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ABSTRACT

Dosimetry and treatment planning for therapeutic infusions of radio-
labeled antibodies are usually performed by extrapolation from the
biodistribution of trace-labeled antibody. This extrapolation assumes that
the biodistribution of high specific activity antibody will be similar to
that seen with trace-labeled antibody. However, high doses of radiation
result in rapid depletion of lymphoid and hematopoietic cells in lymph
nodes, spleen, and marrow with replacement by blood and plasma. If
radiolabeled antibody is cleared slowly from blood, this replacement may
result in increased radionuclide concentrations in these tissues following
infusions of antibody labeled with large amounts of radionuclide.

To examine the influence of deposited radiation on the biodistribution
of radiolabeled antibody, we treated mice with a constant amount of
antibody that was labeled with varying amounts of '"I. Survival was

determined in normal specific pathogen-free AKR/Cum mice (Thy 1.2+)
after infusion of anti-Thyl.l antibody labeled with 10 to 6500 nCi of ' " 1,
to determine an appropriate range of '"I doses for further study. The
dose producing 50% lethality within 30 days following infusion of "'I-
labeled antibody was 530 nCi ' " I. Biodistribution, bone marrow histology,

and dosimetry were subsequently determined after infusion of 500 nii of
antibody labeled with 10, 250, 500, or 3500 Â»Â»CiI31I.The amount of '"I

did not influence uptake or retention of antibody in blood, liver, lung, or
kidney. In contrast, infusion of antibody labeled with 250 to 3500 Â¿iCiof
"'I led to a dose-related increase in the concentration of '"1 in marrow,

spleen, lymph node, and thymus. For example, at 96 h after infusion of
antibody labeled with 500 or 3500 M(i '"I. concentrations in marrow

were 3- to 4-fold higher than after infusion of trace-labeled antibody. The
increase in marrow '"I concentrations was associated with depletion of

cells and hemorrhage within the marrow space. As a result, estimated
mean absorbed doses to marrow, lymph node, spleen, and thymus were
1.2 to 3.1 times higher than would have been predicted from the biodis-
tribution of trace-labeled antibody.

These results suggest that the biodistribution of trace-labeled antibody
should be an accurate predictor of the behavior of high spirille activity
antibody in blood and solid organs such as liver and kidney. In contrast,
radiation from antibody labeled with large amounts of radionuclide can
result in an alteration of the concentration of radiolabeled antibody in
rapidly responding tissues such as marrow. For this reason, in situations
in which radiolabeled antibody remains in serum for a prolonged period
(many hours to days), extrapolation from the biodistribution of trace-
labeled antibody may underestimate the absorbed dose to marrow follow
ing infusion of antibody labeled with higher amounts of radionuclide.

INTRODUCTION

Radiolabeled antibodies are currently being used to treat
patients with cancer, with responses reported in a variety of
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advanced malignancies (1-8). We (1) and other investigators
(6,9-11) have based radiolabeled antibody dosimetry and treat
ment planning for therapy on the results of biodistribution
studies performed with trace-labeled antibody. Such extrapo
lation assumes that the uptake and retention of antibody is
unaffected by radiation energy imparted by the radiolabeled
antibody. Although such an assumption seems reasonable for
late responding organs such as liver, lung, and kidneys, it may
not be accurate for radiosensitive, rapidly responding tissues
such as lymph nodes and bone marrow. Estimating the radiation
absorbed dose to marrow is a particularly important factor in
treatment planning for use of radiolabeled antibodies in therapy
because bone marrow suppression has been the first dose-
limiting toxicity. Proposed methods for determining the radia
tion dose to marrow following infusion of a therapeutic amount
of radiolabeled antibody include extrapolating from the biodis-
tribution of trace-labeled antibody or assuming that the concen
tration in marrow is a fixed fraction ofthat in blood (9-11).
However, marrow is radiosensitive, and following large doses
of radiation, the marrow cavity is depleted of cells and replaced
by hemorrhage and extravascular fluid (12). If depletion of
marrow cells occurs more rapidly than clearance of the radio
activity from blood, it will result in increased distribution of
plasma radioactivity in marrow. Thus, following infusion of the
therapeutic amounts of radiolabeled antibody, radiation doses
to marrow may be higher than those extrapolated from the
distribution of trace-labeled antibody in normal, undamaged
marrow.

