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131I-Tositumomab has been used in treating patients with non-
Hodgkin’s lymphoma. It is generally recommended that high-
energy collimators be used to image patients before they receive
131I-tositumomab therapy, to determine the effective half-life for
therapeutic dose and gross biodistribution. Because many
nuclear medicine departments do not possess high-energy
collimators, this study was designed to assess the suitability of
using medium-energy collimators. The effect of scanning speed
was also investigated, in an attempt to optimize the acquisition
time. Methods: Measurements were taken using an elliptic
anthropomorphic torso phantom and an organ-scanning phan-
tom fitted with fillable spheres (1–5 cm in diameter) and organ in-
serts. Three phantom studies were performed with differing initial
131I concentrations in the organs, the spheres, and the thoracic
and abdominal chambers. Images were acquired with both
high-energy and medium-energy collimators and at acquisition
speeds of 20 and 100 cm/min. The half-life for each combination
(study/collimator/speed) was calculated from a linear fit of the
data. The contrast of the tumor sphere was assessed using 2
identical regions, placed on and beside the sphere, and aver-
aged over several time points. Biodistribution and image quality
were visually assessed by 2 independent observers. Results:
Measured half-life values and visual assessment of biodistribu-
tion showed no significant difference between the 2 collimators
(P 5 0.32) or acquisition speeds (P 5 0.85). A significant differ-
ence in the contrast of the tumor spheres was observed between
the 2 collimators (P, 0.01) but not between acquisition speeds.
Visual assessment of the images showed increased noise on the
image acquired at 100 cm/min, although this noise did not affect
lesion detectability. Conclusion: Measured half-life is not sig-
nificantly different between the 2 collimators; hence, calculation
of the residence time would be nearly the same. Medium-
energy collimators can be used to accurately calculate the
131I-tositumomab therapeutic dose and detect alterations in
biodistribution.
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Tositumomab labeled with 131I (Bexxar; GlaxoSmith-
Kline Pharmaceuticals) has been used recently in treating
patients with non-Hodgkin’s lymphoma by targeting CD20
antigen expressed in B-lymphocytes (1–4).

A 131I-tositumomab therapeutic regimen consists of a
dosimetric component and a therapeutic component. Whole-
body counts measured at 0, 3 or 4 d and at 6 or 7 d after
dosimetric 131I-tositumomab administration are used to de-
termine the total-body residence time. Whole-body images
are viewed to assess altered biodistribution. Organ dysfunc-
tion, such as urinary tract obstruction, can result in increased
organ toxicity and poor targeting of the tumor CD20 antigen.
In such a case, therapy should not be given (1).

Because of the relatively high photon energy of 131I (364
keV), it is recommended that a high-energy, parallel-hole
collimator be used for the dosimetric study. However, many
nuclear medicine departments, particularly smaller depart-
ments, do not have a set of high-energy collimators. Such
being the case, it is important to assess the suitability of using
medium-energy collimators for the dosimetric study. Com-
pared with high-energy collimators, medium-energy colli-
mators offer increased detection efficiency. However, scatter
is also increased because of the higher septal penetration.

In this study, the application of medium-energy collima-
tors in measuring 131I-tositumomab biodistribution, half-
life, and lesion detectability was assessed both visually and
quantitatively using an anthropomorphic phantom model.
The results were compared with results obtained using
high-energy collimators. As well, the effect of image ac-
quisition speed was assessed for both the high-energy and
the medium-energy collimators. It is important to optimize
this parameter to decrease imaging time and increase
throughput while maintaining image quality.

MATERIALS AND METHODS

An elliptic anthropomorphic torso phantom (Data Spectrum)
with lung, liver, and heart inserts was used with an organ-scanning
phantom (The Phantom Laboratory) containing liver, spleen, and
kidney inserts as the model.

Because of the use of 2 phantoms, the distance between the
heart/lungs and abdominal organs was increased, as seen by the
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increased area of background counts between the heart/lungs and
abdominal organs (Fig. 1). A set of hollow spheres with diameters
of 1–5 cm was placed in the abdominal cavity to simulate tumor
lesions.

All studies were acquired on a dual-head g-camera (e.cam;
Siemens) with a 15% symmetric energy window centered on the
364-keV photopeak of 131I. The camera heads were positioned
directly beneath and 30 cm above the imaging table to acquire the
posterior and anterior views, respectively.

Study Protocols
Clinically, 3 whole-body images are acquired on different days

to assess 131I-tositumomab biologic decay and biodistribution. To
simulate the varying biodistribution resulting from biologic and
physical decay, 3 experiments were performed with various radio-
tracer concentrations in the organs and spheres. Phantom activity
was estimated on the basis of the relative whole-body counts
measured at different time points by Dr. Seldin et al. (5). The
percentage of activity in each organ was based on the measured
activity of approximately 100 patients collected by Corixa (Haren
D. Rupani, written communication, January 2005).

