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The contribution to red marrow absorbed dose from B-emitting
radionuclides distributed uniformly in the total body can be
overestimated using either MIRD 11 or MIRDOSES. The S value
assigned to the red marrow target region from activity distrib-
uted in the remainder of the body is of particular concern. The
assumption that the specific absorbed fraction for total body
irradiating red marrow and other skeletal tissues is the inverse of
the total-body mass can result in an inappropriate remainder-
of-body contribution to marrow dose. We evaluated differences
in the calculation of marrow dose using MIRD 11 and MIR-
DOSE3 formulations and developed methods to correct the
results from either to remove inappropriate contributions. When
bone takes up significantly less activity than is predicted from
an apportionment of remainder-tissue activity based on mass,
the standard remainder-of-body correction may substantially
overestimate the electron component of the S value from re-
mainder tissues to red marrow using either MIRD 11 or MIR-
DOSES3. If bone takes up activity, this contribution is negligible
using MIRD 11 S values but remains with MIRDOSES S values.
This overestimate can be significant, particularly when the res-
idence time of activity in the remainder of the body is much
higher than in the red marrow and a different correction is
needed. As the ratio of the remainder of body to marrow resi-
dence time is lowered, the overestimate becomes less signifi-
cant. Conclusion: In this article, we show the magnitude of this
overestimate (which is most important for nuclides with large
“nonpenetrating” emission components and for pharmaceuti-
cals that have a large ratio of remainder of body to marrow
residence times), show the appropriate corrections to be made
in each case, and propose a new method for calculating marrow
dose contributions that will avoid this complication in future
applications. Because all models give approximate doses for
real patients, with uncertainties within those involved in these
corrections, we do not suggest that changes be made to exist-
ing marrow dose estimates. We suggest only that future calcu-
lations be as accurate as possible.
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/ \bsorbed dose calculations for radiopharmaceuticals are
generally performed using the MIRD techniqug),(in
which the absorbed dose D to a target organigrgiven as:

D, = > AuS(ry < 1), Eq. 1

h

where A, is the cumulated activity in source regiop r
(which is a measure of the number of disintegrations that
have occurred there), and Sé+ r,) is the so-called S value,
which gives the dose in regiopper unit cumulated activity
(per disintegration) in source regiof Tabulated values of

S have been given for many pairs of organs, for 117 radio-
nuclides, using the anthropomorphic model used in MIRD
11 (2). Although not formally published, S values for more
radionuclides and phantoms were made available in the
MIRDOSE personal computer softwai®.(In a given prob-
lem, one typically has values of cumulated activity for
various source regions, such as the liver and kidneys, and a
value that represents cumulated activity in the remainder of
the body, that is, the total body minus the organs in which
a significant concentration of activity was observed. Al-
though not necessitated by the underlying principles of
Equation 1, S values typically have been calculated assum-
ing uniform distributions of activity within source regions,
with dose averaged uniformly over the target regions. The S
values sum the dose contributions from so-called penetrat-
ing (photon) and nonpenetrating (electron) radiation for a
given radionuclide. Most organs are of sufficient volume for
the kinetic energy of nonpenetrating radiation to be ab-
sorbed locally. In certain special cases, however, cross-fire
of nonpenetrating radiation energy can occur between par-
ticular source and target regions; one such special case
involves the tissues of the skeleton.

For nonpenetrating radiation, both MIRD 11 and MIR-
DOSE3 assume that, for all organs, including the red mar-
row and other skeletal targets, the specific absorbed fraction
for total body (TB) as a source is simply:

d(organ < TB) = —

. Eqg. 2
Mg a
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This is because when one calculates the S value for a sountathematic correction is needed only for photon emissions,
in the total body irradiating an organ, but when it is applied to total S values (including both
penetrating and nonpenetrating emissions) using the as-

S(organ < TB) = S Ad = 3 A d(organ < TB)  symptions of Equations 3 and 4 for organs that have cross-

