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Myeloablative radioimmunotherapy using 131I-tositumomab
(anti-CD20) monoclonal antibodies is an effective therapy for
B-cell non-Hodgkin’s lymphoma. The amount of radioactivity
for radioimmunotherapy may be determined by several methods,
including those based on whole-body retention and on dose to a
limiting normal organ. The goal of each approach is to deliver
maximal myeloablative amounts of radioactivity within the toler-
ance of critical normal organs. Methods: Records of 100 con-
secutive patients who underwent biodistribution and dosimetry
evaluation after tracer infusion of 131I-tositumomab before radio-
immunotherapy were reviewed. We assessed organ and tissue
activities over time by serial g-camera imaging to calculate
radiation-absorbed doses. Organ volumes were determined from
CT scans for organ-specific dosimetry. These dose estimates
helped us to determine therapy on the basis of projected dose
to the critical normal organ receiving a maximum tolerable radi-
ation dose. We compared organ-specific dosimetry for treat-
ment planning with the whole-body dose-assessment method
by retrospectively analyzing the differences in projected organ-
absorbed doses and their ratios. Results: Mean organ doses
per unit of administered activity (mGy/MBq) estimated by both
methods were 0.33 for liver and 0.33 for lungs by the whole-
body method and 1.52 for liver and 1.74 for lungs by the organ-
specific method (P 5 0.0001). The median differences between
methods were 0.92 mGy/MBq (range, 0.36–2.2 mGy/MBq) for
lungs, 0.82 mGy/MBq (range, 0.28–1.67 mGy/MBq) for liver,
and –0.01 mGy/MBq (range, –0.18–0.16 mGy/MBq) for whole
body. The median ratios of the treatment activities based on lim-
iting normal-organ dose were 5.12 (range, 2.33–10.01) for lungs,
4.14 (range, 2.16–6.67) for liver, and 0.94 (range, 0.79–1.22) for
whole body. We found substantial differences between the
dose estimated by the 2 methods for liver and lungs (P 5

0.0001). Conclusion: Dosimetry based on whole-body retention

will underestimate the organ doses, and a preferable approach is
to evaluate organ-specific doses by accounting for actual radio-
nuclide biodistribution. Myeloablative treatments based on the
latter approach allow administration of the maximum amount
of radioactivity while minimizing toxicity.
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Non-Hodgkin’s lymphoma (NHL) is a public health
problem in the United States (1). Radioimmunotherapy using

radiolabeled anti-CD20 antibodies (131I-tositumomab or
90Y-ibritumomab) has recently been introduced, yielding

response rates of 50%–80% in previously treated patients

(2,3). Myeloablative radioimmunotherapy trials have re-

sulted in longer remissions in treated NHL patients (4–7).

Clinical studies of myeloablative radioimmunotherapy for

NHL have been conducted at the University of Washington

since 1986.
Dosimetry for radioimmunotherapy continues to evolve,

but excellent progress has been made in recent years (8–13).

Higher amounts of radioactivity need to be administered to

overcome the generally low levels of radiolabeled antibody

uptake in tumors (and the low tumor doses and dose rates), in

order to deliver optimal tumor radiation doses (0.1–0.2 Gy/h)

(14). Although myelotoxicity is predictable and reversible

with planned bone marrow or peripheral blood stem cell

rescue in myeloablative radioimmunotherapy, other critical

normal organs remain at risk for toxicity with these escalated

doses of 131I (15–17). Experience in treating multiple mye-

loma with 166Ho-1,4,7,10-tetraazacyclododecane-1,4,7,10-

tetramethylene-phosphonic acid (18), and neuroendocrine

Received Sep. 9, 2007; revision accepted Jan. 16, 2008.
For correspondence or reprints contact: Joseph Rajendran, Division of

Nuclear Medicine, Department of Radiology, Box 356113, University of
Washington, Seattle, WA 98195.

E-mail: rajan@u.washington.edu
COPYRIGHT ª 2008 by the Society of Nuclear Medicine, Inc.