Experiment 1. The concentration of 131I in the organs was
similar to that of a patient’s biodistribution on the same day as
131I-tositumomab administration (Table 1). Whole-body phantom
images were acquired for 5 time points (0, 2, 4, 8, and 13 d after
131I administration) for both the high-energy and the medium-
energy collimators. At each time point, images were acquired
using speeds of 20 and 100 cm/min. Three tumor spheres (diam-
eters of 3, 4, and 5 cm) of 18 MBq/L concentration were placed in
the abdominal chamber. The whole-body activity was 74 MBq.

Experiment 2. The concentration of 131I in the organs and tumor
spheres was similar to that of a patient’s biodistribution on day 3
after 131I administration (Table 1). Acquisition and measurements
similar to those of experiment 1 were performed on days 0, 2, 5, 9,
and 12. The whole-body activity was 92 MBq.

Experiment 3. This experiment was designed to test the ability
of the medium-energy collimators to detect low-contrast lesions of
various sizes. The concentration of 131I activity in the organs was
identical to that used in experiment 1 (Table 1). In addition, 6
tumor spheres (diameters of 1, 1.5, 2, 3, 4, and 5 cm) of 740 MBq/L
concentration were placed within the abdominal cavity. Images
were acquired on 0, 2, 5, and 9 d after 131I administration at acqui-
sition speeds of 20 and 100 cm/min.

Before each experiment, 1-min background images were ac-
quired with both the high-energy and the medium-energy colli-
mators. These images were used to correct the whole-body activity
for background activity.

Collimator sensitivity was measured using a standard 131I point
source of approximately 7.4 MBq in 2 mL of water, contained in a
3-mL syringe. The source was imaged at each time point using the
camera head positions defined above, and the activity was mea-
sured using a dose calibrator.

Data Analysis
For each experiment, the total whole-body counts, corrected for

background activity, were plotted as a function of time on a semi-
log plot. The half-life was calculated from a linear least-squares fit
of the data, along with the 95% confidence interval. This 95%
confidence interval was used to determine half-life agreement
between collimators. Three-way ANOVA was performed to study
the intercollimator, interexperiment, and interspeed variations in
half-life measurements.

The g-camera sensitivity was defined as the ratio of the total
counts from the 131I point source images divided by the activity
measured in the dose calibrator. Mean sensitivity (over all time points
and experiments) and the coefficient of variation were calculated for
both the high-energy and the medium-energy collimators.

Tumor-to-background contrast was measured using 2 identical,
circular regions of interest placed over and beside the 4-cm sphere
on the posterior image, as shown in Figure 1. The contrast was
calculated as the ratio of counts in the region of interest over the
sphere to counts in the region of interest over the background. This
ratio was calculated for both the high-energy and the medium-
energy collimators and at speeds of 20 and 100 cm/min. The mean
contrast (averaged over the time points) and 1 SD are reported. A
paired t test was used to compare the contrast between acquisition
speeds and collimators.

All images (acquired at the various time points, acquisition
speeds, etc.) were visually assessed by a nuclear medicine physician
and nuclear medicine physicist working independently. Each ob-
server adjusted the color intensity before assessing the images. The
observers noted overall image quality, whether all tumor spheres
could be identified on the image, and whether the relative organ
tracer distributions were altered from the normal biodistribution.
The observers were aware of collimator selection and acquisition
speed, which were apparent based on image quality. Background
activity was increased on images acquired using the fast speed or the
medium-energy collimators.

RESULTS

Half-Life Measurement

The calculated half-life values of the anterior whole-
body decay curves, along with the 95% confidence interval,
are presented in Table 2. Three-way ANOVA indicated no
difference in half-life values between collimators (P 5

0.32) or acquisition speeds (P 5 0.85) but a significant dif-
ference between experiments (P , 0.001).

The sensitivity of the g-camera was found to be 2.3 and
6.5 kcts/MBq for the high-energy and medium-energy
collimators, respectively. The coefficient of variation of
the sensitivities was calculated to be 2.0% and 2.5% with
the high-energy and medium-energy collimators, respec-
tively.

Visual Assessment

Visual assessment of all the images indicated no dif-
ferences between the high-energy and medium-energy

FIGURE 1. Total counts
from identical circular re-
gions placed over the 4-cm
sphere and over an area of
background were used to
determine tumor-to-back-
ground contrast.
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collimators in terms of organ tracer distribution. However,
background activity was increased on the images acquired
with medium-energy collimators, likely because of increased
scattering. Image quality was visually superior at an acqui-
sition speed of 20 cm/min than at 100 cm/min, because of
the increase in counts at 20 cm/min. Tumor detectability was
unaffected by acquisition speed: All tumor spheres were
visualized, regardless of acquisition speed.

In experiments 1 and 2, with the tumor sphere concen-
tration approximately twice that in the spleen, the 2 tumor
lesions in the right and left upper quadrants were visualized
on all images, as shown in Figure 2. Another tumor sphere,
embedded between the liver and spleen, was only faintly
visualized on all images. In experiment 3, with the lower
131I concentration in the spheres, the 2-cm tumor sphere in
the right upper abdomen was clearly visualized on images
acquired with high-energy collimators but poorly visualized
on images acquired with medium-energy collimators.