Morgan fire, explicit compensation must be made for the cross-fire
Eq. 3 component. This need is not obvious in the remainder-of-
body method as described in the literature, and failure to
an absorbed fraction for the nonpenetrating emissions oompensate results in incorrect assignment of the remain-
der-of-body contribution to the total dose. The purpose of
d(organ < TB) = 1 x Morgan Eq. 4 this study was to show that the dose contributed from the
My remainder of the body to the red marrow dose contribution
Jean be overestimated using either MIRD 11 or MIRDOSES3.
r(1Similar arguments would apply to the MIRDOSE2 soft-
ware, still in use in some sites; however, specific results

that occur in the total body is assumed to occur in the orgg m this software are not discussed here.) Correction meth-

(using the traditional rule that activity in the total body iP0s for the use of either set of S values will be derived, but

distributed throughout the body, and therefore, the fractidﬂorfb'mdpcgtanr’ a bfTIttS r method dfqr thﬁ. (r:]a':rc]:_ulatlon I(')f
in any organ is the ratio of the organ mass to the total-bod)2" % y vatues Will b€ proposed, in which this compfi-
mass). Second, all energy emitted in the organ is assumed gon 0€s not oceur.

be absorbed in the organ (the absorbed fraction for self-
irradiation is 1.0). Thus, the S value (for the nonpenetratiBACKGROUND (OPERATIONAL EQUATIONS)

is usually applied, where ganis the mass of the organ an
My is the mass of the total body. This fraction derives fro
two assumptions. First, the fraction {ga/mrs) of decays

component) turns out to be: Consider a purg-emitting radionuclide of average en-
ergy E. MIRD 11 and MIRDOSE3 compute the S value for
2 A irradiation of the red marrow (RM) by the hypothetical total
S(organ < TB) = ;n _ Eq.5 body source as:
B
_— _ . 2 A
In the case of organs in which cross-fire of nonpenetrating S(RM < TB) = — Eq. 6

radiation occurs, the assigned absorbed fraction should not
be 1.0, and the use of this assumption introduces inacCUfgrereA = k X n X E, n being the abundance of electrons
cies into the calculation for which Compensation must hﬁlth average energy E, and k being a proportiona"ty con-
made. stant used to convert units.

In the case of bone and marrow, MIRD 11 provides no |n the MIRD 11 and MIRDOSE3 S value tables, the S
discussion of this potential problem. One may consult publzlue for total body irradiating red marrow is calculated

cation ORNL-5000 of the Oak Ridge National Laboratoryysing Equation 6. When the standard remainder-of-body
Oak R|dge, TN 4), for a sense of the limitation in the dosl-(RB) correction 6) is app“ed

metric model underlying the methods, but this potential calcu-
lational problem is not discussed there either. The MIRDOS
code attempted to implement the MIRD method and carri
over the calculational approach including this potential prob-
lem. A dire(_:t method to correct _for the cros;—fire also is not ~ S s(r, — rh)<mh>, Eq. 7
apparent within the MIRDOSE implementation of the bone N Mg
and marrow model of Eckerman and StabiB) ((the
“Eckerman model”), and, as with MIRD 11, this issue was nathere S(f < RB) is the S value for remainder of body
discussed in any of the literature supporting the code. irradiating target region,f S(, < TB) is the S value for
Remainder-of-body (i.e., total body minus source rdetal body irradiating target region,rS(, < ry) is the S
gions) S values, which are obtained by subtracting thlue for source-region, irradiating target regionJ myg is
source—to—target-region contributions from the total-bodythe mass of the total body,d@is the mass of the remainder
to—target-region S values, must be determined, becawddghe body (i.e., the mass of total body minus the mass of
these values are not tabulated. These calculations are meagher source organs used in this problem), andisnthe
a refinement of the way the basic MIRD absorbed doseass of source-region, ronly specifically identified source
equations should be used. regionsare included in the summation. The remainder-of-
The use of the conventional remainder-of-body S valu®dy to red marrow S value, calculated using Equation 7,
correction 6), however, can result in an overestimate of thean be overestimated using either MIRD 11 or MIRDOSE3.
remainder-tissue dose contribution to the red marrow, @ae magnitude of this overestimate will depend on whether
will be shown. The reason for this overestimate is that thione takes up activity.

