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Therapy with ['*'1]MIBG has produced partial remissions of malignant pheochromocytomas
but not all patients respond. Responses correlate with the quantity of radiation delivered. We
developed the conjugate-view method of imaging using **'l reference sources of known
radioactivity placed on the surface of the patient and standard nuclear medicine equipment
(gamma camera and computer), to estimate tumor uptake of ['*'I]MIBG. Such an estimate is
a first step toward calculating radiation absorbed dose. Three different methods of
background subtraction were evaluated with an anthropomorphic phantom and in five
patients. In phantom results, measured tumor activity decreased exponentially with a half-life
in agreement with that of '*'l to within 3%. However, in the phantom studies, in which non-
tumor activity is zero, no single method of background subtraction is superior. In patients,
two background subtraction methods, which take their estimate from regions immediately
surrounding or adjacent to the tumor and reference source, are less sensitive to reference
source position and appear more accurate than a third method which uses a background
region of interest displaced from the tumor. The agreement of the calculated activity
concentration (nCi/g) with that measured by counting portions of the excised tumors gives

validation to the method.
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In evaluating patients with adrenergic tumors for
therapy with iodine-131 metaiodobenzylguanidine
(["*'I]MIBG), we have developed the conjugate-view
method for estimating the uptake of ['*'I)JMIBG by the
tumors, which can then be used to determine the ab-
sorbed radiation dose. The conjugate-view method em-
ploys the geometric mean of counts from conjugate
views (180°; anterior and posterior) as originally intro-
duced by Sorenson (1,2) and as employed by Thomas
et al. (3-5) to determine tumor activities. According to
Thomas, in their conjugate-view approach, a single,
separate transmission measurement is obtained by plac-
ing an uncollimated source of radioactivity directly over
the tumor location. Our technique uses a calibrated
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source placed on the skin nearby but not over the tumor
on each day of imaging. This source serves as a “refer-
ence” tumor to allow comparison of a known amount
of radioactivity with that found in the tumor. Since our
tumors are small, no correction depending on tumor
size is made (that is, in the notation of Thomas, f = 1).

The method is designed to reduce errors introduced
by soft-tissue attenuation, collimator septal penetration,
Compton scatter, and day-to-day variability in instru-
ment sensitivity, all in a single procedure. It uses only
standard nuclear medicine equipment (gamma camera
and computer) and could serve as a model to estimate
uptake and thereby dosimetry of other radiopharma-
ceuticals. We describe, in this report, our results for
tumor uptake of ['*'IJMIBG and the effects of three
specific methods of background subtraction in an an-
thropomorphic phantom and in five patients. In two of
these patients, pheochromocytomas were surgically ex-
cised and the calculated results for each method are
correlated with values determined by counting samples
of the tumor.
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METHODS

A humanoid phantom, (Humanoid Systems, Carson, CA),
of soft-tissue equivalent molded sections was used to investi-
gate methods of background subtraction and reference source
(RC) placement. The liver, right kidney, pancreas, spleen, and
stomach were waterfilled. The shells of these organs were
formed of 1/8-in.-thick cellulose acetate butyrate. Figure 1
shows a computed tomographic image of the phantom in the
transverse plane at the level of the kidneys. A 4-cm hollow
sphere was filled with 4.9 uCi of '*'I and placed in the cavity
normally occupied by the left kidney, to simulate a kidney
tumor. Child’s modeling clay, with an attenuation coefficient
0.166 cm™' (10% higher than water), surrounded the tumor
to complete the filling of the cavity. The tumor was then
located 7 cm from the posterior phantom edge and 10.5 cm
from the lateral edge. An '*'I source of 29 uCi was placed
anteriorly, initially in the midline of the phantom. Conjugate
views (180° apart) of the “tumor” were acquired first without
(15 min) and then with (5 min) the RC in place. These images
were repeated over 9 days using a large field-of-view gamma
camera with a high-energy collimator, interfaced with a com-
puter. On Day 9, several RC positions different from the
midline were tested.

