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Tumor concentrations of the chemotherapeutic drug, bleo-
mycin, labeled with cobalit-57 (Co-bleo) were compared in
mouse tumor models and in human lung tumors using
quantitative single-photon emission computed tomogra-
phy. Drug concentrations in histologically similar human
tumors showed marked variability for the same injected
dose (ID). Small cell carcinomas showed concentrations
between 1.09 and 8.85 %ID/cc % 102 while non-small cell
lung tumors showed a concentration variation between
0.36 and 6.75 %ID/cc x 1073, In contrast to the situation
in human tumors, uptake in mouse tumors showed only
slight variability in animals with the same tumor model.
EMT-6 tumors in mice showed at 6 hr significantly higher
uptake of Co-bleo (p < 0.001) and significantly higher
tumor-to-lung ratio (p < 0.001) when compared to murine
fibrosarcomas. The EMT-6 tumors in contrast to the fibro-
sarcomas responded to bleomycin treatment in a dose
dependent manner. The results indicate that while in mice
the tumor dose closely follows the administered dose, in
humans, the tumor dose and the tumor-to-lung ratio in the
individual patient cannot be predicted from the adminis-
tered dose.

J Nucl Med 1990; 31:1784-1790

Drug-sensitive tumors can only be affected by the
fraction of a chemotherapeutic drug which is delivered
to them by their blood supply. The goal of cancer
chemotherapy is to deliver the highest possible amount
of drug to the target tissue—the tumor—while causing
minimal possible toxicity to normal sensitive tissues
(7). In human solid tumors, however, there is little data
about the “tumor dose”—the fraction of the adminis-
tered dose of a chemotherapeutic drug which is actually
delivered to a tumor. It is assumed that in patients there
is a direct relationship between the administered dose
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and the tumor dose, i.e., that the administration of a
high dose will result in a high tumor dose in each
patient and vice versa. There is also little information
in humans about the fraction of the administered dose
that is delivered to sensitive organs. Most of the data
on pharmacokinetics and distribution of chemothera-
peutic drugs is derived from preclinical studies in tumor
models in animals (2,3).

In the study reported here, cobalt-labeled bleomycin
(Co-bleo) was used as an example of the disposition of
a chemotherapeutic drug in animal tumor models
which respond and do not respond to treatment. The
uptake in these animal tumor models was compared
with the information obtained from the concentration
of Co-bleo in human tumors in vivo using quantitative
single-photon  emission computed tomography
(SPECT). We also used quantitative SPECT to measure
the in vivo concentration of Co-bleo in patients’ lungs,
which are a major site of bleomycin-induced toxicity,
in order to determine the tumor-to-lung ratio of the
drug.

MATERIALS AND METHODS

Mice Studies

Two experimental murine tumors were used to determine
the relationship between the administered dose and tumor
dose, EMT-6 sarcoma and a methylcholantrene-induced fi-
brosarcoma. The EMT-6 tumor grows in Balb/C mice, the
fibrosarcoma grows in C57 black mice.

EMT-6 sarcoma cells (kindly provided by Dr. B. Teicher,
Dana Farber Cancer Institute, Boston, MA) were grown in
vitro, 1 % 10° cells were injected subcutaneously into the thigh
of 10-12-wk-old female Balb/C mice weighing 19-21 g. Meth-
ylcholantrene-induced fibrosarcoma is maintained in our lab-
oratory by serial subcutaneous transplantations of ~10° cells
also into the thighs of 6-wk-old female C57 black mice weigh-
ing 19-21 g. The same bleomycin (Blenoxin, Lundbeck, Co-
penhagen, Denmark) labeled with cobalt-57 (°*’Co) (Du Pont,
N. Billerica, MA) used for human studies was used in mice.
Five microcuries were injected into the intraperitoneal space
7-10 days after the inoculation of the EMT-6 sarcoma and
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after transplantation of the fibrosarcoma. Sixty-six Balb/C
and 30 C57 black mice were used for measurement of tumor
and lung concentrations of the drug. Activity was measured
in a gamma well counter (Atomic Product Corp., New York)
and results were expressed as percent of administered dose per
gram tissue (%ID/g). Thirty-four mice were evaluated for
treatment. Growth curves were obtained for untreated con-
trols and before and after treatment with a single dose of 30
mg/kg or 45 mg/kg of bleomycin.

