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Two patients with prostate carcinoma and bone metastases
were treated with hormonal therapy. Radioimmune imaging
of bone marrow performed with ®*™Tc-labeled antigranulocyte
antibody BW 250/183 before treatment demonstrated ab-
sence of granulopoietic bone marrow in extensive regions of
the central and proximal peripheral skeleton, indicating diffuse
bone marrow invasion. Bone marrow scans performed after
treatment demonstrated presence of granulopoietic bone
marrow in these regions, indicating bone marrow regenera-
tion. This finding was consistent with favorable response to
treatment.
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’I:le most common form of metastatic spread from
prostate cancer is to the bone, which occurs in about 85%
of patients dying of prostate cancer (/). It has been shown
that bone scans are highly sensitive tests for detecting
skeletal involvement in patients with prostate cancer (2-
5). Conventional bone scans demonstrate bone metastases
in approximately 23% of all patients judged free of disease
by a routine bone survey (6). Soloway et al. (7) stratified
patients with metastatic prostate cancer depending on the
extent of the disease seen on initial bone scans. Their
grading system correlated with survival. It has been shown
that patients determined to have progression on bone scans
at 6 mo have a survival of 41% versus 88% for those who
have improvement or stability on the scan (8). Therefore,
serial bone scans provide significant prognostic informa-
tion. However, assessment of response to treatment in
prostate cancer remains a problem. Interpretation of bone
scans shortly after treatment may be difficult mainly due
to the flare phenomenon (9). Assessment of improvement
in patients with widespread metastatic bone disease is
hampered by the difficulty in counting, sizing, and com-
paring activity in a large number of skeletal lesions. Sta-
bility of the bone scan shortly after treatment may not
indicate absence of response (8).
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In breast cancer and malignant lymphoma, radioim-
munoimaging of bone marrow can demonstrate bone mar-
row invasion before bone tissue invasion is apparent on
conventional bone scans (10,11). To assess bone marrow
involvement and its response to hormonal therapy in
patients with prostate carcinoma, a prospective study is
being conducted in our institution using **™Tc-antigranu-
locyte monoclonal antibody BW 250/183 (AGMAD) (Beh-
ringwerke, Marburg, FRG) to perform bone marrow scans.
We report two patients in whom bone marrow scans
showed bone marrow regeneration shortly after treatment.

CASE REPORTS

Patient 1

A 61-yr-old, male presenting with prostate carcinoma diag-
nosed by transrectal needle biopsy, histologic type Gleason 5/5,
was studied for initial staging. At that time, the patient presented
with generalized bone pain and with a weight loss of 8 kg in 3
mo. A conventional bone scan performed after intravenous ad-
ministration of 20 mCi of *™Tc-methylene diphosphonate
showed widespread metastatic involvement of the entire axial
and proximal appendicular skeleton. The *™Tc-AGMAb bone
marrow scan, performed 5-6 hr after intravenous injection of 0.5
mg of antibody labeled with 20 mCi of *™Tc (/1), showed
marked absence of granulopoietic bone marrow in the central
and proximal peripheral skeleton indicating bone marrow tu-
moral invasion (Fig. 1A). X-ray examinations showed skeletal
blastic lesions. Laboratory test findings were: leukocyte count of
4,700 per mm? hemoglobin of 11.2 g/dl, platelet count of
225,000 per mm?, erythrocyte sedimentation rate of 121 mm/hr,
alkaline phosphatase of 754 U/liter (nr 98-279), total acid phos-
phatase of 208 U/liter (nr 0-6.9), and prostatic acid phosphatase
of 190 U/liter (nr 0-2). The patient was treated with 3.6 mg/28
days of goserelin (Zoladex®, ICI Farma) (a luteinizing hormone-
releasing hormone agonist that reduces testosterone to castrate
levels) and 250 mg/8 hr of flutamide (a nonsteroidal anti-andro-
gen). Three months later, laboratory tests showed an increase in
alkaline phosphatase (1547 U/liter) and a decrease in total acid
(18.1 U/liter) and prostate acid (5.7 U/liter) phosphatases.