Separate regions of interest (ROI) were drawn as rectangles
around the tumor and RC. We investigated three methods of
estimating background caused by tissue activity in front or
behind the object of interest (Table 1). In the first method, it
is assumed that background changes only gradually with po-
sition. The ROI of the RC in the tumor-only image is used to
generate the background for both the tumor and RC. Correc-
tion is made for the size of the ROI and acquisition time when
applying the background of the RC to the tumor. In the
second method of background subtraction, the RC again

FIGURE 1

A computed tomographic image of
the anthropomorphic phantom at the
level of the kidneys. The “tumor” is
indicated by the arrow. The dimen-
sions (cm) of the phantom and dis-
tances of the “tumor” from the phan- L_
tom edge are shown.
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TABLE 1

Methods of Background Subtraction
RC background Tumor background
1 From RC position in From RC position in tumor
tumor only image only image
2 From RC position in Area surrounding tumor ROI
tumor only image in tumor only image

Area surrounding tumor ROI
in tumor only image

3 Area surrounding RC in
the RC + tumor image

obtains its background from the tumor-only image. The back-
ground of the tumor is estimated by drawing a larger rectangle
around the tumor ROI and subtracting the activity of the
tumor from this larger ROI. Correction is made for ROI size
and acquisition time. In the third method, the background of
the RC is determined by subtracting the activity of the RC
from a larger rectangle which surrounds the RC. The back-
ground of the tumor is calculated similarly, as in Method 2.
After background was subtracted by one of the three tech-
niques, the geometric mean of the count rate for the tumor,
Cr, and that of the RC, Crc, was calculated from the anterior
and posterior values (for anterior net counts A and posterior
net counts P, the geometric mean is given by [A . P]*). Know-
ing the activity of the RC, Agc, measured by a dose calibrator,
the activity in the tumor Ay, was then found by the equation:

AT Cr

ARC — Cre (Appendix I)

For the anthropomorphic phantom, the ratio of the calcu-
lated tumor activity over the true tumor activity, Tr, was
calculated:

32.7cm
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To test the effect of choice of ROI size, two different
observers evaluated phantom data. Observer 1 consistently
used an 8x8 pixel ROI for the tumor and RC and a 12x12
surrounding region, when necessary. Observer 2 consistently
used regions 2 pixels larger in both directions.

Patients with pheochromocytoma enabled us to evaluate
this method by examination of the decay of the RC, by
checking the variation of apparent tumor uptake with RC
position, and by comparing the calculated tumor uptake with
the actual tumor content of radioactivity in 2 patients. Five
patients with pheochromocytoma received 1.0 mCi/1.7 m?
['*'I]MIBG intravenously. Views of the head, chest, abdomen
and pelvis were obtained daily for 4 to 6 days using a large
field-of-view gamma camera equipped with a high energy
collimator interfaced with a computer. (Patients whose pheo-
chromocytoma was excised were imaged for 2 days only).
Reference sources of radioactivity (initially ~30 xCi, range
24-34, later 50-100 uCi) were placed on the anterior surface
of the patient in an area near the tumor but separated from
any distinct concentrations of ['*'IJ]MIBG within the patient.
Conjugate views were obtained, ROIs were drawn and back-
ground was determined as for the anthropomorphic phantom
(Fig. 2).

In the case of the tumors from two patients, volume was
both estimated from computed-tomography or magnetic-res-

TUMOR + RC

TUMOR

FIGURE 2

The image set required to determine uptake consists of
anterior and posterior images of 15 min each (left) and the
same pair for 5 min each with a known-activity reference
source (RC) placed on the anterior skin (right). Shown is
Patient 2 with a pheochromocytoma surrounding the pul-
monary artery. (The RC, being more radioactive, over-
powers the pheochromocytoma in the Reference + Tumor
images.) The regions of interest are those needed for the
second method of background subtraction with T being
tumor, TB tumor background, RC reference source and
RCB reference background.
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onance imaging and also subsequently determined by weig!.-
ing the excised tumors, assuming a density of 1 g/cm®.

RESULTS

Anthropomorphic Phantom

The “tumor” activity was measured for a midline RC
position over 9 days using method 1 by observer 1
(Fig. 3). It decreased exponentially with a half-life of
8.25 days, in good agreement (+2.6%) with the half-life
of "' of 8.04 days. This measurement shows that
conjugate-view imaging can be used to track the time
behavior of tumor uptake, at least if the background is
not changing. The error in absolute activity averaged

over the 9 days was 3.2%.

RC Position. On Day 9, 4 RC positions different
from the midline position were tested. As seen in Figure
3, the “tumor” uptakes did not agree. Placement of the
RC over the lung (a high transmission region), a distant
choice for kidney tumor, gave an uptake 41% low:
(measured-true)/true = —41%). Thus, one can infer
that the 18% low activity (Fig. 3), calculated for one of
the other nearby RC positions may have been partly
caused by high transmission through the phantom at
that position as well.