In the present study, we evaluated the influence of radiation
damage on antibody biodistribution in normal AKR/Cum
(Thyl.2+) mice receiving an n'I-labeled anti-Thyl.l antibody.

In this setting, the antibody does not bind to cells in the marrow
or other tissues. Biodistribution of the radiolabeled antibody
and absorbed doses to marrow were determined over a range of
treatment levels that produced hematological toxicity.

MATERIALS AND METHODS

Animals. Male AKR/Cum (Thyl.2+) mice (6 to 8 weeks old; average
weight, 25 g; range, 23-27 g) were obtained from Cumberland Labo
ratories (Clinton, TN) or from Fred Hutchinson Cancer Research
Center animal breeding facilities. All mice were housed in a specific
pathogen-free environment using disposable microisolator units at less
than six mice/unit. Bedding, food, water, and caging were autoclaved
prior to use. Cages were changed daily for the first week in each
experiment and two to three times weekly thereafter. Drinking water
was acidified (2% hydrochloric acid) and contained 0.3 mg/ml neomy-
cin. All procedures were performed in a laminar air flow hood.

Monoclonal Antibodies. Ascites containing the anti-Thyl.l IgG2a
monoclonal antibody 1A14 (13) and the anti-human platelet IgG2a
antibody G3G6 were produced in specific pathogen-free mice. Antibody
was purified from ascites by batch extraction and high pressure liquid
chromatography using ABx exchange resin (J. T. Baker, Phillipsburg,
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NJ). Fractions containing eluted antibody were pooled and diafiltered
into phosphate-buffered saline (40 mM NaCl-8 m,\i NaiPO.i-2.7 m.M
KC1-1.5 mM KH2PO4, pH 7.2) using a PM-10 ultrafiltration membrane
(Amicon Corp., Lexington, MA). Concentrated antibody was aliquoted
and stored at -70Â°Cuntil use.

Antibodies were labeled with '"I or 125I(ICN, Irvine, CA) using

lodogen (Pierce Chemical Co., Rockford, IL) at a specific activity of
<10 ^Ci/Mg. Labeled antibody was isolated on a G-25 column (PD-IO;
Pharmacia, Piscataway, NJ). All antibody preparations had less than
5% free radioiodine as determined by trichloroacetic acid precipitation.

Immunoreactivity (percentage of counts able to bind at antigen
excess) and avidity of the labeled IA14 were determined by binding to
viable tumor cells or AKR/J (Thy 1.1+) thymocytes, as previously-

described (14), to detect labeling damage. Immunoreactivity ranged
from 70 to 85%, with an avidity of 1 to 2 x 10' liters/mol. These

results were similar to 1A14 labeled at low specific activity (<1 ^Ci/
tig). Neither 13'I-labeled 1A14 nor radioiodinated G3G6 bound to AKR/

Cum thymocytes or spleen cells (<0.1%).
Administration of Radiolabeled Antibody. For each comparative bio-

distribution study, single labelings of 1A14 antibody with ' "I at high
specific activity (5 to 10 ^Ci/Vg) and G3G6 antibody with I25Iat low

specific activity (<1 ^Ci/jig) were performed. Labeled antibodies were
diluted with unlabeled antibody and phosphate-buffered saline and
mixed to yield the required amount of radioiodine and protein. For
therapeutic studies, the final mixture administered to each animal had
a total of 100 ^g of G3G6 antibody, 500 ^g of 1A14 antibody, 10 MCi
of '"I, and the required amount of "'I in a volume of 200 Â¡il.Antibody

preparations were administered by rapid i.v. injection via tail vein. A
large amount of antibody (500 /ig) was used to allow administration of
a constant protein dose and deliver up to 3500 nCi of "'I-labeled
antibody. Whole body activity of the '"I in each mouse was measured
in a dose calibrator (CRC-12R; Capintec, Ramsey, NJ) or well counter
immediately after injection and three times weekly thereafter.