DOSIMETRY IN MYELOABLATIVE RADIOIMMUNOTHERAPY • Rajendran et al. 837



cancer with 90Y-octreotide (19), illustrate the challenge of
normal-organ toxicity with higher amounts of radioactivity.
The dose-limiting toxicity in both cases was in the kidneys,
remote from the intended target tissues. An accurate estimate
of the radiation dose to normal critical organs is important to
determine the amount of radioactivity required to deliver the
highest possible tumor doses while minimizing normal-
organ toxicity (20). Optimization of therapy has been at-
tempted in several ways, including protocols based on a fixed
infusion activity (mCi/kg or m2) (21), whole-body retention
(22), the absorbed dose to individual organs (23), and
microdosimetry (24). All but one of these methods require
normal-organ dosimetry by determining the concentrations
of radionuclide in patient organs and tissues at various times
after administering a tracer-labeled antibody. Biodistribution
and retention measurements over time are possible using
quantitative nuclear medicine imaging techniques (25,26).
Several patient-specific adjustments have been proposed to
further improve the flexibility provided by the SNM MIRD
formalism and standard anthropomorphic models (27,28);
for example, actual body size, organ weights, and tumor size
and location in treated patients (12,29).

Whole-body retention measurement is a recommended
clinical radioimmunotherapy technique that is easy to apply
routinely in the clinical nonmyeloablative setting as a basis
for calculating treatment dose (10,22). The approach to
therapy based on whole-body measurements operates under
several assumptions, including an unknown or uniform bio-
distribution of the radiotracer in organs and tissues, indeter-
minate or identical retention half-times for the whole body
and critical normal organs, and a nondifferential or equal
radiosensitivity in organs and tissues. In contrast, however,
we know from prior studies that the biodistribution of
radiolabeled antibodies varies among tissues, retention half-
times vary from one organ or tissue to another, and radiosen-
sitivities vary.

Our clinical experience with myeloablative radioimmu-
notherapy provides an opportunity to compare treatment
protocols that depend on dosimetry based on either whole-
body clearance or patient-specific organ doses. In radio-
immunotherapy clinical studies conducted jointly by the
Fred Hutchinson Cancer Research Center and the University
of Washington Medical Center, all lymphoma patients (a
total of over 600) entering myeloablative radioimmunother-
apy research protocols were assessed for complete, patient-
specific dosimetry performed before therapy to determine the
optimum amount of radioactivity administered based on
maximum tolerable radiation-absorbed dose to the dose-
limiting normal organ, usually the lungs, liver, or kidneys.

Serial g-camera images and whole-body counts over
time were obtained for each patient using a tracer infusion
of radiolabeled antibody, to obtain time–activity data for
calculating the total number of radioactive decays in each
organ and in the whole body. In the present analysis, we
compared the radiation doses based on these 2 approaches,
to evaluate the relative merits and limitations of organ-

specific versus whole-body dose estimates in a cohort of
patients with relapsed or residual NHL receiving myelo-
ablative radioimmunotherapy with 131I-tositumomab.

MATERIALS AND METHODS

We reviewed the radiation-absorbed dose estimates for 100 (70
male and 30 female) consecutive patients with NHL who were
evaluated for treatment with 131I-labeled tositumomab radioim-
munotherapy in several related phase I and II protocols at the
University of Washington–affiliated medical facilities between
January 1990 and September 2004. The median patient age was
46.5 y (range, 33–74 y). All patients underwent pretherapy
infusion of 131I-labeled tositumomab (185–370 MBq) to deter-
mine the radiolabeled antibody biodistribution and retention half-
times in the major organs for each patient and subsequently the
required amount of radiolabeled antibody for therapy (mean, 20.3
GBq; range, 9.6–42.7 GBq).

Patients
All patients entering these protocols had documented B-cell NHL

in relapse after standard therapy or primary refractory disease, had
evaluable disease, and were eligible to receive autologous stem-cell
transplantation. Only patients with tumors expressing the CD20
antigen were eligible to enter the study. Entry criteria for the
protocol required patients to have an Eastern Cooperative Oncology
Group performance status score of 1 or less and normal renal and
liver function. Patients also underwent standard evaluations of their
eligibility for stem cell rescue, including collection of a minimum of
2 · 106 CD341 cells/kg. This trial was performed with the approval
of the human subjects and radiation safety committees at the
University of Washington and the Fred Hutchinson Cancer Research
Center, and all patients gave written informed consent and were
enrolled into the study according to protocol requirements.