Six months after starting treatment, the patient was restudied.
He presented relief of bone pain and gain in weight. The bone
scan performed at that time did not show any differences from
the initial study. The bone marrow scan demonstrated defects in
the bone marrow, but presence of granulopoietic bone marrow
in extensive regions of the central and proximal peripheral skel-
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FIGURE 1. (A) Case 1: Bone marrow
scan performed before treatment showing
absence of bone marrow in extensive re-
gions of the central and proximal periph-
eral skeieton due to bone marrow inva-
sion. (B) Case 1: Bone marrow scan per-
formed after treatment showing bone
marrow defects and presence of bone
marrow in extensive regions of the central
and proximal peripheral skeleton, indicat-
ing bone marrow regeneration.

eton (Fig. 1B). X-ray examinations showed persistent skeletal
blastic lesions. Laboratory tests showed leukocyte count of 3,900
per mm>, hemoglobin of 12.6 g/dl, platelet count of 270,000
mm?, erythrocyte sedimentation rate of 7 mm/hr, alkaline phos-
phatase of 670 U/liter, total acid phosphatase of 18.3 U/liter, and
prostatic acid phosphatase of 4.6 U/liter.

Patient 2

A 82-yr-old male, presenting with prostate carcinoma diag-
nosed by transrectal biopsy, histologic type Gleason 5/5, was
studied for initial staging. The patient presented with asthenia,
anorexia, weight loss, and bone pain. The bone scan was inter-
preted as corresponding to diffuse metastatic disease. The bone
marrow scan showed absence of granulopoietic bone marrow in
the central and most of the proximal peripheral skeleton indicat-
ing extensive bone marrow invasion (Fig. 2A). X-ray examina-
tions showed osteolytic and osteoblastic lesions in the central
skeleton. Laboratory test findings were: leukocyte count of 4,400
per mm?®, hemoglobin of 8.6 g/dl, platelet count of 78,000 per
mm?, erythrocyte sedimentation rate of 100 mm/hr, alkaline
phosphatase of 282 U/liter, total acid phosphatase of 5.9 U/liter,
and prostatic acid phosphatase of 2.3 U/liter. The patient started
treatment with goserelin and flutamide. Laboratory tests per-
formed 3 mo later showed an increase in alkaline phosphatase
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FIGURE 2. (A) Case 2: Bone marrow scan

(567 U/liter), an increase in total acid phosphatase (9.4 U/liter),
and a decrease in prostatic acid phosphatase (0.9 U/liter).

Six months after starting treatment, the patient was restudied.
There was improvement in his clinical status in that there was
palliation of bone pain and he had gained weight. The bone scan
did not differ from the initial study. The bone marrow scan
demonstrated presence of granulopoietic bone marrow in the
central and proximal peripheral skeleton (Fig. 2B). X-ray exam-
inations showed no changes. Laboratory tests showed a leukocyte
count of 5,700 per mm?>, hemoglobin of 11.5 g/dl, platelet count
of 153,000 per mm?, erythrocyte sedimentation rate of 22 mm/
hr, alkaline phosphatase of 266 U/liter, total acid phosphatase of
8.4 U/liter, and prostatic acid phosphatase of 0.9 U/liter.

DISCUSSION

Retrograde blood flow through the paravertebral venous
system communicating with the sinusoids of the bone
marrow and the enhanced susceptibility of bone marrow,
because of the special microanatomical aspects of its vas-
culature, determine the seeding of tumor cells in bone
marrow (12). This would be followed by invasion of bone
tissue matrix and finally by invasion of the cortical bone.

2
3

z

before treatment showing absence of bone marrow in most of the central

performed
and proximal skeleton due to bone marrow invasion. (B) Case 2: Bone marrow scan performed after treatment showing bone marrow
defects and presence of bone marrow in extensive regions of the central and proximal peripheral skeleton, indicating bone marrow
regeneration.
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Ito et al. (13) suggested that colloid bone marrow scintig-
raphy could provide proof of metastatic spread in cancer
patients at an earlier stage than conventional bone imag-
ing. However, colloid bone marrow scans were hampered
by liver and spleen accumulation and the technique did
not gain general acceptance. Haddock et al. (/4) per-
formed bone marrow scintigraphy with **™Tc-nanocolloid
in patients presenting with prostate carcinoma. They con-
cluded that bone scans were more sensitive than bone
marrow scans, but that bone marrow scans could identify
patients at risk from fatal marrow suppression following
systemic chemotherapy and total-body irradiation. Re-
cently, Reske et al. (15) studied 25 patients with prostate
carcinoma and reported that immunoscintigraphy of gran-
ulopoietic bone marrow performed with **®Tc-AGMAb
was more sensitive than bone scans in detecting metastatic
bone involvement.