M+g
RB
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When bone does not take up activity, additional ternte use the remainder of the body at all to calculate
that are not source regions are required in Equation 7 étectron doses to any organs. The S value correction,
determine the appropriate dose contribution from the reutlined originally in the paper of Cloutier et al7)(and
mainder of the body to the red marrow. These terms are tfefined by Coffey and Watsorg), is needed only for
bone components (i.e., trabecular and cortical bone); thelioton contributions. Values sb(organs<— TB) (with
should be included in the summation in Equation 7 usinghoton and electron emissions combined) are tabulated
MIRD 11, or they should be considered source regions wite.g., in theMIRD Pamphlet No. 5, Revis€#) and in the
zero residence times using MIRDOSE3. Otherwise, becausdsty and Eckerman9) phantom series results), and a
of the apportionment of remainder-tissue activity to boneprrection is needed to avoid double-counting of photon
an unwanted contribution from the remainder of the body &missions from individual organs considered in a given
the red marrow will occur using either MIRD 11 or MIR-problem. However, one can calculate S values with the
DOSES, as will be shown shortly. photon and electron components calculated separately.

Equation 7 can lose numeric significance in real prolf~or electrons, one need only assign some fraction of the
lems and loses accuracy when significant cross-fire aemainder-of-body activity to the appropriate organs, cal-
curs between source and target regions. The latter prahate theB contribution to each organ’s dose, and avoid
lem occurs because correction of Equation 7 was meanaking the remainder-of-body correction to the electron
only for photon emissions (for which the correction i€omponent of the S value. For photons, one must use the
needed because of the way that total-body specific alabulated specific absorbed fractions for the total body
sorbed fractions and S values are calculated); howeverad perform the remainder-of-body correction. After sep-
fortuitous cancellation occurs for nonpenetrating emisrate calculation of all photon and electron contributions
sions for organs that have no cross-fire component (io an organ dose, they can be added together to give the
Equation 7, both terms involving the nonpenetrating emissiotttal dose to each organ. This calculation method is
(np) turn out to beX A,/mgg, and one cancels the other). Ifprobably the easiest and safest.
there is cross-fire, however, the terms do not cancel and an
error occurs for which a further correction is needed (e.g., {GALCULATIONS (MAGNITUDE OF
organs with separate wall and content fractions; MIRDOSH3HE OVERESTIMATE)

makes a special correction in this case). The degree to which the remainder-of-body contribution
For red marrow, a better approach to the calculation & the red marrow absorbed dose is overestimated will
the S value of Equation 6 is: depend on the assigned residence times in the red marrow
S Amrd(RM < R) and total (or remainder of) body. Thes.e vary considerably
: from problem to problem. Residence times in red marrow
S(RM < TB) = — X M , for monoclonal antibodies, for example, are often assigned

Eq.8 ON the basis of calculated residence times in bldd). \We
compared the MIRD 11 and MIRDOSE3 models using a
where R is any region of the body and the applicablgmnall residence time of 0.2 h in red marrow and a residence
absorbed fractions are used. (We suggest that the sumfi@e of 30 h in the remainder of the body. This ratio of
tion exclude the contents of the gastrointestinal tract angsidence times is extreme, but the situation can arise in, for
urinary bladder, because one cannot assume that their é&kample, the use of pretargeting techniques, in which a
tivity concentration is equivalent to that in body tissuesglearing agent is used to lower the residence time of radio-

When the applicable source regions are known, the contgictivity in the blood but the residence time in the total body
bution from the remainder of the body should be computedmains relatively high. The nuclide 38Y.

using Equation 8 rather than the standard procedure used for
the remainder-of-body correction (Eq. 7). Again, when bone MIRD 11.
does not take up activity, the remainder-of-body calculatian(RM < RM) = 0.2 hx 8.6 X 10 *rad/u.Ci h
based on Equation 8 must explicitly subtract the bone com-
ponents (e.g., trabecular and cortical bone) from the remain-
der-tissue contribution to the red marrow dose. (Neith&(RM < RB)
MIRD 11 nor MIRDOSES3 considers the yellow marrow as .
a source region. On the basis of the MIRDOSE3 definition =30hX[2:8x 107 radjCi h X (69,880 g/68,380)g
of red marrow, one would expect the yellow marrow to —8.6X 10 *rad/uCi h X (1,500 g/68,380 j
contribute to energy deposition in the red marrow; however, . . .
the absorbed fractiod[RM < YM], where YM is yellow % 1,0001.Ci/mCi = 0.292 rad/mCi
marrow, has been calculated and found not to contribuféus, S(RM<— RB) = 9.74 X 1076 radjuCi h.
significantly in Equation 7.) The total dose to the red marrow is 0.1420.292 =