Radioimmunoconjugate
Murine monoclonal anti-CD20 antibody (tositumomab, anti-

B1, IgG2a; Glaxo Smith Kline) was radioiodinated at the radio-
chemistry labeling facility of the Division of Nuclear Medicine at
the University of Washington using the chloramine-T labeling
method described earlier (30).

Biodistribution Studies for Treatment Planning
A biodistribution study was conducted on each patient before

treatment. The study used 185–370 MBq of 131I-tositumomab
antibody (1.7 mg/kg) diluted to 25 mL with normal saline and
infused intravenously. Anterior and posterior g-camera images of
the chest, abdomen, and pelvis were obtained immediately after
tracer-level 131I-antibody administration (time, 0 h) and then again
at approximately 48, 96, and 120 h after infusion. Whole-body 131I
activity was also measured at the same time points. Time–activity
curves for each organ were constructed from these data. Organ
residence times derived from the integrated time–activity curves
were used to calculate the radiation dose. The data were used to
select an appropriate amount of radioactivity for therapy, without
exceeding the normal-organ tolerance dose (22–25 Gy), depend-
ing on the protocol (30).

Imaging Measurements
After the 131I-tositumomab infusion, serial planar (anterior and

posterior) g-camera images of the chest, abdomen, and pelvis were
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obtained. A high-energy collimator was used for both transmission
and emission imaging. A 15% window centered on the 131I g-peak at
364 keV was used on a GE Healthcare Maxxus dual-head g-camera
with a dedicated Starcam computer (GE Healthcare). A known
quantity of 131I standard in a fluid-filled, 250-mL tissue culture flask
was imaged on the scanning table for 1 min at a distance equal to
1 thickness of the patient being studied. A rectangular region was
drawn around the standard from the 0-h images and was applied to
all subsequent standard images. The standard was also counted with
the NaI detection probe with a 7.62-cm (3-in) NaI scintillation
crystal interfaced to a multichannel analyzer (model 261; Ludlum
Corp.) at each imaging time point. Serial background-subtracted
whole-body counts were obtained with the probe or from whole-
body imaging (Fig. 1) done at the same time points as the g-camera
images. Anterior and posterior whole-body counts were obtained
with the detector directed toward the full height and width of the
patient (standing as a point source, at a 4-m distance). The repro-
ducibility of positioning was maintained using a laser pointer. The
geometric mean of the anterior and posterior whole-body counts
was used to calculate whole-body retention. Whole-body counts
were corrected for physical decay using a 131I standard to obtain the
percentage injected activity remaining at each time point.

g-Camera images of the lungs (using 99mTc-macroaggregated
albumin), liver, spleen (99mTc-sulfur colloid), and kidneys (99mTc-
mercaptoacetyltriglycine) were obtained before the 131I-tracer–
labeled antibody infusion to delineate these organs. Regions of
interest (ROIs) outlining the organs drawn on 99mTc images were
transferred to the 131I images to delineate these organs on subse-
quent daily images. Background correction was performed for a
subset of organs, including the kidneys, thyroid, heart, and testes,
using ROIs drawn for each organ. For the kidneys, a C-shaped ROI
was drawn around each kidney, and a pixel-corrected background
value was subtracted from each kidney in both projections. For the
thyroid, heart, and testes, a rectangular region was used for the
background, and the count value in this region was pixel-corrected
to the organ before subtraction; for the heart, the background count
was obtained within the right lung field, and for the testes, the
background was obtained in the thigh. For the thyroid, the back-
ground was obtained above the thyroid in the neck, as close to the

gland as possible. Background correction was not deemed necessary
for the lungs, liver, and spleen because of the large size of these
organs.