20 - @ Midline RC Position
0O Other RC Positions
>
=
> S asm [ u]
5 oOF—r——— o __
g
Z
14
g o
W —20F
-
2
w
3]
@
&'
-40F o

2 4 6 8

TIME (days)
FIGURE 3
Percent error in activity calculated for a “tumor” in an
anthropomorphic phantom by Method 1. For a midline RC
position, the error is shown over 9 days. On Day 9, the
error was shown as a function of RC position.
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The effect of the different methods of background
subtraction is shown in Table 2. It gives the values
calculated for R on each day of imaging with the value
on day 9 being the average over the four nearby RC
positions. Method 1 gives the best values while Method
2 is about 14% low and Method 3 about 11% high.

To check on the significance of this trend, Figure 4
shows the magnitude of variation between observers for
the same images. It is seen that the relative order of
uptakes is the same between observers but that the
absolute values for the second observer are lower by
~7%, making Method 3 the most accurate for him.

Lastly, for the two observers, the standard deviation
of the mean for R with the 4 RC positions on Day 9 is
tabulated in Table 3. There are similar findings between
the two: Method 2 has the desirable feature of the least
deviation and Method 3 the undesirable feature of the
greatest.

The results from the phantom, then, are mixed:
Methods 1 or 3 give the best absolute values, depending
on observer, but Method 2 has the least dependence on
choice of RC position.

Patient Studies

Time Dependence. From a patient with pheochro-
mocytoma, the activity of the '>'I RC is plotted in
Figure 5. It is evident that the decay of the source, as
determined from the geometric mean of the counts
from the anterior and posterior images, approximates
the decay of '*'I predicted by standard calculations.
Therefore, RC activity determined by the camera
method on a patient declines in a predictably reliable,
exponential form.

Variation of tumor uptake with RC position. Figure
6 shows the variation in estimated tumor uptake with
RC position for Patient 3. Since the true value isn’t
known, the absolute difference from the average on a
given day is calculated. It is seen that the variation with
method 1 is much larger than with either Method 2 or
3. The results are similar with the other patient except
that with Method 1, the computed uptake actually
becomes a negative and impossible value in some cases.

TABLE 2
Ratio of Calculated Value Over True Value, R, for
Anthropomorphic Phantom and Observer 1

Day
Method 0 1 2 3 9
1 1.02 1.04 1.03 1.03 0.978
2 0866 0.871 0.865 0869 0.841
3 1.11 1.10 1.14 1.08 1.10

* Values for this day are average values over four different RC
positions.
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FIGURE 4

Percent error in activity averaged over four RC positions
as calculated by two different observers. The parameter
in the key is the background subtraction method. Judged
by this test, the second method appears inferior in accu-
racy compared to the other two.

Surgically excised pheochromocytomas. Patient 1 is
a 25-yr-old man with multiple endocrine neoplasia.
Patient 2 is an 18-yr-old man who underwent extirpa-
tion of a pheochromocytoma surrounding the pulmo-
nary artery.

Table 4 shows the calculated activity with that meas-
ured in vitro for the two patients. There is a fair range
of calculated values depending on the background sub-
traction used. For Patient 1, the third method gives the
result closest to that measured by tissue counting. For
Patient 2, the activity is much lower and the second
and third methods give values within the range of the
tissue measurement.

In patients who exhibit background activity, the re-
sults for different background methods differ from those
found for the phantom, which had no background
activity. Also, they are no longer mixed depending on

TABLE 3
Standard Deviation in R Over Four RC Postions
Anthropomorphic Phantom on Day 9
Method Observer 1 Observer 2
1 0.18 0.18
2 0.15 0.13
3 0.29 0.21
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FIGURE 5
Semilog plot of calculated counts per
minute versus time in days. The

3000 T T . straight line is from the known decay

I 2 3 4 constant of '*'l. The data points are
from image data for the RC in place
DAY on the skin of the patient.

the criterion for judging quality. In the patients, either
Method 2 or 3 gives both good absolute values and also
the desirable feature of small variation with RC posi-
tion.

DISCUSSION

There are multiple variables that a method of pre-
dicting radioactivity content in an internal structure
faces. Sensitivity of the detector may vary day to day.
Attenuation of gamma-rays by overlying tissues reduces
the photon flux reaching the camera. Septal penetration
varies with distance and can impair resolution and the
precise definition of tumor borders. Compton scatter
within the patient changes the photon flux which is
included within the photopeak window. Differences in
selection of region of interest can cause variations in
calculations of net tumor uptake. A reasonable estimate
of tumor volume is likewise necessary to accurately
predict density of tumor radioactivity content, and thus
delivery of radiation absorbed dose.

