
Clinical & Experimental Metastasis 20: 171–180, 2003.
© 2003 Kluwer Academic Publishers. Printed in the Netherlands.

171

Bone histology at autopsy and matched bone scintigraphy findings in patients
with hormone refractory prostate cancer: The effect of bisphosphonate therapy
on bone scintigraphy results

M.P. Roudier1, H. Vesselle2, L.D. True3, C.S. Higano4, S.M. Ott5, S.H. King1 & R.L. Vessella1,5

Departments of 1Urology, 2Radiology, 3Pathology, 4Oncology, 5Medicine and Endocrynology, University of Washington,
Seattle, Washington, USA; 5Puget Sound VA Medical Center, Seattle, Washington, USA

Received 22 July 2002; accepted in revised form 5 November 2002

Key words: autopsy, bisphosphonates, bone metastases, Tc99 MDP bone scintigraphy, histology, pamidronate, prostate
cancer

Abstract

Bisphosphonates (BisP) are non-metabolized compounds with high bone affinity used in bone metastasis diagnosis and
treatment. Currently, BisP are used to treat hypercalcemia of malignancy as well as to prevent, minimize, or delay skeletal
morbidity. These compounds have a long half-life in bone. Thus long-term BisP treatment might saturate bone and interfere
with a single-dose scanning agent used for bone scintigraphy when visualizing bone metastases. In an effort to answer
this question, this study evaluated the concordance of histology and Technetium99 methylene diophosphonate (Tc99 MDP)
bone scintigraphy in the diagnosis of bone metastases in prostate cancer patients. We assessed the concordance of findings
between bone scintigraphy and histology using 188 bone biopsies from 11 autopsied patients who died with metastatic
prostate cancer, 5 of whom were treated with pamidronate for 2 to 13 months before death. Overall agreement between his-
tology and bone scintigraphy was 84%, 86% in non-pamidronate-treated patients and 82% in pamidronate-treated patients.
Scintigraphic bone metastases without histological metastasis (false negatives = 12.7%) were observed in 24 anatomic
locations; half of these were in one patient who had been treated with pamidronate and had no histological bone response
to the carcinoma. There were only 4 sites where a positive bone scan was not associated with histologic metastasis (false
positives = 2.21%). There was no statistical difference between the treated and non-treated group for concordance, speci-
ficity, sensitivity, positive and negative predictive values of bone scintigraphy and prevalence of histological abnormality.
Long-term pamidronate treatment of prostate cancer bone metastases does not generally affect the ability to detect bone
metastases with Tc99 MDP bone scintigraphy.

Abbreviations: BisP – bisphosphonates; CaP – prostate cancer; Tc99 MDP – Technetium99 methylene diophosphonate

Introduction

Carcinoma of the prostate (CaP) commonly metastasizes
first to pelvic lymph nodes and subsequently to the bone.
The presence of bone metastases is usually evaluated by
bone scintigraphy [1]. Because of their high affinity for
the bone mineral hydroxyapatite, bisphosphonates (BisP)
have been used as bone-scanning agents when coupled to
a gamma-emitting radioisotope, such as Technetium99. The
most commonly used agent is Technetium99 methylene dio-
phosphonate (Tc99 MDP). The overall concordance between
bone scintigraphy and necropsy bone findings in patients
with prostate cancer bone metastases has not, to our knowl-
edge, been reported in the literature. However, based upon
posterior iliac crest biopsies, Tc99 MDP bone scintigraphy
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was falsely negative in 25% of metastatic sites and falsely
positive in 14% of the 145 cases studied [2].

BisP have been shown to act as powerful inhibitors of
osteoclast-mediated bone resorption [3]. This has led to their
use in treatment of diseases where osteoclastic resorption
is increased: Paget’s disease, post-menopausal osteoporosis,
hypercalcemia of malignancy and bone metastases due to
solid tumors and multiple myeloma [4, 5].