Human Studies

Thirty-two patients were investigated. The concentration
of Co-bleo was measured in 12 small cell lung carcinomas and
in 20 non-small cell lung carcinoma. All patients were newly
diagnosed and the studies were performed before any treat-
ment was initiated. Co-bleo concentration was also measured
using SPECT in 20 normal lungs of patients with non-small
cell lung carcinomas. The purpose of the study was explained
and an informed consent approved by our institution was
obtained from each of the patients.

The relationship between the dose of the intravenously
injected drug and the dose found in the tumor was studied
using the quantitative SPECT technique described previously
(4-6). The studies were performed using a digital gamma
camera with a rotating gantry (Apex, ECT-415, Elscint, Haifa,
Israel). A 64 X 64 byte matrix was used and 2,500-4,000
counts were collected for each projection. Sixty projections
six degrees apart were acquired and 1.5-2.4 X 10° counts were
accumulated for the entire study. For reconstruction and data
processing a 32-bit computer (SP-1, Elscint, Haifa, Israel) was
used. Using a Hanning filter, the data were reconstructed by
backprojection in the transaxial, sagittal, and coronal planes.
Attenuation and Compton scatter correction were not per-
formed. Quantitation was performed using the fixed threshold
method. A threshold of 0.43 (43% of the maximal counts in
a slice) was used to define the tumor. For each slice, the pixels
containing counts that exceeded that of the threshold were
used to calculate the volume and concentration in the tumor.
This threshold was experimentally found to give the best
correlation between measured and real volumes and concen-
trations in a large series of phantoms using technetium-99m
(*™Tc) and *’Co. This method was previously validated by
the in vitro/in vivo correlation of SPECT concentration meas-
urements of " Tc-glucoheptonate and the actual concentra-

tion in samples of tumors obtained at surgery. The collected
data were stored on an optical disk (Elscint, Haifa, Israel).

Two milligrams of bleomycin used for routine chemother-
apy were labeled with two millicuries of ’Co-57 in our labo-
ratory as previously described (7,8) and were injected intra-
venously. Drug concentration in vivo was measured by
SPECT as percent of injected dose per cubic centimeter (%ID/
cc) of tumor. The concentration of Co-bleo was measured at
different times after the intravenous injection.

The integral of the concentration in the tumor between 30
min and 8 hr was defined as the tumor cumulative concentra-
tion (TCC) and was calculated using the formula:

480"
TCC = L Cr(t) dt,

where Cr represents the concentration in the tumor.

In 20 patients with non-small cell lung carcinoma, in
addition to the measurement of Co-bleo concentration of the
radiopharmaceutical in normal lung tissue the lung cumula-
tive concentration (LCC) was calculated using the formula:

480
LCC = L Cu(t) dt,

where C, represents the concentration in the lung.

The tumor-to-lung ratio was defined as the ratio of the
concentration in the tumor to the concentration in the normal
lung. It was calculated at different time points—30 min, 120,
240, and 480 min as:

. G
Tumor-to-lung ratio = )’
where t; = 30 min, 120, 240, and 480 min and for the whole
period of the study as:

Tumor-to-lung ratio = E
& LCC

The tumor-to-lung ratio does not take into consideration
the lower tissue density of the lungs when compared with solid
tumors.