To ensure the reproducibility of patient positioning, radioactive
markers containing 99mTc were placed on the patient’s sternal notch
and xyphoid process, making it possible to accurately compare daily
sets of 131I images and delineate the organs identified with 99mTc
radiopharmaceuticals on 131I images. A template of the region of the
body was made by placing a clear sheet of film over the screen,
and the location of the radioactive sources was marked with a
permanent-ink pen. At each imaging time point, the anatomic land-
marks and the template were matched to ensure the reproducibility
of positioning. This technique helped transpose ROIs from the 99mTc
images onto the 131I antibody images at each imaging time point.
Separate ROIs were drawn around each kidney for background
subtraction. Similarly, any overlap of the left kidney by the spleen
(frequently seen in patients with NHL) was corrected by a suitable
background region. The data were first analyzed for the individual
kidneys at all time points and later merged into a single kidney
disappearance curve for consistency with MIRD recommendations.
The same approach was also used to calculate dose to the lungs.

Transmission images of the chest and abdomen were obtained
before tracer infusion using a 148-MBq 131I-filled flood source,
from which we calculated the appropriate attenuation-correction
factors for organs in the chest and abdomen. Actual organ volumes
were derived for each patient from contrast-enhanced CT scans
using established methods (31). The organ volumes were used for
adjusting absorbed dose calculations estimated from appropriate
MIRD methods and models to result in a more patient-specific
estimation.

Radiation-Absorbed Doses
Standard methods recommended by the SNM Special Com-

mittee on MIRD were used to calculate internal radiation doses
from the source-organ time–activity curves (27). These calcula-
tions were performed using standard software (MIRDOSE2; Oak
Ridge Associated Universities), which we have consistently used
for this patient set since 1989 (4,5,32). All g-ray contributions
were included in the dose estimates for both self-organ dose and
cross-organ dose.

To account for organ masses, we adjusted the organ residence
times from the integral of the time–activity curves by applying the
unitless ratio of the reference organ volume to the CT-derived
volume for each major organ in each patient (15), to result in patient-
specific dosimetry (12). We express the results as organ absorbed
dose per unit of administered 131I activity (cGy/mCi, or mGy/MBq).

For this analysis, we also retrospectively estimated the absorbed
dose to the organs based on the whole-body radioactivity, as
recommended by the manufacturer of the product (22). We used
the geometric mean of the anterior and posterior whole-body counts
from the thyroid probe to calculate the whole-body residence time.
These residence times estimated from the whole-body counting
method were also used for individual organ dosimetry because the
whole-body method also assumes a uniform biodistribution of the
conjugate within organs and the whole body.

Statistical Analysis
Pearson correlation coefficients were estimated to quantify the

correlation between the radiation-absorbed dose estimates for each
of the 2 methods. In addition to the ratio of estimates, the difference
in estimates was also calculated for each patient. Each of these

FIGURE 1. Anterior (A) and
posterior (B) whole-body g-
camera images of typical
patient immediately after in-
fusion of 370 MBq of 131I-
tositumomab.
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measures was summarized with descriptive statistics and displayed
using histograms.

RESULTS

Organ-absorbed doses for the patient group using patient-
specific organ masses and doses estimated using the whole-
body retention method are presented in Table 1. Seven
patients elected to undergo splenectomy for splenomegaly
before radioimmunotherapy to optimize the biodistribution
of the radioimmunoconjugate. The planned maximum radi-
ation dose to any organ was limited to 20 Gy in 6 patients, 22
Gy in 3 patients, 25 Gy in 81 patients, and 27 Gy in 9 patients,
depending on the protocol requirements and dose-escalation
scheme used. One patient was not treated. The liver was the
dose-limiting organ in 21 patients, the lungs in 70 patients,
and the kidneys in 9 patients.