Antibody Biodistribution. For biodistribution studies, groups of mice
were serially sacrificed at 1, 48, 96, 144, or 168 h after infusion.
Selected tissues were sampled, weighed in tubes containing 1 ml 10%
formalin, and counted in a gamma counter (Cobra 5000; Packard
Instruments, Downers Grove, IL). The % ID/g3 was calculated for 13II
and 125Iby comparison to a standard of the injectate. Data were not

adjusted for differences in individual mouse weights or for changes in
weight over time. Samples containing large amounts of '"I were allowed

to decay until they contained less than 106 cpm prior to counting.
Marrow samples were obtained by removing both ends of one femur

and passing a 21-gauge needle attached to a 3-ml syringe through the
marrow cavity. The marrow sample was expressed into a preweighed
test tube containing 1 ml 10% formalin, weighed, shaken to assure that
all material was in the bottom of the tube, and counted. Preliminary
histological examination of marrow samples obtained in this manner
showed that they contained cellular bone marrow similar in appearance
to midfemoral shaft marrow (see Fig. 3). The other femur was halved,
fixed in B5 fixative, decalcified, and stained with hematoxylin and eosin
for histological examination.

Radiation Dosimetry. Absorbed doses to mouse carcass, organs, and
other tissues were estimated from the infinite time integral cumulated
activity in each organ and the remainder tissues for an administered
activity of 1.0 mCi.

The absorbed dose to each organ or tissue was determined using a
modified Berger point-kernel method (15, 16) that accounted for both
the energy imparted from activity in the source organ and energy
imparted from activity in adjacent organs or tissues. This was achieved
by first constructing a "reference mouse" that mathematically models

the size, shapes, and relative positions of mouse organs for dose
calculations.4 The reference mouse model was constructed by analysis

of several dissected laboratory mice, the mass of their organs and
tissues, and the spatial positions of organs and tissues in the mice. The

3The abbreviations used are: % ID/g, percentage of injected dose per g of
tissue; TBI. total body irradiation; LDwjo, dose producing 50% lethality within
30 days.

4 D. R. Fisher et al., manuscript in preparation.

shapes of organs were represented by regular spheres (thyroid, thymus,
lymph nodes), by ellipsoids (heart, kidneys, intestinal region, lungs,
spleen, stomach, and liver), or by a long cylinder (femoral marrow).
The surface area of each "reference" organ was calculated, and the

fractional areas of each organ touching each adjacent organ were
estimated by visual analysis. The carcass tissue was modeled as an
ellipsoid containing the reference organs. The fractional amount of ml

beta energy absorbed by each source organ was then calculated, assum
ing that the radioiodine was uniformly distributed in the organ. Ab
sorbed fractions for '"I in abdominal organs were found to range from

0.74 (lymph node) to 0.94 (intestine). The fraction of the energy not
absorbed in the source organ and imparted to adjacent organs and
tissues was then calculated. Contributions from penetrating photon
components (6.6% of the total dose for whole body, 2.0% for liver)
were not included in the total dose.