RESULTS

Tumor drug concentration over time in murine tu-
mors is shown in Table 1 and Figure 1. Drug concen-

TABLE 1
Concentration of Co-bleo Over Time Expressed as %ID/g in Murine Tumors
30’ 60’ 120’ 180’ 240’ 360’
EMT-6 n=14 n=11 n=9 n=11 n=9 n=12
mean 2.27 2.24 2.29 2.26 1.66 1.54
s.d. 0.22 0.30 0.20 0.35 0.31 0.45
Minimal value 2.00 1.44 2.00 1.70 1.05 0.95
Maximal value 2.80 2.70 2.56 2.91 2.06 241
Variation coefficient 9.9 13.6 8.9 15.6 184 289
Fibrosarcoma n=6 =8 n=9 — — n=7
mean 2.27 1.37 1.23 — — 0.56
s.d. 0.47 0.45 0.39 — — 0.39
Minimal value 1.70 1.01 0.86 — — 0.08
Maximal value 3.01 2.40 2.20 —_ — 1.31
Variation coefficient 20.7 325 31.9 —_ — 69.4
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trations in the EMT-6 sarcomas were higher than that
in the fibrosarcomas. The concentration differences
among the individual tumors in each group were small
in both tumors. Concentrations over time in EMT-6
showed only a small variation. The highest variation
was between 0.95 to 2.41 %ID/g at 360 min. Among
the fibrosarcomas, there was a steady decrease in con-
centration with a maximum variation in the range of
0.08-1.31 %ID/g at 360 min.

Concentrations over time in the mouse lungs are
shown in Table 2 and Figure 2. The maximum variation
in the lung concentration in Balb/C mice bearing EMT-
6 tumors ranged between 0.14 and 0.45 %ID/g at 180
min. The maximum differences in concentration of Co-
bleo in the lungs of C57 black mice with fibrosarcomas
ranged between 0.19 and 0.82 %ID/g at 360 min. The
tumor-to-lung ratio for Co-bleo in EMT-6-bearing mice
was 1.16-12.15 and 1.07-1.81 for mice with fibrosar-
comas. The Co-bleo tumor-to-lung ratio remained es-
sentially constant over time for the fibrosarcoma-bear-
ing mice while it increased in the EMT-6-bearing mice.
Uptake of Co-bleo at 360 min in EMT-6 tumors, 1.54
%ID/g, was also significantly higher (p < 0.001) than
uptake at 360 min in fibrosarcomas, 0.56 %ID/g. The
tumor-to-lung ratio in EMT-6- (12.07 at 360 min)
containing animals was significantly higher (p < 0.001)
than in the fibrosarcoma-containing animals (1.37 at
360 min). EMT-6 tumors responded to treatment and
the growth curves in controls and treated animals are
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FIGURE 1

Uptake of 5’Co-bleomycin expressed as %ID/g (mean * s.d.)
in murine tumors.
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TABLE 2
Concentration of Co-bleo Over Time Expressed as %ID/g
and Tumor-to-Lung Ratio in Lungs of Balb/C Mice
Bearing EMT-6 and C57 Black Mice Bearing

Fibrosarcoma
30’ 60" 120" 180" 360’
Lung concentration n=5 n=3 — n=5 n=5§
Balb/C
mean 219 1283 — 0.21 0.10
s.d. 057 027 — 0.12 0.03
Minimal value 125 096 — 0.14 0.06
Maximal value 300 160 — 045 0.14
Variation coefficient 26.1 21.7 — 572 308
Tumor-to-lung ratio
Balb/C EMT-6
mean 116 199 — 12115 12.07
s.d. 029 045 — 3.70 333
Minimal value 087 135 — 5.64 8.07
Maximal value 168 237 — 16.00 18.20
Variation coefficient 24.7 228 — 305 276
Lung concentration n=6 n=8 n=7 — n=6
C57 black
mean 229 120 067 — 0.47
s.d. 055 022 019 — 0.24
Minimal value 129 070 036 — 0.19
Maximal value 320 146 091 — 0.82
Variation coefficient 37.0 184 27.6 — 500
Tumor-to-lung ratio
C57 black (fibro-
sarcoma)
mean 1.07 118 181 — 1.37
s.d. 044 042 069 — 0.98
Minimal value 071 078 097 — 0.15
Maximal value 202 214 289 — 2.62
Variation coefficient 41.1 353 38.2 — 716

shown in Figure 3. The fibrosarcomas did not respond
to treatment and there was no difference in the growth
curve between treated and nontreated tumors.