An alternative and much simpler solution, which i9.464 rad/mCi, of which 63% is contributed by the remain-
mathematically equivalent to the use of Equation 8, is nder of the body. If bone were to take up no activity, the

X 1,000 Ci/mCi= 0.172 rad/mCi
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calculation would stop here and an inappropriate remainder-Thus, S(RM« RB) = 1.53 X 10° radj.Ci h.

of-body contribution would be left in the calculation be- The total dose to the red marrow is 0.15680.459= 0.615
cause the MIRD literature gives no guidance on possiblad/mCi, of which 75% is contributed by the remainder of the
corrections. However, one can subtract the bone comgmdy, compared with the 63% contribution given by MIRD 11.
nents, assigning a fraction of the remainder-of-body activi§ubtracting trabecular bone from the remainder term,

as follows (if bone uptake had been present, these organs

would have been included in the summation of Eg. 7P(RM < RB)

Sut_)tracting the trabecular bone contribution from the re- — 30 [2.70% 107 rad/u.Ci h

mainder term,

X (73,700 g/71,580
D(RM < RB)

) , — 7.82% 10 rad/uCi h X (1,120 g/71,580 g
=30 hx [2.8% 105 rad/u.Ci h

— 5.12% 107* rad/uCi h X (1,000 g/71,580 g
X (69,880 g/67,380 g

) X 1,000Ci/mCi = 0.25 rad/mCi
—8.6X 10 *rad/.Ci h X (1,500 g/67,380 g

Thus, S(RM< RB) = 8.4 X 10°% radjuCi h.

—5.7x 10" rad/u.Ci h x (1,000 g/67,380 § The total dose to the red marrow is 0.1560.25 =
X 1,000..Ci/mCi = 0.043 rad/mCi 0.496 rad/mCi, of which 62% is contrlbu_ted by the re-
mainder of the body. The S value for cortical bone to red

Thus, S(RM<« RB) = 1.43 X 10% radjuCi h. marrow is small, S(RM— CB) = 7.73 X 10 1! radju.Ci

The total dose to the red marrow is 0.1#20.043 = h, and thus makes a negligible contribution. The contri-
0.215 rad/mCi, of which 20% is contributed by the remairbution from yellow marrow is also small. Thus, in MIR-
der of the body. Subtracting the cortical bone contributioDROSE3, even when the bone components are subtracted,
from the remainder term, the use of Equation 6 results in a remainder-of-body
contribution that has no credible origin. In the bone and

D(RM < RB) marrow dose model used in MIRDOSE3 (the Eckerman
=30 hx[2.8X 10 °rad/u.Ci h model), energy originating in the marrow spaces is dis-
sipated in the marrow spaces (which contain a mixture of

% (69,880 g/63,380 g red and yellow marrow), in the dividing cells on the

. surfaces of the trabeculae, and within the volume of
—8.6x 107" radjuCih X (1,500 g/63,380 g trabecular bone mineral. Because the S values for trabec-
—5.7x 10 “rad/.Ci h X (1,000 g/63,380 y ular and cortical bone as targets are scoring doses only in
a small layer of cells on bone surfaces, the use of the
—3.3X 10 °rad/uCi h X (4,000 g/63,380 § MIRDOSE3 bone model with Equation 6 will not ade-

. . . qguately account for the total distribution of energy within
*x1,0001.CI/mCi = —0.0167 rad/mCi the skeletal regions, and thus an inappropriate remainder-
Thus, S(RM< RB) = —5.6 X 1077 radj.Ci h. of-body dose contribution to the red marrow will remain.