Bone marrow was modeled as a long cylinder having a radius of 0.25
mm. Red marrow was assumed to be shielded from cross-irradiation
activity in other tissues by surrounding cortical bone containing no
radioiodine activity. The absorbed fraction of beta radiation in the red
marrow was determined by a Monte Carlo technique by calculating the
path length distributions for random, straight line tracks through a
long cylinder (compared to the maximum beta particle tract length) of
radius 0.25 mm. From this, the source organ-absorbed fraction for "'I

in femoral marrow was found to be 0.46.
Total Body Irradiation. A separate group of mice received total body

irradiation delivered using a dual "Co source (J. L. Shepherd, Series
78, Model 81-22). Mice were placed in 50-ml centrifuge tubes and
individually arranged in a mouse immobilizer (solid wood with 25
chambers, Plexiglas front and back; 28.5 x 32.5 x 14.5 cm), centered
between the two cobalt sources. To obtain dose uniformity, the immo
bilizer was placed at approximately 2.0 meters from each source, with
the long axis of each of the 25 mouse tubes parallel to the central axis
of each of the cobalt beams. Calibration of the gamma radiation field
using thermoluminescent dosimeters (Harshaw, Cleveland, OH)
showed that the average dose rate varied less than 1.5% among the 25
mouse tubes. The desired dose rate (20 cGy/min) was obtained by
adjusting the distance between the 60Co sources and the immobilizer.

The desired total dose was obtained by varying the irradiation time.
Measurement of Toxicity. To determine suppression of peripheral

blood cell counts, blood was collected by retroorbital puncture prior to
treatment and then two to three times/week on selected mice. Fifty p\
of whole blood were diluted 1:10 and analyzed on an automated cell
counter (Sysnex E-2500; Toa Medical Electronics, Los Alamitos, CA).

Statistical Analysis. The l,l>..,, .,, was determined by probit analysis
(SAS Institute, Cary, NC). Animals receiving Â±20%of a nominal
amount of '"I (/jCi), as measured by total body counting immediately

after infusion, were grouped together for analyses of median survival
and I,IK,, â€ž¿�,following antibody treatment. Variations in individual
mouse weights were not taken into account. In biodistribution studies,
activity concentrations (% ID/g) following high dose "'I-labeled anti
body were compared to trace-labeled antibody using a nonpaired t test.

RESULTS

Lethality of IMI-labeled Antibody. To determine the appro
priate range of '"I-labeled antibody doses that might influence

marrow antibody concentration, survival was first determined
in mice receiving graded doses of "'I-labeled antibody. An
additional group of mice received TBI from a dual 60Co source

delivered at 20 cGy/min to assure that AKR/Cum mice in the
Fred Hutchinson Cancer Research Center colony had a radia
tion response similar to other, more extensively evaluated
strains.

All mice survived TBI exposure up to 800 cGy. Following
900-1300 cGy, median survival decreased to approximately 15
days (Fig. 1). Examination of peripheral blood cell counts
showed severe pancytopenia (Fig. 2), and these mice presumably
died from marrow aplasia. Following a further increase in the
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IBI

Fig. 1. Median survival times. Median survival (days) after TBI (top) or infusion
of 131I-labeledantibody (bottom) is shown for groups of 4 to 10 mice/point.

dose of TBI to 1900 cGy, median survival progressively short
ened to 6 days, presumably from increasing damage to the
gastrointestinal tract ( 12). These results are comparable to those
of other investigators (12, 14). Probit analysis of survival
showed that the LD50/3owas 930 cGy (95% confidence interval,
900 to 960 cGy).

Similarly, following infusion of 700 to 1400 ÃŸC\of 'â€¢"!-

labeled antibody, median survival was 13 to 15 days (Fig. 1).
Increasing the amount of labeled antibody from 1400 fid to
4500 ÃŸdresulted in a gradual shortening of median survival
to 7 days. Examination of peripheral blood cell counts in mice
receiving >500 juCi showed pancytopenia by 48 h after infusion
(Fig. 2). Myelosuppression, similar to that seen after 800 cGy
of TBI, occurred following infusion of 500 ÃŸCiof "'I-labeled
antibody. Probit analysis showed that the LD50/3o for "'I-

labeled antibody was 530 ÃŸCi(95% confidence interval, 460 to
580 MCi).