Table 1 shows the radiation-absorbed doses per unit of
administered activity (mGy/MBq) and the total radiation
dose (cGy) to the liver and lungs for the 2 methods (organ-
based method and whole-body retention). The median dif-
ference between the absorbed doses obtained by the 2
methods was 0.92 mGy/MBq (range, 0.37–2.15 mGy/
MBq) for the lungs, 0.82 mGy/MBq (range, 0.28–1.67
mGy/MBq) for the liver, and 20.01 mGy/MBq (range,
20.05–0.04 mGy/MBq) for the whole body. The median
ratio of estimates (organ-specific divided by whole-body)
was 5.12 (range, 2.33–10.01) for the lungs, 4.14 (range, 2.16–
6.67) for the liver, and 0.94 (range, 0.79–1.22) for the whole
body. The distribution of patients based on the ratio values
was as follows: For the lung, 6 patients had a ratio of 2–3, 34
had 3–4, 43 had 4–5, 11 had 5–6, and 6 had 6–7. For the liver,
2 patients had a ratio of 2–3, 20 had 3–4, 23 had 4–5, 29 had
5–6, 15 had 6–7, 6 had 7–8, 3 had 8–9, 1 had 9–10, and 1 had
10–11. No significant difference was found between the
doses estimated by the 2 methods for either the liver or the
lungs (P 5 0.0001) (Table 1). However, we observed a
significant correlation for the whole-body dose estimates by
the 2 methods (r 5 0.97), indicating the strength of our
method to estimate the whole-body dose based on the sum of
radiation-absorbed dose to the remainder of the body and
other normal organs. For this analysis, we also estimated

whole-body dose based on whole-body retention. The cor-
relation between methods for whole-body dose estimation is
shown in Figure 2. If therapy were based on the whole-body
method, all normal organs would likely have received almost
equal absorbed doses for a given amount of 131I. The
implication is that to deliver a certain cumulative radiation-
absorbed dose to an organ—for example, 25 Gy to the
liver—the required amount of 131I would be approximately
2,731 mCi (101.05 GBq) if the whole-body method were
used, compared with approximately 549 mCi (22.6 GBq) if
the individual organ–based method were used. To estimate
the absorbed dose based on the whole-body method, we
arrived at the whole-body dose by adding the dose estimation
based on individual organs to the dose to the remainder of
the body. For the dose based on direct whole-body counting,
we used data from only the whole-body counts. Figures 3 and
4 show the distribution of the ratios and the differences
between the actual radiation-absorbed doses from the 2
methods for the liver and lungs. These data illustrate the
potential variations in the individual organ doses when the
dosimetry of individual organs is based only on whole-body
retention.

DISCUSSION

Myeloablative 131I-labeled tositumomab radioimmuno-
therapy with marrow rescue was introduced with the aim of
producing long-lasting effects (4,5,7). The present study,
together with earlier reports from our group and others,
have shown wide variations in organ biodistributions of ra-
diolabeled antibody among patients with NHL (4,9,12,20).
Although these interpatient variations are less likely to pose
serious problems for therapy using nonmyeloablative amounts
of radioactivity, patient-specific dosimetry is needed for
myeloablative therapy. In our treatment trials, we devel-
oped methods for patient-specific dosimetry for normal
organs to improve the overall accuracy and value of
treatment planning. Our protocols required delivery of
maximally tolerated doses of radiation to critical normal
organs such as the liver, lungs, and kidneys. Other inves-
tigators have also recognized the importance of assessing
patient-specific absorbed doses before high-dose radio-
immunotherapy (9,20,33). Our earlier report emphasized
the critical need to estimate organ-based dosimetry and to
limit the dose to 25 Gy to avoid serious cardiopulmonary
toxicities (4).

Many strategies have been used to estimate administered
radioactivity. Strategies based on body weight or surface
area, as with administration of cytotoxic chemotherapy, can
result in inadequate treatment of tumor or overtreatment of
sensitive normal tissues, with the latter problem being par-
ticularly risky when myeloablative doses are used. Radioac-
tivity and cytotoxic chemotherapy do not exhibit similar
behaviors in the body; the mere passage of radioactivity
through an organ will irradiate that tissue, contributing dose
both to that organ and to other parts of the body. We used

TABLE 1
Estimated Radiation-Absorbed Dose to Liver and Lungs for

Individual Organ Dosimetry and Whole-Body Retention
Method

Organ-specific
method

Whole-body
method Ratio

Organ Mean Range Mean Range Mean Range P

Liver 1.52 0.70–2.85 0.33 0.19–0.63 5.1 2.33–10.0 0.0001
Lungs 1.74 0.78–3.48 0.33 0.15–0.59 4.14 2.2–6.7 0.0001

Data are doses, in mGy/MBq, and ratio of organ-based dose to
whole-body–based dose.
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either whole-body g-camera imaging or a thyroid probe
system to determine whole-body residence time and obtained
consistent results; our approach to patient dose assessment
since 1989 has remained consistent (4,12,34–36).