Concentrations over time of Co-bleo were measured
in 32 human tumors. As compared with mouse tumors,
differences among individual human tumors were very
striking. At each point in time starting 30 min after the
i.v. administration of the drug, there were marked
differences in the concentration of Co-bleo in each
tumor (Table 3, Fig. 3), indicating the marked variation
in tumor drug delivery in individual patients harboring
histologically similar tumors. Maximum differences in
drug concentrations in small cell lung carcinoma were
observed at 480 min with a range of concentrations
between 1.09 and 8.85 %ID/cc X 1073 with a variation
coefficient of 57.3. In 20 patients with a non-small cell
lung carcinoma, the maximum variation in drug con-
centration was found at 480 min with concentrations
ranging from 0.36 to 6.75 %ID/cc X 10~ and a varia-
tion coefficient of 51.1 (Table 4, Fig. 4).

Such variations were not observed in 20 normal lungs
(Table 5, Fig. 5) available for SPECT measurements in
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3r TABLE 3
Concentration (%ID/cc x 10~%) Over Time of Co-bleo and
TCC (%ID/cc X min) in 12 Patients with Small Cell Lung
° .l Carcinoma
2 o ) Concentration over time
- Patient
. @ no. Sex Age 30° 120° 240’ 480° TCC
s ! 1 M 72 639 800 919 885 3.83
2 2 M 55 461 404 360 354 1.71
a $ . 3 F 60 440 235 192 109 089
g . vy 200 360 4 M 64 584 487 485 509 227
5 M 69 461 376 4.09 259 159

P 3 6 M 65 424 283 225 171 107
z 7 M 66 630 681 661 694 303
2 8 M 61 497 408 335 287 1.60
g . Ll 9 M 50 427 368 336 308 155
= o 10 M 71 534 427 231 324 159
e 3 1 M 65 459 400 328 291 155
8 5 12 M 75 522 393 317 265 152
- b¢ ) mean 506 438 400 371 187

1 sd. 073 151 198 221 0.79

. . . Variation coeffi- 144 343 495 573 428
0 120 240 360 cient
Time (min)

FIGURE 2

Uptake of $’Co-bleomycin expressed as %ID/g (mean + s.d.)
in murine lungs.

. . . TABLE 4
patients with non-small cell lung carcinoma. The max- ¢\ o riration (9%ID/cc x 10-2) Over Time of Co-bleo and
imum difference in drug concentrations in the normal y¢c (%ID/cc X min) in 20 Patients with Non-small Cell

lung tissue ranged between 1.73 and 6.53 %ID/cc X Lung Carcinoma’
10~ at 30 min. The tumor-to-lung ratio of the cumu- . Concentration over time
lative drug concentrations ranged between 1.04 and  Patient - - - -
1 F 57 341 264 217 186 1.04
DISCUSSION 2 M 56 277 217 157 131 079
. . . 3 M 54 345 352 284 226 1.31
Since it has been difficult to measure the concentra- 4 M 66 261 153 124 086 059
tion of chemotherapeutic drugs in patients except by 5 M 59 547 358 297 230 1.40
surgical biopsy, most information on drug uptake has 6 F 59 320 240 199 157 094
7 M 63 504 350 285 225 094
8 M 58 370 129 091 036 0.51
EMT-6 9 F 61 385 264 223 162 102
10 M 73 526 395 359 344 169
—@— Controls 1 M 70 497 395 299 235 1.46
—f— Trestment with 4Smg/kg Bleomycin 12 M 68 374 324 295 262 134
E [ =0 Y 13 M 55 952 662 410 372 225
-~ 14 M 54 415 383 340 278 1.51
& 15 M 64 541 347 288 250 1.40
2 16 M 62 400 314 300 260 135
k3 17 M 54 454 433 460 349 189
8 18 F 75 561 386 306 243 149
g 19 M 65 649 603 666 675 293
% 20 M 72 416 438 397 320 1.73
c
$ mean 457 350 300 251 1.38
s.d. 1.51 126 123 128 0.55
0 A A L L Variation coeffi- 33.10 3590 41.20 51.10 39.90
0 2 L} 6 8 cient
Days after therapy
FIGURE 3 T . .
Growth curves in EMT-6 tumors before and after bleomycin Patients 1-15 had an adenocarcinoma and Patients 16-20
treatment. had a squamous-cell lung carcinoma).
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Uptake of 5’Co-bleomycin expressed as %ID/cc x 1072 (mean
+ s.d.) in human tumors.