Because a negative contribution is not possible, this cofppropriate application of Equation 8, however, will
tribution should be set to zero, giving a total dose of 0.172sult in a correct calculation of the dose. As noted in the
rad/mCi to the red marrow, all from red marrow. Almost alfppendix, “reciprocity” is not expected to exist in the
of the negative dose contribution (approximateii0% Skeleton, because it is a mixture of materials of different
error) is caused by rounding (the loss of numeric signifdel’lsities and atomic compositions. Thus, the fact that the
cance referred to above) in the tabulated MIRD 11 totépe of correction shown here removed the unwanted

body to red marrow S value. contributions (within 10%) with MIRD 11 S values was
probably caused by some sort of force fitting of the S
MIRDOSES3. values by the MIRD 11 authors. The different definition

for source and target organs and the absence of such a
fitting approach in the Eckerman model cause this con-
X 1,000,.Ci/mCi = 0.156 rad/mci tribution to remain in the MIRDOSES3 calculation.

D(RM < RM)=0.2hX 7.82X 10 *rad/j.Ci h

D(RM < RB) SOLUTION (REMOVAL OF THE OVERESTIMATE)

=30 hXx[2.70X% 10 ° rad/uCi h X (73,700 g/72,580 Table 1 compares the results of a red marrow dose
calculation using the various models and methodologies.
The first three rows in the table represent the situation in
X 1,000 Ci/mCi = 0.459 rad/mCi which bone does not take up activity, and the last three rows

—7.82x 10 *rad/uCi h x (1,120 g/72,580 g
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TABLE 1
Results of Three Methods to Determine Red Marrow Dose

Red % Dose
Method used for marrow % Dose contribution

S(RM < TB) S(RM « TB) dose contribution from remainder

determination Equation (rad/p.Ci h) (rad/mCi) from red marrow tissues
No bone uptake

MIRDOSE3 6 2.7 X 10°% 0.62 ~25% ~75%

MIRD 11 6or8 2.8 x107° 0.46 ~37% ~63%

MIRDOSE3 8 1.9 x 1075 0.37 ~43% ~57%
With bone uptake*

MIRDOSE3 6t 2.7 X107 0.41 ~38% ~62%

MIRD 11 6T or 8 2.8 X 10°% 0.17 >99% <1%

MIRDOSE3 8 1.9 x10°% 0.16 >99% <1%

*Or when bone contributions have been subtracted even though no bone uptake was present.

TUse of Equation 6 with correction for bone contributions to remainder of bodly.

Residence times used were as follows: RM = 0.2 h, RB = 30 h. For no bone uptake, the residence times in cortical and trabecular bone
were set to 0.

represent the situation in which bone does take up activiégnsitivity of marrow to radiation because of prior chemo-
(or in which bone contributions have been subtracted evéiterapy, etc.) cause problems in interpreting observed re-
though bone did not take up activity). The use of Equatiasponses to radiation, and changes on the order of 10%-50%
8 eliminates the extraneous remainder-of-body dose conifi- the model-reported doses are not the problem. Only
bution to the red marrow in the case of bone uptake calcletter, more patient-specific models for marrow dose will
lated by MIRDOSES. The difference in the results from usgsult in more accurate dose estimates and better correla-
of Equation 6 by MIRD 11 and MIRDOSES is explained injons of calculated dose with observed effects. Nonetheless,
more detail in the Appendix. . _ this calculational problem, now identified, should be cor-
If we continue to us&Y and a remainder-of-body residencgecteq so that the applicability of models can be improved

time of 30 h but change the red marrow residence time t0 2,414t the need to correct for this unwanted contribution.
the remainder-of-body contribution (assuming bone uptake ofThe correction to new calculations using existing mod-

activity) for MIRD 11 drops to 15% anq that fo'r Iv'”.?DOSE?’eIs is most important when absorbed doses to individual
drops to 23%. If the red marrow residence time is 5 h, the .. . . .
contributions are 6% and 11%, respectively. Obviously, as tRat|er1ts are wnportant, such_as for the therqpeutlc admin-
ratio of the remainder-of-body residence time to the red mar- ration of rad|opharmaceut|cal§. When using MIRD 11,
row residence time is reduced, the remainder-of-body confil'€ can ca!culate the appropnate dqse to red marrow
bution to the absorbed dose will be reduced accordingly. If of§'"d Eauation 6 by explicitly subtracting the bone con-
is working with a photon emitter, for which red marrow dosd/!Putions (if bone is not a source organ). Users of MIR-
has both a photon and an electron component and for whigf?SE3 can easily correct for unwanted contributions of
other organs involved may contribute significantly to red maPure B-emitters by inspecting the output tables that give
row dose, these contributions will be still less important. ~ the percentage contributions from the source organs and
removing the remainder-of-body contribution to the red
DISCUSSION marrow dose (e.g., if this contribution is 30%, the re-
rted red marrow dose should be reduced by a factor of