Marrow Histology following "'I-labeled Antibody. Bone mar

row histology was examined after infusion of 10, 250, 500, and
3500 i/Ci of ml-labeled antibody. Histological changes, in

general, corresponded to the decrease in peripheral blood cell
counts (Fig. 3). Infusion of antibody labeled with 250 tÂ¿Ciled
to mild hypocellularity which was only apparent at 168 h after
infusion. After infusion of 500 Â¿Â¿Ci,there was moderately
decreased cellularity and hemorrhage by 48 h, and there was
essentially complete aplasia and marked hemorrhage in the
marrow space by 168 h. Marrow histology at 96 h after infusion
showed changes intermediate between those seen at 48 and 168
h for both 250 and 500 nCi infusions. After infusion of 3500
Â¿Â¿Ci,the marrow showed aplasia and hemorrhage by 48 h after
infusion, similar to that seen 168 h after infusion of 500 fid.

Biodistribution of Antibody Labeled with Large Amounts of
I3II. To evaluate the influence of the amount of infused "'I-

labeled antibody on biodistribution, groups of mice were sacri
ficed at 1, 48, 96, 144, and 168 h after infusion of 500 ÃŸgof
antibody labeled with 10, 250, 500, or 3500 nC\ of "'I combined
with 10 ^Ci of '"I-labeled control antibody. '"I and '"I con

centrations in blood, kidney, liver, lung, lymph node, spleen,
thymus, and marrow were determined by tissue sampling and
counting.

Following infusion of antibody labeled with 10, 250, or 500
tiCi of I3II, concentrations of "'I in blood, kidney, liver, and

lung were similar over time (Fig. 4/1). In contrast, concentra
tions of '"I in marrow, spleen, and thymus were higher at later
time points (96 to 168 h) after 250- or 500- pC'i infusions than

after 10-/Â¿Ciinfusions. Lymph node showed a similar trend.
The differences in "'I concentrations in lymphohematopoietic

tissues following infusion of antibody labeled with 3500 or 10
pC\ were even greater (Fig. 5/4). In animals receiving 3500 ÃŸCi,
marrow concentrations rose over the first 48 h and remained
significantly higher than those in animals receiving trace-la
beled antibody. The higher concentrations of '"I in marrow,

spleen, and thymus after infusion of antibody labeled with large
amounts of activity were not the result of uptake due to labeling
damage or radiolysis since, in each experiment, concentrations
of the simultaneously administered 125I-labeledcontrol antibody
were similar to those of the '"I (Figs. 4B and 5B).

Marrow/blood ratios of '"I are shown in Table 1. At 1 h

after infusion, marrow/blood ratios were similar among groups
and ranged from 0.23 to 0.32. Following infusion of 10 nCi of
"'I-labeled antibody, marrow/blood ratios remained relatively
constant over time at 0.32 to 0.17. At late time points, a dose-
related increase in the marrow/blood ratio in animals receiving
250 to 3500 /Â¿Ciwas observed as compared to those receiving
trace-labeled antibody (10 ÃŸCi).For example, at 96 h after
infusion, marrow/blood ratios were 0.29, 0.45, 0.88, and 1.08
for the 10, 250, 500, and 3500 /tCi groups, respectively. By
comparison, whole body/blood ratios were similar among
groups at all times.