Our results show that if dosimetry is based on whole-body
retention, the calculated doses to the lungs, liver, or any other
normal organ will all be similar, because this method implies
a uniform biodistribution throughout the body. Our results
also indicate that the whole-body method typically under-
estimates the absorbed doses to individual organs, because in
these organs, the actual activities—which are greater than

the whole-body mean activity—are not considered. There-
fore, protocols based on whole-body counts would suggest
administration of higher amounts of radioactivity to deliver
the targeted dose to the organ receiving the highest absorbed
dose. We looked at a ratio of critical-normal-organ dose to
whole-body dose, rather than at the absolute values of those
doses, to analyze variations in absorbed dose to these organs
as estimated by the 2 methods. The ratio is a measure of
analysis not influenced by the absolute organ size or bio-
distribution of the radioimmunoconjugate. The ratio analysis
between the doses estimated from the 2 methods was used

FIGURE 2. Correlation between radia-
tion-absorbed doses to whole body.
Estimation is based on whole-body re-
tention method and on individual organ
dosimetry performed for this analysis (r 5

0.97).

FIGURE 3. Histograms showing distri-
bution of ratio of radiation-absorbed
dose estimated by organ-specific
method vs. whole-body method to lungs
(A) and liver (B).
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only for illustration, because our study shows that any
shortcut methods would not provide sufficient information
for assessing the actual dose to nonhematopoietic organs.

For our protocols, we obtained organ volumes from chest
and abdominal CT scans of patients to correct the source-
organ residence times calculated by the standard MIRD
approach, to result in more accurate dose calculations for
the critical normal organs (31).

In this cohort of patients, we did not perform posttherapy
imaging or dosimetry after tracer-labeled antibody infusion
to correlate the pretherapy dose estimation, because our
earlier experience and that of others confirmed that dosimetry
based on pretherapy tracer-labeled antibody infusion could
accurately estimate the absorbed dose to an organ or tissue
(26). During the early phases of our clinical trials, we col-
lected blood and urine samples for pharmacokinetic mea-
surements, but because of the consistent results and good
correlation with image-based biodistribution studies, we do
not currently perform pharmacokinetic analysis. Use of
2-dimensional planar imaging with appropriate attenuation
correction provides adequate data for estimating the dose to
large organs (37), without being hampered by partial-volume
effects. Our early experience showed that absorbed doses to
tumors were consistently greater than those to the critical
normal organs, and high tumor doses could readily be
achieved in all patients when the overall tumor burden and
spleen size were within reasonable limits. Accordingly, the
protocols on which these patients were treated reflected this
experience by requiring that the tumor burden be less than
500 mL and that there be no significant splenomegaly (30).
Our research protocols involve administration of maximally

tolerable amounts of 131I-labeled antibody. To overcome the
anticipated hematologic toxicity, we collect and store au-
tologous peripheral blood stem cells from all patients at
study entry and infuse these stem cells approximately 2 wk
after radioimmunotherapy. The administered radioactivity
amount for therapy is not dictated by the tumor dose but is
limited by the predicted maximum cumulative radiation
doses to critical nonhematopoietic normal organs such as
the liver, lungs, and kidneys. In determining the organ that
receives the maximum absorbed dose, we did not consider
the spleen as a critical dose-limiting organ because it toler-
ates higher radiation doses, and splenic irradiation might be
desirable because it frequently is a site of B-cell lymphoma
involvement.