The issue of an overestimate of the remainder-of-bo ) .
If one has a mixed photon—electron emitter, the

contribution to the red marrow absorbed dose must be k _?)‘ S :
in perspective. One should remember that we are still cgituation is not as clear-cut; some of the remainder-of-
culating dose to a model, not to a patient. For low dos&9dy contribution is appropriate, coming from photons
(diagnostic pharmaceuticals, exposure to occupational g{nitted in tissues outside the marrow. In that case, if the
dionuclides), the overestimate will be low because of tf@rrection is needed, the electron component for the
importance of the photon emissions. In applications to larg@mainder of the body to the red marrow will need to be
populations, individual differences will result in uncertaincalculated by hand and subtracted from the program-
ties far greater than any model-based inaccuracies or §ppplied red marrow dose. In future versions of computer
proximations. For higher doses, particularly in radiotherapsodes for internal dose assessment, the use of Equation 8,
with internal emitters, we know that patient differencesr the simpler method of summing electron and photon
from the standard models (patient size, marrow resenantributions separately, is recommended.
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Thus, we reach the following conclusions. First, using TABLE 1A
standard calculational methods prescribed in the MIRD  Sum of Absorbed Fractions Leaving Red Marrow
method and the standard remainder-of-body S value cor- Sum of
rection, in a situation with marrow and remainder-of- absorbed
body activity, if no bone uptake is present an overesti- Nuclide Bone model fractions
mate will occur for the dose contribution of the remainder

of the body to the red marrow for electrons because of ff‘c m:x H 1'3(13
apportionment of remainder-tissue activity to bone, using a2p MIRD 11 1.00
either MIRD 11 or MIRDOSES. 353 MIRD 11 0.998
Second, when the remainder-of-body correction includes ~ *Ca MIRD 11 1.00
subtraction of the bone components (as would be normal 5" MIRD 11 0.999
Y MIRD 11 1.00

when bone uptake is present or if explicitly done when no o0y
bone uptake is present), the use of Equation 6 and the-S

values of MIRD 11 will result in a negligible remainder-of-nq cortical bone, and the mineral bone forming the cavities
body contribution, whereas an inappropriate remai”der'({f'rabeculae) will deposit energy within the red marrow
body contribu_tion wiII_stiII remain using MIRDOSES S_Va|‘_Jej°’(neglecting minor contributions from bremsstrahlung and
Use of Equation 8 with the MIRDOSES3 S values will elimicortical bone). There is no a priori reason that the sum of
nate this inappropriate remainder-of-body contribution. ¢ontriputions from these regions would support Equation 6.
_ Third, the magnitude of the remainder-of-body contribyoyever, when one adds up the contributions as tabulated
tion to the marrow dose, and the magnitude of this overgs-\irRD 11, they indeed preserve Equation 6, whereas the
timate, in any case, depend on the relative values (ratios) @fntributions from MIRDOSE3 do not. MIRD 11 does not
the remainder-of-body and red marrow residence times. Tyfizcuss this computation; however, ORNL-5000 indicates
ically, the error will be on the order of 10%, but in cases Withhat the contribution of some components, for example,
very large ratios of remainder-of-body to red marrow residenquM < RM), was based on the assumption that the
time with electron emitters, the error can be substantial.  specific absorbed fraction in skeletal tissues is the inverse of
Fourth, future applications should avoid these three profe total body mass. We suggest that this force fitting of the
lems, if possible, through an application of Equation 8 or § yajues to preserve Equation 6 leads one to conclude that a
better calc_ulatl_onal method_ |n_wh|ch photon and e|eCtr%ciprocity relationship2) exists among the regions. However,
dose contributions are maintained separately, the remaecause the skeleton is not a “uniform isotropic medium,” the

der-of-body correction is applied only to the photon contriypnearance of reciprocity is likely only a consequence of that
butions, and the total dose contribution is calculated yodel and this force fitting.