Antibody Dosimetry. To determine the magnitude of change
in absorbed radiation dose to marrow and other lymphohema
topoietic tissues that might occur with the observed changes in
biodistribution, radiation doses following infusions of large
amounts of "'I were estimated from the biodistribution data

(Table 2). After infusion of antibody labeled with 250 to 3500
ÃŸCiof "'I, estimated mean absorbed doses to heart, kidney,

liver, lung, and carcass were similar to those after infusion of
antibody labeled with 10 /iCi "'I. In contrast, after infusion of

250 to 3500 ÃŸCi,estimated mean absorbed doses to lymph
node, marrow, spleen, and thymus were 1.2 to 3.1 times higher
than those estimated after infusion of 10 ^Ci. Based on these
estimates, infusion of an LD50/.ioamount of'"I (530 ÃŸCi)would
deliver 1600 cGy to marrow if calculated using the biodistri-

20 30 0

DAYS
Fig. 2. Hematopoietic suppression. Serial total WBC counts and platelet counts

(PLT) are shown for 2 to 3 mice/time point.
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Fig. 3. Bone marrow histology. Representative hematoxylin and eosin-stained sections of BS-fixed and decalcified bone marrow obtained at 48 h (A, C, E) and 168
h (fi, D, F) after infusion of '"I-labeled antibody. A and B, 10 Â¡Â¿Ci;C and D, 250 >iCi;E and F, 500 Â»jCi.A and Ã„show normal marrow morphology in the mouse

midfemur. F shows severe hypoplasia with replacement of nucleated cells by blood.

bution of 500 /Â¿Ciof '" I-labeled antibody, whereas it would
deliver 1100 cGy if calculated from the biodistribution of trace-
labeled antibody.

DISCUSSION

Experimental and early clinical trials of radiolabeled antibod
ies as therapeutic agents for the treatment of malignancy have
identified bone marrow suppression as the initial dose-limiting
toxicity (1-8). For this reason, estimation of the radiation dose
to marrow is an important component of radioimmunotherapy.
Although marrow suppression can be overcome by the use of

bone marrow transplantation (1), estimation of bone marrow
dose remains an important issue since marrow dosimetry will
determine the timing of marrow reinfusion. In addition, very
high doses of radiation to the marrow cavity (approximately
4000 cGy external beam) can damage the marrow microenvi-

ronment, potentially delaying or preventing engraftment of
infused marrow stem cells (17).

Marrow is a widely distributed heterogeneous organ. The
difficulties of adequate sampling in multiple marrow sites over
time to measure the concentration of radionuclide have led to
the use of surrogate indicators for estimating marrow dose (11).
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For example, either blood activity concentration (18, 19) or
whole body absorbed dose has been used to estimate marrow
dose. In some situations, direct measurement of marrow radio
activity concentrations can be accomplished by quantitative
imaging following infusion of a trace amount of radionuclide
(9, 10). However, all of these methods assume that the activity
in marrow relative to blood or whole body remains constant
over time or that activity concentrations in marrow are similar
following infusion of trace-labeled antibody and antibody la
beled with therapeutic amounts of radionuclide.

Lymphohematopoietic cells within the marrow and elsewhere
are rapidly depleted following external beam radiation. High
dose TBI (1100 cGy), given shortly after antibody infusion, can
significantly modify the distribution of a radiolabeled antibody
binding to lymphoid organs as early as 24 h after infusion (20).
In the marrow cavity where the total volume is fixed, the space
occupied by cellular material is replaced with blood and extra-
vascular fluid, while in spleen and lymph node the total organ
mass decreases, presumably altering the proportion of total
mass that is blood (12). Thus, the radiation delivered by radio-
labeled antibody may change the biodistribution from that
predicted by trace-labeled antibody.

The present studies were performed to examine the effect of
radiation delivered nonspecifically by an antibody that does not
bind to either marrow or lymphoid cells, a model analogous to
the treatment of solid tumor with an antibody that does not

react with normal marrow elements. Our results demonstrated
that treatment with antibody labeled with large amounts of "I

can result in depletion of marrow cells by 48 h after infusion.
Since antibody was cleared slowly from serum (/,/, = 70 h), this
depletion resulted in higher radioiodine concentrations in mar
row as compared to those seen after infusion of trace-labeled
antibody. Similar differences in the concentration of radiolabel
were seen in spleen, thymus, and lymph nodes, all representing
lymphohematopoietic tissues that respond rapidly to radiation.