Although bone metastases in CaP are predominantly os-
teoblastic, significant osteoclastic activity has been demon-
strated. Recently, a randomized placebo controlled trial of
zoledronic acid in men with hormone refractory prostate
cancer with bone metastases demonstrated that skeletal-
related events are fewer and delayed with BisP therapy [6].
This was the first trial to show the efficacy of a BisP in os-
teoblastic bone metastases. Moreover, the use of BisP in CaP
bone metastasis has led to the discovery that BisP palliates
severe bone pain associated with bone metastasis [7]. Use of
BisP in this setting is now widespread in clinical practice.
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In addition to treatment of bone metastases, BisP are also
used to treat osteoporosis that results from androgen sup-
pression therapy [8, 9]. Hence, long-term therapy may be
prescribed in patients with hormone refractory CaP or those
patients with osteoporosis. Given the long half-life of these
agents in bone, it is possible that they might interfere with
uptake of Tc99 MDP, the radiolabeled BisP used in routine
bone scintigraphies, causing false negatives.

This study evaluated the overall concordance of bone
scintigraphy with bone histology at each bone site of a pre-
determined set of 20 bone sites in 11 patients who expired
of androgen-independent CaP. Five of these patients were
treated with pamidronate; results from treated and un-treated
patients were compared.

Materials and methods

Patient population

From 1998 to 2000, the Prostate Cancer Donor Rapid Au-
topsy Program at the University of Washington performed
20 tissue-acquisition autopsies. Eleven patients were se-
lected for this study on the basis of at least one bone
scintigraphy taken before death and at least six bone biopsies
taken during the autopsy. All 11 patients received hormone
ablation treatment, commencing either at the time of primary
diagnosis or upon biochemical recurrence. All 11 CaP pa-
tients had androgen-independent disease at death. Clinical
information relating to the 11 CaP patients is presented in
Table 1.

Five patients had a low serum PSA ranging from 6.1 to
16.5 ng/ml. Two of these patients underwent radical prosta-
tectomy for treatment of their primary cancer, while the
remaining three received radiation therapy to the prostatic
bed. Four of these patients had negative bone scintigraphy
at the time of diagnosis and the mean interval to first posi-
tive scan was 4.5 years (range: 3 to 7 years). In this group,
survival time was 6.1 years

Another five patients were diagnosed later in the course
of their disease. At the time of diagnosis their serum PSA
levels ranged from 176 to 644 ng/ml. One of these patients
received radiation therapy to the primary tumor and none un-
derwent surgical treatment. All but one patient from this later
group had widespread metastatic disease on bone scintigra-
phy at the time of diagnosis. In this group, survival time was
3 years.

The interval between the last bone scintigraphy and au-
topsy ranged from less than 1 month to 11 months with
a median of 2 months. Palliative bone radiation was per-
formed in 4 patients, from one month to 16 months prior to
death, on pelvis and lumbar spine. All 11 patients had pelvic
involvement on their first positive bone scintigraphy.

Five patients were treated with pamidronate, at 90 mg
per month. Treatment duration ranged from 2 to 13 months.
BisP treatment was abandoned less than one to two months
before death.

Tissue harvest and histology

The procedures used for tissue harvest and bone histology
were previously described [10]. Briefly, rapid autopsies were
performed at the UWMC within five hours of death ac-
cording to our tumor acquisition protocol. Biopsies of a
pre-selected list of 20 bone sites were taken after all pelvic,
abdominal and thoracic organs had been probed and re-
moved to expose the spine and pelvic bones (Figure 1). This
collection regimen produced samples from the bilateral il-
iac crests, sacrum wings (right and left biopsies were taken
and results were combined in one result for sacrum), lum-
bar vertebrae from L1 to L5, thoracic vertebrae from T8 to
T12, gross rib metastasis, bilateral proximal epiphyses of
humerus and femur, and sternum. If rib metastases were not
apparent, the right anterior part of the 7th rib was biopsied
systematically. Three of our early patients had only a limited
number of bone biopsies taken (patient no. 11, 6 biopsies;
patient no. 10, 12 biopsies; patient no. 9, 6 biopsies). Biop-
sies of all bone sites except the ribs were obtained using a
drilling trephine 1.2 cm in internal diameter and 15 cm long.
A rib cutter was used for rib biopsies. Bone biopsy length
ranged from 1 cm to 6 cm.