We report two cases in which *Tc-AGMAD bone
marrow scans performed at initial staging showed absence
of granulopoietic bone marrow in extensive regions of the
central and proximal peripheral skeleton (Figs. 1A and
2A), indicating extensive metastatic bone marrow inva-
sion. These findings correlated with laboratory tests since
both patients presented with anemia and increases in
alkaline and prostatic acid phosphatases. Three months
after hormonal therapy, both patients presented with a
peak of alkaline phosphatase with a decrease in prostatic
acid phosphatase. This is related to the process of recalci-
fication in prostate cancer patients with bone metastases
and response to treatment. Six months after treatment
hemoglobin levels increased, alkaline phosphatase de-
creased, and prostatic acid phosphatase normalized in one
patient and decreased in the other. In both patients, *™Tc-
AGMAD bone marrow scans showed presence of bone
marrow in regions of the central and the proximal periph-
eral skeleton where it was previously absent (Figs. 1B and
2B). This finding indicated granulopoietic bone marrow
regeneration, correlated with laboratory tests, and indi-
cated good response to the hormonal therapy. Bone scans
at that time were stable compared to those performed at
initial staging.

Bone marrow regeneration has been studied in experi-
mental animal models (/6-17) and in patients with on-
cologic and hematologic diseases (/8-20). In serial iliac-
crest bone marrow biopsies, bone marrow regeneration is
observed as an increase in the number of clusters of
hematopoietic progenitors in the studied specimens (/8).
Bone invasion from hematologic neoplasms and solid
tumors suppress normal hematopoiesis resulting in neutro-
penia, anemia, and thrombocytopenia. The most effective
way of increasing hematologic cell production is to clear
the malignancy from the marrow with chemotherapy (21).
When malignant cells have been cleared from bone mar-
row space, regenerated hematopoietic tissue may grow in
the bone marrow cavity.

Indium-111-chloride bone marrow scanning has been
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used to evaluate erythropoietic bone marrow response to
steroid therapy in aplastic anemia and myelofibrosis (22).
Sayle et al. (22) studied eighteen patients with '''In bone
marrow scans several times and, after grading the scans on
a five-point scale, found correlation between bone marrow
images and clinical response. The major drawback of !''In
chloride bone marrow images is the poor delineation of
the central skeleton. Since the central skeleton is the
primary site of bone metastases from extraosseous malig-
nancies, assessment of central bone marrow is necessary
in the evaluation of patients with metastatic bone marrow
invasion. Technetium-99m-AGMADb bone marrow scans
provide excellent delineation of central and proximal pe-
ripheral bone marrow, allowing precise detection of bone
marrow invasion and visualization of bone marrow expan-
sion (11).

Our report provides evidence of granulopoietic bone
marrow regeneration by a noninvasive radioimmune im-
aging method. A noninvasive method to demonstrate and
visualize the sites of bone marrow regeneration could be
useful in the management of cancer patients. Patients with
solid tumors and bone metastases could be studied to
assess bone marrow response to treatment. Patients
undergoing myelosuppressive therapy could be studied to
assess bone marrow regeneration after treatment.

ACKNOWLEDGMENT
Supported by FISS grant 90/0909.

REFERENCES

1. Jacobs SC. Spread of prostatic cancer to bone. Urology 1983;21:337-344.

2. Pollen JJ, Gerber K, Ashburn WL, Schmidt JD. The value of nuclear bone
imaging in advanced prostatic cancer. J Urol 1981;125:222-223.

3. Oliveux A, Girob JC, Moyses B, Methlin G, Bollack C. Recent advances
in isotopic exploration of the skeletal system in prostate cancer. Ann Urol
1979;13:167-171.