been derived from preclinical pharmacologic studies in
animal tumor models. Quantitative SPECT enables the
accurate measurement in vivo of the concentrations of
labeled drugs in human tumors (4-6). In the present
study, the concentration of labeled bleomycin in mouse
tumor models was compared to that found in human
tumors using SPECT.

Bleomycin was used in this study in humans because
it is a chemotherapeutic drug which can be readily

labeled without significantly affecting its binding to
DNA, the site of its biologic activity (9). Co-bleo binds
to bleomycin antibody like Cu-bleomycin and copper-
free bleomycin suggesting a similar configuration (10).
Co-bleo is excreted unchanged in the urine (9). Co-bleo
forms an equimolecular complex which binds to DNA.
DNA strand scission by bleomycin is believed to be
responsible for its therapeutic effect and requires metal
ions as a cofactor. Cobalt- and Fe-bleomycin give a
similar DNA breakage pattern and they remain bound
to bleomycin intracellularly (/7). In the present study,
we used Co-bleo as an example of the disposition of a
labeled chemotherapeutic drug both in murine and
human tumors and in the lungs.

The results of this study show that in inbred mice the
tumor dose was relatively proportional to the admi-
ninstered dose. Essentially the same fraction of the
administered dose reached each tumor in different
mice. They also show that higher uptake in the tumor
and a higher tumor-to-lung uptake correlate with a
better response to treatment. These studies in mice also
show that the therapeutic response is tumor dose de-
pendent.

In humans, in contrast to the animal studies, for the
same administered dose marked variations were found
in the tumor dose, even in tumors with the same
histology. This appeared to be a common characteristic
of all the human tumors studied. Significant variations
in the bioavailability of a drug in the blood has been
described for orally administered drugs due to variabil-
ity in absorption (/2,13). The present study shows that
marked differences in drug concentrations in solid tu-
mors should also be recognized in cases of an intrave-
nously administered drug. These differences in tumor
concentration have previously not been considered
when planning chemotherapy. The question has not
been raised probably because preclinical studies in tu-
mor models have not indicated that such critical prob-

TABLE 5
Concentration of Co-bleo (%ID/cc x 10-%) Over Time, Cumulative Concentration (%ID/cc x min), and Tumor-to-Lung
Ratio in 20 Patients with Non-small Cell Lung Carcinoma

Cumulative
30’ 120’ 240’ 480’ concentration
Lung mean 292 2.15 1.62 1.16 0.77
s.d. 1.03 0.75 0.52 0.55 0.22
Minimal value 1.73 1.00 0.67 0.31 0.40
Maximal value 6.53 4.05 3.21 2.97 1.49
Variation coefficient 35.20 35.00 31.70 47.60 28.90
Tumor-to-lung ratio
mean 1.61 1.64 1.84 2.28 1.77
s.d. 0.42 0.36 0.55 0.94 0.44
Minimal value 1.04 0.95 1.1 0.95 1.04
Maximal value 2.82 2.39 3.17 5.06 2.78
Variation coefficient 25.80 22.00 30.00 41.30 24.70
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FIGURE 5
Uptake of *’Co-bleomycin expressed as %ID/cc x 1072 (mean
+ s.d.) in human normal lung tissue.

lems might arise in humans. Although differences in
drug delivery might be suspected, considering human
tumor heterogeneity (/4), patients with different frac-
tions of administered dose delivered to their tumors are
usually treated with drug doses without considering the
individual variability in tumor drug uptake.