The change in marrow activity concentration was most
marked following infusion of a supralethal amount of '"I,

which produced rapid, complete marrow aplasia (3500 pCi)
within 48 h. In this case, concentrations of I3II in marrow

increased over 96 h and exceeded those in blood. Infusion of
smaller amounts of activity resulted in less striking changes,
but infusion of even sublethal amounts of 13II(250 Â¿iCi),which

resulted in only mild marrow hypocellularity, were associated
with an '"I concentration in marrow that, at 96 h after infusion,
was 55% higher than seen after infusion of trace-labeled anti
body. The increased concentration in marrow following infu
sion of large doses of '"I-labeled antibody was presumably in

part due to replacement of cellular contents by extravascular
fluid. In addition, nonspecific accumulation may have occurred
as a result of hemorrhage, coagulation, and tissue damage (21,
22) in the marrow cavity, as suggested by a marrow concentra
tion exceeding that of blood following infusion of 3500 nCi.

5925

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/21/5921/2445136/cr0510215921.pdf by guest on 19 M

ay 2023



ANTIBODY BIODISTRIBUTION

A.

aa

se

ai
14

T

O'

Blood ia

IB

ia
9

â€¢¿�â€¢

3

O'

144 182 o 4B aa 144 192

B.
33

88

31

14

7

O'

Blood

"-i*

144 198

la
IB

la
B'

B

3

O'

E 4

o& 2
Â« Â°
o.

Kidney Lymph node

E -
I-

Kidney Lymph node

4B 9B 144 192 O 4B 9B 144 4B BS 144 192

8

O

ao

la
la

a

Liver Spleen

--.I*

4B 9B 144 192 O 4B 9B 144 192

Lung Thymus
.,1* R.

4

a

o

ao

IB

ia

Liver

9B 144 192 O 4S 9B 144 192

Lung Thymus..,1*R..

4B 96 144 192 4B 9B 144 192 40 9B 144 192 4B 9B 144 192

Hours Hours
Fig. 5. Biodistribution. Experiment II: animals received 500 ng of antibody labeled with 10 ( ) or 3500 ( ) Â»iCi,simultaneously with 100 ng of antibody

labeled with 10 ^Ci of '"I-antibody. Means Â±SD of the % ID/g 131I(A) and I2!I (A) are shown for 5 animals/point. *, values significantly different from 10 \iC\ (P
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Table 1 Tissue/blood ratios"

Infused activity
GiCi131I)Marrow/blood

10
250
500

3500Whole

body/blood
10
250
500
35001

h0.32

Â±0.13
0.27 Â±0.09
0.23 Â±0.09
0.25 Â±0.01f0.15

Â±0.04
0.10 + 0.02
0.09 Â±0.02
0.11 Â±0.0148

h0.29

Â±0.07
0.30 Â±0.01
0.46 Â±0.13*
1.27+0.38*0.16

Â±0.04
0.14 + 0.01
0.14 Â±0.01
0.18 Â±0.0196

h0.29

Â±0.17
0.45 + 0.14*
0.88 Â±0.26*
1.08Â±0.21C0.13

Â±0.02
0.12 Â±0.02
0.11 Â±0.02
0.15 + 0.01144

h0.22

Â±0.02

1.15Â±0.10C0.1

5 Â±0.02

0.15 Â±0.03168

h0.17

Â±0.10
0.34 Â±0.23
0.30 Â±0.200.14

Â±0.02
0.09 + 0.01
0.08 Â±0.01

" Tissue/blood ratio (mean Â±SD) for 4 or 5 mice/group.
* Different from 10 >Â»Ci,P < 0.05.
' Different from 10 Â¡iC\,P< 0.01.

Similar mechanisms presumably account for the increased con
centrations in spleen, lymph node, and thymus.