Tumor Contrast

Tumor-to-background contrast, presented in Table 2, was
significantly lower with medium-energy collimators (P ,

0.01) for all experiments and at both speeds. However,
acquisition speed did not affect contrast (P 5 not statisti-
cally significant).

DISCUSSION

The current therapeutic regimen is based on several
factors, including the patient’s weight or body surface
area, bone marrow dosimetry, and the residence time of
131I-tositumomab. Residence time is calculated by sequen-
tial measurement of whole-body counts. This study found

that the half-life value measured from the sequential whole-
body images did not change with medium-energy collima-
tors. As well, the use of medium-energy collimators did not
alter the gross biodistribution of tracer uptake by individ-
ual organs, as assessed by 2 independent observers. This find-
ing indicates that the use of medium-energy collimators is
suitable for assessment of 131I-tositumomab residence time.

The current recommended scanning speed of 10–30
cm/min results in a maximum scanning time of 20 min for
a whole-body scan. In the 131I-tositumomab study protocol,
3 whole-body scans are required before the final treatment,
for a total scanning time of approximately 1 h. This length
of time can place a significant burden on a busy nuclear
medicine department. This study demonstrated that a scan-
ning speed of 10–30 cm/min may be conservative. Half-life
values and tumor-to-background contrast were not signifi-
cantly different when a 100 cm/min acquisition speed was
used. However, a noticeable increase in noise was associated
with the lower counts but, again, did not adversely affect
half-life values.

With the use of medium-energy collimators, a decrease
in tumor-to-background contrast was found, along with a
decrease in the visualization of small tumors. This obser-
vation may have a significant application in tumor response
assessment. Tumor response, assessed by the tumor counts
after therapy, has been shown to be related to tumor radi-
ation dose (4). Our study demonstrated that the counts-to-
activity conversion factor is dependent on the level of
background activity and the collimator selection. The use
of medium-energy collimators may decrease the accuracy
of assessing quantitative tumor response and should be used
with caution.

TABLE 2
Half-Life (t1/2) with 95% Confidence Interval (CI) and Tumor-to-Background Contrast Ratios for All Experiments Using

Both High-Energy and Medium-Energy Collimators

Experiment 1 Experiment 2 Experiment 3

Acquisition

speed (cm/min)

Collimator

type

t1/2

(d)

95%

CI (d)

Contrast

6 1s

t1/2

(d)

95%

CI (d)

Contrast

6 1s

t1/2

(d)

95%

CI (d)

Contrast

6 1s

20 High-energy 8.3 8.1, 8.6 6.6 6 0.7 7.9 7.6, 8.2 7.5 6 0.7 8.4 7.8, 9.2 3.9 6 0.5
Medium-energy 8.5 8.2, 8.7 2.5 6 0.1* 7.8 7.5, 8.1 3.0 6 0.1* 8.6 8.0, 9.2 2.4 6 0.3*

100 High-energy 8.4 8.0, 8.8 6.6 6 0.3 8.0 7.7, 8.4 6.8 6 0.4 8.4 7.6, 9.2 4.0 6 0.5

Medium-energy 8.5 8.2, 8.8 2.6 6 0.2* 7.9 7.6, 8.1 3.0 6 0.1* 8.5 8.0, 9.0 2.3 6 0.2*

*P , 0.01, compared with high-energy collimators at same speed.

TABLE 1
131I Organ Concentrations (MBq/L) Used in Each Experiment (5)

Experiment Kidneys Lungs Liver Spleen Heart Background Sphere

1 51.1 38.5 40.3 76.2 118 0.148 185

2 41.1 23.3 23.3 49.2 8.88 0.148 144

3 51.1 38.5 40.3 76.2 118 0.148 74
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Nevertheless, the decreased visualization of small tumors
with medium-energy collimators would not affect 131I-
tositumomab treatment, because the purpose of the scans
is to detect gross alterations in biodistribution rather than to
reveal tumor sites. Studies have shown that the whole-body
tumor burden has no impact on the overall response to, or
toxicity of, 131I-tositumomab therapy (6,7). Furthermore,
all patients should be treated, regardless of whether tumors
are visualized in the dosimetric study, because the purpose
of the scans is solely to detect alterations in biodistribution
(8–11).

CONCLUSION

The measured 131I-tositumomab half-life and organ activ-
ity were not affected by the collimator selection. Medium-
energy collimators can be used to assess 131I-tositumomab
therapeutic dose and to detect alterations in biodistribution.
A faster acquisition speed can be used without compromising
calculations of residence time or detection of altered bio-
distribution.
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FIGURE 2. Anterior and posterior im-
ages using high- and medium-energy
collimators for acquisition speeds of
20 (A), 60 (B), and 100 (C) cm/min. All
images have been adjusted to the same
color scale to better illustrate differences
in image quality.
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