Animal tumors unlike human tumors contain rela-
tively homogenous populations of cells which have been
genetically selected by long-term cultivation in tissue
culture and animal transplantation. The animals used
for these studies have also been bred to be genetically
similar. It is not surprising, therefore, that the tumor
dose is proportional to the administered dose in each
animal. This obviously is not the case in humans. In
clinical practice, the usual approach is to give the same
protocol dose normalized for body surface to a group
of patients with the same tumor histology and then
escalate to some toxicity. One assumes that the admin-
istration of a dose that produces toxicity just short of
dangerous will result in the tumor having an opportu-
nity to obtain as much of the drug as possible. While
this appears true for the two animal tumor models we
have studied, it appears that in humans some tumors
will be exposed to a much lower concentration of the
drug than others. The large variations in drug concen-
tration in human tumors as compared with mouse
tumors may have not been previously fully appreciated
because there has been no method to systematically
measure drug concentration in human tumors in vivo.

The tumor-to-lung ratio of Co-bleo was also signifi-
cantly higher in EMT-6-bearing balb/C mice as com-
pared with C57 black mice bearing fibrosarcomas. This
correlated with the therapeutic response. Use of quan-
titative SPECT enabled us to measure the concentra-
tions of Co-bleo in human lungs and to calculate the
tumor-to-lung ratio. The significance of this parameter
in humans remains to be investigated.

There are a number of variables (/4) to be considered

Cobalt-Labeled Bleomycin in Mice and Men  Front et al

when planning chemotherapy. In sensitive tumors, the
response is dependent on tumor dose. This study shows
that although the relationship between administered
dose and tumor dose can be predicted in mice, and
response is dependent on tumor dose, it cannot be
predicted in individual tumors in humans. Future stud-
ies incorporating a large series of patients who will have
radionuclide quantitative imaging and who will be
treated with bleomycin or other drugs in which labeling
does not alter biodistribution will determine the clinical
effectiveness of tumor dose measurements. Potentially,
nuclear medicine techniques can play an important role
in the evaluation of patients before chemotherapy.
Measurement of uptake of iodine-131 has been classi-
cally used before treatment of thyroid carcinoma to
determine if iodine concentration is high enough to
achieve a radiation dose which will affect the tumor.
The same principle can be applied to chemotherapy of
other tumors in the individual patient using quantita-
tive SPECT. If the tumoricidal effect of a drug is de-
pendent on the amount of the drug to which sensitive
tumor cells are exposed, then tumor dose, not admin-
istered dose, should be among the factors to be consid-
ered when planning effective chemotherapy.
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NOVEMBER 1975
Correlation of Neoplasms
with Incidence and Localiza-
tion of Skeletal Metastases:
An Analysis of 1,355 Diphos-
phonate Bone Scans

Andrew J. Tofe, Marion D. Francis,
and Willima J. Harvey

Detection of metastatic disease by bone
scintigraphy is presently experiencing a
rapid growth in nuclear medicine. Initial-
ly, bone scintigraphy was limited to 83Sr,
soon followed by a rapid succession of iso-
topes, including *™Sr and '®F. Since its
introduction in 1971 by Subramanian,
#9mTe-polyphosphate has been responsi-
ble for a dramatic increase in the use of
the bone scan for the management of pa-
tients with malignant metastatic neo-
plasms and osseous disorders.