Whether similar changes might occur following infusion of
high dose compared to trace-labeled antibody in humans is
uncertain and will depend on radionuclide dose and the time
course of tissue damage relative to effective half-life in serum.
The decrease in peripheral blood cell counts following infusion
of high dose 13ll-labeled antibody is slower in humans than in

mice. However, the decrease begins within a few days after
infusion (1) and would be more rapid with increasing doses of
I31I,perhaps approaching the 30- to 50-h effective serum half-

life of antibody in humans. The use of short half-life radio-
nuclides or antibodies that are rapidly cleared from circulation
might minimize the effects of alterations in antibody concen
trations in early responding tissues caused by absorbed radia
tion. For example, in dogs, there was no difference in marrow
radionuclide concentrations of an anti-myeloid antibody labeled
with myeloablative amounts of I31Icompared to trace-labeled

antibody, even though rapid aplasia occurred, because the an
tibody was cleared from serum within a few hours (23).

Precise determination of bone marrow dosimetry was not a
goal of this study since this would have required examination
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Table 2 Absorbed dose estimates (cGy/mCi)"

Amount of '"I infused

TissueHeartKidneyLiverLungLymph

nodeMarrowSpleenThymusCarcass

(remainder)dose

Ratio*170026002300460035002000230021001400.1.2.1.2.1.4.2.6.0Dose190031002500550039002800280034001400Ratio.1.0.1.3.61.51.63.10.9Dose190026002500600056003000370065001300Ratio1.01.11.01.21.91.82.42.20.9Dose170029002300550067003600550046001300

" Estimated absorbed doses (cGy/mCi) were calculated from the mean tissue

concentrations in the biodistribution studies of antibody labeled with 10, 250,
500, or 3500 â€ž¿�Ciob '"I.

* Ratio of estimated absorbed dose (cGy/mCi) following infusion of antibody
labeled with 250, 500, or 3500 â€ž¿�Ciml to absorbed dose following infusion of
antibody labeled with 10 â€ž¿�Ciof '"I.

of biodistribution at many more time points. In addition, the
"average" marrow absorbed dose might differ from the estimate

that we obtained using a dosimetrie model for femoral marrow.
A portion of the active marrow is in trabecular bone, where
antibody concentrations may differ from those in femoral mar
row. The presence of bony spicules would also require more
complex dosimetrie models than the one we used (24). Because
of this variation in marrow morphology, no single dosimetrie
model will apply accurately to the entire marrow space. For
example, the absorbed dose to marrow in trabeculae could well
be less than the absorbed dose in femoral spaces due to energy
absorption by calcified tissues. Using the data in the current
study, following infusion of an LD50/jo of m I-labeled antibody,

the absorbed dose to marrow would be 1100 cGy if estimated
using the biodistribution of trace-labeled antibody and would

be 1600 cGy if calculated based on biodistribution studies after
infusion of antibody labeled with 500 jtCi. Both of these values
are close to the LD50/3oof TBI (930 cGy) and consistent with a
small decrease in relative biological effect because of the low
dose rate of "'I-labeled antibody (25-29).

Our results imply that marrow absorbed dose following in
fusion of therapeutic amounts of I31l-labeled antibody may be

significantly underestimated if extrapolated from the biodistri
bution of trace-labeled antibody in mice. At the same time,
because the fraction of the infused dose of I3II in marrow varied
with the amount of I31I, but blood and whole body clearance

were unaffected, marrow dose could not be estimated by assum
ing that marrow activity was a fixed fraction of that of blood
or whole body. For this reason, such surrogates for marrow
dose must be used with caution when myelosuppressive
amounts of activity are administered. Since rapid cellular de
pletion is required, the altered concentrations that we observed
would be expected primarily after large doses of radionuclide
sufficient to require marrow support. In this setting, the marrow
cavity may receive higher than anticipated amounts of radiation
energy, and damage to the marrow microenvironment may be
potentially dose limiting.
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