Eckerman 0.791

adding the two components. A difference exists in the contribution to the red marrow
absorbed dose from nonpenetrating emitters contained in
CONCLUSION remainder tissues obtained using MIRD 11 versus MIR-

We have shown that the contribution to red marrow afROSE3 S values. This Appendix explains the origin of the
sorbed dose frong-emitting radionuclides distributed uni-inappropriate dose contribution from the remainder of the
formly in the total body can be overestimated using traditionfPdy to the red marrow and why the contribution approxi-
MIRD methods, as implemented in both MIRD 11 and MIRMately cancels using MIRD 11 S values, if bone compo-
DOSES3. The S value assigned to the red marrow target regl§#ts are considered, but does not using MIRDOSES3. The
from activity distributed in the remainder of the body is of!Se of Equation 8 is necessary to remove this contribution
particular concern. We have shown differences in the calculben using MIRDOSES.
tion of red marrow dose using MIRD 11 and MIRDOSE3 Using Equations 6 and 7 in a problem involving bone
formulations and have developed methods to correct the resyi§ake, we have:
from either to remove inappropriate contributions. We hawg pp «— RB)
shown the magnitude of this overestimate and the appropriate
corrections to be made in each case, and we have proposed a Mrg
new method for calculation of marrow dose contributions that = S(RM < TB) Mon

RB
will avoid this complication in future applications.

Mgy
— S(RM <~ RM)
APPENDIX Mrs
This appendix provides a more detailed discussion of the S(RM < TrB) Mg
remainder-of-body contribution to the red marrow dose and Mge
explains the differences between MIRD 11 and MIRDOSES3.
Because of their limited range, only particles emit- — S(RM < CB) Mes Eq. 1A
ted within the red marrow, the marrow space of trabecular Mgg ’
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where TrB represents trabecular bone and CB represergther, that reciprocity does not hold. In this model, all

cortical bone. energy released in the marrow space will not be accounted for
by summing the absorbed fractions under the assumption of

S(RM < RB) ; . o : :
reciprocal behavior of the specific absorbed fractions. First,
A M AP(RM «— RM) mgy one does not expect that reciprocity should hold in the skele-
T Mg Meg Mam Meg ton, because the skeleton is not a uniform isotropic medium.

The MIRD 11 model was most likely force-fit to maintain
_ M Mris reciprocity between bone and marrow elements. Second, in the
Mam Mgg Eckerman model, electron energy originating in marrow will
AG(RM <« CB) mgg be dissipated in marrow, bone surfaces (thquh®dayer of
T Eq. 2A  soft tissue surrounding the marrow cavities), and bone mineral.
The value S(RM— TrB) scores energy in marrow originating
If the skeleton has approximately reciprocal behavigfom a surface source inside the marrow cavities, whereas
between bone and marrow, S(TrB < RM) scores energy originating in the marrow and
Sd(RM <« TrB) &(TrB < RM) deposited in the 1Qam layer of soft tissue surrounding marrow
=~ cavities on the surfaces of trabecular bone, not in the entire
mass of trabecular bone. Thus, even if approximate electronic
and equilibrium were to exist, considerable energy is dissipated in
bone regions for which we are not interested in knowing the
$(RM < CB) ~ $(CB < RM) , Eq. 3A dose and for which dose was not scored. The definition of the

Mgrm Mgs

Mgy Mg

Mrm Mcs target TrB was limited to a small volume of tissue, not repre-

and we can write: senting the entire 1,000 g of mineral bone. Therefore, the
A correction formula should not be expected to work, because the

S(RM < RB) = Mes use of the definition in Equation 6 assumed a uniform distri-

bution of both electron emission and absorption in all tissues.
_A(G(RM < RM) + $(TrB < RM) + $(CB < RM))_ In any event, because both the MIRD 11 and the MIR-
Mrg DOSES3 bone models give similar results when used cor-
EQ. 4A  rectly (i.e., when the inappropriate contributions from the
The sum inside the parentheses in the right-hand teremainder of the body to the red marrow are avoided or
will add to 1, and S(RM— RB) will go to approximately 0. corrected for), it is appropriate to assume that both models
Obviously, if the bone components are not considered, thpsovide reasonable estimates for red marrow dosimetry.
sum cannot add up to 1, and this fact is the origin of the
overestimates from both MIRD 11 and MIRDOSES3 with nREFERENCES
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