4. Lund F, Smith PH, Suciu S, EORTC Urological Group. Do bone scans
predict prognosis in prostatic cancer? A report of the EORTC protocol
3762. Br J Urol 1984;56:58-63.

5. Merrick MV, Ding CL, Chisholm GD, Elton RA. Prognostic significance
of alkaline and acid phosphatase and skeletal scintigraphy in carcinoma of
the prostate. Br J Urol 1985;57:715-720.

6. Paulson DF, Uro-Oncology Research Group. The impact of current staging
procedures in assessing disease extent of prostatic adenocarcinoma. J Urol
1979;121:300-302.

7. Soloway MS, Hardeman SW, Hickey D, et al. Stratification of patients
with metastatic prostate cancer based on extent of disease on initial bone
scan. Cancer 1988;61:195-202.

8. Pollen JJ, Gerber K, Ashburn WL, Schmidt JD. Nuclear bone imaging in
metastatic cancer of the prostate. Cancer 1981;47:2585-2594.

9. Levenson RM, Sauerbrunn BJ, Bates HR, Newman RD, Eddy JL, Ihde
DC. Comparative value of bone scintigraphy and radiography in monitor-
ing tumor response in systemically treated prostatic carcinoma. Radiology
1983;146:513-518.

10. Reske SN, Karstens JH, Gloeckner W, et al. Radioimmunoimaging for
diagnosis of bone marrow involvement in breast cancer and malignant
lymphoma. Lancet 1989;Feb 11:299-301.

11. Martinez-Duncker C, Carri6 I, Berna L, et al. Radioimmune imaging of
bone marrow in patients with suspected bone metastases from primary
breast cancer. J Nucl Med 1990;31:1450-1455.

12. Berrettoni BA, Carter JR. Mechanisms of cancer metastasis to bone. J
Bone Joint Surg 1986;2:308-312.

13. Ito Y, Okuyama S, Suzuki M, et al. Bone marrow scintigraphy in the early

2297



2298

diagnosis of experimental metastatic carcinoma. Cancer 1973;31:1222-
1230.

. Haddock G, Gray HW, McKillop JH, Bessent RG, Kirk D. *™Tc-nano-

colloid bone marrow scintigraphy in prostatic cancer. Br J Urol
1989;63:497-502.

. Reske SN. Recent advances in bone marrow scanning skeleton. Eur J Nucl

Med 1991;3:203-221.

. Monroy RL, Skelly RR, MacVittie TJ, et al. The effect of recombinant

GM-CSF on the recovery of monkeys transplanted with autologous bone
marrow. Blood 1987;70:1696-1699.

. Nienhuis AW, Donahue RE, Karlsson S, et al. Recombinant human

granulocyte-macrophage colony-stimulating factor (GM-CSF) shortens the
period of neutropenia after autologous bone marrow transplantation in a
primate model. J Clin Invest 1987;80:573-577.

. Brandt SJ, Peters WP, Atwater SK, et al. Effect of recombinant human

19.

20.

21.

22

granulocyte-macrophage colony-stimulating factor on hematopoietic re-
constitution after high-dose chemotherapy and autologous bone marrow
transplantation. N Engl J Med 1988;318:869-876.

Reid CDL, Kirk A, Muir J, Chanarin I. The recovery of circulating
progenitor cells after chemotherapy in AML and ALL and its relation to
the rate of bone marrow regeneration after aplasia. Br J Haematol
1989;72:21-27.

Vadhan-Raj S, Keating M, LeMaistre A, et al. Effects of recombinant
human granulocyte-macrophage colony-stimulating factor in patients with
myelodysplastic syndrome. N Engl J Med 1987;317:1545-1552.
Mitsuyasu RT, Golde DW. Clinical role of granulocyte-macrophage col-
ony-stimulating factor. Hematol/Oncol Clin N Am 1989;3:411-425.

Sayle BA, Helmer RE, Birdsong BA, Balachandran S, Gardner FH. Bone
marrow imaging with indium-111-chloride in aplastic anemia and myelo-
fibrosis: concise communication. J Nucl Med 1982;23:121-125.

The Journal of Nuclear Medicine ¢ Vol. 32 ¢« No. 12 « December 1991



