan Riss, 1983,

23. Reske SN, Haubeck HD, Fiizesi L, Droittke D, Zillkens W,
Biill U. Tc-99m labelled NCA 95/CEA-antibodies (TcNCAA)
for immunoscintigraphy of hematopoietic bone marrow in
man. 1. Antibody distribution in normal bone marrow. In:
Hofer A, Bergmann H, eds. Radioaktive Isotope in Klinik
und Forschung. Stuttgart: Schattauer, 1991; 543-7.

24, Herrmanek P, Scheibe O, Spiessl B, Wagner U, eds. TNM
Klassifikation maligner Tumoren. Springer-Verlag 1987.

25. Steinstraesser A, Berberich R, Schwarz A, Bosslet K, Seidel
L, Kroll A. Strahlenexposition bei der Szintigraphie mit
Tc-99m-Antigranulozyten-Antikérpern. In: Becker W, Wolf
F, eds. Immunszintigraphie von Blutzellen (Abstract). Nucl
Med 1989; 28: 148-59.

26. Hotze A, Loew A, Mahlstedt J, Wolf F. Kombinierte
Knochenmark und Skelettszintigraphie bei ossaeren und
myelogenen Erkrankungen. Fortschr Geb Roentgenstr
Nuklearmed Erganzungsbl 1984; 140. 717-23.

27. SPSS statistical and information analysis system. Chicago, I,
USA: SPSS Inc. 121-5, 1989.

28. Rieden K, Adolph J, Flentje M, Mende U, Lellig U, zum
Winkel K. Indikation und Wertigkeit von Computertomo-
graphie und konventioneller Skelettdiagnostik bei Verdacht
auf Knochenmetastasen. Fortschr Roentgenstr Nuklearmed
Erganzungsbl 1988; 148: 505-15.

29. Munz DL, Kétter R, Kornemann I, Brandhorst I, Hor G,
Bone marrow scanning in early diagnosis of neoplastic in-
volvement of the skeletal system: a comparative parallel
study. In: Schmidt HAR, Adam WE, eds. Nuklearmedizin.
Stuttgart: Schattauer, 1984: 664—665.

30. Ranner G, Fueger GF, Hoermann M. Ergebnisse der
Knochenmarkszintigraphie bei hidmatologischen System-



31.

32.

33.

34,

3s.

36.

37.

DETECTION OF BONE METASTASES

erkrankunge. Fortschr Roentgenstr Nuklearmed 1987; 146:
300-5.

Haddock G, Gray HW, McKillop JH, Bessent RG. Tc-99m-
Nanocolloid bone marrow scintigraphy in prostatic cancer. Br
J Urology 1989; 63: 497-502.

Fritz P, Adolph J, Bubeck B, Georgi P, zum Winkel
K. Knochenmarkszintigraphie mit Radiokolloiden bei
Skelettmetastasen. Fortschr Roentgenstr Nuklearmed 1986;
144: 689-95.

Sacchi S, Marietta M, Rinaldi D, et al. Bone and bone marrow
scintigraphy in the diagnosis of meoplastic involvement of the
skeletal system. J Nucl Med All Sci 1987; 31: 255-60.
Otsuka N, Fukunaga M, Sone T, et al. The usefulness of bone
marrow scintigraphy in the detection of bone metastasis from
prostatic cancer. Eur J Nucl Med 1985; [1: 319-22.

Lentle BC, Kotchon T, Catz Z, Penney HF. Detecting bone
marrow metastases at the time of examining the liver with
radiocolloid. J Nucl Med 1987; 28: 184-7.

Bourgeois P, Gassavelis C, Malarme M, Feremans W,
Friihling J. Bone marrow scintigraphy in breast cancer. Nucl
Med Commun 1989; 10: 389-400.

Mojiminiyi S, Shepstone BJ. Bone marrow immunoscinti-
graphy (Letter). Lancet 1989; 1: 725-6.

38.

39.

40.

41.

42.

43.

761

Linden A, Zankovich R, Theissen P, Diehl V, Schicha H,
Malignant lymphoma: bone marrow imaging versus biopsy.
Radiology 1989: 173; 335-9.

Schicha H, Franke M, Smorlorz J, Linden A, Waters W,
Diehl V. Diagnostic strategies and staging procedures for
Hodgkin's lymphoma: bone marrow scintigraphy and mag-
netic resonance imaging. Recent Results Cencer Res 1989;
117: 112-9.

Duncker CM, Carrio I, Berna L, et al. Radioimmune imag-
ing of bone marrow in patients with suspected bone metas-
tases from primary breast cancer. J Nucl Med 1990, 31I:
1450-5.

Perkins AC, Pimm MYV, Powell MC. The implications
of patient antibody response for the clinical usefulness of
immunoscintigraphy. Nucl Med Commun 1988; 9: 273-82.
Reske SN, Sohn M, Karstens JH, Bares R, Buell U.
Immunoscintigraphy of bone marrow with Tc-99m labelled
NCA-95/CEA antibodies (Tc NCAA). Comparison with bone
scanning, plane radiographs and HAMA-response (Abstract).
J Nucl Med 1990; 31: 751.

Hertel A, Baum RP, Auerbach B, Herrmann A, Hoer G.
Klinische Relevanz humaner Anti-Maus-Antikoerper ( HAMA)
in der Immunszintigraphie. Nuc! Med 1990; 29: 221-7.



