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Sub-super bone scan caused by bone marrow involvement
of prostate cancer

Yuji Seo, Noriyuki SHUKE, Wakako Y aMaMoTo, Kouki Usut and Tamio ABURANO
Department of Radiology, Asahikawa Medical College

A 67-year-old man presented with malaise and marked anemia. A diagnostic workup revealed
severe pancytopenia on a complete blood count and diffuse sclerotic change in the axial skeleton
on a plain abdominal radiograph. Bone metastases being suspected from these findings, bone
scintigraphy was performed. The bone scan demonstrated uniformly increased skeletal activity with
faint soft-tissue activity. The findings of the bone scan, however, appeared atypical of the super scan
caused by diffuse bone metastases, without any decrease in radioactivities of the appendicular
skeleton and kidneys. Bone marrow scintigraphy with In-111 chloride demonstrated central
marrow failure and peripheral expansion, which indicated the possibility of myelophthisis. The
patient underwent bone marrow biopsy, which revealed replacement of the bone marrow by
metastatic adenocarcinoma. Further examinations detected the primary lesion in the prostate. In this
case, the findings of the bone scan were insufficient for the super scan, and might be categorized as
a sub-super scan. It would be important to recognize this incomplete form of super scan as a rare
scintigraphic pattern of diffuse bone marrow metastases.
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INTRODUCTION

BONE SCINTIGRAPHY has been performed to search for bone
metastasis in various malignancies because of its high
sensitivity. As a scintigraphic pattern of metastatic bone
involvement which does not show discrete abnormal
uptakes, “super bone scan’ has been described to alert one
not to overlook diffuse bone marrow metastases. The
clues for recognizing super scan are diffuse symmetrical
increased uptake mainly in the axial skeleton without
appreciable kidney and soft-tissue activity. These clues,
however, are not always sufficient for detecting diffuse
bone marrow metastases, since occasionally they are not
seen in a complete form in spite of the presence of severe
bone marrow involvement. We experienced a case of
prostate cancer with diffuse bone marrow metastases, in
which bone scan showed atypical findings of super scan,
and bone marrow scintigraphy was useful to confirm the
presence of diffuse bone marrow involvement.
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CASE REPORT

A 67-year-old man, who presented with malaise and
marked anemia, was admitted to the hospital. Physical
examination revealed severe anemia without lymphade-
nopathy and hepatosplenomegaly. Laboratory tests were
normal except for pancytopenia: hemoglobin, 6.6 g/dl;
RBC, 232 x 10%mm?; WBC, 2630/mm?; platelets, 9.5 x
10#mm3. A plain abdominal radiograph demonstrated
diffuse sclerotic change in the axial skeleton. Bone me-
tastases being suspected from these findings, bone scin-
tigraphy was performed with Tc-99m hydroxymethylene
diphosphonate (Tc-99m HMDP). Whole body images,
taken 2 hours after the injection of Tc-99m HMDP (740
MBgq), demonstrated uniformly increased skeletal activ-
ity (Fig. 1), but the image appeared atypical of super bone
scan caused by diffuse bone metastases, because of the
lack of a decrease in the radioactivity of the appendicular
skeleton and kidneys. As for the appendicular skeleton,
symmetrically increased radioactivities rather than de-
creased ones were found in the proximal shafts and the
ends of the humeri and femora. With regard to these
findings, it was a matter of dispute whether the bone
images should be interpreted as a super bone scan. Since
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Fig. 1 Bone scan with Tc-99m hydroxymethylene diphos-
phonate (HMDP) demonstrates diffusely increased activity in
the axial skeleton and regional increase in the proximal shafts
and ends of femora and humeri. The uniform symmetrical
increased activity in the skeleton may be suggestive of a super
scan. However, note that the renal activity is not diminished and
appendicular skeleton is normally visualized.

a possibility of so-called sub-super scan, which was a rare
scintigraphic pattern of diffuse bone marrow metastases,
was considered, MRI and bone marrow scintigraphy with
In-111 chloride were performed. Whole body images,
taken 3 days after the injection of In-111 chloride (111
MBq), demonstrated central marrow failure and periph-
eral expansion. These findings suggested the presence of
primary hematologic disorders or myelophthisis usually
caused by hematopoietic neoplasms or bone marrow
metastases. Hepatosplenomegaly and extramedullary
hematopoiesis were not seen (Fig. 2). Magnetic resonance
images of the lumbar spine taken on a unit witha 1.5 T
superconducting magnet demonstrated decreased signal
intensity in the vertebrae on both T1 (TE = 10 msec/TR =
500 msec) and T2 (TE = 96 msec/TR = 5000 msec)
weighted images, indicating the presence of diffuse fatty
marrow replacement by the stimulated red marrow or by
other causes such as metastatic tumor cells (Fig. 3).
Considering the finding of central marrow failure de-
tected on the bone marrow scan, red marrow expansion
was not likely and the possibility of bone marrow me-
tastases was highly suspected. The patient underwent
bone marrow biopsy, and the biopsy samples from the
ilium revealed that the bone marrow was almost com-
pletely replaced by metastatic adenocarcinoma. In search
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Fig. 2 Bone marrow scan with In-111 chloride demonstrates
central marrow failure and peripheral expansion, which sug-
gests primary hematologic disorders or myelophthisis usually
caused by hematopoietic neoplasms or bone marrow metastases.
Hepatosplenomegaly and extramedullary hematopoiesis are not
seen.

of the primary lesion, several screening studies were
performed and prostate cancer was detected. Serum PSA
was extremely high at 4800 ng/m/. The patient has been
treated with hormonal therapy.