The bone samples were fixed in 10% buffered formalin
for two days, and then decalcified in a 10% formic acid
solution. The formic acid was changed daily until an assay
for free calcium in solution was negative. The assay in-
volved mixing 2 ml of the decalcifying sample solution with
0.5 ml of saturated ammonium oxalate. If a cloudy milky
precipitate did not form within 10 min, decalcification was
considered complete. Biopsies were then rinsed for 10 min
in running water, cut as 0.5 cm thick blocks, which gener-
ated 2 to 12 pieces per biopsy and a total of approximately a
thousand blocks that were processed for paraffin embedding.
Five-micrometer-thick sections were obtained and stained
with hematoxylin and eosin (H&E). This study reports find-
ings from these H&E sections which were reviewed by a
bone pathologist (MR) and characterized by two histological
features: (1) presence of tumor and/or bone marrow, (2) ap-
pearance of the bone as osteoblastic, osteolytic, necrotic or
normal without any histological bone change. Normal bone
surface was defined as 20–30% of the total tissue surface
with regular anastomotic bone trabeculae, without exces-
sive scalloped areas. An osteoblastic response was defined
by a bone surface greater than 30% of total tissue, an in-
creased trabeculae thickness and new irregular trabeculae
arising from the carcinoma stroma. An osteolytic response
was defined by a bone surface less than 20% of the total tis-
sue surface with interrupted trabeculae and many scalloped
areas.

Bone scintigraphy

All bone scintigraphies were performed using 25 mCi Tc99

MDP administered intravenously. Gamma camera images of
the entire skeleton in anterior and posterior projections were
performed after a standard three-h delay. Additional images
or oblique views were performed when necessary. Single
photon emission computed tomography was not used. All
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Figure 1. Location of the 20-bone site biopsies.

bone scans were interpreted prospectively by a radiologist or
a nuclear medicine physician as part of the normal clinical
management.

The results of each patient’s final bone scintigraphy were
compared to the histological findings. When a discrepancy
between histology and bone scintigraphy was encountered a
radiologist (HV) retrospectively re-interpreted the patient’s
scans while remaining blinded to the patient’s clinical his-
tory and histological findings and one pathologist reviewed
the slides (MR). If bone scintigraphies were found positive
in areas that were not sampled by the preselected 20-bone
sites, these sites (for instance skull, upper thoracic and
cervical vertebrae and femur diaphyses) were ignored.

Statistical analysis

Contingency (2 ! 2) tables were utilized to evaluate the
associative concordance between bone scintigraphy and his-
tological findings. Concordance was defined as the percent-
age of agreeable results between bone scintigraphy findings
and histology findings when available. Concordance, sen-
sitivity, specificity, positive and negative predictive values,
and prevalence of abnormality were calculated for the com-
bined 11 patients, and separately for the groups of 6 patients
without and 5 patients with BisP treatment. All correlation

and statistical analyses were performed using the statistical
analysis package PRISM TM version 2.0 (GraphPad, San
Diego, California). The Pearson coefficient r2 was used for
correlations.

The study was approved by the University of Washing-
ton’s Human Subjects Committee. All patients consented to
the autopsies prior to death.