The goal of radioimmunotherapy is to optimize the
therapeutic ratio by maximizing the dose to the tumor
while limiting the dose to critical normal organs. However,
the actual dose to the tumor is important for overall disease
control, and the lower levels of tumor uptake are not a
limiting factor in myeloablative radioimmunotherapy of
lymphoma because of higher amounts of radioactivity and
the exquisite radiosensitivity of lymphoma cells. For these
reasons, our high-dose lymphoma radioimmunotherapy pro-
tocols do not routinely estimate the tumor dose. Although
easy methods of dose estimation are attractive for clinical
applications, normal-organ or -tissue tolerance and poten-
tial toxicities should be considered when highly myelo-
ablative amounts of radioactivity are used. Limiting radiation
doses to nonhematopoietic organs is critical for reducing
toxicities to these organs and for the success of any
myeloablative treatment protocol, because both anticipation

FIGURE 4. Histograms showing distri-
bution of differences in radiation-absorbed
dose estimated by organ-based method
vs. whole-body retention method to lungs
(A) and liver (B).
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of marrow dose and planning of marrow rescue are needed in
such patients. It is apparent from several publications that
nonmyeloablative radioimmunotherapy will have a unique
clinical role in the management of relapsed or refractory
NHL in certain patient populations and that simpler dosim-
etry methods appear to suffice for such treatment schemes.
Although nonmyeloablative radioimmunotherapy is possi-
ble in the community setting, high-dose myeloablative ra-
dioimmunotherapy will likely be administered only in
tertiary centers that have both experience in handling higher
amounts of radioactivity and the expertise to perform indi-
vidualized and organ-based dosimetry. Administration of
multiple smaller amounts of radioactivity has been advo-
cated as another method to deliver radioimmunotherapy,
but unless these fractions are administered in quick suc-
cession, development of radioresistance can occur in ma-
lignant cells, along with a potential for induction of human
antimurine antibody and of cumulative thrombocytopenia.
The experience with our radioiodinated myeloablative ra-
dioimmunotherapy is also applicable to other noniodinated
protocols that are being introduced into clinical practice. If
clinical radioimmunotherapy is to be successful, non–iodine-
based protocols also need to be dose-escalated within the
limitations of nonhematopoietic organs. Despite blocking
with nonradioactive iodine, the thyroid gland typically shows
some uptake, likely because of free iodine, although we get
an average 98% protein binding for our final radiolabeled
products. An earlier paper from our group reviewed the
incidence of thyroid dysfunction in these patients and found
elevated thyroid-stimulating hormone in 60% of the treated
patients (19). Because of this ubiquitous situation, the thy-
roid was not considered a dose-limiting organ for calculat-
ing the amount of radioactivity for therapy.

Retrospective studies have certain deficiencies. The
whole-body data for our method of calculation were obtained
by adding data for all the major organs to the remainder of the
body. As such, no adjustments were made for differential
uptake in the other organs in the remainder of the body. All
patients entering these protocols, including those used for
this analysis, received radioimmunotherapy based on the
normal organ receiving the highest radiation-absorbed dose.
However, we did not estimate dose to tumor, because for our
protocols, the radioactivity administered to individual pa-
tients was based on and limited by the maximal tolerated
absorbed dose to normal organs.

CONCLUSION

We analyzed the results of using a novel treatment
modality—high, myeloablative amounts of 131I-labeled to-
situmomab antibody—in the largest cohort of NHL patients
treated with radioimmunotherapy. This successful clinical
radioimmunotherapy for NHL has resulted in improved long-
term disease control without critical nonmarrow organ or
tissue toxicity, further underscoring the importance of dili-
gent treatment planning for the individual patient (4,5,12,35).

Our analysis showed that, if treatment were based solely on
whole-body retention and clearance, significant differences
could result in the estimated doses to critical organs. Again,
our aim with high-dose therapies was to deliver the highest
possible radiation dose to the tumor (within the constraints of
normal-organ toxicity) in patients with NHL who had already
failed all prior standard therapies and had limited treatment
options. The role of myeloablative radioimmunotherapy for
treating patients with relapsed NHL is encouraging, with
superior results observed, and is likely to expand with clinical
indications for treating specific subsets of patients with
aggressive relapsed disease (4,5,16,34). This study illus-
trated the unique and critical role for organ-specific dosim-
etry in all myeloablative treatment regimens using iodine or
noniodine isotopes to deliver maximum radiation doses
while limiting normal-tissue toxicities.
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