Each successive radionuclide bone
agent has had both higher sensitivity for
detection of metastases and the ability to

® ® & 8 s & 8 8 & 8 = s 8 8 s 0w

NOVEMBER 1960

The Use of the Counting Rate
Profile in Radioisotope
Scanning Techniques

William J. Macintyre, Godofredo Gomez
Crespo, and James H. Christie

In the application of the automatic scintil-
lation scanner for the visualization of large
organs by means of deposited radioactivi-
ty, one of the primary problems is the dif-
ferentiation of small variations in counting
rate between the site of interest and its sur-
rounding environment. For this reason,
attempts have been made to accentuate
such differences by means of non-linear
recording devices. These systems have fal-
len into two forms: those utilizing a count-
ing rate cut-off circuit in which the print-
ing mechanism is only activated over areas

produce more rapidly higher quality scin-
tigrams than roentgenography. In this re-
port, the incidence and location of meta-
static skeletal involvement, as derived
from clinical trials with ™Tc-Sn EHDP,
are presented and compared to previous
studies of osseous metastatic detection of
the most common forms of neoplasm.

During the clinical trials of **™Tc-Sn
EHDP, 1,891 patients from 16 medical in-
stitutions were scanned. Patients were
scanned an average 3.5 hours after admin-
istration of the agent.

Of the total number of patients, 1,355
were scanned for evaluation of metastatic
involvement from nonosseous primary

" 8 8 8 8 8 8 8 8 8 8 8 " s 8w

exceeding a preselected rate; and those
utilizing the logarithmic response of film
density to light.

The disadvantages of these techniques
are twofold: in the counting rate controlled
technique, no record is obtained from any
areas with deposition rates below a set
level; and in the light recording methods,
the sharp accentuation is likely to reach
adensity saturation over a short counting
range, losing information above and below
this range. For these reasons, it has been
necessary to accurately measure and re-
cord the linear scan or “liver profile” for
variations of counting rate during excur-
sions of the detector over the body surface.
The profiles are referred to the anatomical
landmarks, permitting the evaluation of
the size and position of the liver, as well

D’Incalci M, Bolis G, Mangioni R, et al. Variable absorption
of hexamethylmelamine in man. Cancer Treat Rep 1978;

Zimm S, Collins JM, Riccardi R. Variable bioavailability of
oral mercaptopurine. N Engl J Med 1983; 308:1005-1009.
Schnipper LE. Clinical implications of tumor cell heteroge-
neity. N Engl J Med 1986; 314:1423-1431.

malignant neoplasm. The remaining in-
dications were associated with both pri-
mary bone neoplasms and nonmalignant
diseases and were excluded from this
paper. The percentage of abnormal scans
for all 1,355 patients with nonosseous pri-
mary malignant neoplasms, irrespective
of indication, was 60%.

As expected, carcinoma of the breast
(28%), lung (16%), and prostate (14 %)
constituted the major source of all meta-
static neoplasms to bone. Except for lym-
phoma, bladder, and thyroid carcinomas,
all the primary indications had 50% or
greater incidence of metastatic skeletal
involvement.

It is evident from the 60% abnormal
scan level and the widespread dissemina-
tion through the skeleton that whole-body
bone scans should be used in staging all
forms of malignant carcinomas that are
known to metastasize to bone, as well as
in follow-up management of carcinoma
patients. ]

as the changing pattern of activity over dif-
ferent areas referred to the corresponding
lines of the dot scan.

In our institution, it is felt that opti-
mum results are obtained by using pre-dot
scan survey profiles for accurate setting of
the cut-offs and optimum levels and utiliz-
ing both the conventional dot scan and
serial profiles for interpretation. While the
area scan is useful for the general organ
outline, the serial profiles recorded at the
time of the dot scan allow a more accurate
statistical analysis of any given area for
differentiation of deviation from homo-
geneous distribution. Since the multiple
juxtaposed profiles contain all the infor-
mation in a convenient visual form, it is
possible that this technique may supplant
our present method. ]
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