Results

Bone metastasis imaging

The 20-bone-biopsy sites taken at autopsy were studied for
concordance. A total of 33 bone scintigraphies were taken at
various times among the 11 patients. Each patient underwent
from 1 to 10 bone scintigraphies during the course of their
disease (median = 3). The interval between the last bone
scintigraphy and death ranged from less than 1 month to
11 months (median = 2 months). We questioned whether
the delay between the final bone scintigraphy to autopsy
was associated with an increased number of false negative
bone scintigraphy findings. In fact, we found an inverted
correlation between delays from the final bone scintigraphies
to death and numbers of false negative bone scintigraphies
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Figure 2. (A) Bone scintigraphy of patient #2 with multiple bone metastases of prostate cancer. The scintigraphy is presented as an anterior and posterior
view. (B1) Histology section of an osteoblastic prostate cancer bone metastasis from patient #2. The typical osteoblastic response consists of numerous
and irregular bone trabeculae that are highly anastomotic 10!. (B2) Higher magnification of B1 metastasis, showing spindle cells laying down on de
novo bone trabeculae (long arrows), de novo new bone formation arising from the tumor stroma (empty arrowheads) and tumor cells filling the space
between bone trabeculae (short arrows) 40!. (C1 and C2) Last two bone scintigraphies of patient #3, performed one year apart. (C1) No obvious increased
uptake was observed. (C2) This scintigraphy was performed less than one month before the autopsy and did not show any increased uptake although
12 bone metastases were found histologically at autopsy (pelvis, L5 to L1, T12-T11 and T8, sternum); (D): A H&E histology section of one of the 12
bone metastases found in patient #3. Bone marrow is totally replaced by prostate cancer cells. Note the absence of reactive bone changes: the number of
trabeculae is normal; trabeculae are thin, long, regular without scalloped area H&E 10!. (E) Prostate cancer metastasis with osteonecrosis observed in
areas treated with palliative radiation. Insert shows necrotic bone trabeculae with empty enlarged osteocyte lacunae (long arrows) H&E 10!. (F) Early
bone metastasis. Prostate cancer cells fill the marrow vessels (arrowhead). The isolated piece of bone is an early osteoblastic response (long arrow). H&E
10x. (G) False positive bone scintigraphy associated with histological bone remodeling (long arrows) and inflammation (arrowhead) visible in the bone
marrow. Goldner 10!.
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(r2 = "0.35). Results of the last bone scintigraphies are
shown in Table 2. Five patients (nos 1, 2, 5, 6, 8 and 11)
had multiple scan positive bone sites. A representative bone
scintigraphy of CaP metastasis is shown in Figure 2A and
the corresponding histological osteoblastic lesion is shown
in Figures 2B1 and B2. One patient (no. 3) had only one
bone site suspicious for metastasis with scintigraphy (Fig-
ures 2C1 and C2). For the remaining 5 patients, a median of
4 bone sites (ranged from 1 to 11) showed increased uptake.

Histology of bone metastases

We collected a total of 188 bone biopsies from the 11
autopsies (6 to 20 sites per autopsy), which generated ap-
proximately one thousand separate H&E slides for analysis.
Two biopsies per sacrum were taken and results were con-
sidered positive if one of these two was positive (19 total
bone results). Results of the histology findings are shown
in Table 2. Six patients (nos 1, 2, 5, 6, 8, and 11) had
tumor invasion of all 19 biopsied bone sites. Four patients
(nos 3, 7, 9, and 10) had 2 to 16 (mean = 11) bone sites
invaded. Patient no. 4 had one metastasis. The overall fre-
quency of bone metastasis was 93% in the pelvis, 86 % in
L5-L1, 74% in the thoracic cage, and 68.5% in the humeri.
A strong negative correlation between ascending bone site
and metastasis frequency was observed (r = "0.71), i.e. the
further away from the prostatic bed, the less the frequency
of bone invasion.

Nine patients had a diffuse osteoblastic bone reaction to
the carcinoma. A representative histological section of os-
teoblastic bone reaction is shown in Figure 2B1 and B2. The
osteoblastic bone reaction consisted of appositional bone
laid down on the native bone trabeculae and of de novo
bone arising from conjunctive tissue surrounding the tumor
cells (Figure 2B2). Mature osteoblasts are usually defined
as cuboid basophilic cells lining on new bone. In these
metastases, either of BisP-treated or untreated patients, the
features of cells producing the new bone were those of spin-
dle cells, and not those of mature osteoblasts. Spindle cells
were then entrapped in the new bone and were similar to
osteocytes. Osteoclasts were observed scattered on the sur-
face of the new bone, but not at increased numbers. The
new bone, appositional and de novo, was woven as ob-
served with polarized light microscopy (data not shown). It
remained woven even in the late stage of the osteoblastic re-
sponse, when the metastases were osteosclerotic, difficult to
drill during the autopsy, and needed more than three weeks
of decalcification. Some bone metastatic sites presented
with a mixture of osteoblastic and resorptive response. Two
patients (nos 3 and 7) had no associated bone change.

Bone marrow was absent in most of the invaded sites
and was completely replaced by the carcinoma (Figure 2D).
In areas where radiation therapy was applied, primarily on
pelvis and lumbar vertebrae, osteonecrosis was observed
(Figure 2E and insert). Thickened trabeculae with empty
and enlarged lacunae, thick fibrosis of the bone marrow
spaces were typical of osteonecrosis with or without residual
carcinoma.

The histological analysis of early stage bone metastases
revealed tumor cells that filled and expanded the bone mar-
row blood vessels, which were surrounded by large masses
of loose connective tissue (Figure 2F).