DISCUSSION

Diffuse metastatic bone involvement of prostate cancer is
often demonstrated as a super bone scan on bone scintig-
raphy. The super bone scan is defined visually as a homo-
geneous symmetrical increased skeletal radioactivity
relative to the soft tissue.! The most likely mechanism of
super bone scan is diffuse reactive bone formation, which
causes diffuse increased uptake of the bone tracer in the
skeleton and less uptake in the kidneys and other soft
tissues, resulting in an increased skeletal to soft tissue
activity ratio. Renal activity is so variable, depending on
renal function, that the absence of renal activity should not
be used as a strict criterion for the diagnosis. Neverthe-
less, the absent or faint kidney sign may be a practical clue
to the recognition of a super scan.?3

In our case, the bone scan demonstrated slightly in-
creased activities relative to the soft tissue in the axial
skeleton and bilateral humeri and femora, but without
diminished renal and appendicular skeletal activities, it
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Fig.3 TI (A) and T2 weighted (B) magnetic resonance images of the lumbar spine. Signal intensity
of the vertebrae is decreased on both images, indicating fatty marrow replacement.

appeared unlikely for the super scan to be caused by bone
metastases. Where the tracer distribution to the appen-
dicular skeleton was concerned, the bone scan seemed to
suggest a generalized metabolic bone disease rather than
diffuse bone metastases. Metabolic bone diseases such as
hyperparathyroidism could be differentiated from diffuse
bone metastases, as the latter usually involves the axial
skeleton while sparing the extremities, in contrast to the
former which involves both axial and appendicular skel-
etons.* Nevertheless, we should also note the locations of
the increased uptakes seen in the bilateral humeri and
femora. Increased regional bone tracer uptake in the
skeleton can result from increased bone blood flow or an
increase in reactive bone formation, and therefore in-
creased marrow blood supply caused by reactive or neo-
plastic marrow proliferation would be expected to lead to
symmetrically increased tracer localization in the meta-
physeal regions of long bones.>® In this respect, the
symmetrical uptakes at the ends of the humeri and femora
were thought to imply a marrow disease, as was confirmed
by bone marrow scintigraphy. The bone marrow scinti-
gram apparently showed central marrow failure and pe-
ripheral expansion, indicating a marrow disease such as
diffuse marrow metastases or hematopoietic neoplasms.
Low sensitivity of radionuclide bone imaging is well
known in hematopoietic marrow disorders such as leuke-
mia, myelofibrosis and lymphoma, in which there is little
reactive bone formation. Except for these hematologic
disorders, Podoloff et al.® reported a case of breast carci-
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noma with diffuse marrow metastases, in which bone scan
demonstrated only subtle changes in contrast to wide-
spread abnormalities on CT and MRI. On the bone image,
there were some increases in skeletal activity without
diminution of renal activity. In particular, symmetric
regional increases in activity of the ends of long bones and
periarticular areas were described as characteristic fea-
tures. They mentioned that this pattern on the bone image
suggested a “forme-frustre” of a super scan, and called it
“sub-super scan.” Similarly, in our patient the bone scan
showed only subtle changes, but the pattern could be
categorized as the sub-super scan proposed by Podoloff.
We should therefore consider the probability of diffuse
bone marrow metastases in addition to primary hematol-
ogic disorders. Considering the severity of pancytopenia
and marked PSA increase as well as the findings on bone
marrow scintigraphy and MRI, the patient had been
already in a very progressive state of bone marrow me-
tastases at the time of diagnosis. A sub-super scan there-
fore does not always appear to indicate the mildness of
metastatic disease or the pre-state of super bone scan.
From the histopathologic point of view, the primary soil
of metastatic bone disease is the microenvironment of
bone marrow rather than cortical bone. Types of focal
reaction to bone metastasis were classified as osteoplas-
tic, osteolytic, intertrabecular, and mixed type. A high
degree of bone marrow replacement usually correlates
with the presence of bone destruction and osteoplastic
reaction, but the intertrabecular type of metastatic bone
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disease occasionally shows slight reaction in the bone
matrix in spite of progression of the disease.”® This type
of diffuse disease is therefore likely to demonstrate a sub-
super scan on bone scintigraphy, and bone marrow scan
rather than bone scan is suitable for the detection of the
disease.

In summary, although diffuse bone marrow metastases
of prostate or breast carcinoma may frequently be demon-
strated as a super scan and not as a sub-super scan, we
should pay added attention to the recognition of a sub-
super scan for correct cancer staging. If a bone scan is still
inconclusive for bone marrow metastases, bone marrow
scintigraphy may give additional information for the
diagnosis and be useful in understanding the histopatho-
logical change, although biopsy is necessary for the final
diagnosis.
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