The conjugate view method, using a reference source
with known activity, compensates for many of those
variables. Errors produced by changes in efficiency of
the detector are cancelled by parallel effects on the RC
and tumor. The use of the geometric mean should
correct for variation of attenuation with depth of the
tumor within the body. Our method appears somewhat
simpler than that of Thomas (3,4) in that it requires no
separate calculation of attenuation. The third back-
ground subtraction method specifically tries to account
for septal penetration by ignoring an otherwise good
background estimate for the RC in order to choose one
that has a similar degree of septal penetration as for the
tumor.

Location of the RC greatly influences the estimates
of tumor uptake-RCs in the midline and close to the
tumor appearing most reliable. We had originally con-
sidered placement of the RC directly over the tumor
but this proved difficult and subject to greater day to
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day variability, since external landmarks were often not
precisely anterior to the tumor. Likewise, when the RC
lies directly over the tumor, the determination of counts
from RC activity in the posterior images, and thus the
net counts attributed to the RC tumor, becomes less
reliable as tumor uptake approaches the activity of the
RC.

RC activity is also important in the determination of
appropriate RC borders. In our initial experience,
mocks of ~30 uCi of '*'I or less occasionally provided
imprecise RC borders and low count rates for the
posterior view. Raising the RC radioactivity to 50-100
pCi has obviated these difficulties and allows ready
visualization of the RC on the posterior as well as the
anterior view. With a 100 xCi '*'I source, assuming an
exposure of 15 min daily for 5 days and an average skin
distance of 1 cm, the additional radiation dose to the
skin is only 3 rad, of small consequence when compared
to the internal administration of up to 200 mCi of ['*']
MIBG for therapy.

Since it is a total procedure, trying to answer the
question “Which of the factors being accounted for is
causing the most error in calculated activity?” is diffi-
cult. However, the largest single source of error in
calculating clinical tumor dosimetry is probably esti-
mation of tumor size (5,6) in any case. The tissue
measurements show how complicated this problem is.
There was considerable variability in uptake within one
tumor ranging nearly twofold. In addition, areas of
hemorrhage and necrosis may contribute to tumor vol-
ume as seen on computed tomography or magnetic
resonance imaging without accumulating radioactivity
and being involved in the first-order dosimetry calcu-
lation. Narrowing the distance between imaging planes
and refinements in distinguishing tumor borders should
reduce the error contributed by volume estimation.

We believe this method of conjugate views provides
a reasonable basis from which tumor uptake, and
thereby, dosimetry can be approached. Use of a refer-
ence source allows for the cancellation of errors that

The Journal of Nuclear Medicine



4
]
g
@
Z
=
o
‘l: 1 i J
w
w #2
S
l&l {o] g
w ~o——o0
e

-0 I

#3
lof 0\0——_4
_|o -
| 2 3
TIME (days)
FIGURE 6

The calculated activity with a given RC position is sub-
tracted from the average value for all positions. The differ-
ences are found for 3 imaging days and with the method
as a parameter. For this patient, Method 1 has an unde-
sirably large variation with RC position.

affect radioactivity determinations, including those
from instrument variability, soft tissue attenuation and
septal penetration. As the accuracy of single photon
emission computed tomography is improved, it may be
utilized to acquire a complete set of uptake-versus-time
results, further improving the precision of dosimetric
estimation. At present, we maintain that this method
provides clinically valuable estimates of '*'I activity in
tumors which can be the basis for planning radiophar-
maceutical therapy and analyzing the effects of such
therapy.
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TABLE 4
For Excised Tumors, A Comparison of Radioactivity
Concentration Calculated by Different Background
Subtraction Methods And That Measured by Tissue

Counting
Calculated
concentration” of '>'|
(nCi/g)
Background
btracti hod Measured
su concentration
Patient 1 2 3 of ' (nCi/g)

1 880 560 700 750
2 47 31 37 20-40

" Calculated concentration = calculated activity/calculated vol-
ume.

APPENDIX 1

_(alp2f

AT @ E

for a single tumor in zero background (3).

If the tumor is a point, then f = 1.
Assuming the transmission can be measured with an uncolli-
mated source, then

RCP = e™'RCA
where

RCP = posterior reference source counts.
RCA = anterior reference source counts.

Also assuming the camera efficiency constant, E, can be
measured with the patient behind the source, then

E = RCa/ARC = reference source activity

substituting
1/2 1/2 1/2
then
AT _(alp)”2 _ Cr
ArRC (RCpP)'? CrC
where

Ct = geometric mean of the tumor counts
CRC = geometric mean of the reference source counts.
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