Bone scintigraphy accuracy

The overall concordance of Tc99 MDP bone scintigraphy in
detecting histological tumor metastasis was 84%. The con-
cordance between bone scintigraphy and histology was 82%
in patients treated with BisP and 86% in those non-treated
with BisP (P = 0.3).

A discrepancy between histology and bone scintigra-
phy was found in 28 bone sites. False negatives i.e. bone
scintigraphy normal with histological evidence of tumor was
observed in 24 bone sites (12.7% overall false negative rate).

The phenomenon of no uptake on bone scintigraphy with
cancer on biopsy of the same site was observed in four types
of situations (Table 3): (1) absence of bone change in the
metastatic areas observed at 12 sites (Figures 2C and D);
(2) osteonecrosis (therapeutic or tumor-related) observed at
5 sites (Figure 2E); (3) early bone marrow invasion without
bone change observed at 2 sites (Figure 2F ); and (4) no
explanation could be provided for 3 sites. Half the discrepan-
cies (12/24) were seen in patient no. 3 who was treated with
pamidronate for 5 months. In this patient, ten repeated bone
scintigraphies did not detect the 12 separate bone metas-
tases found histologically. These 12 bone metastases were
not associated with any bone histological changes thus ex-
plaining and confirming the bone-scan results (Figures 2C1
and C2). In 3 other BisP treated patients (nos 1, 2 and 5),
no discrepancies were found and positive sites were already
evident on bone scintigraphies taken 1 to 4 years before start-
ing BisP treatment. These patients had diffuse osteoblastic
metastases. Patient no. 4 (13-month BisP treatment) pre-
sented with minimal bone scintigraphy metastases at the
start of BisP treatment (3 bone sites) and minimal histologi-
cal metastases at death (one out of 20 sites probed, versus a
mean of 14 bone metastases in the other 10 patients).

False positive bone scintigraphy was observed in 4 bone
sites (2.21% false positive rate). The bone scintigraphy
showed uptake without any tumor in the same location in
three situations: osteoarthritis inflammation was found at
one site (Figure 2G), no reason was found in one site and
the histological sample was too small to be conclusive at 2
sites.

Contingency tables and results are shown in Tables 4A
and B. Specificity was 0.88 and sensitivity was 0.82 for all
biopsy locations with a Fisher’s exact test P -value less than
0.0002. The contingency table also suggested that the preva-
lence of pathological abnormality was less in BisP-treated
patients than in non-treated patients (0.75 vs. 0.85), that
subsequently bone scintigraphy was more specific in BisP-
treated patients than in non-treated patients (0.95 vs. 0.73)
and that bone scintigraphy was more sensitive in non-treated
patients than in BisP-treated patients (0.86 vs. 0.77). The
positive predictive value of bone scan was nearly the same
in both groups (0.98 vs. 0.95). The negative predictive value
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Table 3. Findings in which bone scan and histology had discrepant results.

Patient ID Number of Bone scan/Histology Radiation Histology findings explaining the discrepancy
discrepancy sites H+ Bsc" H" Bsc+ therapy Osteo- No histological Early Inflam- Small No reason

necrosis bone change invasion mation sample found

1 3 3 y 3

3 12 12 n 12

5 1 1 n 1
8 7 4 3 n 2 2 2 1

11 5 5 n 2 3

patient with pamidronate treatment.
Abbreviations: H+: histological metastases; Bsc+: bone metastasis on bone scan; RT: radiation treatment on bone.

of bone scan was 0.58 for BisP treated patients versus 0.47
for untreated patients.

Typically, bone scintigraphy and histology were concor-
dant in cases of osteoblastic response to the carcinoma in
patients without previous bone radiation therapy regardless
of BisP treatment.

Discussion

This study showed a strong concordance between bone
scintigraphy and bone histology results, without statistical
difference between the BisP-treated and untreated groups.
Bone marrow metastasis without a histological bone re-
sponse to the carcinoma was the leading cause of bone
scintigraphy false negatives.

Although bone scintigraphy with Tc99 MDP has a high
sensitivity, its specificity can be limited in the setting of
concurrent trauma, degenerative or inflammatory diseases
or when only one scintigraphic abnormality is present [11,
12]. Additional radiological studies are sometimes required
for accurate diagnosis. Plain X-ray films may aid the diag-
nosis of osteosclerotic CaP bone metastases or may confirm
benign lesions such as fracture or osteo-arthritis. However,
approximately, a 50% change in bone density is required
to be diagnostic on plain X-ray films of osteosclerotic
metastasis [12]. Therefore, plain film radiography is less
sensitive than nuclear imaging in detection of early bone
metastases. A bone scintigraphy may detect bone metas-
tases up to 18 months before their appearance on X-rays
[1]. Other advantages of bone scintigraphy include its con-
venience and efficiency in evaluating the entire skeleton
and its inter-institution comparability. The latter advantage
is especially important in monitoring the effectiveness of
different therapeutic modalities i.e. external beam radiation
therapy and hormonal therapy. However, the Tc99 MDP
bone scintigraphy is insensitive in detecting pure bone mar-
row involvement having a sensitivity of 15% versus bone
marrow aspirate [13]. In cases where the bone scintigraphy
is equivocal, MRI and 11C-acetate PET-imaging may help
in diagnosis [14]. Our study highlights the overall efficacy
of bone scintigraphy in detecting CaP bone metastases. It
also highlights the potential false negative aspect of bone
scintigraphy in bone sites where the specimens showed pure
bone marrow involvement without histological bone change.

Table 4A. Contingency tables between histology and bone scan find-
ings for all 11 patients, 5 BisP-treated patients and 6 non-treated
patients.

Total patients (n = 11) H+ H"

Bsc+ 106 4 110
Bsc" 24 29 53

130 33 163

BisP patients (n = 5) H+ H"

Bsc+ 51 1 52
Bsc" 15 21 36

66 22 88

Non-BisP patients (n = 6) H+ H"

Bsc+ 55 3 58
Bsc" 9 8 17

64 11 75

Bsc+: bone scan positive sites; Bsc": bone scan normal sites.
H+: histologic metastases; H": histologically normal.

Table 4B. Bone scintigraphy performances.

Bone scan Total BisP N BisP
(n = 11) (n = 5) (n = 6)

Specificity 0.88 0.95 0.73

Sensitivity 0.82 0.77 0.86
Positive predictive value 0.96 0.98 0.95
Negative predictive value 0.55 0.58 0.47
Prevalence of abnormalities 0.79 0.75 0.85

Total: total patients (n = 11); BisP: BisP treated patients (n = 5); N
BisP: non-treated patients (n = 6).

All BisP have a high affinity for the bone mineral hy-
droxyapatite. Early studies suggested that BisP scanning
agents are preferentially delivered to sites of increased bone
formation [1]. Uptake of BisP tracer occurs during the min-
eralization phase of bone formation because the phosphate
tag of the tracer adheres to newly formed bone crystal
[15]. Some lesions not associated with bone formation
tend not to be visible on bone scintigraphy. For example,
some myeloma, lymphoma, leukemia or highly anaplastic
metastases and late lesions where previously reactive bone
formation occurred are difficult to see on bone scans [16,
17]. More recent studies have shown that different BisP
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have distinct patterns of deposition in the bone. Etidronate
binds to both forming and resorbing surfaces, whereas the
more potent aminobisphosphonate alendronate binds pref-
erentially to resorbing surfaces. Intravenous injection of
H3-labeled alendronate into rat pups and by histological
analysis revealed preferential BisP localization beneath os-
teoclasts at sites of bone resorption in comparison to sites
of bone formation [18]. BisP are ingested by osteoclasts
engaged in bone resorption. This disrupts osteoclast func-
tion, and subsequently decreases resorption of bone. In CaP
bone metastases, both osteo-formation and osteo-resorption
usually occur, explaining the high uptake of Tc99 MDP.

BisP are endogenous pyrophosphate (PPi) analogs in
which a central oxygen atom (P-O-P) is replaced by a carbon
atom (P-C-P) leading to hydrolysis resistance. Both BisP
and PPi have a great affinity for bone. Binding studies with
PPi and BisP on hydroxyapatite showed no saturation in
vitro even at high concentrations [19]. Our results suggest
that the skeleton has a large capacity to take up BisP. Accord-
ingly, since BisP treatments and scanning agents are given
in such small amounts, it is unlikely that one compound will
displace the other.

In vitro studies compared the affinity of etidronate
(EHDP) and MDP, the scanning agent used in Tc99 MDP
bone scintigraphy [19]. Affinity for the apatite binding site
was present in the order EHDP > PPi > MDP. The up-
take and binding to bone mineral is determined primarily
by the geminal biphosphonic acid group common to all
BisP enhanced by the presence of a hydroxyl or amino
group included at one of the side chains (R1) on the car-
bon atom [20]. MDP does not possess a hydroxyl group on
R1, which suggests that MDP has a lower affinity for bone
than pamidronate. Thus at identical bone sites, MDP would
not be able to compete effectively with prior pamidronate
binding. However, to our knowledge, there is no available
comparative data on the binding affinity of pamidronate
versus MDP.

Only a small number of studies address the effect of
BisP therapy on bone scintigraphy. Two studies showed ad-
verse effects on bone binding: a study performed on rats
demonstrated profound alterations in the distribution of the
scanning agent after administration of EHDP at/or around
the time of injection of Tc99 MDP [21]. Similarly, a report
of false negative bone scintigraphy due to EHDP therapy in
a patient with CaP, has reinforced the idea that changes in
scans may be due to changes in pharmacological distribution
of the MDP scanning agent [22]. This patient, with known
CaP bone metastases, showed extensive soft tissue tracer ac-
cumulation but only minimal bone uptake after three months
of treatment with EHDP. Yet, several other studies have con-
firmed the usefulness of bone scintigraphy during short-term
BisP treatment [23–25]. In a breast cancer study, clodronate
was given for 3 weeks to 11 women with known bone metas-
tases of breast cancer. Images of the metastatic sites were
compared before and after clodronate injections (300 mg
per day by infusion 21 days). Clodronate did not decrease
the sensitivity of Tc99 MDP bone scintigraphy in detecting
these bone lesions [26]. Likewise, pamidronate infusion was

used in evaluating the bones of 6 patients with bone metas-
tases and 5 patients with Paget’s disease presenting with
life-threatening hypercalcemia. Pamidronate did not mod-
ify the Tc99 MDP bone scintigraphy results. The number
and activity of metastatic bone lesions were unchanged from
baseline when the second bone scintigraphy was performed
24 h after the pamidronate infusion [27].

Recent attention has focused on the possible preventive
effects of BisP for bone metastases when administrated as
adjuvant therapy. BisP are thought to prevent bone metas-
tases either by disrupting the interactions between micro-
metastatic tumor cells and the bone microenvironment or by
direct action of BisP on tumor cells. BisP are known to selec-
tively bind to sites of active bone remodeling. Hence, BisP
may inhibit the initial resorptive step thought to be necessary
for the growth of bone metastasis [28]. In animal models,
BisP have been shown to prevent metastatic seeding to bone
and to decrease tumor growth [26]. Our study included two
patients that were treated with pamidronate. One patient
began a 13-month BisP treatment for moderate osteopenia
after surgical resection of a CaP metastasis to the knee. He
subsequently developed only one additional bone metastasis
over a period of 48 months. The second patient, treated for 5
months, had 12 scintigraphy-negativebone metastases on se-
rial scintigraphies. Histologically, these metastases were not
associated with histological changes in the involved bone.
As previously mentioned, in pure marrow involvement, Tc99

MDP bone scintigraphy is relatively insensitive in detecting
bone metastases [13]. One possibility to explain the lack
of histological change is that the metastases were so recent
that there was insufficient time for bone alterations to occur.
However the tumor burden in these 12 bone sites was so
large that it was unlikely that these were recent metastatic
events. An alternate explanation that is more likely, is that
the carcinoma was unable to induce the usual bone response.
This could be due to a unique tumor phenotype that lacks
certain critical factors, or because BisP treatment inhibited
the initial resorptive phase of bone.

In conclusion, we evaluated the overall concordance of
bone histological findings with bone scintigraphy results to
determine whether prior BisP treatment of patients with ad-
vanced CaP affects the scintigraphy results. On a site-by-site
analysis, there was no difference between those who were
treated with BisP and those who were not. However, one of
the five patients treated with BisP had no uptake in most of
the biopsied sites due to lack of bone reaction despite diffuse
marrow involvement. Thus while it does not appear that BisP
treatment interferes with bone scintigraphy per se, it may
alter the way in which CaP interacts with the local environ-
ment. Further prospective clinical trials will be necessary to
verify this hypothesis.
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